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Diagnosis and Management of Lipomatous Tumors
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Lipomatous tumors range from benign lipomas to high-grade liposarcomas. Liposarcomas are classified into five histologic subtypes: well-

differentiated, dedifferentiated, myxoid, round cell, and pleomorphic, which differ in outcomes and patterns of recurrence. Surgical resection is

the mainstay of curative treatment; however, large, high grade liposarcomas may benefit from multimodality treatment with chemotherapy and

radiation. A histologic-subtype specific nomogram provides accurate survival predictions. Prospective randomized clinical trials will continue to

improve our care of patients with liposarcoma.
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EPIDEMIOLOGY

Lipomatous tumors comprise 50% of soft tissue neoplasms and

are commonly encountered by primary care physicians, surgeons, and

pathologists. Occurring at almost any site in the body, lipomatous tumors

range from benign lipomas to aggressive, high-grade liposarcomas.

Liposarcoma is the most common soft tissue sarcoma (STS),

accounting for 20% of all STS in adults [1]; 10,000 cases and 3,600

deaths attributable to STS are expected in the U.S. in 2007 [2].

Mortality rates for patients with liposarcoma range from 1% to 90%,

and recurrence rates range from 5% to 83% depending on the

histologic subtype and location [3–10]. Liposarcomas are thought

to arise de novo and not from pre-existing benign lesions. In most

patients, no specific etiology is found. Although trauma is often

implicated as an inciting agent, it is unclear whether it is a true causal

factor. Genetic alterations are becoming increasingly recognized as

causal and have been used to improve the accuracy of subtype

classification when combined with morphology; they are discussed

later in the chapter.

SITES OF INVOLVEMENT

Lipomatous tumors may occur in any area of the body. Lipomas

most commonly arise in the subcutaneous tissues, frequently located in

the trunk and proximal limbs. Although benign lipomas may occur

in the mediastinum, gastrointestinal tract, and retroperitoneum, fatty

neoplasms in the retroperitoneum are usually well-differentiated

liposarcomas (WDLS). Spindle cell lipomas, often seen in men

between the ages of 45 and 65, occur in the posterior neck and shoulder

area. Intramuscular lipomas, usually poorly circumscribed and

infiltrative, typically present in mid-adult life as slow-growing, deep

masses located in the thigh or trunk; however, approximately 10% of

intramuscular lipomas are non-infiltrative and well-circumscribed. In a

patient with a large, deep-seated lipomatous tumor, it is important to

exclude an atypical lipomatous tumor (ALT)/WDLS, which is more

common than an intramuscular lipoma. Angiolipomas present as

subcutaneous nodules in the upper extremity, usually in young adults,

and are multiple in more than 50% of cases. Hibernomas may arise in

the trunk, retroperitoneum, and extremities.

Liposarcomas may occur anywhere in the body, although the most

common sites are the thigh and the retroperitoneum. Liposarcoma is

classified into three biological types encompassing five subtypes:

(1) well-differentiated/dedifferentiated, (2) myxoid/round cell, and

(3) pleomorphic, based on strict morphologic features, natural history

and cytogenetic aberrations [11]. These five subtypes have different

biology and patterns of behavior [9–13]. The well-differentiated and

dedifferentiated subtypes account for 46% and 18% of liposarcomas,

respectively, and are more commonly found in the retroperitoneal

location [13]. The myxoid/round cell and pleomorphic subtypes

account for 28% and 8% of liposarcomas, respectively, and are usually

located in the extremity; more than 66% of cases arises within the thigh

[13].

HISTOPATHOLOGY

Except for subcutaneous lipomas, there is little evidence that

these lesions arise from their mature tissue counterparts. In fact, many

liposarcomas arise at sites devoid of adipose tissue.

Lipoma

Lipomas are well-circumscribed, lobulated lesions composed of

fat cells, but are demarcated from surrounding fat by a thin fibrous

capsule. In spindle cell lipoma, mature fat is replaced by collagen-forming
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spindle cells while pleomorphic lipoma, a closely related lesion, typically

shows pleomorphic, florette-type cells. Angiolipomas consist of adipo-

cytes with interspersed clusters of capillaries containing fibrin thrombi.

Lipomatosis is a term used to describe a poorly circumscribed overgrowth

of mature adipose tissue that grows in an infiltrating pattern.

Hibernoma

Hibernomas are rare, slow-growing benign neoplasms which arise

within the thorax and resemble the glandular brown fat found in

hibernating animals [14].

Lipoblastoma and Lipoblastomatosis

Lipoblastoma and lipoblastomatosis are variants of lipoma that

occur almost exclusively in infancy and early childhood [15]. They

differ from lipomas by their cellular immaturity and their extensive

myxoid stroma, resembling myxoid liposarcomas.

Liposarcoma

There are five histologic subtypes of liposarcoma: well-differen-

tiated, dedifferentiated, myxoid, round cell, and pleomorphic [11].

Well-differentiated liposarcomas (WDLS) are non-metastasizing, low-

grade lipomatous tumors with a propensity for local recurrence [16].

WDLS can be classified as lipoma-like, sclerosing, inflammatory, and

spindle cell. They can be found in the extremity, retroperitoneal, and

truncal locations [17]. Lipoma-likeWDLS may also be termed atypical

lipomatous tumor (ALT), a term introduced in 1974 [18,19]. ALTs

share similar histologic features with lipoma-like WDLS and typically

occur in subfascial locations of the extremity and trunk (this term is not

used for retroperitoneal lipomatous tumors). ALT/WDLS are com-

posed of mature adipocytes with significant variation in cell size and

focal nuclear atypia [10]. They typically show scattered atypical

stromal cells with hyperchromatic nuclei embedded within mature

adipose tissue. This morphologic appearance is in keeping with a

lipoma-like WDLS. Rare multivacuolated lipoblasts are also com-

monly found, but they are not a requirement for histologic diagnosis.

Fibrous septa are often present, dividing the tumor into irregular

lobules and being infiltrated by atypical stromal cells. If this pattern

predominates, the diagnosis is consistent with a sclerosing variant of

WDLS [20] (Fig. 1).

Dedifferentiated liposarcoma is defined as aWDLS that shows abrupt

transition to a non-lipogenic sarcoma at least several millimeters in

diameter. The process of dedifferentiation is often seen de novo in the

primary tumor and less commonly occurs in the subsequent local

recurrences. Morphologically, these regions may have heterogeneous

appearances, ranging from low to high grade components, resembling

myxofibrosarcoma and malignant fibrous histiocytoma (MFH) (Fig. 2).

Grossly, dedifferentiated liposarcoma consists of large multinodular

yellow masses (WDLS components) containing discrete solid, often

fleshy, tan-gray non-lipomatous (dedifferentiated) areas.

Myxoid/round cell liposarcoma accounts for approximately 40%

of liposarcomas. The tumor consists of uniform round primitive

mesenchymal cells and a variable number of small signet-ring

lipoblasts within a prominent myxoid stroma and a characteristic

branching vascular pattern. High histologic grade, often defined as

having greater than 5% round cell component and termed ‘‘round cell’’
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Fig. 1. Well-differentiated liposarcoma (WDLS; A). Lipoma-like WDLS may also be termed atypical lipomatous tumor (ALT; B). ALT/WDLS
are composed of mature adipocytes with significant variation in cell size and focal nuclear atypia. They typically show scattered atypical stromal
cells with hyperchromatic nuclei embedded within mature adipose tissue. Fibrous septa are often present, dividing the tumor into irregular lobules
and being infiltrated by atypical stromal cells. If this pattern predominates, the diagnosis is consistent with a sclerosing variant of WDLS (C).
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liposarcoma, is a predictor of worse outcome in localized myxoid/

round cell liposarcoma (Fig. 3).

Pleomorphic liposarcoma accounts for fewer than 5% of all

liposarcomas and is a high-grade, highly malignant sarcoma seen in

the older population. It contains a variable number of pleomorphic

lipoblasts. Mitotic activity is high, and hemorrhage or necrosis is

common [21] (Fig. 4).

CLINICAL FEATURES

Benign lipomas

Most lipomas are solitary, soft, well-circumscribed, superficial,

painless, and slow-growing lesions; however, 2% to 3% of patients

have multiple lesions that have a familial pattern.

While they rarely grow larger than 2 cm in size, angiolipomas often

are painful, especially during their initial growth period.

Liposarcoma

In a study of 910 patients with liposarcoma at a single institution,

there were 330 women and 471 men with a median age of 56 years

(Table I). The histologic subtype was well-differentiated (46%),

dedifferentiated (18%), myxoid (18%), round cell (10%), and

pleomorphic (8%). With regard to presentation status, 34% had

undergone a previous biopsy, 41% had not had prior surgical treatment,

and 25% presented with a prior excision. Nearly half of the LS tumors

were located in the lower extremity. Retroperitoneal LS was seen in

34% of patients; half of these patients required resection of at least one

contiguous organ. Most patients (91%) had tumors deep to the fascia.

The median tumor burden was 15 cm. Margins were evaluated both

grossly and microscopically in six dimensions (superior, inferior,

medial, lateral, anterior, and posterior). Two-thirds of patients had

negative margins, and 7% had grossly positive margins.

The pattern of growth of liposarcomas is by direct local extension

infiltrating adjacent tissues and structures along tissue planes; however,

liposarcomas rarely violate major fascial planes or bones. Lymphatic

spread to nodes is rare [22].

Histologic Subtypes

ALT/WD liposarcoma can be subdivided morphologically into

four subtypes: adipocytic (lipoma-like), sclerosing, inflammatory, and

Journal of Surgical Oncology

Fig. 2. Dedifferentiated liposarcoma is defined as a WDLS that shows abrupt transition to a non-lipogenic sarcoma at least several millimeters
in diameter. Morphologically, these regions may have heterogeneous appearances, ranging from low to high grade components, resembling
myxofibrosarcoma (A) and malignant fibrous histiocytoma (B).

Fig. 3. Myxoid/round cell liposarcoma consists of uniform round primitive mesenchymal cells and a variable number of small signet-ring
lipoblasts within a prominent myxoid stroma and a characteristic branching vascular pattern. Myxoid is defined as<5% round cell component (A)
whereas round cell is defined as having �5% round cell component (B).
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spindle cell. The average age at presentation ranges between 50 and

60 years with a male predominance. In one study [10], 90% were found

on the extremity with a mean size of 16 cm. Ninety percent were deep

to the superficial fascia. After a median follow-up time of 47 months,

local recurrence-free survival (LRFS) was 100% and 78% at 5

and 10 years, respectively. Patients who recurred locally all had a

significant component of sclerosing morphology, positive margin, and

recurred after 5 years [10]. The 10-year LRFS for margin-positive

sclerosing WDLS was 17%, which emphasized that in this patient

group with positive margins and sclerosing WDLS, the treating

physician should consider function-preserving re-excision for negative

margins when possible or adjuvant external beam radiotherapy.

However, patients without a significant sclerosing component even

in the presence of positive margins are best managed by surgery

alone. Dedifferentiation was a rare event inWDLS of the extremity and

trunk (3% of patients) and typically occurred in female patients

with sclerosing WDLS extremity lesions. In contrast, WDLS in the

retroperitoneum and mediastinum recur repeatedly and eventually

result in patient death as a result of local effects such as adjacent

organ compression, or dedifferentiation with subsequent increased

risk of distant metastasis (7–30%) [23]. Retroperitoneal dedifferen-

tiated liposarcoma has a lower metastatic rate compared to other

high grade soft tissue sarcomas, which is strongly related to de

novo dedifferentiated histology. The latter component typically

predominates and often shows a myxofibrosarcoma-like growth pattern

[23]. In a series of 177 patients with primary retroperitoneal

liposarcoma, the WD histology was associated with a 5-year disease-

specific survival and local recurrence rates of 83% and 46%,

respectively [9].

Dedifferentiation in retroperitoneal liposarcoma occurs de novo in

47% of patients over the age of 63 and in 32% of patients less than

63 years of age. The incidence of dedifferentiation at first recurrence of

what was initially retroperitoneal WDLS is about 20% and at second

recurrence is as high as 40%. Radiologic imaging typically shows

coexistence of both fatty, or well-differentiated components, and

discontiguous non-fatty, solid components. In a study of primary

retroperitoneal liposarcoma, 65 of 177 patients had tumors with

dedifferentiated histology, which was associated with a 5-year DSS of

20% and a LRFS and distant recurrence-free survival (DRFS) at

3 years of 17% and 70%, respectively [9].

Pure myxoid liposarcomas (no round cell areas) are considered low-

grade and are associated with a 90% 5-year survival. In contrast,

those lesions containing a greater than 5% round cell component are

considered high grade and are associated with a 5-year survival of

50% [7]. In contrast to other liposarcoma types, myxoid/round cell

liposarcomas tend to metastasize to unusual soft tissue and bone

locations, with multifocal synchronous or metachronous spread to fat

pad areas in the retroperitoneum and axilla occurring even without

pulmonary metastasis [7]. Round cell liposarcomas are generally

responsive to chemotherapy with ifosfamide and ET-743.

The majority of pleomorphic liposarcomas arises in elderly patients

older than 50 years of age and occurs in the deep-seated soft tissue of

Journal of Surgical Oncology

Fig. 4. Pleomorphic liposarcoma contains a variable number of pleomorphic lipoblasts (A). Mitotic activity is high, and hemorrhage or necrosis
is common. They can have a myxofibrosarcoma-like (B) or MFH-like component (C).
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the extremities (lower more frequently than upper limbs). Clinically,

they metastasize early to lung in 75% of patients [24].

MOLECULAR GENETICS

Most subcutaneous, solitary lipomas show reproducible cytogenetic

aberrations: translocations involving 12q13-15, rearrangements of 13q,

or rearrangements involving 6p21-33 [25]. Spindle cell lipomas bear

chromosomal aberrations of 13q and 16q [26].

Karyotyping of liposarcomas demonstrates the presence of a

supernumerary ring and long marker chromosomes composed of an

amplified chromosomal region 12q13-15 in both ALTand WDLS [27];

the World Health Organization classification of soft tissue groups these

lesions into one category [11]. FISH combined with Southern blotting

showed that MDM2, CDK4, and HMGIC were consistently amplified;

all of these genes are located in the 12q14-15 region of the ring

and giant marker chromosomes. Dedifferentiated liposarcoma is in the

same biological group as WDLS and is also characterized by ring or

giant marker chromosomes on cytogenetic analysis and by amplifica-

tion of the 12q13-21 region on FISH analysis [28].

Myxoid/round cell liposarcoma typically has a t(12;16)(q13-

14;p11) translocation, which is present in more than 90% of cases.

The translocation leads to the fusion of the CHOP and TLS genes at

12q13 and 16p11, respectively, and the generation of the TLS-CHOP

hybrid protein. The presence of the TLS-CHOP gene rearrangement is

highly sensitive and specific for the myxoid/round cell subtype despite

their strikingly different morphologic characteristics. This fusion

protein is absent in other morphologic mimics, such as retroperitoneal

WDLS with extensive myxoid changes and myxofibrosarcomas [29].

Pleomorphic liposarcomas have nonspecific genetic alterations

and complex unbalanced karyotypes, representing numerous genetic

losses and gains.

CLINICAL MANAGEMENT

All patients require a thorough history and physical examination,

with a focus on defining the anatomic involvement of major nerves and

vessels of extremity lesions and surrounding visceral structures in

retroperitoneal tumors. For a subcutaneous, mobile, soft lesion that is

suggestive of lipoma, local excision of lipoma is generally curative,

with a local recurrence after simple excision in 1–2% of cases.

Extremity Liposarcoma

Patients with extremity liposarcoma may present with a deep-

seated, painless, enlarging mass that can grow slowly over many years

(ALT/WDLS) or rapidly (myxoid/round cell, pleomorphic) to attain a

very large size. The majority present at a size larger than 5 cm. Size

becomes an important feature, and definitive diagnosis is dependent on

biopsy results and histologic confirmation.

The incidence of distant metastasis is a function of histologic

subtype which defines grade and tumor size. For patients who develop

distant metastatic disease from extremity sarcomas, the first site is the

lung in 70% of patients, which is the predominant cause of death from

metastatic disease [30]. Pulmonary metastasectomy is associated with

improved overall survival in patients with complete surgical resection

and no evidence of disease elsewhere [31]. The unusual presentation of

extrapulmonary metastasis, such as to fat pad regions, intraabdominal

soft tissue, pelvic or spinal bony metastasis, may occur with an

extremity myxoid/round cell liposarcoma [32].

Retroperitoneal Liposarcoma

Approximately 55% of retroperitoneal liposarcomas are well-

differentiated with tumors in roughly 40% of patients showing

dedifferentiated features at primary presentation. Most patients present

with an asymptomatic abdominal mass. Occasionally, pain is present,

and less common symptoms include gastrointestinal bleeding,

incomplete obstruction, and neurologic symptoms related to retro-

peritoneal invasion or pressure on neurovascular structures [33].

Weight loss is uncommon. On physical examination, a large abdominal

mass is often present. Important issues of differential diagnosis

are germ cell tumor, lymphoma, or primary adrenal tumor. The most

common site for metastases is the lung, with the liver a secondary site.

Magnetic Resonance Imaging and
Computed Tomography

Radiographic imaging studies for liposarcoma vary, depending on

the site. They involve evaluation of both the primary lesion and the

potential site of metastasis. Once the diagnosis and subtype/grade have

been established, evaluation for sites of potential metastasis should

be performed. Lymph node metastases occur in less than 3% of adult

soft tissue sarcoma [22] and is exceedingly rare in liposarcoma.

For extremity lesions, if a lesion is greater than 3 cm and seems

deep to the superficial fascia, imaging should be considered. Magnetic

resonance imaging (MRI) is the imaging of choice for extremity and

head and neck lesions due to its ability to attenuate bone artifact and

discern the relationship of the tumor to fascial planes, vessels, bones,

and nerves [34,35].

The lung is the principal site of metastasis for high-grade

dedifferentiated, round cell and pleomorphic extremity liposarcomas

[30], and these patients should have a baseline chest computed

tomography (CT) scan at the time of diagnosis [36,37]. The round cell

subtype also has a predilection for fat pad metastasis in the

retroperitoneum and axilla as well as bone [32]. Patients with the

round cell subtype should undergo an abdominal/pelvic CT scan in

addition to chest CT scan for full staging prior to treatment. For
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TABLE I. Clinicopathologic and Treatment Characteristics in 801 Patients

With Primary Liposarcoma of the Extremity, Trunk, or Retroperitoneum

[13] (Used With Permission)

Patient characteristic N % of total

Age, years median (range) 56 (16–95)

Gender

Female 330 41.2

Male 471 58.9

Histologic variant

Well-differentiated 369 46.1

Dedifferentiated 143 17.9

Myxoid 144 18.0

Round cell 81 10.0

Pleomorphic 64 8.0

Presentation status

Biopsy 274 34.2

No treatment 331 41.3

Prior excision 196 24.5

Primary site

Lower extremity 389 48.6

Upper extremity 63 7.9

Trunk 85 10.6

Retroperitoneum

With contiguous organ resection 129 16.1

Without contiguous organ resection 139 17.4

Tumor depth

Superficial 73 9.1

Deep 728 90.9

Tumor burden, cm median (range) 15 (1–139)

Margins

Negative margins 533 66.5

Positive micro margins 211 26.3

Positive gross margins 57 7.1

302 Dalal et al.



evaluation of metastasis for small, superficial low grade extremity

liposarcoma, a chest radiograph will suffice.

Patients with retroperitoneal liposarcoma should undergo a chest,

abdominal and pelvic CT scan prior to surgery which enables planning

for resection of the primary lesion as well as serving as a baseline scan

for lung or liver metastasis.

Biopsy

In an adult, any soft tissue extremity or truncal mass that is

symptomatic or enlarging, larger than 3 cm, or new and persists

beyond 4 weeks should be biopsied. Fine-needle aspiration biopsy

may be of value in the documentation of recurrence but is not helpful

for the diagnosis of the primary tumor as it typically only provides

cells in the absence of tissue architecture. A core needle biopsy is

the preferred first step and for extremity lesions this can usually be

performed under local anesthetic guided by direct palpation. Heslin

et al. [38] demonstrated that core needle biopsy provides accurate

diagnostic information for diagnosis, malignancy and grade when

read by an experienced pathologist. After examining 164 primary

extremity soft tissue masses, 93% of core needle biopsies had

adequate tissue to make a diagnosis. Of the adequate biopsy

specimens, 95% correlated with the final resection diagnosis for

malignancy, 88% for histologic grade, and 75% for histologic subtype

[38]. False negative and false positive rates were 5% and 0% for

malignancy. Advantages of core needle biopsy include minimal

morbidity, low cost, and ease of performance. Adequate core needle

biopsy obviates the need for open biopsy and can be used for

treatment planning. Should tissue be inadequate, an open linearly

placed incisional biopsy along the longitudinal axis of the limb is then

indicated.

If an incisional biopsy is planned, limb masses are best sampled

through a longitudinal incision centered over the mass in its most

superficial location; a longitudinal incision is made so that the entire

biopsy tract can be excised at the time of definitive resection and closed

primarily. No tissue flap should be raised, and meticulous hemostasis

should be ensured to prevent cellular dissemination by hematoma.

Excisional biopsy is recommended for cutaneous or subcutaneous

tumors, smaller than 3 cm, in which a necessary wide re-excision is

usually straightforward.

For retroperitoneal liposarcomas, the diagnosis is usually suspected

on finding a soft tissue mass on abdominal CT. Fine-needle aspiration

biopsy or CT-guided core biopsy has a limited role in the routine

diagnostic evaluation of these patients. In most patients, exploratory

laparotomy should be performed and the diagnosis made at operation,

unless the patient’s tumor is clearly unresectable or the patient will be

undergoing preoperative investigational treatment. Retroperitoneal

tumors may require contiguous organ resection (e.g., kidney, colon,

small bowel, pancreas, spleen, bladder, uterus). In one study, half of the

operations required at least one contiguous organ resection [13].

Staging

The present 2002 staging system focuses on histologic grade and

size of the primary tumor as well as the presence or absence of lymph

node or distant metastasis to characterize four stages.[39,40] This

staging system takes into account the relative infrequency of high-

grade, large, superficial sarcomas and simplifies the category of stage

III tumors to represent only large, deep, high-grade sarcomas

(Table II). Stage III can be further divided into tumors larger than

5–10 cm and those larger than 10 cm. Histologic grade is a major

prognostic determinant and is based on degree of mitosis, cellularity,

Journal of Surgical Oncology

TABLE II. 2002 American Joint Committee on Cancer (AJCC) Staging System for Soft Tissue Sarcoma [84] (Used With Permission)

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Tumor 5 cm or less in greatest dimension

T1a Superficial tumora

T1b Deep tumora

T2 Tumor more than 5 cm in greatest dimension

T2a Superficial tumora

T2b Deep tumora

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1b Regional lymph node metastasis

Distant metastases (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastases

Histologic grade

GX Grade cannot be assessed

G1 Well differentiated

G2 Moderately differentiated

G3 Poorly differentiated

G4 Poorly differentiated or undifferentiated (four-tiered systems only)

Stage grouping

Stage I T1a, 1b, 2a, 2b N0 M0 G1–2 G1 Low

Stage II T1a, 1b, 2a N0 M0 G3–4 G2–3 High

Stage III T2b N0 M0 G3–4 G2–3 High

Stage IV Any T N1 M0 Any G Any G High or low

Any T N0 M1 Any G Any G High or low

aSuperficial tumor is located exclusively above the superficial fascia without invasion of the fascia; deep tumor is located either exclusively beneath the superficial

fascia, superficial to the fascia with invasion of or through the fascia, or both superficial yet beneath the fascia. Retroperitoneal, mediastinal, and pelvic sarcomas are

classified as deep tumors.
bPresence of positive nodes (N1) is considered stage IV.
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presence of necrosis, differentiation, and stromal content. Low-grade

lesions are assumed to have a low (<15%) risk of subsequent

metastasis, and high-grade lesions have a high (>50%) risk of

subsequent metastasis. Size has been considered a less important

determinant of biologic behavior, but large lesions can be associated

with late recurrence. Very small, high-grade lesions less than 5 cm in

maximal diameter have limited risk for metastatic disease if treated

appropriately at the first encounter. Analysis of the primary extremity

soft tissue sarcomas seen at Memorial Sloan-Kettering Hospital from

July 1, 1982 to June 30, 2002 suggests that the probability of metastasis

by stage is better discriminated in the new AJCC 2002 staging system

[41]. Staging systems apply to risk of metastasis, disease-specific

survival, or overall survival and are almost exclusively confined to

extremity lesions. There is as yet no adequate staging system for

retroperitoneal and visceral lesions.

Follow-up

Patients are observed in our STS program at approximately 6-month

intervals for low grade liposarcoma (WDLS and myxoid) and at 4-

month intervals for high grade lesions (dedifferentiated, round cell, and

pleomorphic) during the first 3 years and 6-month intervals thereafter.

Retroperitoneal and visceral liposarcomas are followed with a chest,

abdomen, and pelvic CT scan. Extremity lesions are followed by local

palpation of the primary site obtaining an MRI for symptoms,

suspicious findings, or patients with a tumor location that is difficult

to examine. High grade lesions are followed by chest CTand low grade

lesions by plain film to screen for lung metastases.

PROGNOSTIC FACTORS

Histologic grade, reflected in the extent of differentiation, remains

the most important prognostic factor regarding clinical course and

prognosis. This has been shown in several multivariate studies [42] and

is clearly stated in the World Health Organization classification [11].

The pathologic features that define grade include cellularity,

histological type and subtype and/or differentiation, pleomorphism,

necrosis, and number of mitoses. Low-grade myxoid and well-

differentiated variants each have a 5-year survival of 90% [3–5,7].

Conversely, high grade variants, such as round cell (defined by >5%

round cell component), pleomorphic, and dedifferentiated tumors,

have 5-year survival rates of 60% [7], 30–50% [8], and 75% [6],

respectively. DSS stratified by histologic subtype is demonstrated in

Figure 5 [13]. The 5- and 12-year DSS on univariate analysis are

also shown in Table III [13]. The 5-year DSS for low grade lesions,

namely well-differentiated and myxoid tumors, were 93% and 92%,
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Fig. 5. Liposarcoma-specific survival by histologic subtype. Figures at bottom indicate number of patients at risk [13] (used with permission).

TABLE III. Univariate Analysis of Histologic Variant in Disease-specific Survival [13] (Used With Permission)

Histologic variant Total No. of events 5-year DSS (95%CI) P-value

Well-differentiated 157 19 0.93 (0.88–0.95) <0.0001

Dedifferentiated 25 55 0.44 (0.33–0.54)

Myxoid 90 9 0.92 (0.85–0.96)

Round cell 39 18 0.74 (0.62–0.83)

Pleomorphic 24 21 0.59 (0.44–0.71)

Histologic variant Total No. of events 12-year DSS (95% CI) P-value

Well-differentiated 37 15 0.78 (0.69–0.84) <0.0001

Dedifferentiated 7 2 0.38 (0.25–0.50)

Myxoid 35 4 0.86 (0.76–0.92)

Round cell 10 6 0.55 (0.38–0.70)

Pleomorphic 8 2 0.53 (0.37–0.66)
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respectively. For high grade tumors, the 5-year DSS rates were:

dedifferentiated 44%; round cell 74%; and pleomorphic 59%.

The primary site of disease is another important factor in determi-

nation of outcome for patients with liposarcoma. For example, patients

with large low-grade liposarcomas of the extremity show lower relapse

rates than patients with low-grade liposarcomas of the retroperito-

neum; the latter are more difficult to control locally. DSS stratified by

primary site is illustrated in Figure 6 [13]. Extremity lesions (upper

extremity, 87%; lower extremity, 82%) enjoyed a higher 12-year DSS

compared with truncal LS (77%). In a recent study of 126 patients with

primary extremity LS, a multivariate analysis revealed that size,

histologic subtype, and treatment with ifosfamide-based chemotherapy

were independently associated with DSS [12]. Conversely, retro-

peritoneal tumors had a significantly decreased 12-year DSS, with

patients requiring resection of one or more contiguous organs having

the lowest 12-year DSS at 32%. Those patients with retroperitoneal

tumors which did not require contiguous organ resection had a 12-year

DSS of 53% (P¼ 0.0008).

Another important factor is margin status. DSS stratified by margin

status is depicted in Figure 7 [13]. While patients with microscopically

negative and positive margins had 12-year DSS rates of 74% and 68%,

respectively, those with grossly positive margins had a significantly

decreased 12-year DSS of 25 (P< 0.0001).

A recent multivariate analysis illustrated prognostic factors of

importance to DSS for 801 patients with primary liposarcoma,

including both extremity and retroperitoneal disease, who underwent

surgical resection at Memorial Sloan-Kettering Cancer Center

(MSKCC) [13] (Table IV). The independent predictors of DSS were

histologic variant/tumor grade (P< 0.0001), age (P¼ 0.008), pre-

sentation status (P¼ 0.004), primary site (P¼ 0.0008), tumor burden

(P¼ 0.0001), and gross margin status (P< 0.0001). The median

follow-up was 45 months (range, 1–264) for all patients and 51 months

for survivors. The 5- and 12-year DSS probabilities were 83% and

72%, respectively (Fig. 8) [13].

Nomogram

Nomograms are being increasingly more readily accepted as

models in which identified prognostic factors can be combined and

used to predict risk of DSS [43–46]. Our group published a

postoperative nomogram for DSS for all primary [43] and locally

recurrent extremity sarcomas [44], which we found useful for patient

counseling, follow-up scheduling, and clinical trial eligibility determi-

nation. These statistically based tools not only use the factors included

in a clinical staging system but also incorporate additional factors

suspected to have an impact on outcome. The sarcoma nomogram for

all primary sarcomas accounted for LS subtype only as it is reflected in

grade, high versus low [43]. Subsequently, we developed a subtype-

specific nomogram for patients with LS that integrates various

prognostic factors and predicts disease-specific death so as to provide

an individualized prognosis for each patient [13]. The variables

considered for the basis of the nomogram were age at diagnosis,

gender, histologic variant (well-differentiated, dedifferentiated, myx-

oid, round cell, pleomorphic), presentation status (biopsy, no prior

treatment, prior excision), primary site (lower extremity, upper

extremity, trunk, retroperitoneum with or without contiguous organ

resection), primary depth (superficial, deep) and primary tumor

burden, and margins (negative, microscopically positive, grossly

positive). A nomogram based on the Cox model is illustrated in

Figure 9 [13]. Each variable in the Cox model was associated with LS-

specific survival (P< 0.05) on univariate analysis. The nomogram

predicts the probability that the patient will die of LS within 5 and

12 years of his initial surgery, assuming he or she does not die of

another cause first. The higher concordance index for a LS nomogram

(0.827) demonstrates the improvement in prediction of DSS that is

achieved when a model employing histologic subtype as opposed to

grade (concordance index 0.776) is utilized [43].

For example, if we have a 50-year-old gentleman with a 10 cm,

deep, dedifferentiated liposarcoma of the upper extremity, in the

Journal of Surgical Oncology

Fig. 6. Liposarcoma-specific survival by primary location (extremity, trunk, retroperitoneum). Figures at bottom indicate number of patients at
risk [13] (used with permission).
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LS-specific nomogram, he would have 170 points. His 12-year

sarcoma-specific survival rate would be 78%. In the previously

established generic nomogram, in which grade is used instead of

histologic subtype, his predicted 12-year sarcoma-specific survival is

substantially different at 46%. If we change our patient’s histologic

subtype to pleomorphic, which is also considered high grade, but keep

all of the same clinicopathologic features, his 12-year DSS is 38%,

which is lower than the 46% predicted DSS in the generic nomogram.

This illustrates how the liposarcoma-specific nomogram discriminates

better than the previously established nomogram. In the first example,

the GPS nomogram results in a 40% inaccuracy in predictive value if a

dedifferentiated subtype, it underestimates 12-year DSS by 30%, and if

a pleomorphic subtype, the old nomogram overestimates 12-year DSS

by 10%.

A LS nomogram model that utilizes histologic subtype as opposed

to grade improves prediction of DSS. In the future, improved

understanding of molecular markers may allow their inclusion in

these nomograms to further enhance their predictive power. These

nomograms can be readily transferred to handheld personal organizers

for instant calculation of disease-specific survival probability.

Recurrence

An important factor in outcome is the type of recurrence [47].

Moreover, for early recurrence, grade appears to be the predominant

characteristic, whereas for late recurrence, size is more important [48].

Patients with a >5 cm local recurrence within 16 months of resection

had a 4-year disease specific survival of 18%, compared to 81% for

patients with a local recurrence which was�5 cm after 16 months [47].

Factors that increased distant recurrence rates in an analysis of

prospective data collected from 1,041 patients with localized soft

tissue sarcoma of the extremity were tumor size larger than 5 cm, high

histologic grade, deep location, and recurrent disease at the time of

presentation [42]. Histologic subtype of liposarcoma was favorable for

decreased distant recurrence rate when compared with other histologic

types [42]. The important prognostic factors for local recurrence were

age greater than 50, recurrent disease at the time of presentation,

microscopically positive surgical margins, and the histologic subtypes

fibrosarcoma and malignant peripheral nerve tumor.

In our recent study of 801 patients with liposarcomas, median time

to distant recurrence was 41 months. Independent predictors of

distant recurrence on multivariate analysis were presentation status

(P< 0.0001), histologic variant (P< 0.0001), and tumor burden

(P¼ 0.0005). In addition, median time to local recurrence was

35 months. The independent predictors of local recurrence on multi-

variate analysis were age (P¼ 0.0225), gender (P¼ 0.0045) primary

site (P¼ 0.0001), histologic variant (P¼ 0.0009), and tumor burden

(P¼ 0.0001) (unpublished data).

Although we typically discuss survival in terms of the 5-year mark,

5-year survival does not guarantee cure. An analysis of patients disease

free 5 years after the diagnosis and treatment of extremity lesions

showed that 9% would go on to have a further recurrence in the next

5 years [49]. Unfortunately, survival has not measurably improved

with time when corrected for stage [50]. A review of 1261 completely

resected extremity soft tissue sarcomas by 5-year increments for 1982

to 2001 suggests that disease-specific actuarial 5-year survival is 79%

Journal of Surgical Oncology

TABLE IV. Multivariate Analysis of Clinicopathologic Variables for

Disease-Specific Survival in 801 Patients With Primary Liposarcoma of the

Extremity, Trunk, or Retroperitoneum [13] (Used With Permission)

Factor Chi-square d.f. P-value

Age 6.97 1 0.0083

Gender 2.66 1 0.1028

Presentation status 11.09 2 0.0039

Primary site 19.01 4 0.0008

Histologic variant 96.67 5 <0.0001

Tumor depth 0.26 1 0.6126

Tumor burden 19.43 2 0.0001

Margin status 28.93 2 <0.0001

Fig. 7. Liposarcoma-specific survival by margin of resection. Figures at bottom indicate number of patients at risk [13] (used with permission).
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Fig. 8. Liposarcoma-specific survival for 801 patients treated at Memorial Sloan-Kettering Cancer Center. Dotted-line bands represent 95% CI.
Figures at bottom indicate number of patients at risk [13] (used with permission).

Fig. 9. Nomogram for predicting 5- and 12-year liposarcoma-specific survival probabilities [13] (used with permission).
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and remains unchanged over 20 years. For high-risk patients (i.e., those

with high-grade, larger than 10-cm, deep tumors), DSS remains around

50%. It is essential to emphasize long-term follow-up for all patients

with liposarcoma.

SURGICAL APPROACH

Extremity and Superficial Trunk Sarcoma

Surgical excision remains the dominant modality of curative

therapy. Whenever possible, limb-sparing resections preserving

function [51] should be performed with a 1–2 cm margin of normal

tissue including a fascial plane, which is important because of the

propensity for local spread which does not traverse fascial planes. For

sarcomas that closely approximate bone, the periosteum, if removed

intact, can serve as a sufficient intact fascial margin. Deliberate

sacrifice of major neurovascular structures can be avoided, provided

meticulous attention is paid to dissection [51,52]. With complete

resection, less radical procedures do not adversely affect local

recurrence or outcome. Experience over the last 25 years at MSKCC

indicates that the 50% amputation rate in the late 1960s has now been

replaced by a limb-salvage rate of 95% [51]. Amputation should be

reserved for tumors not able to be resected by any other means, without

evidence of metastatic disease, and the propensity for good long-term

functional rehabilitation. Often these are patients with large, low-grade

tumors with marked cosmetic and functional deformity who can be

rendered symptom-free by a major amputation.

Liposarcomas uncommonly involve the skin, so major skin resec-

tion should be limited. In situations of primary or recurrent tumors in

which skin is involved, or which the tumor is so extensive that skin is

involved, then consideration of free flap or rotational flap closure

becomes important, particularly in those patients who are candidates

for subsequent adjuvant radiation therapy.

Retroperitoneal Liposarcoma

Primary surgical resection is the dominant therapeutic modality

with the most important prognostic factors for survival being com-

pleteness of resection, and histologic subtype or grade. In a study from

MSKCC [9] that analyzed 177 patients with primary retroperitoneal

liposarcoma operated on for curative intent, 99 (56%) presented with

well-differentiated (WD), 65 (37%) with dedifferentiated (DD), 9 (5%)

with myxoid and 4 (2%) with round cell morphology. In this study a

substantial number of patients that had been previously classified as

MFH were found on re-examination to be dedifferentiated liposar-

coma. No pleomorphic liposarcomas were found in this large series of

retroperitoneal tumors. The tumor burden was determined by the sum

of the maximum tumor diameters. The median tumor burden was

26 cm (5–139 cm). Median follow-up time for 92 (52%) surviving

patients was 37 (0.5–192) months. Multivariate analysis showed that

dedifferentiated liposarcoma subtype was associated with a sixfold

increased risk of death compared to well-differentiated histology

(P< 0.0001). In addition to histologic subtype, incomplete resection

(P< 0.0001), contiguous organ resection (excluding nephrectomy)

(P¼ 0.05) and age (P¼ 0.03) were important independent prognostic

factors for survival in retroperitoneal liposarcoma. Retroperitoneal

dedifferentiated liposarcoma was associated with an 83% local

recurrence rate and 30% distant recurrence rate at 3 years.

Surgical treatment for retroperitoneal liposarcoma should consist of

an aggressive approach to achieve a complete surgical resection. En

bloc resection of adjacent organs should be performed if necessary to

achieve a complete resection. However, kidney parenchymal sparing

renal capsular resections can be performed without any measurable

influence on DSS as long as complete resection is achieved. Despite an

aggressive surgical approach, over 80% of patients with dediffer-

entiated histology will recur locally and 30%will metastasize to distant

sites within 3 years of diagnosis. The high rates of local recurrence

seen with liposarcoma may relate to the often multi-focal involvement

of disease throughout the retroperitoneal space as well as the difficulty

in distinguishing liposarcoma from adjacent normal fat. In the series

from MSKCC cited above, 39 of the 99 patients who presented with

well-differentiated liposarcoma developed at least one local recurrence

at the time of last follow-up. Of these first time local recurrences

that underwent resection, 83% remained well-differentiated and 17%

recurred as high grade dedifferentiated liposarcoma. Of the patients

with well-differentiated first local recurrences who then developed

a second recurrence, 44% recurred as dedifferentiated liposarcoma

and 56% remained well-differentiated. Thus, the fraction of well-

differentiated tumors that progress and dedifferentiate seems to

increase with each subsequent recurrence.

Preoperative bowel preparation is important due to the frequent

technical difficulty of performing resection without encompassing the

intestine. Evaluation of renal function, particularly the establishment

of contralateral adequate renal function, is important to allow

nephrectomy when appropriate. In retroperitoneal and visceral lesions,

surgery remains the dominant method of therapy [5,9].

Jaques et al. [33] reported the experience at MSKCC from 1982 to

1987 in which half the patients presented with liposarcoma. Sixty-five

percent of patients with primary sarcomas underwent a complete

resection, whereas half the patients with recurrent retroperitoneal

sarcomas underwent a complete resection. Despite complete resection,

local recurrence developed in 50% of cases. The median time for

recurrence was 15 and 42 months, respectively. Fifty-three percent of

patients required adjacent organ resection, and 40% of patients

required more than one adjacent organ resection.

Although resection of adjacent organs is common [33], proof that a

more extensive resection of adjacent organs has impact on long-term

survival seems very limited. Complete surgical resection is the primary

factor in outcome. Once fully resected, the predominant factor in

outcome is histologic subtype/grade.

The major issue in resection of retroperitoneal liposarcomas is

adequate exposure, which usually can be provided by a large midline

incision and occasionally may require a thoracoabdominal incision,

rectus-dividing incision, or incision extending through the inguinal

ligament into the thigh. Resectability rates vary widely but seem

independent of histologic type, grade, or size [33].

Complete resection is usually possible in 60–70% of patients pre-

senting with a second or subsequent recurrence. Although nephrectomy

was performed in 46% of cases, the kidney itself was rarely involved. In

the report by Jaques et al. [33], only 2 of 30 nephrectomy specimens

showed true parenchymal invasion. Nevertheless, the involvement of the

hilar renal vasculature makes nephrectomy often necessary.

The overriding principle of retroperitoneal liposarcoma resection is

to include removal of adjacent organs if they are involved by tumor;

however, one should not resect uninvolved organs if they are not the

limiting factor for the tumor margin. Overall, the use of debulking for

recurrent lesions is of limited value in terms of long-term survival.

In retroperitoneal liposarcoma, there is some evidence that incomplete

resection is associated with prolonged survival [53]. The basis for

unresectability is usually the presence of peritoneal implants or

extensive vascular involvement. Unless palliation can be achieved,

operation should be reserved for those patients for whom complete

resection is possible.

ADJUVANT THERAPY FOR
RETROPERITONEAL LIPOSARCOMA

Retroperitoneal liposarcomas remain a major clinical challenge.

Most of these tumors are large, making it difficult to obtain adequate
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margins of resection. The presence of normal organs such as small

bowel, large bowel, kidney, and liver make delivery of therapeutic

doses of radiation therapy difficult or impossible.

There are data to suggest some improvement in local control with

moderate doses of adjuvant external-beam irradiation for retroper-

itoneal sarcoma despite the low tolerance of surrounding normal

organs. Tepper and co-workers [54] reviewed a cohort of 23 patients

with retroperitoneal sarcomas treated with surgery and radiation

therapy. Radiation dose appeared to influence tumor control, with

patients receiving doses less than 5,000 cGy or greater than 6,000 cGy

having local control rates of 30% and 83%, respectively.

There has been an interest in using intraoperative radiotherapy

(IOR) to deliver higher doses of radiation to the tumor and lower doses

to surrounding tissue [55]. Sindelar [56] reported on a prospective,

randomized clinical trial using intraoperative radiation therapy at the

NCI. Thirty-five patients with surgically resected sarcomas of the

retroperitoneum were randomly assigned to receive IORT (20 Gy)

followed by low-dose external beam radiotherapy (EBRT) (35–40 Gy)

or EBRT alone (50–55 Gy). The study revealed a significant

improvement in local control for those who received IORT with

misonidazole but no impact on survival. Of note, patients who received

IORT had a higher incidence of peripheral neuropathy but a lower

incidence of radiation enteritis than those who received EBRT alone.

At MSKCC, resection was combined with EBRTand high dose-rate

intraoperative brachytherapy (HDR-IOBRT) [57]. A phase I and II trial

was reported in which 32 patients with primary and recurrent

retroperitoneal sarcoma underwent resection and HDR-IOBRT

(1,200–1,500 cGy). Twenty-five patients were treated with EBRT

(4,500–5,040 cGy) after resection. Median follow-up was 33 months

and overall 5-year local recurrence-free survival was 62%. Five-year

actuarial rates of local control for primary and recurrent tumors were

74% and 54%, respectively. These rates were not significantly different

when analyzed according to histologic grade. Treatment-related

morbidity was observed in 34% of patients, with the most common

complication being gastrointestinal obstruction and gastrointestinal

fistula.

A report from the University of Alabama of dose-painting

preoperative intensity modulated radiation therapy (IMRT) in 14

patients showed the feasibility of delivering 4,500 cGy to the tumor,

and the area that was judged to be at risk for positive margin at

the time of resection was separately boosted with IMRT to bring the

total dose to 5,750 cGy. Eleven patients had complete resection with

negative margins. With a median follow-up of 12 months there was no

late toxicity related to radiation [58]. The benefit of preoperative IMRT

with dose painting in addition to resection for improving local control

and survival in patients with primary retroperitoneal sarcoma awaits

evaluation in a prospective randomized trial.

ADJUVANT THERAPY FOR EXTREMITY
LIPOSARCOMA

The goals of adjuvant radiotherapy in the management of liposar-

coma are to enhance local control, preserve function, and achieve

acceptable cosmesis by contributing to tissue preservation. Superficial

lesions and smaller, contained lesions confined to individual muscles

may be managed with surgery alone in expert hands [59,60]. The

effectiveness of adjuvant radiation for improving local control has been

shown not only through retrospective data but also through three

prospective randomized trials that compared surgery alone to surgery

and radiation [51,61,62]. This includes using either brachytherapy

for high-grade lesions or external-beam radiation therapy for large

(>5 cm) high- or low-grade lesions [61,62]. For subcutaneous or

intramuscular high-grade sarcoma smaller than 5 cm, or any size low-

grade sarcoma, surgery alone is adequate as long a negative margin of

1–2 cm of surrounding fat and muscle can be achieved; several studies

have shown these patients have a local recurrence rate of 5–10%

[60,63]. If the excision margin is close, particularly with extramuscular

involvement, or if a local recurrence would result in the sacrifice of a

major neurovascular bundle or amputation, adjuvant radiation therapy

should be added to the surgical resection to reduce local failure [61].

Postoperative EBRT was the first and remains the most widely

practiced local adjuvant approach, in part because it is rational and

convenient to sterilize microscopic nests of residual disease without

postponing surgery. Postoperative radiotherapy acquired a veneer of

superiority compared to preoperative radiotherapy after the first report

of the Canadian Sarcoma Group randomized trial, which demonstrated

that preoperative radiotherapy doubles the risk of early acute wound

complication, almost exclusively to lower limb lesions [64]. Several

limitations of postoperative EBRT include less precise target volumes

compared to those of preoperative EBRT. Postoperative volumes are

larger and associated with higher doses, both of which impact

negatively on late tissue morbidity. With 2-year follow-up in the same

trial, postoperative radiotherapy was associated with significantly

deteriorating later tissue effects, including increased tissue fibrosis and

edema. Late bone fracture may be related in part to higher radiotherapy

doses and larger volumes associated with postoperative delivery.

Given the established benefit of radiotherapy in improving local

control, several clinical studies have now shifted toward reducing the

morbidity of adjuvant radiotherapy or improving local control in

subsets of patients where there is still room for improvement in local

control, such as those with microscopic positive margins [65,66] or

upper extremity lesions [67]. One alternative approach to improve the

morbidity profile of adjuvant radiotherapy has been to use intensity

modulated radiation therapy (IMRT). IMRT techniques can reduce the

dose to the femur without compromising target coverage and at

the same time has been shown to significantly reduce hot spots in the

surrounding soft tissues and skin. IMRT has been shown to provide

excellent local control in patients with high-risk primary extremity

sarcoma with a favorable morbidity profile [68].

ADJUVANT AND NEO-ADJUVANT
CHEMOTHERAPY FOR LIPOSARCOMA

Surgery remains the mainstay of therapy for liposarcoma in the

control of local disease. Nonetheless, despite adequate local control of

disease, as many as 50–75% of patients with round cell and

pleomorphic liposarcoma will develop distant metastasis, usually to

the lungs, bone or fat pad sites in the retroperitoneum and trunk. Due

to the high rate of response of myxoid/round cell liposarcoma to

ifosfamide-based chemotherapy in the metastatic setting, it was hoped

that neoadjuvant or adjuvant chemotherapy for high-risk primary

liposarcoma would help decrease the frequency of distant metastases

and, thus, increase overall survival.

One of the most important studies of adjuvant chemotherapy for

extremity soft tissue sarcomas is that from the Italian Sarcoma Study

Group, who examined an anthracycline (epirubicin) and ifosfamide in

the adjuvant setting [69]. After surgery with or without local radiation,

104 patients were randomly assigned to receive no chemotherapy or to

receive ifosfamide (1.8 g/m2 on 5 consecutive days) with epirubicin

(60 mg/m2 on 2 consecutive days), with filgrastim support. Interim

analysis in 1996 led to early conclusion of the trial because the study

had reached its primary end point of improved disease-free survival. At

a median follow-up of 36 months, overall survival in the chemotherapy

arm was 72%, compared to 55% in the control arm (P¼ 0.002).

Interpretation of the study was made more difficult by the finding of

equal rates of distant or local recurrence or both at 4 years as well as by

subtle imbalances in the distribution of patients on the control and

treatment arms of the study. With longer follow-up, overall and

Journal of Surgical Oncology

Lipomatous Tumors 309



disease-free survival no longer reached a statistical significance level

of P¼ 0.05. Nonetheless, 5-year overall survival is still significantly

better with chemotherapy, and this study has been used as a rationale

to give combination ifosfamide and an anthracycline in the adjuvant

setting. A smaller confirmatory study of epirubicin alone versus

epirubicin-ifosfamide, which closed due to poor accrual, also showed a

nearly statistically significant difference in favor of the combination

[70].

The most recent study of adjuvant chemotherapy for primary soft

tissue sarcoma is a comparison of surgery and radiation therapy alone

with or without 5 cycles of doxorubicin (75 mg/m2) and a 24-hr

infusion of ifosfamide (5 g/m2) every 21 days, given with supportive

mesna and lenogastrim [71]. A total of 351 patients were recruited, and

175 were allocated to chemotherapy. One hundred sixty-three patients

started chemotherapy, and 127 completed 5 cycles of treatment. The

estimated 5-year relapse free survival was 52% in both arms; estimated

5-year overall survival was 69% in the observation arm and 64% in the

chemotherapy arm. Though there are arguments that the ifosfamide

dose was too low to be effective, this remains the largest adjuvant study

of chemotherapy with doxorubicin and ifosfamide in the adjuvant

setting for soft tissue sarcomas. These data will need more time to

mature to confirm these conclusions. Unfortunately, the randomized

trial data with ifosfamide-based therapy in high grade extremity

sarcoma is limited due to poor patient accrual and the heterogeneity of

sarcoma types that are included in these randomized trials. Thus,

adjuvant chemotherapy for soft tissue sarcoma should be regarded as

investigational and is rarely indicated, except in a clinical trial.

From treatment of advanced disease, we have learned that the

response rate to adriamycin and ifosfamide therapy is histology

specific (e.g., myxoid/round cell and pleomorphic liposarcoma have

much higher response rates than do dedifferentiated liposarcoma). The

randomized trial data typically do not stratify by histologic subtype;

therefore, there is a paucity of data regarding the benefit of adjuvant/

neoadjuvant chemotherapy for specific histologic subtypes of sarcoma.

The preoperative use of neoadjuvant combination chemotherapy,

usually with doxorubicin and ifosfamide, for adult soft tissue sarcoma

has several potential advantages in that it can make subsequent surgery

easier, treat micrometastatic disease early before the acquisition of

resistance, leave the vasculature intact for improved drug delivery, and

enable assessment of therapeutic response or resistance to therapy. A

retrospective analysis of patients with high grade extremity sarcoma

from prospectively acquired databases of patients from MSKCC and

Dana Farber Cancer Institute demonstrated an overall improvement in

DSS for the complete cohort of patients, and this improvement appears

to be driven by the benefit of neoadjuvant chemotherapy in patients

with extremity sarcomas >10 cm [72]. In this high risk group,

there was a 21% improvement in DSS at 3 years. Conversely, no

association was seen between improved DSS in patients with extremity

sarcomas between 5 and 10 cm. Although this study was stratified by

histologic type, there were not enough patients within a given subtype

to determine which subtypes benefit the most from chemotherapy. To

address this issue, we then sought to evaluate the association of

chemotherapy with survival in patients with extremity liposarcoma

[12]. All patients with >5 cm, high-grade, primary extremity

liposarcoma (n¼ 245) were identified from the prospective sarcoma

databases at MSKCC (1982–2003) and UCLA (1976–2003). Patients

were treated with doxorubicin (DOX) alone (n¼ 83, 34%), ifosfamide

(IF) containing regime (n¼ 63, 26%) and no chemotherapy (NoC)

(n¼ 99, 40%). Although the patients treated with NoC span the entire

study period (1975–2003), the DOX alone patients were treated in a

different decade (1975–1990) than the IF treated patients (1990–

2003). To accurately assess the impact of treatment with DOX and IF,

two separate contemporary cohort analyses were performed. A cohort

of patients treated from 1975 to 1990 was used to analyze the impact of

DOX on DSS. Of the 129 patients identified, there was a similar

number of patients treated at MSKCC (n¼ 62, 48%) and at UCLA

(n¼ 67, 52%). Eighty-three (64%) patients received treatment

with DOX and 46 (36%) with NoC. The clinical and pathologic

characteristics of the DOX treated patients, including size, were very

similar to the NoC treated patients. The major difference between these

treatment groups was institutional treatment. The majority of patients

from UCLAwere treated with DOX (n¼ 62, 75%), and the majority of

patients from MSKCC were treated with NoC (n¼ 41, 89%). With a

median follow-up of over 14 years for survivors, treatment with DOX

alone was not found to be significantly associated with DSS either on

univariate or multivariate analysis.

A cohort of patients treated from 1990 to 2003 was used to analyze

the impact of IF-containing regimes on DSS. Of the 126 patients

identified, there was a similar number of patients treated at MSKCC

(n¼ 62, 49%) and at UCLA (n¼ 64, 51%). Sixty-three (50%) patients

received treatment with IF and 63 (50%) with NoC. The clinical and

pathologic characteristics of the IF treated patients, including size and

histologic subtype, were very similar to the NoC treated patients.

Again, the major difference between these treatment groups was

institutional treatment. The majority of patients from UCLA were

treated with IF (n¼ 55, 87%), and the majority of patients from

MSKCC were treated with NoC (n¼ 54, 86%).

With a median follow-up of 5 years for survivors, treatment with IF

was found to be significantly associated with DSS (P¼ 0.0003). The 5-

year DSS was 92% (84–100%) in the IF treated patients and 65% (51–

79%) in the NoC patients. By multivariate analysis, smaller size,

myxoid/round cell histologic subtype, and treatment with IF were

independently associated with an improved DSS. Patients that did

not receive IF had a threefold increased risk of death from disease

compared to patients that received IF. In addition, patients with

pleomorphic liposarcoma had a four-fold increased risk of death from

disease compared to patients with the myxoid/round cell subtype.

Additional analyses were performed to determine if there was a

tumor size range and/or histologic subtype that benefited most from

treatment with IF. Although there appears to be a modest (14%)

survival benefit at 5 years for 5–10 cm tumors in IF treated patients,

there was a 31% survival benefit at 5 years for >10 cm IF treated

patients. The 5-year DSS for>10 cm IF treated patients was 89% (78–

100%) compared to 58% (40–75%) for >10 cm NoC patients.

Interestingly, both myxoid/round cell and pleomorhic histologic

subtypes benefited from treatment with IF. There was a 22% survival

benefit at 5 years for myxoid/round cell IF treated patients and a 31%

survival benefit at 5 years for pleomorphic IF treated patient [12].

Taken together, these results suggest that neoadjuvant chemotherapy

may be justified in carefully selected high-risk patients >5 cm, high-

grade extremity liposarcoma.

COMPLICATIONS

The risk of wound complication appears to be almost entirely

confined to lower extremity lesions [64,73]. It is well established that

radiation and chemotherapy inhibit wound healing. Early studies

defined the effects of doxorubicin and radiation on wound healing

in animal models [74]. The authors suggested that radiation or

antineoplastic drugs delivered more than 7 days before or after the

wound creation were accompanied by minimal inhibition of wound

healing. However, the application of radiation or chemotherapy just

before surgery resulted in significant impairment of wound healing, as

demonstrated by wound-breaking strength due to inhibition of newly

synthesized collagen.

The most comprehensive study on the influence of preoperative

chemotherapy on the risk of wound complications was reported by the

M.D. Anderson Cancer Center [75]. The authors compared morbidity

of resection of soft tissue sarcoma in 104 patients who received

neoadjuvant chemotherapy and in 204 patients who had surgery first.
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The most common complications were wound infections; however, the

incidence of surgical complications was no different for patients

undergoing preoperative chemotherapy than for patients undergoing

surgery alone in those with extremity sarcomas (34% vs. 41%) or

retroperitoneal or visceral sarcomas (29% vs. 34%). Simultaneous

neoadjuvant chemotherapy and radiotherapy resulted in greater

morbidity than when radiotherapy is given alone [76].

Wound complications requiring operative intervention were

analyzed in the randomized BRT trial at MSKCC.[66] The overall

complication rate was 24% in the BRT arm compared to 15% in the

control arm (P¼ 0.18). However, reoperation rates were 9% and 1%

in patients whose width of skin was more than 4 cm or less than 4 cm,

respectively (P¼ 0.02). These types of complications have been

shown with external-beam irradiation as well [64,77]. In the

Canadian trial comparing preoperative and postoperative irradiation,

patients undergoing preoperative radiation had a significantly higher

rate of wound complications requiring secondary wound surgery,

hospital admission, or need for deep packing or prolonged dressings

within 120 days of surgery (35% vs. 17%; P¼ 0.01) [64]. The authors

found that the wound complication rate after preoperative radio-

therapy and primary direct wound closure was 16% and seemed to be

lower in those treated with vascularized tissue transfer [77]. This

lower rate contrast with those found in the prospective trial of

adjuvant radiotherapy alone [78].

In situations in which wound complications may be anticipated

because of the magnitude of the wound, extent of the resection, prior

radiation, transpositional or free grafts should be employed to cover the

defect before the delivery of radiation therapy. With this approach,

postoperative morbidity can be markedly diminished. For soft tissue

reconstruction (e.g., tissue transfer in the form of pedicle flaps, free

flaps, or skin grafts) to repair surgical defects, postoperative radio-

therapy can be administered 3–4 weeks after grafting without

detriment [79]. Wound breakdown is less than 5%, and most tissue

transfers tolerate subsequent adjuvant radiation therapy well [80].

The impact of adjuvant radiation and chemotherapy on the

development of bony fracture has been reported in the literature, but

the data are scant [81,82]. Another complication encountered with

adjuvant radiation is peripheral nerve damage, which can occur with

postoperative and preoperative radiation. In the MSKCC randomized

trial, the rate was 5% in the control arm compared to 9% in the BRT

arm (P¼ 0.5) [83].

CONCLUSION

Liposarcomas are classified into three biological types encompass-

ing five subtypes: (1) well-differentiated/dedifferentiated, (2) myxoid/

round cell, and (3) pleomorphic, based on morphological features and

cytogenetic aberrations. These five subtypes have different biology,

growth rates, and patterns of behavior. Surgical resection is the

mainstay of curative treatment; however, many patients with large,

>5 cm, high grade round cell or pleomorphic liposarcomas of the

extremity may benefit from treatment with neoadjuvant/adjuvant

ifosfamide-based chemotherapy. Radiation is generally applied either

pre-operatively or postoperatively to enhance local control for high

grade (round cell, pleomorphic) extremity liposarcomas that are

�5 cm. Low grade (well-differentiated and myxoid) liposarcomas,

even those large in size, and small (<5 cm) high grade extremity/

truncal liposarcomas can often be managed by surgery alone if the

surgery is carefully planed and adequate clean margins are achieved.

Surgery remains the only proven therapy for well-differentiated and

dedifferentiated liposarcoma of the retroperitoneum. A histologic

subtype specific nomogram provides accurate survival predictions

for patients with primary liposarcoma, and this nomogram aids

in counseling of patients, identification of patients appropriate for

adjuvant therapy, and stratification of patients for clinical trials and

molecular analysis. Future, prospective randomized clinical trials and

the development of new targeted agents that are subtype-specific will

continue to improve our care of patients with liposarcoma.
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