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Background: Soft tissue sarcomas (STS) represent a rare and heterogeneous group of tumors. We sought to
characterize national trends in referral patterns, treatment strategies, and overall survival (OS) over the course of
a decade.

Methods: Adult patients with extra-abdominal STS were identified using the National Cancer Database and
categorized by diagnosis year (2005-2009 and 2010-2014). High-volume hospitals (HVH) were defined as
those > 90 percentile in volume of STS patients treated, and others were defined as low-volume hospitals
(LVH). Standard statistical methods were used to compare treatment strategies and OS by diagnosis period.
Results: Of 55,212 patients, 25,469 (46.1%) were diagnosed in 2005-2009 and 29,743 (53.9%) in 2010-2014.
Despite increased utilization of neoadjuvant radiation therapy (26.6% vs. 34.8%, P < 0.001), the rate of RO
resections did not change (75.0% vs. 74.8%, P = 0.067). Furthermore, at a national level, OS did not improve
over time (HR 0.99, 95% CI 0.96-1.01). When outcomes were stratified by volume, treatment at HVH compared
to LVH was associated with improved rates of RO resection (OR 1.27, 95% CI 1.20-1.35) and OS (HR 0.92, 95%
CI 0.89-0.95). Moreover, there was a modest improvement in OS at HVH (HR 0.95, 95% CI 0.91-1.00), but not
at LVH (HR 1.01, 95% CI 0.97-1.04). However, referral to HVH did not change over time (40.7% vs. 40.7%,
P = 0.91).

Conclusion: OS for STS did not change at a national level over the course of a decade, although it improved at
HVH. Further outcome improvements will likely require more effective systemic therapies.

1. Introduction

with more experience managing patients with STS have generally been
associated with better outcomes [8-10].

Soft tissue sarcomas (STS) represent a heterogeneous group of me-
senchymal tumors with varying histologies that account for about 1% of
malignancies in adults [1]. In 2018, an estimated 13,040 patients were
diagnosed with STS in the United States [2]. Survival outcomes of pa-
tients diagnosed with STS can be poor with median survival times
ranging from 48 months for patients with resectable, localized tumors
[3] to only 14-20 months for those with metastatic disease [4]. Age,
tumor size and grade, surgical margin positivity, and certain histologic
subtypes have been identified as independent prognostic factors [5,6].
Like other cancers with low incidence, survival for STS is typically
lower than that for more common malignancies [7]. As such, centers

The utilization and sequencing of multimodality therapy for STS
have evolved over time, but the mainstay of treatment remains surgical
resection with negative margins when feasible [11,12]. Radiation for
resectable STS has historically been administered in the adjuvant set-
ting, but subsequent studies have demonstrated benefits of neoadjuvant
sequencing in improving locoregional control and reducing late radia-
tion morbidity [13-16]. For locally advanced or unresectable STS,
guidelines recommend consideration of neoadjuvant radiation prior to
reassessment for surgical resection [11,12]. The benefits of systemic
treatment, primarily doxorubicin-based chemotherapy, are marginal at
best [17], with one Cochrane review demonstrating an absolute
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recurrence-free benefit of only 6-10% at 10 years and no significant
difference in overall survival (OS) [18].

Despite increased understanding of STS and the use of multi-
modality therapy, the outcomes of patients treated for STS at one high-
volume cancer center did not change over the course of two decades
from 1982 to 2001, a sobering statistic highlighting the limitations of
conventional treatment modalities [19]. Since 2010, several targeted
therapies have demonstrated efficacy against STS [20]. Pazopanib, a
multitargeted tyrosine kinase inhibitor, was approved by the US Food
and Drug Administration as second-line treatment of advanced STS in
2012 [21]. Survival outcomes in the era of emerging targeted therapies
for STS is less well characterized.

The purpose of the current study was to determine the national
practice patterns, treatment strategies, and OS of patients diagnosed
with extra-abdominal STS over the course of a decade, from 2005 to
2014. Because of the variations in management and outcomes that have
previously been observed between high- (HVH) and low-volume hos-
pitals (LVH) for STS, treatment modalities and outcomes were specifi-
cally analyzed by hospital volume. We hypothesized that treatment
strategies have evolved, but whether these changes have translated into
improved OS over time is unclear.

2. Materials and methods
2.1. Data source and patient selection

A retrospective cohort study was performed using the 2015 soft
tissue participant use file of the National Cancer Database (NCDB). The
NCDB is a collaborative effort between the American College of
Surgeons’ Commission on Cancer and the American Cancer Society that
captures hospital registry data from more than 1500 Commission on
Cancer-accredited facilities and represents more than 70% of newly
diagnosed cancers [22,23]. All deidentified data are compliant with the
Health Insurance Portability and Accountability Act. The study was
deemed exempt from review by the Institutional Review Board of the
University of Pennsylvania.

Not all facilities currently accredited by the Commission on Cancer
contributed to the NCDB every year. In order to analyze data by hos-
pital volume and to determine treatment and outcome trends in a stable
group of hospitals, only patients from facilities that contributed to the
NCDB every year from 2005 to 2014 were included. From this cohort of
patients, those age 18 years or older diagnosed with extra-abdominal,
non-cardiac STS were identified using the International Classification of
Diseases for Oncology, 3rd edition, topographical and morphological
codes. Primary disease sites included the head/neck, extremities, trunk,
and overlapping or unspecified sites. Only patients with malignant or
locally aggressive STS histologies were included. Patients with in-
complete survival data were excluded.

2.2. Variables

The primary outcome of interest was OS as determined by the in-
terval between diagnosis and death (in months), censoring at the time
of last contact for patients who were alive. Secondary outcomes ana-
lyzed were rates of neoadjuvant administration of radiation therapy and
chemotherapy and rates of RO resection among patients with localized
disease who underwent surgical resection of their primary tumor.
Analyses of neoadjuvant radiation therapy and chemotherapy were
limited to patients for whom sequencing of treatment in relation to
surgery was identified in the database. Among patients diagnosed with
stage IV STS, receipt of systemic therapy other than conventional che-
motherapy, including participation in clinical trials, was analyzed. Of
note, only first-course treatments are included in the NCDB. The pri-
mary independent variable of interest was diagnosis period: 2005-2009
and 2010-2014.

Additional demographic and hospital-specific variables included for
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analyses were patient age (< 65 and = 65 years), sex, race (white,
black, other), ethnicity (Hispanic, non-Hispanic), Charlson-Deyo score
(0,1, 2, =3), primary payer (private, government [Medicare, Medicaid,
or other government insurance], self-pay/uninsured), income quartile,
patient residence (metropolitan, urban, rural), great circle distance
between patient residence and hospital location (=50™, 51st-75th,
76th-90", > 90" percentile), hospital type (community, integrated
cancer network, academic), and hospital volume. Hospital volume was
empirically derived using the NCDB. To limit the influence of fluctua-
tions from a single year's data, hospitals that exceeded the 90 per-
centile in the number of patients treated per year in 2005 and 2006
were categorized as HVH, and others were identified as LVH.

Tumor characteristics analyzed included primary disease site (head/
neck, extremity, trunk, overlapping/not specified), histologic subtype
(undifferentiated pleomorphic sarcoma/malignant fibrous histiocy-
toma, liposarcoma, leiomyosarcoma, others), tumor grade, tumor size,
nodal involvement, and American Joint Committee on Cancer (AJCC)
6th or 7th edition cancer stage. Because AJCC stage encompasses tumor
size, grade, and regional and distant metastases, stage rather than the
individual components was included for multivariable analyses. Besides
hospital volume, all other variables were provided by the NCDB.
Missing data were included as a separate category for analyses.

2.3. Statistics

Statistical analyses were performed using R for Windows version
3.5.1 [24]. All tests were two-sided. P values < 0.05 were considered
statistically significant. Descriptive statistics are presented as fre-
quencies for categorical variables and medians with interquartile
ranges (IQR) for continuous variables. Statistical analyses for catego-
rical variables were performed using Pearson's x> or Fisher's exact test,
as appropriate. The Wilcoxon rank-sum test was used for continuous
variables.

Factors associated with neoadjuvant radiation therapy, neoadjuvant
chemotherapy, RO resection, and receipt of other systemic treatments
were analyzed by multivariable logistic regression. Patient and clinical
factors associated with each treatment by univariable analysis with
P < 0.10 were included in the multivariable regression. Outputs are
described using Odds Ratio (OR) with 95% Confidence Intervals (CI).

OS was estimated using the Kaplan-Meier method and comparisons
were made by diagnosis period (2005-2009 and 2010-2014) using the
log-rank method. The Cox proportional hazards model was used to
analyze factors associated with OS. The multivariable Cox proportional
hazards model included all factors with P value < 0.10 with respect to
OS or that differed by diagnosis period. Outputs from the Cox propor-
tional hazards analyses are presented as Hazard Ratio (HR) with 95%
CL

3. Results
3.1. Patient and tumor characteristics

A total of 55,212 patients diagnosed with STS met study criteria. Of
these, 25,469 (46.1%) were diagnosed in 2005-2009 and 29,743
(53.9%) were diagnosed in 2010-2014. Median follow-up times by
diagnosis period were 58.6 (IQR 17.0-93.5) and 29.4 (IQR 14.2-47.7)
months, respectively (P < 0.001). Demographic and clinicopathologic
characteristics are presented in Table 1. Median age increased from 60
(IQR 47-73) to 61 (IQR 48-73) years (P < 0.001). Patient comorbid-
ities also increased, with a decline in the proportion of patients with no
comorbidities from 83.0% to 80.4% (P < 0.001). Patients were also
more frequently insured through Medicare, Medicaid, and other gov-
ernment programs (43.9% vs. 47.2%, P < 0.001). Median distance
traveled by patients to receive treatment increased from 23.2 (IQR
9.3-69.2) to 24.9 (IQR 10.3-72.4) kilometers (P < 0.001). Histologic
subtypes remained stable over time except for undifferentiated
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Table 1

Demographic and clinicopathologic characteristics of 55,212 soft tissue sar-

coma patients by diagnosis period, 2005-2014.

Characteristics 2005-2009 2010-2014 P value
N = 25,469 N = 29,743
(46.1%) (53.9%)
N (%) N (%)
Demographics
Age in years, median (IQR) 60 (47-73) 61 (48-73) < 0.001
< 65 years 14,987 (58.8) 17,190 (57.8) 0.013
=65 years 10,482 (41.2) 12,553 (42.2)
Sex
Male 13,691 (53.8) 16,290 (54.8) 0.018
Female 11,778 (46.2) 13,453 (45.2)
Race
White 21,290 (83.6) 24,686 (83.0) < 0.001
Black 2763 (10.8) 3376 (11.4)
Other 972 (3.8) 1336 (4.5)
Missing 444 (1.7) 345 (1.2)
Ethnicity
Hispanic 1756 (6.9) 2251 (7.6) < 0.001
Non-Hispanic 21,742 (85.4) 26,598 (89.4)
Missing 1971 (7.7) 894 (3.0)
Charlson-Deyo score
0 21,140 (83.0) 23,912 (80.4) < 0.001
1 3454 (13.6) 4590 (15.4)
2 687 (2.7) 934 (3.1)
=3 188 (0.7) 307 (1.0)
Primary payer
Private 12,397 (48.7) 13,604 (45.7) < 0.001
Government 11,181 (43.9) 14,034 (47.2)
Self/uninsured 1086 (4.3) 1281 (4.3)
Missing 805 (3.2) 824 (2.8)
Income quartile
<25th 4261 (16.7) 4874 (16.4) < 0.001
26th-50" 5718 (22.5) 6515 (21.9)
51st-75th 6945 (27.3) 7796 (26.2)
> 75th 8509 (33.4) 10,515 (35.4)
Missing 36 (0.1) 43 (0.1)
Patient residence
Metropolitan county 21,249 (83.4) 24,841 (83.5) 0.18
Urban county 3270 (12.8) 3748 (12.6)
Rural county 413 (1.6) 455 (1.5)
Missing 537 (2.1) 699 (2.4)
Distance traveled in km, 23.2 (9.3-69.2) 24.9 < 0.001
median (IQR) (10.3-72.4)
< 24km (<50" percentile) 13,003 (51.1) 14,576 (49.0) < 0.001
24-72km (51st-75th 6246 (24.5) 7721 (26.0)
percentile)
72-177 km (76th-90™ 3656 (14.4) 4446 (14.9)
percentile)
=177 km (> 90 percentile) 2564 (10.1) 3000 (10.1)
Hospital characteristics
Volume
Low (<90™ percentile) 15,102 (59.3) 17,651 (59.3) 0.91
High (> 90™ percentile) 10,367 (40.7) 12,092 (40.7)
Hospital type
Community 7188 (28.2) 7716 (25.9) < 0.001
Integrated cancer network 2347 (9.2) 2637 (8.9)
Academic 11,931 (46.8) 14,962 (50.3)
Missing 4003 (15.7) 4428 (14.9)
Tumor characteristics
Primary disease site
Head/neck 1671 (6.6) 2158 (7.3) 0.005
Extremity 13,183 (51.8) 15,404 (51.8)
Trunk 9495 (37.3) 10,830 (36.4)
Overlapping/not specified 1120 (4.4) 1351 (4.5)
Histology
Undifferentiated pleomorphic 2905 (11.4) 1468 (4.9) < 0.001
sarcoma/malignant fibrous
histiocytoma
Liposarcoma 3480 (13.7) 4064 (13.7)
Leiomyosarcoma 3700 (14.5) 4284 (14.4)
Others 15,384 (60.4) 19,926 (67.0)
Grade
Well-differentiated 3943 (15.5) 4324 (14.5) < 0.001
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Table 1 (continued)

Characteristics 2005-2009 2010-2014 P value
N = 25,469 N = 29,743
(46.1%) (53.9%)
N (%) N (%)
Moderately differentiated 2747 (10.8) 3610 (12.1)
Poorly differentiated 6855 (26.9) 7198 (24.2)
Undifferentiated 4937 (19.4) 5387 (18.1)
Missing 6987 (27.4) 9224 (31.0)
Tumor size/T stage
No primary tumor 34 (0.1) 61 (0.2) < 0.001
<5cm 7086 (27.8) 8540 (28.7)
>5cm 14,518 (57.0) 17,694 (59.5)
Missing 3831 (15.0) 3448 (11.6)
N stage
NO 16,960 (66.6) 25,019 (84.1) < 0.001
N1 952 (3.7) 1466 (4.9)
Missing 7557 (29.7) 3258 (11.0)
AJCC 6th/7th Edition Stage
1 6181 (24.3) 9458 (31.8) < 0.001
I 3988 (15.7) 6351 (21.4)
I 5098 (20.0) 7065 (23.8)
v 3245 (12.7) 3832 (12.9)
Missing 6957 (27.3) 3037 (10.2)
Treatment characteristics
Primary site surgery
No 4663 (18.3) 5708 (19.2) < 0.001
Yes 20,747 (81.5) 24,000 (80.7)
Missing 59 (0.2) 35 (0.1)
Radiation therapy
No 14,578 (57.2) 17,029 (57.3) 0.59
Yes 10,639 (41.8) 12,445 (41.8)
Missing 252 (1.0) 269 (1.0)
Chemotherapy
No 18,669 (73.3) 21,891 (73.6) 0.55
Yes 5969 (23.4) 6860 (23.1)
Missing 831 (3.3) 992 (3.3)
Other systemic treatment/clinical trial
No 25,383 (99.7) 29,619 (99.6) 0.013
Yes 82 (0.32) 124 (0.42)
Missing 4 (0.02) 0 (0)

IQR, Interquartile Range; AJCC, American Joint Committee on Cancer.

pleomorphic sarcoma/malignant fibrous histiocytoma (11.4% vs. 4.9%,
P < 0.001), which has largely been more accurately reclassified into
other subtypes [25]. A majority of patients presented with tumors >
5cm in size (57.0% in 2005-2009, 59.5% in 2010-2014).

Of the 577 hospitals in the NCDB that treated STS patients, 57
(9.9%) were HVH and 520 (90.1%) were LVH. The 90™ percentile for
the number of STS patients treated was 17 per year. Although treatment
at an academic hospital increased over time (46.8% vs. 50.3%,
P < 0.001), there was no change in the proportion of patients treated
at HVH (40.7% vs. 40.7%, P = 0.91) (Fig. 1). When stratified by AJCC
stage, there was no change for stage I (39.9% vs. 39.7%, P = 0.78),
stage II (43.7% vs. 42.6%, P = 0.28), or stage IV (37.2% vs. 37.6%,
P = 0.76) patients. Treatment at HVH decreased from 50.2% to 46.4%
for patients with stage III disease (P < 0.001).

3.2. Trends in treatment strategies

In total, 34,638 patients diagnosed with stage I-III STS underwent
resection of their primary tumor. Among these patients, receipt of ra-
diation therapy increased over time (50.6% vs. 52.7%, P < 0.001). Of
patients who received radiation therapy with known treatment se-
quencing (N = 16,372), there was an increase in neoadjuvant admin-
istration (26.6% vs. 34.8%, P < 0.001) (Fig. 2). Chemotherapy ad-
ministration did not change among all (23.4% vs. 23.1%, P = 0.55) or
resected stage I-III (16.2% vs. 15.6%, P = 0.28) patients. Among those
for whom the timing of chemotherapy in relation to surgery was known
(N =5101), there was no change the proportion that received
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Fig. 1. Proportion of soft tissue sarcoma patients treated at high-volume hospitals by diagnosis period, 2005-2009 and 2010-2014. All patients (P = 0.91), stage I

(P = 0.78), stage II (P = 0.28), stage III (P < 0.001), stage IV (P = 0.76).

chemotherapy in the neoadjuvant setting (48.9% vs. 49.1%, P = 0.93).
Both neoadjuvant radiation (OR 1.59, 95% CI 1.46-1.72, P < 0.001)
and neoadjuvant chemotherapy (OR 1.26, 95% CI 1.13-1.42,
P < 0.001) were associated with an RO resection (Table S1). Despite an
increase in neoadjuvant sequencing of radiation therapy over time,
there was no change in the rate of RO resections (75.0% vs. 74.8%,
P = 0.067). Among patients with extremity STS who underwent sur-
gical resection (N = 20,347), there was no significant change in the rate
of amputation (4.7% vs. 5.0%, P = 0.26).

Receipt of systemic treatments other than conventional che-
motherapy was analyzed for patients diagnosed with stage IV STS.
Among the 7077 patients diagnosed with stage IV disease, utilization of

A Resected stage |-l
2005-2009 .201 0-2014

other treatments as first-line therapy increased from 0.86% in
2005-2009 to 1.36% in 2010-2014 (P = 0.048).

3.3. Treatment strategies by hospital volume

Analyses of treatment strategies in resected stage I-III patients were
further stratified by hospital volume. Radiation therapy was more fre-
quently administered in the neoadjuvant setting at HVH than at LVH by
both univariable (40.1% vs. 24.4%; OR 2.07, 95% CI 1.94-2.22,
P < 0.001) and multivariable (OR 1.33, 95% CI 1.22-1.44,
P < 0.001) analyses (Table S2). Similarly, patients treated at HVH
were more likely to receive neoadjuvant chemotherapy than those at

B  Stage IV

2005-2009 [ll2010-2014

0.50

0.25

0.00

0.0201

0.0154

0.010

0.0051

0.0001

Neoadjuvant radiation Neoadjuvant chemotherapy

RO resection Other treatments

Fig. 2. Treatment strategies for patients diagnosed with soft tissue sarcoma (STS) by diagnosis period, 2005-2009 and 2010-2014.(A) Among patients with resected
stage I-III STS, neoadjuvant sequencing for radiation increased (P < 0.001), but did not change for chemotherapy (P = 0.18). Rate of RO resection did not change
(P = 0.067). (B) Among patients diagnosed with stage IV STS, receipt of systemic treatment other than chemotherapy, including participation in clinical trials,

increased over time (P = 0.048).
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B Resected stage I-llI: neoadjuvant chemotherapy
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C Resected stage I-llI: RO resection
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LVH

2005-2009 [l2010-2014

HVH

D Stage IV: other treatments
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Fig. 3. Treatment strategies for patients diagnosed with soft tissue sarcoma (STS) at high-volume (HVH) and low-volume (LVH) hospitals, 2005-2009 and
2010-2014.(A-C) Treatment trends among resected stage I-III STS patients. (A) Neoadjuvant radiation therapy sequencing increased at both HVH (P < 0.001) and
LVH (P < 0.001). (B) Neoadjuvant chemotherapy sequencing did not change at either HVH (P = 0.36) or LVH (P = 0.086). (C) Rates of RO resection did not change
at either HVH (P = 0.18) or LVH (P = 0.32). (D) Among stage IV patients, receipt of systemic treatment other than chemotherapy and participation in clinical trials

increased at HVH (P = 0.003), but did not change at LVH (P = 0.58).

LVH by univariable (57.8% vs. 39.0%; OR 2.15, 95% CI 1.92-2.40,
P < 0.001) and multivariable (OR 1.55, 95% CI 1.36-1.78,
P < 0.001) analyses (Table S3). Additionally, the rate of RO resections
was higher at HVH than LVH (78.5% vs. 72.0%, P < 0.001), and
treatment at HVH was independently associated with an RO resection
(OR 1.27, 95% CI 1.20-1.35, P < 0.001).

Comparing 2005-2009 and 2010-2014, utilization of neoadjuvant
radiation therapy increased at both HVH (35.8% vs. 43.2%,
P < 0.001) and LVH (19.0% vs. 28.2%, P < 0.001), while neoadju-
vant sequencing for chemotherapy did not change at either HVH
(59.0% vs. 57.1%, P = 0.36) or LVH (36.6% vs. 40.3%, P = 0.086)
(Fig. 3). Despite increased neoadjuvant sequencing of radiation
therapy, rates of RO resection did not change over time at HVH (78.6%
vs. 78.4%, P = 0.18) or LVH (72.0% vs. 72.0%, P = 0.32).

For patients diagnosed with stage IV STS, treatment at HVH com-
pared to LVH was associated with increased administration of systemic
treatments other than conventional chemotherapy (1.9% vs. 0.66%,
P < 0.001). By multivariable analysis, treatment at HVH was in-
dependently associated with other systemic therapies (OR 2.78, 95% CI
1.58-5.05, P < 0.001) (Table S4). Furthermore, receipt of other
treatments increased over time at HVH (1.1% vs. 2.6%, P = 0.003), but
did not change at LVH (0.74% vs. 0.59%, P = 0.58).

3.4. Overadll survival: national trends

Median OS times were 88.4 (95% CI 85.3-91.5) months for patients
diagnosed in 2005-2009 and 80.2 (95% CI 78.9 - not reached) months
for those diagnosed in 2010-2014. The 3-year OS rates during these
time periods were 65.2% (95% CI 64.7-65.8%) and 66.3% (95% CI
65.7-66.9%), respectively. Unadjusted OS did not change significantly

over time (log-rank P = 0.14) (Fig. 4). Adjusting for patient and clinical
factors influencing OS, diagnosis period was not associated with OS (HR
0.99, 95% CI 0.96-1.01, P = 0.31) (Fig. 5, Table 2).

Among resected stage I-III patients, median OS times were 135 (95%
CI 132 - not reached) months in 2005-2009 and not reached in
2010-2014. The corresponding 3-year OS rates were 78.4% (95% CI
77.7-79.1%) and 77.7% (95% CI 77.1-78.3%), respectively.
Unadjusted OS appeared to be slightly better in the earlier diagnosis
period by log-rank analysis (log-rank P = 0.026). By multivariable
analysis, diagnosis period was not associated with OS (HR 1.03, 95% CI
0.99-1.07, P = 0.19). Similarly, for stage IV patients, unadjusted OS
was slightly better in 2005-2009 (median 12.0, 95% CI 11.3-12.7,
months; 3-year OS 21.0%, 95% CI 19.6-22.5%) than in 2010-2014
(median 10.4, 95% CI 9.8-11.0, months; 3-year OS 19.9%, 95% CI
18.6-21.5%, log-rank P = 0.016), but survival outcomes did not differ
by multivariable analysis (HR 1.02, 95% CI 0.97-1.08, P = 0.43).

3.5. Overall survival by hospital volume

When stratified by volume, OS was longer for patients treated at
HVH (median 110.1, 95% CI 106.4-114.3, months; 3-year OS 69.5%,
95% CI 68.8-70.1%) than those at LVH (median 77.4, 95% CI
74.2-81.2, months; 3-year OS 63.2%, 95% CI 62.7-63.8%, log-rank
P < 0.001). Furthermore, treatment at HVH compared to LVH was
associated with 8% hazard reduction in all-cause deaths after adjusting
for other factors (HR 0.92, 95% CI 0.89-0.95, P < 0.001). Taking both
volume and academic status into consideration, only volume, and not
academic status (academic vs. community, HR 0.99, 95% CI 0.96-1.02,
P = 0.53), was associated with OS.

Among patients treated at HVH, unadjusted OS did not change over
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Fig. 4. Kaplan-Meier estimates of unadjusted overall survival of soft tissue sarcoma patients by diagnosis period, 2005-2009 and 2010-2014. (A) All STS patients
(N = 55,212). (B) Resected stage I-III patients (N = 34,638). (C) Stage IV patients (N = 7077).
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time (log-rank P = 0.26), but the latter diagnosis period was associated
with a modest improvement in OS by multivariable analysis (HR 0.95,
95% CI 0.91-1.00, P = 0.035) (Fig. 6, Fig. 7). OS did not change for
patients treated at LVH (log-rank P = 0.35; HR 1.01, 95% CI 0.97-1.04,
P = 0.68).

4. Discussion

The relatively low incidence and histologic heterogeneity of STS
make it a challenging disease to treat. Over the past few decades,
knowledge has substantially improved regarding the varying tumor
biology of different STS histologic subtypes and the appropriate

1.02 (0.97-1.08)

0.43

utilization of surgical, radiation, and systemic treatment options
[13,26]. In the 2010s, tyrosine kinase inhibitors have also emerged as
potential targeted therapeutic options for STS, although clinical trials
for these agents have not demonstrated an improvement in OS
[20,21,27]. This study was performed in order to determine whether an
improvement in knowledge regarding tumor biology and treatment
options have translated into a change in survival outcomes at a popu-
lation level for patients diagnosed with STS. Using data from a na-
tionally representative cohort of hospitals that treated STS patients
between 2005 and 2014, the current study demonstrated that STS
treatment has evolved with increased administration of radiation
therapy in the neoadjuvant setting. While there has been no change in
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Table 2
Univariable and multivariable Cox proportional hazards analyses of overall survival of patients diagnosed with soft tissue sarcoma (N = 55,212).

Variable Univariable HR (95% CI) P value Multivariable HR (95% CI) P value
Diagnosis period

2005-2009 Reference Reference

2010-2014 0.98 (0.95-1.01) 0.14 0.99 (0.96-1.01) 0.31
Hospital volume

Low volume (<90 percentile) Reference Reference

High volume (> 90 percentile) 0.80 (0.77-0.81) < 0.001 0.92 (0.89-0.95) < 0.001
Hospital type

Community Reference Reference

Integrated cancer network 0.84 (0.80-0.88) < 0.001 0.96 (0.92-1.01) 0.16

Academic 0.81 (0.79-0.84) < 0.001 0.99 (0.96-1.02) 0.53
Sex

Male Reference Reference

Female 0.92 (0.90-0.94) < 0.001 0.91 (0.89-0.94) < 0.001
Age

< 65 years Reference Reference

=65 years 2.05 (2.00-2.10) < 0.001 1.54 (1.48-1.60) < 0.001
Race

White Reference Reference

Black 1.08 (1.04-1.13) < 0.001 1.00 (0.95-1.04) 0.83

Other 0.83 (0.78-0.90) < 0.001 0.85 (0.79-0.92) < 0.001
Ethnicity

Non-Hispanic Reference Reference

Hispanic 0.84 (0.79-0.88) < 0.001 0.82 (0.78-0.87) < 0.001
Charlson-Deyo score

0 Reference Reference

1 1.45 (1.40-1.50) < 0.001 1.25 (1.21-1.30) < 0.001

2 2.06 (1.94-2.20) < 0.001 1.60 (1.50-1.71) < 0.001

=3 2.82 (2.54-3.14) < 0.001 1.96 (1.76-2.18) < 0.001
Primary payer

Private Reference Reference

Government 2.13 (2.07-2.19) < 0.001 1.36 (1.31-1.41) < 0.001

Self-pay/uninsured 1.51 (1.41-1.62) < 0.001 1.27 (1.18-1.36) < 0.001
Income quartile

<25th Reference Reference

26th-50th 0.92 (0.89-0.96) < 0.001 0.97 (0.93-1.01) 0.13

51st-75th 0.88 (0.84-0.91) < 0.001 0.96 (0.92-1.00) 0.030

> 75th 0.75 (0.72-0.78) < 0.001 0.84 (0.81-0.88) < 0.001
Patient residence

Metropolitan Reference Reference

Urban county 1.11 (1.06-1.15) < 0.001 1.06 (1.01-1.11) 0.010

Rural county 1.13 (1.03-1.25) 0.014 1.05 (0.94-1.16) 0.38
Distance traveled

< 24km (<50" percentile) Reference Reference

24-72km (51st-75th percentile) 0.92 (0.89-0.95) < 0.001 1.00 (0.97-1.04) 0.86

72-177 km (76th-90lh percentile) 0.95 (0.92-0.99) 0.010 1.00 (0.96-1.05) 0.96

>177 km (> 90™ percentile) 0.85 (0.82-0.90) < 0.001 0.96 (0.91-1.02) 0.17
Primary disease site

Head/neck Reference Reference

Extremity 0.62 (0.59-0.66) < 0.001 0.76 (0.72-0.80) < 0.001

Trunk 1.06 (1.01-1.12) 0.021 0.98 (0.93-1.04) 0.54

Overlapping/not specified 1.63 (1.52-1.74) < 0.001 0.98 (0.91-1.05) 0.58
Histology

Undifferentiated pleomorphic sarcoma/malignant fibrous histiocytoma Reference Reference

Liposarcoma 0.62 (0.59-0.66) < 0.001 0.74 (0.70-0.78) < 0.001

Leiomyosarcoma 1.01 (0.95-1.06) 0.81 0.85 (0.80-0.89) < 0.001

Others 0.98 (0.93-1.02) 0.30 0.98 (0.94-1.03) 0.49
AJCC stage

I Reference Reference

I 1.57 (1.49-1.64) < 0.001 1.61 (1.53-1.69) < 0.001

111 2.90 (2.78-3.02) < 0.001 2.83 (2.70-2.95) < 0.001

v 8.93 (8.55-9.32) < 0.001 5.09 (4.85-5.35) < 0.001
Primary site surgery

No Reference Reference

R1/2 0.30 (0.29-0.31) < 0.001 0.43 (0.41-0.45) < 0.001

RO 0.18 (0.18-0.19) < 0.001 0.29 (0.28-0.30) < 0.001
Radiation therapy

No Reference Reference

Yes 0.83 (0.81-0.85) < 0.001 0.81 (0.79-0.84) < 0.001
Chemotherapy

No Reference Reference

Yes 0.85 (0.78-0.92) < 0.001 0.98 (0.95-1.01) 0.20

Other systemic treatment/clinical trials
No

Reference

Reference

(continued on next page)
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Variable Univariable HR (95% CI) P value Multivariable HR (95% CI) P value
Yes 1.93 (1.63-2.30) < 0.001 1.07 (0.90-1.27) 0.44
HR, Hazard Ratio; CI, Confidence Interval; AJCC, American Joint Committee on Cancer.
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Fig. 6. Kaplan-Meier estimates of unadjusted overall survival of soft tissue sarcoma patients treated at high-volume (HVH) and low-volume hospitals (LVH) by
diagnosis period, 2005-2009 and 2010-2014. (A) HVH (N = 22,459). (B) LVH (N = 32,753).
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1
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Fig. 7. Multivariable Cox proportional hazards analyses of overall survival of soft tissue sarcoma patients treated at high-volume (HVH) and low-volume hospitals
(LVH) by diagnosis period, 2005-2009 vs. 2010-2014. Hazard ratio (HR) values < 1.0 are favorable and > 1.0 are unfavorable for patients diagnosed in 2010-2014

compared to 2005-2009. Error bars indicate 95% Confidence Intervals (CI).

OS nationally, there has been a modest improvement in OS at HVH.
Early randomized trials of limb-sparing surgery in patients diag-
nosed with extremity STS examined wide excision and postoperative
radiation therapy and found no difference in local recurrence or OS
compared to amputation [28]. The only randomized trial comparing
neoadjuvant and adjuvant radiation therapy was conducted by the
National Cancer Institute of Canada between 1994 and 1997 [29]. In-
itial outcomes after a median follow-up of 3.3 years demonstrated im-
proved survival in the neoadjuvant compared to adjuvant cohort, but
there was no difference in local control or survival at 5 years [30].
Neoadjuvant radiation therapy, however, was associated with lower
rates of late radiation morbidity, including fibrosis, joint stiffness, and
edema [16]. Subsequent multicenter observational studies and meta-
analyses have further associated neoadjuvant radiation therapy with
improved local control for patients with resected STS in comparison to
the adjuvant approach [13-15]. The benefits of systemic chemotherapy
are less clear, with large meta-analyses of trial results demonstrating
only a slight improvement in recurrence-free survival and no effect on
OS [17,18]. Guidelines recommend consideration of neoadjuvant
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radiation therapy and/or chemotherapy for patients with locally ad-
vanced STS [11,12]. As the current study shows, neoadjuvant sequen-
cing of radiation therapy appears to have increased according to
guideline recommendations, but neoadjuvant administration of che-
motherapy remains unchanged.

The lack of significant survival improvements at a national level
over the course of a decade highlights the limitations of conventional
treatment options. OS for patients in the current study are consistent
with survival outcomes reported in the literature [7]. As has previously
been observed, a positive resection margin, older age, and increasing
AJCC stage were inversely associated with OS [5,6,31,32]. In addition
to tumor and treatment factors, there has been extensive literature re-
porting better outcomes for patients treated at specialized STS centers
compared to their counterparts at non-specialized centers. When pa-
tients are not managed at STS centers, only 21.3% receive optimal di-
agnostic workup and 60.0% receive adequate treatment [8]. Patients
treated at inexperienced centers are also more likely have positive
margins on initial excision, require multiple operations, and experience
higher rates of local recurrence and decreased survival [9,10]. Bagaria
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et al. showed that high-volume centers were more likely to adhere to
treatment guidelines, which was significantly associated with improved
OS [33].

Rather than reiterate the volume-outcomes relationship for STS, the
current study specifically focused on treatment and survival trends
stratified by hospital volume. Adjusting for patient and clin-
icopathologic factors, neoadjuvant administration of radiation therapy
and chemotherapy occurred more frequently at HVH than at LVH.
Interestingly, patients with stage IV STS treated at HVH were more
likely than those treated at LVH to receive non-conventional systemic
therapy and to participate in clinical trials as a part of first-line treat-
ment. Furthermore, the proportion of patients receiving other treat-
ments at HVH increased from 1.1% in 2005-2009 to 2.6% in
2010-2014 (P = 0.003). The specific types of treatments received could
not be evaluated due to limitations of the NCDB, but this category likely
includes the novel targeted therapies for STS. Consistent with the out-
comes of the clinical trials for pazopanib and regorafenib, which de-
monstrated longer progression-free survival, but not improved OS, in
the treatment of non-adipocytic, metastatic STS, receipt of other
treatments was not independently associated with improved OS in the
current study [21,27]. More effective agents, perhaps targeting specific
histologies, are needed in order to achieve further survival improve-
ments for patients with STS.

In the current study, a modest improvement in adjusted OS was
observed at HVH, but not at LVH. In a study of stage IV STS patients
treated at tertiary cancer centers in France, Italiano et al. reported
improved OS from a median time of 12.3 months for patients diagnosed
in 1987-1991 to 18 months for patients diagnosed in 2002-2006 (log-
rank P = 0.029) [4]. The observed outcome improvement was attrib-
uted to increased utilization of additional lines of chemotherapy, par-
ticipation in clinical trials, as well as increased metastasectomy and use
of other locoregional treatment options for metastatic disease. More
aggressive treatment of metastatic disease, enrollment in clinical trials,
and multidisciplinary decision-making occur more frequently at high-
volume, tertiary care centers, and may explain the difference in survival
trends at HVH and LVH observed in the current study [34-36].

Despite the outcome difference between high- and low-volume
centers, however, referral to HVH did not increase over time. Similarly,
Keung et al. did not observe an increase in the treatment of retro-
peritoneal STS at HVH between 1998 and 2011 [37], while cen-
tralization has occurred for other cancer types, such as esophageal and
pancreatic cancers [38,39]. Although there are valid concerns re-
garding centralization, including patient access to care [38,40], the
benefits of appropriate referral may outweigh the disadvantages for a
relatively rare malignancy like STS. In fact, European guidelines spe-
cifically recommend treatment of STS at experienced centers [12].

There are several study limitations that should be acknowledged.
This was a retrospective, observational study in which no randomiza-
tion of patients to specific facilities or treatments occurred. Therefore,
as with any retrospective study design, causal relationships cannot be
inferred. While the NCDB encompasses a broad range of hospitals, they
are all Commission on Cancer-accredited facilities. Treatment and
outcome trends at other hospitals in the United States may differ and
cannot be defined using available data. The study of only Commission
on Cancer-accredited facilities may in fact have overestimated the
proportion of patients treated at high-volume STS centers nationally.
Furthermore, the NCDB data are based on records submitted by parti-
cipating facilities and may reflect differences and inconsistencies in
data reporting, as well as underlying differencing in the management of
STS. For each variable, there is also a small percentage of missing data
that makes interpretation of results more challenging. In order to pro-
vide the most comprehensive data on national outcomes, however,
patients with missing data were not excluded. Additionally, the median
follow-up times for the two cohorts of patients in the current study
differed significantly by virtue of the time period during which each
cohort was diagnosed. However, using time-to-event statistical methods
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(Kaplan-Meier and Cox proportional hazards) minimizes bias based on
differences in follow-up time. Finally, the NCDB provides only first-
course treatments and lacks information on treatment complications,
functional outcomes, locoregional and distant recurrence patterns, and
disease-specific survival, all of which are important in the evaluation of
cancer outcomes. Despite these limitations, however, the NCDB pro-
vides valuable insight on the patterns of treatment and survival at a
national level for a relatively rare malignancy.

5. Conclusions

STS represents a heterogenous group of malignancies that requires
multimodal therapy and multidisciplinary care. Over a decade from
2005 to 2014, treatment patterns for STS have evolved with increased
utilization of neoadjuvant radiation therapy for patients diagnosed with
resectable disease, but the rate of RO resections remains unchanged.
Patients with stage IV STS treated at HVH are more frequently offered
non-chemotherapy systemic treatments and participation in clinical
trials, although this continues to represent a small proportion of pa-
tients diagnosed with advanced STS. While there has been a modest
improvement in OS at HVH, there has been no change at LVH.
Optimizing the referral of complex STS patients to experienced centers
represents an area for improvement. More importantly, however, mo-
lecular targeted therapies for STS are just emerging, and the develop-
ment of more effective agents is needed.
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