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Abstract

Background Dedifferentiated liposarcoma (DDLPS) is a high-grade, clinically aggressive tumor associated with low survival
probabilities. Prognostic variables for DDLPS have not been previously reported in a large patient population.

Methods A total of 3573 patients with primary DDLPS were analyzed from the National Cancer Data Base (NCDB). The
5- and 10-year survival probabilities were calculated, and the groups were compared using log-rank comparisons and mul-
tivariable Cox hazard regression analysis. Median survival was also calculated.

Results Males comprised 65% of the cohort, the median age at diagnosis was 64 years of age, and 65.4% of the patients
were between 51 and 75 years of age. The most common site for primary tumors is the retroperitoneum or abdomen (59.5%).
Head or neck tumors had the best 5-year outcomes (86.4%) followed by extremities (67.1%), pelvis (65.8%), thorax or trunk
(58.9%), and finally retroperitoneum or abdomen (42.6%). Best outcomes were noted in the 26- to 50-year-old age group
(5-year survival:66.8%), < 10 cm size (5-year survival:66.1%), FNCLCC grade 1 (5-year survival:69.2%), and stage II disease
(5-year survival:66.7%). Radiation therapy yielded the best 5-year and 10-year survival probabilities of 59% and 39.3%,
respectively. Out of all the adjuvant therapies, the use of radiation resulted in the best 5-year survival of 63.4%.
Conclusion In the largest and most comprehensive study to date on DDLPS, major findings include primary site as a sig-
nificant prognostic variable with age at presentation, sex, tumor stage, and type of adjuvant therapy significantly impacting
overall survival.
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Introduction

Liposarcomas represent approximately 20% of all soft tissue
sarcomas (STS), making it one of the most common malig-
nant STS (Engstrom et al. 2008). Liposarcomas have been
previously noted to affect genders equally, most commonly
presenting between the ages of 50 and 70 years and rarely
present in children (Brennan et al. 2013). According to the
World Health Organization, there are four separate types
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of liposarcoma based on histology: atypical lipomatous
neoplasm/well differentiated, myxoid/round cell, pleomor-
phic, and dedifferentiated (Mangham 2004). For liposarco-
mas, most tumors occur in deep soft tissues, especially the
extremities (Goldblum et al. 2014).

Dedifferentiated liposarcomas (DDLPS) represent 18% of
all liposarcomas (Goldblum et al. 2014). DDLPS most com-
monly present in the retroperitoneum and peak incidence
occurs in their seventies (Brennan et al. 2013; Goldblum
et al. 2014). DDLPS typically have a high incidence of local
recurrence (Goldblum et al. 2014). These tumors can form
either de novo or from a preexisting well-defined liposar-
coma (Brennan et al. 2013). Most patients present with high
grades of dedifferentiation (Goldblum et al. 2014).

In a previous study of 155 patients, multivariate analysis
showed that primary anatomical site was a significant vari-
able for survival, with retroperitoneal tumors being the most
lethal (Henricks et al. 1997). In that study, there were 106
cases of retroperitoneal DDPLS, 13 in the extremities, 13 in
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the spermatic cord, 11 in the trunk, and 1 case in the larynx.
No median survival or 5- or 10-year survival probabilities
were presented.

The goal of this study was to utilize the largest cancer
database in the United States to compile the largest cohort
and characterize the 5- and 10-year survival probabilities
and median survival of different primary sites and other
prognostic variables including age, tumor size, grade, tumor
stage, and treatment options, including adjuvant therapy, to
improve clinical outcomes.

Materials and methods

The National Cancer Database (NCDB) is a comprehensive
oncology database for United States patients that was formed
in 1989 by the American Cancer Society and Commission
on Cancer (CoC) of the American College of Surgeons. This
database contains approximately 70% of all patients in the
United States diagnosed with cancer. Each of the authors
was granted access to the NCDB through the Participant Use
Data Files program established by the NCDB.

This study analyzed patients with DDLPS from 2004 to
2015 through CoC accredited cancer programs. A total of
3,573 patients were identified using the ICD-O-3 histology
code 8858. Patients who only had only one malignant neo-
plasm diagnosis over their lifetime were included. Patients
with multiple malignant tumor diagnoses were excluded
since true survival data could be skewed if other cancers
were present. This study analyzed demographic and tumor
statistics including sex, age, year of diagnosis, tumor size,
incidence and location of metastasis, primary site of tumor,
Fédération Nationale des Centres de Lutte Contre le Cancer
(FNCLCC) grade, tumor staging, treatment modalities and
adjuvant therapies. This study utilized ICD-O-3 topography
codes to identify primary anatomical sites.

Five- and ten-year survival probabilities and visualiza-
tion of Kaplan—Meier survival curves were utilized for age,
sex, primary anatomical site, tumor size, FNCLCC grade,
tumor stage, treatment modalities, and adjuvant therapy.
Age was analyzed by separating patients into four separate
groups: 0-25 years old, 26-50 years old, 51-75 years old,
and > 75 years old. Sex was classified as either male or
female. Primary anatomical site of presentation was sep-
arated into five groups: head or neck, extremities, pelvis,
thorax or trunk, and retroperitoneum or abdomen. Tumor
size was divided into either < 10 cm or > 10 cm and com-
pared. FNCLCC tumor grades included three groups: grade
1, grade 2, and grade 3. We seperated patients by analytic
stage at cancer diagnosis, a variable provided by the NCDB
that reflects the American Joint Committee on Cancer
(AJCC) pathologic staging. When analytic stage was una-
vailable, clinical staging was utilized. Sub-stage groups were
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collapsed into the stages I, II, III, or IV. Adjuvant therapy
options were divided into four groups: surgery alone, radia-
tion therapy after surgery, chemotherapy after surgery, and
chemoradiation therapy after surgery. Median survival, 5-
and 10-year survival probabilities for all variables were cal-
culated in months from the time from diagnosis until either
death or last known contact.

To calculate 5- and 10-year survival probabilities, sur-
vival tables and Kaplan—Meier curves were utilized. Specifi-
cally, survival tables were used to determine 5- and 10-year
survival percentages. Multivariable Cox regression models
were calculated to determine differences in risk of death
associated with primary anatomical site and other factors
after controlling for age, gender, race, analytic stage, treat-
ment approach, type of treatment facility and socioeconomic
variables including household income, educational back-
ground, and insurance status. The functional forms of con-
tinuous variables were investigated to examine the potential
of higher ordered terms, and the proportionality of hazards
assumption was checked with log-negative-log survival
curves. Patients with any missing data were excluded from
the analysis. All analyses were conducted with SAS version
9.4 (SAS Institute Inc., Cary, NC) and version 25 of SPSS,
with a statistical threshold of p <0.05.

Results

Table 1 shows background information of the cohort.
Approximately 65% of the cohort were males, while females
were 35%. This resulted in a 1.86 male to female ratio.
The median age at diagnosis was 64 years. The ages of all
patients are listed in Table 1, with the 51- to 75-year-old
group being the most prevalent with 2,335 patients (65.4%),
while the 0-25-year age group had the fewest number of
patients with 11 (0.3%). There was a twofold increase in

Table 1 Background statistics of 3573 patients with DDLPS

Variable N=3573 % of total
Sex

Male 2323 65.0
Female 1250 35.0
Age (years)

0-25 11 0.3
26-50 562 15.7
51-75 2335 65.4
76 < 665 18.6
Year of diagnosis

2004-2009 1287 36.0
2010-2015 2286 64.0
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diagnosed cases between the years 2010-2015 (2286) com-
pared to the years 2004-2009 (1287).

Most of the tumors were > 10 cm (64.2%) and the tumor
size and metastatic characteristics are shown in Table 2.
The median tumor size was 16.5 cm, while the mean tumor
size was 24.5 cm. Approximately 89% of patients presented
with no metastasis, while 9.1% presented with metastasis.
The most common type of metastasis was distant metastasis
without lymph node involvement (6.4%) and further charac-
terizations of metastasis are presented in Table 2. The most
common site of metastasis involved the lung in 90 patients
(2.5%). Other common sites of metastasis in decreasing
order included liver (39 patients, 1.1%), bone (32 patients,
0.9%), and finally brain (2 patients, 0.1%). There was lym-
phatic or vascular invasion within the primary tumor in 1.8%
of the cohort.

Primary site, tumor stage, FNCLCC grade, and treatment
modalities are shown in Table 3. The most common pri-
mary site was the retroperitoneum or abdomen with 2125
patients (59.5%), followed by the pelvis (16.5%), extremities
(14.4%), thorax or trunk (6.2%), head or neck (0.7%), and
finally overlapping primary sites representing 0.6% of the
cohort. Of the 2125 patients with retroperitoneal or abdomi-
nal dedifferentiated tumors, 1365 were coded as retroperi-
toneal tumors.

FNCLCC grade 3 and advanced stage III tumors were
most common, at 34.8% and 40%, respectively. Stage IV
was the least common stage with 292 patients (8.2%), while
grade 1 tumors were the least common grade with 147
patients (4.1%).

Table2 Tumor size and metastasis characteristics of 3573 patients
with DDLPS

Variable N=3573 % of total
Tumor size (cm)
<10 999 28.0
>10 2295 64.2
Unknown 279 7.8
Metastases present at diagnosis
No distant metastasis 3162 88.5
Distant lymph node(s) 8 0.2
Distant metastasis except distant lymph 230 6.4
node(s), Carcinomatosis
Distant metastasis plus distant lymph nodes 15 0.4
Distant metastasis, NOS 68 1.9
Unknown 90 2.5
Location of metastases
Lung 90 2.5
Liver 39 1.1
Bone 32 0.9
Brain 2 0.1

Surgery was the most common treatment modality with
3244 patients or 90.8% of the patients utilizing this option,
while radiation was the second most common modality with
1264 patients (35.4%), followed by chemotherapy with 589
patients (16.5%). Surgery alone with no adjuvant therapy
was utilized by 67.6% of patients, while 23.6% used sur-
gery with radiation. Surgery and chemotherapy were used
in 6.1% of patients and only 2.6% were treated with surgery
and chemoradiation.

Overall 5- and 10-year survival probabilities for the
3,112 patients with primary DDLPS were 51.5% and 34.8%,
respectively, and a Kaplan—Meier curve for overall survival
for the cohort as a whole is shown in Fig. 1. A Kaplan—Meier
curve by sex is shown in Fig. 2. Males showed 5- and
10-year survival probabilities of 52.0% and 36.1%, while
females exhibited 5- and 10-year survival probabilities of
50.9% and 32.8%.

As age increased, the overall survival probability
decreased, shown in both Table 4 and with a Kaplan—Meier
curve in Fig. 3. The age group of 26-50 years had the best
5- and 10- year survival probabilities (66.8% and 52.9%,
respectively) and a significantly higher median survival
compared to all other age groups at 124.6 +9.7 months.
This resulted in an almost doubling of median survival com-
pared with patients 51-75 years old (65.2 + 3.9 months), and
almost a fourfold increase compared to patients > 75 years
(35.1 3.0 months).

Head or Neck primary site had the best overall survival
with 86.4% at both 5- and 10 years and the results are shown
in Fig. 4 and Table 4. Median survival data were not avail-
able for head or neck tumors, but the best median survival
was seen in tumors of the pelvis (131.7 +7.9 months),
followed by extremities (110.2 4+ 11.0 months), thorax or
trunk (85.3 +9.6 months), and finally the retroperitoneum
or abdomen (45.5 +2.3 months). With minor exceptions, 5-
and 10-year survivals parallel these median survivals. Fol-
lowed by the head or neck, the extremities showed the best
5-year survival (67.1%) and the pelvis had the best 10-year
survival probability at 50.2%. The worst 5- and 10-year sur-
vival probabilities were seen in retroperitoneal or abdominal
primary sites with 42.6% and 25.7%, respectively.

Tumor size survival probabilities are graphed as a
Kaplan—Meier curve in Fig. 5. Tumor size was found to sig-
nificantly affect survival probabilities, with tumors less than
10 cm having better 5- and 10- year survival probabilities
(66.1% and 46%) and a median survival (102.8 9.8 months)
double that of tumors greater than or equal to 10 cm (median
survival of 51.1 +2.9 months and 5- and 10-year survivals
of 46.2% and 29.6%).

Survival probabilities by stage are plotted as
Kaplan—Meier curves in Fig. 6. As expected, Stage IV had
the worst survival probabilities with a median survival of
10.2 + 1.9 months and 5- and 10-year survival probabilities
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Table 3 Primary Site, Stage, FNCLCC grade and therapies for 3573 patients with DDLPS

Variable N=3573 % of total
Primary site

Head or neck 24 0.7
Extremities 513 14.4
Pelvis 591 16.5
Retroperitoneum or abdomen 2125 59.5
Thorax or trunk 222 6.2
Overlapping primary sites 20 0.6
Unknown 78 22
Stage

Stage 1 492 13.8
Stage 11 552 15.4
Stage II1 1430 40.0
Stage IV 292 8.2
Not applicable or unknown 807 22.6
FNCLCC grade

Grade 1 147 4.1
Grade 2 373 10.4
Grade 3 1242 34.8
Not determined or unknown 1811 50.7
Treatment modality

Surgery 3244 90.8
Radiation 1264 354
Chemotherapy 589 16.5
Adjuvant therapy N=3244 % of total
Surgery only 2194 67.6
Surgery with chemotherapy 199 6.1
Surgery with radiation 766 23.6
Surgery with chemoradiation 85 2.6

of 18.1% and 11.8%, respectively. Stage I had the highest
median survival of 95.8 +13.7 months and best 10-year
survival probability of 46.6%. Stage II had the best 5-year
survival probability of 66.7%.

Survival by FNCLCC grade is shown in Fig. 7, with
grade 1 and grade 2 having significantly better survival than
grade 3 DDLPS. The data were limited as grade 1 and grade
2 tumors never dropped below 50% survival thus prevent-
ing reporting of median survival. The overall survival for
FNCLCC grade only extended to 80 months thus preventing
a 10-year survival probability calculation. Grade 1 DDLPS
had the best 5-year survival probability of 69.2% followed
by grade 2 at 64.7% and grade 3 at 44.9%.

Radiation treatment yielded the best 5- and 10-year sur-
vival probabilities (59% and 39.3%) and median survival
(85.9 £ 6.2 months), while those patients treated with chem-
otherapy had the worst 5- and 10-year survival probabilities
(37.6% and 23.9%) and median survival (35.0 +4.0 months).
Adjuvant therapies and their survival probabilities were
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plotted in Fig. 8. Out of the adjuvant therapies, surgery
with radiation offered the best 5-year survival (63.4%) and
median survival (93.6 +9.3 months), while surgery with
chemoradiation yielded the best 10-year survival percent-
age (46%). Surgery with chemotherapy resulted in the worst
5- and 10-year survival outcomes at 37.8% and 23.9%, and
the worst median survival of 41.3 +6.0 months.

Results from the Cox hazard regression model are
shown in Table 5. Several results are notable. Control-
ling for all other variables, there was an associated 3.3%
increase in the risk of death for every one year increase in
age (95% CI: 2.2% to 4.5%; p < 0.001). It was also found
that males had a 19.6% increased risk of death in compari-
son to females (95% CI: 3.0% to 38.9%; p = 0.019). In the
comparison of stage groups, stage IV disease compared
to stage I disease resulted in the highest risk of death,
which was 3.097 times higher (95% CI: 2.126 to 4.510;
p < 0.001). A retroperitoneal or abdominal primary site
demonstrated increased hazard ratios compared to each
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of the other primary sites including extremities (HR =
1.932; 95% CI: 1.479-2.255; p < 0.001), pelvis (HR =
1.938; 95% CI: 1.420-2.645; p < 0.001), and thorax/trunk
(HR = 1.605; 95% CI: 1.142-2.255; p = 0.006). For treat-
ment options, surgery with adjuvant radiation showed a
decreased risk of death in comparison to surgery alone

Time Until Event (months)

(HR =0.785; 95% CI: 0.649 to 0.950; p = 0.013); adjuvant
chemotherapy vs. adjuvant radiation was affiliated with
increased risk of death (HR = 1.896; 95% CI: 1.339 to
2.685; p < 0.001). A comparison of all the primary sites
to head or neck resulted in hazard ratios greater than
>99.999.
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Table4 5-Year and 10-year

- o Variable Probability of 5-year Probability of 10-year Median
survival probabilities f‘?r age, survival (%) survival (%) survival
sex, grade, stage, and histology (months)

Overall survival 51.5 34.8 63.6+2.8
Sex

Male 52.0 36.1 63.8+3.9
Female 50.9 32.8 62.0+4.4
Age group (years)

0-25 52.6 52.6 a

26-50 66.8 52.9 124.6+9.7
51-75 52.1 36.4 65.2+3.9
>75 36.9 15.5 35.1+3.0
Primary site

Head or Neck 86.4 86.4 a
Extremities 67.1 47.5 110.2+11.0
Pelvis 65.8 50.2 131.7+79
Retroperitoneum or Abdomen 42.6 25.7 455+23
Thorax or Trunk 58.9 38.7 85.3+9.6
Tumor size (cm)

<10 66.1 46.0 102.8+9.8
>10 46.2 29.6 51.1+£29
NCDB analytical stage

Stage I 63.0 46.6 95.8+13.7
Stage 11 66.7 43.2 95.5+12.2
Stage III 49.1 325 55.4+3.7
Stage IV 18.1 11.8 102+1.9
FNCLCC grade

Grade 1 69.2 69.0° a

Grade 2 64.7 56.2° a

Grade 3 449 32.0° 48.79+3.5
Treatment modality

Surgery 55.2 37.3 729+3.4
Radiation 59.0 39.3 859+6.2
Chemotherapy 37.6 23.9 35.0+4.0
Adjuvant therapy

Surgery only 53.6 36.3 69.1+4.4
Surgery with chemotherapy 37.8 23.9 41.3+6.0
Surgery with radiation 63.4 42.8 93.6+9.3
Surgery with chemoradiation 58.2 46.0 93.4+0.0

“No median survival available

PSurvival probability at 80 months

Discussion

To the best of our knowledge, this is the largest and most
comprehensive study on DDLPS. The previous largest
study on DDLPS was in 1997 utilizing 155 patients and
there have been no large-scale studies utilizing United
States databases including the NCDB, Surveillance, Epi-
demiology, and End Results (SEER) Program, or any other
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country’s database. Previous studies have focused primar-
ily on retroperitoneal DDLPS.

The literature has debated whether DDLPS affect the
sexes equally or if there is a male predominance (Goldblum
et al. 2014; Lahat et al. 2008). In this cohort, 65% of the
patients were males, while 35% were females with a 1.86
ratio of male to female patients. A previous study at Uni-
versity of Texas MD Anderson Cancer Center also found a
male predominance with 68.8% of their patients being males
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(Lahat et al. 2008). The effect of gender and tumor size on
survival for DDLPS has been questioned, but with the small
number of patients in those reports, previous studies could
not accurately determine the extent of these factors (Tirum-
ani et al. 2015; Lahat et al. 2008). Our study shows not only
an increased incidence among males, but a higher mortality,
with an increased hazard ratio of 1.196, which translates
to a 19.6% increased chance of mortality in male patients.
This finding is contradictory to our survival probabilities.
This difference could be related to patients with missing data
being excluded from the multivariate analysis.

The only previously reported significant finding on the
effect of age on DDLPS was that patients older than 65

75 100 125 150

Time Until Event (months)

years showed worse outcomes (Lahat et al. 2008). In well-
differentiated liposarcoma tumors, several studies showed
old age and larger tumor size were noted to be significantly
worse prognostic indicators, but the magnitude of that
effect was unclear (Knebel et al. 2017; Lahat et al. 2008).
This current study is the largest cohort to date and clearly
demonstrated that as age increased, median survival and
5-year and 10-year survival probabilities decreased. The
26-50 year age group had the best survival (excluding the
0-25 age group, which only had 11 patients). In fact, the
median survival in that 26-50 year group (125 months) was
almost twofold better than the survival of 51- to 75-year-
old patients (65 months) and almost fourfold better than the
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Fig.5 Overall survival for

Overall Survival by Tumor Size
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median survival in patients older than 75 (35 months). As
age increased by each year, patients with DDLPS showed
a statistically significant 3.3% increased risk of mortality.
Regarding age at presentation, Henricks et al. reported a
median age at diagnosis of 61.5 years, which was similar to
our study’s median age of 64 years (1997).

Median tumor size in the previous large study of DDLPS
was 19 cm and another study found the median tumor size
to be 17 cm (Henricks et al. 1997; Lahat et al. 2008). This
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Time Until Event (months)

current study found a similar median tumor size of 16.5 cm.
Size is important for survival probabilities and our results
showed that the median survival of a tumor < 10 cm at pres-
entation (103 months) was twofold better than the median
survival of a tumor > 10 cm (51 months).

Henricks et al. found that the retroperitoneal primary site
had the highest disease related mortality of 34%, while sper-
matic cord/scrotum had 18% mortality, and the extremities,
trunk and head/neck demonstrated 11% mortality (1997).
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Median survival and 5- or 10-year survival probabilities
were not presented and the bundling of extremities, trunk,
and head/neck into one group make further comparisons
limited. This current study confirmed that tumors located
in the retroperitoneum or abdomen had the worst 5- and
10-year survival probabilities and median survival, while
tumors located in the head or neck, extremities, pelvis, and
thorax or trunk, had much better outcomes. While head or
neck tumors had the best 5- and 10-year survival, there were
only 24 patients in that group (0.7%) and median survival
was not available. DDLPS tumors in the pelvis had the
best median survival at 131.7 months and an overall 5-year

survival of 65.8%, while the retroperitoneum or abdominal
tumors had the worst median survival of 45.5 months. In
a study of 57 patients with retroperitoneal DDLPS, Mussi
et al. (2008) reported a 5-year disease-specific survival to
be 42%, which is remarkably similar to our overall 5-year
survival of 42.6% in 2125 patients with retroperitoneal and
abdominal DDLPS. When comparing all other primary sites
to retroperitoneal tumors, there was a 93.8% increase in mor-
tality when retroperitoneal tumors were compared to pelvic
origin, 93.2% increase compared to extremities, and a 60.5%
increase compared to primaries in the thorax or trunk. The
head or neck primary site resulted in extremely high hazard
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Table 5 Multivariable Cox
proportional hazards model for
overall survival in 1512 patients
with DDLPS

Variable HR (95% CI) P value
Age (years) 1.033 (1.022-1.045) <0.001
Sex

Males vs. females 1.196 (1.030-1.389) 0.019
Stage

Stage II vs. stage | 0.909 (0.697-1.187) 0.484
Stage II vs. stage III 0.613 (0.495-0.759) <0.001
Stage II vs. stage IV 0.294 (0.200-0.432) <0.001
Stage III vs. stage I 1.484 (1.193-1.846) <0.001
Stage III vs. stage IV 0.479 (0.341-0.673) <0.001
Stage IV vs. stage 1 3.097 (2.126-4.510) <0.001
Primary site

Retroperitoneum/abdomen vs. extremities 1.932 (1.479-2.255) <0.0001
Retroperitoneum/abdomen vs. pelvis 1.938 (1.420-2.645) <0.0001
Retroperitoneum/abdomen vs. thorax/trunk 1.605 (1.142-2.255) 0.006
Extremities vs. thorax/trunk 0.831 (0.562-1.229) 0.353
Pelvis vs. thorax/trunk 0.828 (0.549-1.250) 0.370
Extremities vs. pelvis 1.003 (0.677-1.486) 0.989
Extremities vs. head/neck >99.999 <0.0001
Pelvis vs. head/neck >99.999 <0.0001
Thorax/trunk vs. head/neck >99.999 <0.0001
Retroperitoneum/abdomen vs. head/neck >99.999 <0.0001
Treatment group

Surgery + chemotherapy vs. surgery only 1.489 (1.076-2.060) 0.016
Surgery +radiation vs. surgery only 0.785 (0.649-0.950) 0.013
Surgery + chemoradiation vs. surgery only 1.117 (0.712-1.752) 0.630
Surgery + chemotherapy vs. surgery + chemoradiation 1.333 (0.810-2.193) 0.258
Surgery +radiation vs. surgery 4+ chemoradiation 0.703 (0.451-1.095) 0.119
Surgery + chemotherapy vs. surgery + radiation 1.896 (1.339-2.685) <0.001

ratios when compared to all other primary sites, which could
be related to the head or neck group consisting of < 1.0%
of the patient cohort. Further analysis in the Surveillance,
Epidemiology, and End Results Program database may be
indicated to further quantify the risk of mortality in cases of
dedifferentiated liposarcoma localized to the head or neck.

In previous studies, the incidence of metastases has
ranged from 15 to 30%, with the lung reported as the most
common site of metastasis (Thway et al. 2016; Tirumani
et al. 2015). Our current study found a much lower rate of
metastasis at 8.9% but confirmed the lung as the most com-
mon site.

Regarding histologic grade, Dantey et al. (2017) found in
55 patients that low-grade (grade 1) dedifferentiated tumors
had much better survival outcomes compared to high-grade
DDPLS (combination of grades 2 and 3). Their reported
median survival for low-grade and high-grade dedifferenti-
ated tumors were 113 and 48 months, respectively (Dan-
tey et al. 2017). In our study with 3,573 patients, grade 3
DDLPS tumors had exactly the same median survival of
48.79 + 3.5 months and an overall 5-year survival of 44.9%.

@ Springer

Grade 1 and 2 tumors had much higher 5-year survival prob-
abilities of 69.2% and 64.7%, respectively, thus confirming
that higher histologic grades demonstrated worse outcomes
when compared to low-grade DDLPS.

Not unexpectedly, as tumor stage increased, median
survival and both 5- and 10-year survival probabilities
decreased. Stage I and stage II tumors had similar hazard
ratios and while the highest overall 5-year survival probabil-
ity was stage II tumors with 66.7%, stage I was close behind
at 63%. Higher stages dropped precipitously, with stage I11
at 49.1% and stage IV at 18.1%. Stage IV DDLPS had a
median survival of 10.2 months. In a comparison between
the early stage I and most advanced stage IV tumors, there
was a 209.7% increased chance of mortality. When com-
pared to stage III and stage IV, stage Il tumors had a 38.7%
and 70.6% decrease in the probability of mortality.

This study’s overall survival of 63.57 months was the
highest reported in the literature with previous studies
reporting overall survival of approximately 45 months
(Lahat et al. 2008; Livingston et al. 2017). Our 5-year sur-
vival of 51.5% is higher than the previous study’s 5-year
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survival at 34.8% (Lahat et al. 2008). In fact, our 10-year
survival of 34.8% is closer to their reported 5-year survival.
It is unclear if these differences are related to differences in
tumor behavior or improvements in treatment and long-term
survival. Further research may be indicated in this area.

Treatment options are determined in large part by the
extent of disease, which can be difficult to ascertain in a
retrospective study. Surgical treatment remains the primary
and most prevalent treatment option, utilized by 90.8% of
the cohort. Radiation is commonly used preoperatively to
shrink retroperitoneal and intra-abdominal tumors (Brennan
et al. 2013). In this cohort, 35.4% of patients were treated
with radiation therapy. Chemotherapy was utilized by 16.5%
of patients and is typically reserved for metastatic or distant
disease. A recent study, however, suggested that chemo-
therapy can be effective in shrinking the tumor (Livingston
et al. 2017).

Of all treatments and adjuvant therapies, primary radia-
tion and adjuvant radiation resulted in the highest median
survival (93 months) and 5-year survival probabilities
(63.4%). In our cohort, adjuvant radiation was used by
23.6% of patients and adjuvant chemotherapy was utilized
by only 6.1% of patients. For adjuvant therapies, no overall
survival benefit has been found with adjuvant chemother-
apy for DDLPS, but adjuvant radiation has been shown to
benefit the patient, especially in extremities (Cesne et al.
2014; O’Sullivan et al. 2002; Brennan et al. 2013). Of all
the therapy options and adjuvant therapies, primary chemo-
therapy and adjuvant chemotherapy resulted in the worst
5- and 10-year survival probabilities and median survival.
This could be related to the low response rate of DDLPS
to chemotherapy and may indicate that patients requiring
chemotherapy have more distant or metastatic disease and,
therefore, poorer prognoses. Through multivariate analy-
sis, adjuvant chemotherapy, compared to surgery alone and
surgery with radiation, resulted in an increased probability
of mortality of 11.7% and 89.6%, respectively. Surgery and
radiation compared to surgery alone, resulted in a decreased
mortality probability of 21.5%. Adjuvant chemotherapy
demonstrated increased hazard ratios compared to surgery
alone. These findings suggest an increased role for adju-
vant radiation irrespective of primary site, stage, age, and
sex, and potentially decreasing the role of the less effective
chemotherapy.

A major limitation is the retrospective design and a fur-
ther randomized prospective study confirming the adjuvant
therapy findings may be warranted. Data compiled in the
database may be incompletely, improperly, or inaccurately
recorded from the patients’ charts. Pathology in NCDB is
performed by pathologists at many different CoC accred-
ited cancer programs and since there is no review of path-
ologic findings, there is potential for inter-observer error.
Selection bias is inherent by only adding patients from CoC

accredited cancer programs, although since the NCDB rep-
resents approximately 70% of all new cancer patients in the
United States, this bias is likely minimal. Finally, survivor-
ship information is defined as overall survival and unre-
lated causes of death may be recorded. The large number
of patients in this study hopefully minimizes the risks of
bias based on inaccurate survival data. A study utilizing the
NCDB to further investigate socioeconomic prognostic fac-
tors might be helpful to determine their effects on survival.

This is the largest study to date on dedifferentiated lipo-
sarcoma and major prognostic factors include primary
site, age, sex, stage, and adjuvant therapy. Out of all the
primary anatomical sites, retroperitoneal or abdominal
DDLPS tumors resulted in the highest risk of mortality. This
increased risk with retroperitoneal or abdominal DDLPS
tumors ranged from 60.5% to 93.8% when compared to other
anatomical primary sites. In a comparison between adjuvant
therapies, adjuvant radiation gave the best 5-year survival
probability of 63.4% and led to a 21.5% decreased risk of
mortality when compared to surgery alone. Adjuvant chemo-
therapy resulted in a 48.9% increased risk of mortality when
compared to adjuvant radiation therapy. In conclusion, the
retroperitoneal or abdominal primary site, increasing age,
male sex, increasing stage, and adjuvant chemotherapy were
all associated with a higher risk of mortality, while adjuvant
radiation resulted in a lower chance of mortality.
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