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Purpose: Liposarcoma (LPS) is a one of the most commonly diagnosed soft tissue sarcomas. Little is
known about the epidemiology and prognosis of each subtype. We present an analysis of epidemiology
and survival of the subtypes of LPS using a national database.
Methods: We queried the Survival Epidemiology, and End Results (SEER) and the Canadian Institute for
Clinical Evaluative Sciences (ICES) databases for data on 7 types of LPS. Pearson’s chi square was used to
determine associations between variables and subtypes. Kaplan-Meier and Cox Regression analyses were
performed for two tests: one using SEER data and the other using variables common to both SEER and
ICES.
Results: The well-differentiated subtype was the most common subtype identified. Metastatic disease
was associated with decreased survival across all subtypes and age >35 was associated with decreased
survival in well-differentiated and myxoid subtypes. Tumor grade was associated with decreased survival
in the well-differentiated, myxoid, mixed, and round cell subtypes. In the secondary analysis, age >35
was associated with decreased survival in the myxoid subtype.
Conclusions: The prognosis of liposarcoma differs greatly by subtype. Clinicians should account for pa-
tient factors at the time of diagnosis to best navigate treatment of their patients.

© 2020 Delhi Orthopedic Association. All rights reserved.
1. Introduction

Liposarcoma (LPS) is the most commonly diagnosed adult sar-
coma, comprising up to 12.8% of all soft tissue malignancies.1e3 LPS
often presents clinically as a painless, growing mass, and Magnetic
Resonance Imaging (MRI) imaging is utilized to visualize the extent
of growth and assist in subtype differentiation.4 Complete surgical
resection paired with metastasis-opposed radiation therapy has
been the principle method of treatment for liposarcoma over the
last several decades.5,6 Adjuvant chemotherapy may also be of use
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but is highly dependent on histological subtype.5,7 While theWorld
Health Organization (WHO) has classified LPS into four subtypes
based on distinct histological profiles and the SEER database into
seven subtypes,8 there are three broad recognized group classifi-
cations of liposarcoma based on histological relation.2 The first
group includes the well-differentiated and de-differentiated sub-
types, the second the myxoid/round subtypes, and the third the
pleomorphic subtype.9 The mixed subtype presents as a histolog-
ical combination of more than one of the other subtypes, while very
little is reported on the fibroblastic variant.10

Present understanding of the prognosis and survival of LPS has
primarily been limited to single institution investigations, small
scale-meta analyses, or studies that do not investigate the specific
subtypes due to the rarity of this tumor.11e19 There is currently a
paucity of data analyzing the demographics, prognosis, clinical
characteristics, and survival of LPS’s different subtypes. The pur-
pose of this study is to describe these data for all LPS subtypes using
the SEER database. We then externally validate this data with the
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Table 1
SEERa demographic and clinical data.

Variable Well Differentiated Myxoid Round Cell Pleomorphic Mixed Fibroblastic De-Differentiated P value

Total Number 4298 (36.8%) 3241 (27.8%) 304 (2.6%) 1203 (10.3%) 453 (3.9%) 17 (0.2%) 2164 (18.5%)
Median Age (years) 63 50 50 66 56 36 66 <0.01
Race <0.01
Caucasian 3525 (82.0%) 2694 (83.1%) 246 (80.9%) 1004 (83.5%) 374 (82.6%) 15 (88.2%) 1826 (84.4%)
African American 346 (8.1%) 309 (9.5%) 32 (10.5%) 111 (9.2%) 43 (9.5%) 1 (5.9%) 134 (6.2%)
Other 381 (8.9%) 210 (6.5%) 22 (7.2%) 85 (7.1%) 31 (6.8%) 1 (5.9%) 195 (9.0%)

GENDER <0.01
Males 2551 1895 168 714 279 6 1448
Females 1747 1346 136 489 174 11 716
Male to Female Ratio 1.5 1.4 1.2 1.5 1.6 0.5 2.0
% Female 40.6 41.5 44.7 40.6 38.4 64.7 33.1
Metastases 131 (3.0%) 127 (3.9%) 26 (8.5%) 67 (5.6%) 25 (5.5%) 0 (0%) 201 (0.9%) <0.01

Grade <0.01
1 4095 828 15 44 79 4 168
2 60 873 42 71 70 6 188
3 31 242 89 316 101 1 673
4 20 171 84 416 94 0 843
Not reported 92 1127 74 356 109 6 292 1061

a Surveillance, Epidemiology, and End Results Program Database.

Table 2
Side-to-side comparison of subtypes of liposarcoma, by database.

Sample Size Median Age % Female Median Survival (IQR) in Years 5-Year Survival 10-Year Survival

Well-Differentiated SEERc 4298 63 40.6 15.8 (7.4e26.3) 0.823 0.669
ICESb 548 57 39.6 NAa (22.1 - NAa) 0.904 0.809

Myxoid SEER 3241 50 41.5 17.8 (5.5-NAa) 0.764 0.636
ICES 319 47 39.8 NAa (NAa - NAa) 0.882 0.787

Round Cell SEER 304 50 44.7 7.5 (1.7e25.3) 0.549 0.467
ICES 60 45 43.3 18.5 (13.1 - NAa) 0.854 0.676

Pleomorphic SEER 1203 66 40.6 5.3 (1.7e16.2) 0.512 0.348
ICES 132 63 40.9 4.4 (3.1e6.8) 0.477 0.352

Mixed SEER 453 56 38.4 9.7 (2.3e23.2) 0.628 0.498
ICES 22 55 50.0 6.4 (2.7 - NAa) 0.707 0.530

Fibroblastic SEER 17 36 64.7 NAa 0.941 0.753
ICES 3 42 66.7 NAa (NAa - NAa) 1.000 NAa

De-Differentiated SEER 2164 66 33.1 4.9 (1.6e14.0) 0.494 0.321
ICES 182 67 37.4 11.4 (7.3 - NAa) 0.754 0.672

c Surveillance, Epidemiology, and End Results Program Database.
b Canadian Institute for Clinical Evaluative Sciences.
a Not applicable due to insufficient sample size or failure of mortality to fall below 0.500.
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Canadian Institute for Clinical Evaluative Sciences (ICES)’s database.
Our goal is to increase our understanding of liposarcoma and allow
surgeons to better navigate treatment based on its different vari-
ants to improve outcomes.

2. Materials and Methods

2.1. Patient population

Two datasets were analyzed in this study: the November 2015
release of the SEER database and the Institute for Clinical Evaluative
Sciences (ICES) database. The SEER database was created following
the National Cancer Act of 1971 and includes over 9.1 million pa-
tient cases from 1973 to 2013 maintained by the National Cancer
Institute. The database includes data from 18 local cancer registries,
which are included based on completeness and representation of
the total US population. The SEER database includes a nearly 99%
follow up rate and records demographic variables, tumor charac-
teristics, and survival. Additionally, the ICES reports longitudinal
data of every patient in Ontario, Canada since 1982. ICES data for
this study includes patients from 1993 to 2015. The data that sup-
port the findings of this study are available at20 and,21 respectively.

Data were extracted from both the SEER and ICES databases
using International Classification of Diseases for Oncology, Third
Edition (ICD-O-3) morphology codes. These included codes for
well-differentiated (8851/3), dedifferentiated (8858/3), myxoid
(8852/3), round (8853/3), mixed (8855/3), pleomorphic (8854/3),
and fibroblastic (8857/3) subtypes. Caseswith liposarcoma of a “not
otherwise specified” subtype (n ¼ 2,986, 20.4% of total) were not
included in the study (8850/3).

Patients were stratified by gender, race, and age. For privacy
reasons, ICES does not release the exact age of young patients, but
instead lists ‘<35’ for any patient 34 years of age or younger. To
allow for better comparison between the ICES and SEER datasets,
this age grouping was used for SEER data as well. Therefore, age is
reported in two categorical variables (less than 35 years and greater
or equal to 35 years). Tumors are classified by histological grade and
presence of metastatic disease at presentation. As this study does
not involve human subjects, Institutional Review Board (IRB)
approval was not needed for analysis of SEER data, as per our in-
stitution’s policy. Local Research Ethics Board (REB) approval for the
use of ICES data was obtained (#3745-C).

2.2. Statistical analysis

For our primary analysis of SEER data, Pearson’s chi-square was
used to assess the relationship between age, race, sex, grade and
metastatic involvement for each of the liposarcoma subtypes.



Fig. 1. SEERy survival function, by subtype.
y Surveillance, Epidemiology, and End Results Program Database.

Table 3
SEERd cox proportional hazards analysis, by subtypes (HRa (95% CIb)).

Risk Factor Well-Differentiated Myxoid Pleomorphic Mixed De-Differentiated Round Cell

Age ≥ 35 (vs. <35) 3.42 (1.28e9.17)* 3.34 (2.24e4.97)* 0.84 (0.47e1.53) 1.48 (0.70e3.13) 1.68 (0.87e3.24) 2.12 (0.62e7.26)
Male (vs. Female) 1.34 (1.11e1.62)* 1.12 (0.91e1.39) 1.12 (0.86e1.45) 0.87 (0.55e1.37) 0.99 (0.85e1.15) 1.01 (0.59e1.73)
Race
African American 0.92 (0.64e1.32) 1.18 (0.87e1.6) 1.42 (0.92e2.19) 0.96 (0.53e1.75) 0.73 (0.53e1.02) 1.62 (0.71e3.7)
Other 1.12 (0.82e1.54) 0.75 (0.47e1.19) 0.71 (0.43e1.18) 0.43 (0.10e1.79) 0.78 (0.6e1.01) 2.91 (1.27e6.67)
Caucasian Reference Reference Reference Reference Reference Reference
Metastatic Disease 3.16 (2.35e4.26)* 4.41 (3.42e5.70)* 2.79 (1.95e3.98)* 2.53 (1.38e4.66)* 2.87 (2.39e3.46)* 9.03 (4.85e16.84)*

Grade
II 2.22 (1.36e3.60)* 0.98 (0.73e1.33) 0.58 (0.22e1.57) 0.33 (0.12e0.89)* 1.26 (0.82e1.93) 3800.79 (0e3.535Eþ51)
III 5.50 (3.08e9.82)* 1.95 (1.34e2.83)* 0.92 (0.44e1.93) 1.42 (0.71e2.83) 1.82 (1.28e2.58)* 6529.82 (0e6.061Eþ51)
IV 5.36 (2.65e10.84)* 2.3 (1.62e3.28)* 1.19 (0.58e2.47) 1.45 (0.73e2.86) 2.04 (1.44e2.88)* 4963.68 (0e4.608Eþ51)
Unknown 1.08 (0.62e1.89) 1.28 (0.95e1.71) 0.97 (0.45e2.08) 1.30 (0.63e2.69) 1.82 (1.25e2.65)* 4498.23 (0e4.178Eþ51)
I Reference Reference Reference Reference Reference Reference

* Significance defined as p < 0.01.
d Surveillance, Epidemiology, and End Results Program Database.
a Hazard ratio.
b Confidence interval.
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Kaplan-Meier and Cox proportional hazards analysis were used to
determine survival of the subtypes as well as to determine risk
factors for decreased survival. Survival was defined as the differ-
ence between date of initial diagnosis and date of death. A separate
Cox regression was conducted based on treatment with surgery
and/or radiation. Incidence was calculated using SEER*Stat soft-
ware (version 8.2.1, National Cancer Institute, Bethesda, Maryland)
and normalized to US population as per the 2000 Census.

In our secondary analysis, Kaplan-Meier and Cox proportional
hazards analysis were similarly conducted with the ICES data. Due
to the difference in available variables between the SEER and ICES
databases, namely tumor grade and patient race, Cox regression
was limited to include only age and gender in this part of the
analysis. These variables were common to both datasets and were
thus considered for comparison. Incidence was calculated using
SEER*Stat software (version 8.2.1, National Cancer Institute,
Bethesda, Maryland) and normalized to US population per the 2000
Census and the 2011 Ontario census. The threshold for significance
in all tests was defined as p < 0.05.
3. Results

3.1. Primary analysis of SEER data

A total of 11,680 cases were extracted from the SEER database.
The majority of cases were male patients in all except the



Table 4
SEERb COX regression hazard ratios, by treatment.

Treatment Modality Hazard Ratio (95% CI)a P value

No Surgery, No Radiation Reference
Surgery alone 1.07 0.90e1.27 0.09
Radiation alone 4.39* 1.94e9.94 <0.01
Surgery, Radiation 1.09 0.91e1.30 0.12
SEERb COX Regression Hazard Ratios, by Treatment and Subtype
No Surgery, No Radiation Reference
Surgery alone
Well-differentiated 0.94 0.63e1.42 0.90
De-differentiated 0.99 0.74e1.34 0.97
Mixed 1.20 0.59e2.51 0.63
Myxoid 1.18 0.84e1.68 0.34
Round cell 0.84 0.34e2.12 0.89
Pleomorphic 1.20 0.77e1.87 0.43

Radiation alone
Well-differentiated 3.11 0.84e10.15 0.99
De-differentiated 3.95* 1.23e12.66 0.02
Mixed e e e

Myxoid 11.12* 3.45e36.40 <0.01
Round cell e e e

Pleomorphic 2.73 0.67e4.15 0.94
Surgery, Radiation
Well-differentiated 0.96 0.62e1.47 0.84
De-differentiated 0.89 0.65e1.21 0.45
Mixed 1.46 0.69e3.10 0.32
Myxoid 1.19 0.83e1.71 0.34
Round cell 1.06 0.42e2.68 0.90
Pleomorphic 1.19 0.75e1.88 0.46

*indicates significance, blank value indicates incomplete/missing data.
b Surveillance, Epidemiology, and End Results Program Database.
a Confidence Interval.
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fibroblastic subtype (p < 0.05). The majority of patients were
Caucasian in each subgroup, with an overall mean of 83.1%. The
round cell subtype had the greatest proportion of African American
patients and the highest rate of reported metastatic disease
(Table 1). The lowest median survival was found in the de-
differentiated subtype, followed by the pleomorphic, round cell,
mixed, well-differentiated, and myxoid subtypes (Table 2). As sur-
vival of the fibroblastic subtype did not fall below 50% by 10 years
post-diagnosis, the median survival was not calculated.

Kaplan Meier analysis demonstrated that fibroblastic lip-
osarcoma had the highest 5-year survival rate of 94.1% (Fig. 1). Rate
of 5-year survival was 82.3% for well-differentiated, 76.4% for
myxoid, 62.8% for mixed, 54.9% for round cell, 51.2% for pleomor-
phic, and 49.4% for de-differentiated subtypes (Table 2). Regression
Table 5
Side-to-side comparison of cox regression of liposarcoma, by database.

Database HRa (95% CIb) for Males P V

Well-Differentiated SEER 1.21 (1.08e1.35) <0.
ICES 1.15 (0.76e1.74) 0.5

Myxoid SEER 1.14 (1.01e1.27) 0.0
ICES 0.99 (0.64e1.54) 0.9

Round Cell SEER 1.27 (0.93e1.74) 0.1
ICES 0.58 (0.22e1.56) 0.2

Pleomorphic SEER 1.02 (0.88e1.18) 0.8
ICES 0.88 (0.58e1.35) 0.5

Mixed SEER 1.09 (0.84e1.43) 0.5
ICES 0.88 (0.58e1.35) 0.5

Fibroblastic SEER 1.06 (0.06e17.68) 0.9
ICES 4.98 (1.23e19.20) 0.0

De-Differentiated SEER 1.49 (0.95e2.35) 0.0
ICES 0.97 (0.58e1.61) 0.9

* significance defined as p < 0.05, - Not included in regression as all patient with mixed
a Hazard ratio.
b confidence interval.
c Infinity.
analysis revealed that male sex was associated with decreased
survival in the well-differentiated subtype and age �35 was asso-
ciated with decreased survival in the myxoid subtype (p < 0.05).
Metastatic disease was associated with decreased survival in all
subgroups of liposarcoma, with the greatest effect in round cell
(HR ¼ 9.03, p < 0.05). There were no significant associations be-
tween race and survival in any subtype (Table 3).

3.2. Secondary analysis of ICES data

After query of the ICES database, a total of 1266 Ontario patients
with biopsy confirmed liposarcoma subtype were included. The
most common subtype in this dataset was the well-differentiated
subtype (n ¼ 548, 43.3%). As all 3 patients with the fibroblastic
survived beyond 5 years, the median survival time was not calcu-
lated. Of the remaining subtypes, the greatest 5-year survival was
found in the well-differentiated subtype, followed by myxoid,
round cell, de-differentiated, mixed, and pleomorphic (Table 2).

In the comparison of the two treatment modalities in the SEER
database across all subtypes, treatment with radiation alone was
associated with an increased risk of mortality, compared to no
surgery or radiation use. On subgroup analysis, treatment with
radiation alone was associated with increased risk of mortality in
the de-differentiated and myxoid subtypes (Table 4).

When only age and gender were taken into account, age �35
was the only significant predictor of decreased survival in the well-
differentiated, myxoid, round cell, pleomorphic, and mixed sub-
types, while gender was associated with decreased survival in the
myxoid subtype (p < 0.01) in the SEER database. In the ICES data-
base, age �35 was only associated with decreased survival in the
myxoid subtype. There were no associations between gender and
survival with any subtype in the ICES database (Table 5).

4. Discussion

Liposarcoma is the most common histology of soft tissue sar-
comas despite its overall rarity.5 Though its growth is often
described to be indolent and painless, it generally has a poor
prognosis. The most recently published large-scale studies indicate
approximate 5-year LPS survival rate averages of 58e95%,
depending on tumor grade.22 LPS’s various subtypes present with
different natural histories, and post-surgical outcomes vary among
them.11 To date, the majority of other studies investigating lip-
osarcoma have been largely focused on specific anatomic sites,
alue for Males HRa (95% CIb) for Age �35 P Value for Age >35

01* 5.21 (3.06e8.87) <0.01*
0 2.61 (0.36e18.7) 0.34
3 3.94 (3.15e4.93) <0.01*
7 3.23 (1.31e7.01) <0.01*
3 1.86 (1.08e3.18) 0.02*
8 2.68 (0.73e9.89) 0.14
2 1.58 (1.08e2.33) 0.02*
6 1.63 (0.23e11.7) 0.63
1 1.99 (1.16e3.42) 0.01*
6 1.63 (0.23e11.7) 0.63
7 0.00 (0.00-Infc) 0.97
2 e e

9 1.07 (0.95e1.22) 0.27
0 2.7 (0.00 e Infc) 0.99

liposarcoma were >35 years old in the ICES Database.
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specific subtypes, or treatment modalities rather than on LPS’s
subtypes.22e24 Due to the paucity of large, national studies inves-
tigating liposarcoma and its subtypes, we present an analysis of
two national databases to determine relevant demographic and
clinicopathologic factors.

The well-differentiated subtype represents the most common
liposarcoma in both the SEER and ICES databases. Arvinius et al.25

retrospectively reviewed 11 cases of well-differentiated and
showed that while it may be locally aggressive and recur after
surgical resection, well-differentiated LPS rarely metastasizes or
dedifferentiates. Mavrogenis et al.26 mirrored these findings in
their review of 67 cases of well-differentiated, showing that while
there was a 52% local recurrence rate, no patients had evidence of
metastasis at 140 months follow-up. We show well-differentiated
to have higher median survival rates in comparison to nearly all
other subtypes, with the exception of myxoid. Interestingly, a
greater 10-year prognosis is seen in the ICES database as with all
other subtypes than in SEER, however this may be explained in part
by the wider range of dates included in the SEER database
(1973e2013) compared to ICES (1993e2015). Advances in the
diagnosis and treatment of cancer from the 1970s to the 1990s may
introduce a lead-time bias, but this was not investigated in our
study.

In contrast to the well-differentiated variant, the de-
differentiated subtype may arise de novo, as a recurrence of well-
differentiated subtype, or an intermingled transition.27 The di-
versity in this subtype’s histological patterns may lead to misdi-
agnosis as it may resemble other malignancies that includes the
well-differentiated variant, undifferentiated pleomorphic sar-
coma, and spindle cell sarcoma.28 In a 2017 report by Dantey et al.29

the histological grade of de-differentiated was reported in relation
to clinical outcomes for 55 patients. While high grade de-
differentiated had a significantly higher rate of mortality
compared to low grade, both low grade de-differentiated and high
grade de-differentiated had poor outcomes, with median survivals
of 113 months and 48 months respectively. Our data show that de-
differentiated has the lowest median survival among all subtypes,
as well as the second highest proportion of high-grade cases.

Round cell and myxoid liposarcomas appear histologically
similar, but they differ greatly on clinical assessment.12,30,31 In a
retrospective review of 29 patients with eithermyxoid or round cell
liposarcoma, myxoid liposarcoma was found to be typically low-
grade and responded well to chemotherapy, resulting in better
prognoses. Conversely, round cell had higher rates of metastasis,
behaved more aggressively, and did not respond well to chemo-
therapy.32 Our data show that round cell liposarcoma has higher
rates of metastasis and a poorer prognosis thanmyxoid type. Due to
the similarity in histological presentation between myxoid and
round cell, these subtypes have proven to be a challenge to clini-
cians as there is the potential to exist as a combination.10

Unlike the other subtypes of liposarcoma, the pleomorphic
variant is unique in that it lacks a molecular signature, thus making
it difficult to diagnose.33 It also is often reported to be high grade
and may even resemble de-differentiated morphologically. The
pleomorphic subtype had the highest proportion of high-grade
cases in the SEER database (Grades III & IV ¼ 86.4%), which is
similar to other studies.34,35

For each subtype, metastatic involvement as well as higher
grading are significantly associated with worse outcomes, which
corroborates with existing literature.1,7 Treatment of LPS for the last
several decades has revolved around surgery,6 but our analysis
showed that radiation alone was associated with an increased risk
of mortality compared to no surgical or radiation treatment in the
overall study population as well as in the de-differentiated and
myxoid subtypes. Despite the well-established efficacy of surgical
treatment, our analyses showed that surgery was not associated
with a difference in outcomes in both an overall and subtype-
stratified populations compared to no radiation or surgery. The
only significant finding regarding treatment was an increased risk
in some populations treated radiation alone. This may be due to the
palliative nature of such a treatment approach, suggesting more
severe disease presentation and symptomatology rather than failed
treatment.36 Notably, however, detailed treatment modalities and
adjunctive therapies are not defined in SEER and thus could not be
accounted for in our analysis.

Our study has several limitations. First, neither database offers
detailed, granular information about each patient and their clinical
progression. Certain elements, such as margin of resection, co-
morbid diseases, and treatment parameters are not available,
which may have provided valuable information in predicting out-
comes. Specifically, the SEER database does not include data on
chemotherapy or other potentially relevant aspects of adjunctive
treatments. These would be important considerations in the final
determination of a patient’s prognosis, but could not be evaluated
in this study. Therefore, extrapolation of these data, particularly the
secondary analysis of treatment modality in Table 4, must be done
with caution. The databases also limited the authors’ ability to
verify data with a quality review of the results used, and reporting
errors may be present. As the database covers several decades, the
level of detail of reported information has varied, which can appear
as lack of relevant data in years prior to the updated data re-
quirements. Despite these limitations, the statistical power offered
by SEER with external validation by ICES provides much insight on
the factors and survival of the subtypes of LPS that we hope to use
to further our knowledge of this soft tissue sarcoma and assist
future clinicians. Future prospective cohort studies are needed to
confirm these data and account for other relevant variables, such as
margin of resection after surgery, type of radiation used, chemo-
therapy, location of tumor, and patient comorbidities.

5. Conclusions

Though slow-growing and painless, liposarcoma has the po-
tential to be deadly, and each subtype should be evaluated as a
distinct disease process with variable prognosis. The worst out-
comes can be expected among the de-differentiated, pleomorphic,
andmixed subtypes. These datamay better inform orthopaedic and
surgical oncologists about disease outcomes to optimize patient
care.
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