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overall survival in soft tissue sarcoma when
patients treated at a single high-volume
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Abstract

Background: Treatments for soft tissue sarcoma (STS) include extensive surgical resection, radiation and
chemotherapy, and can necessitate specialized care and excellent social support. Studies have demonstrated that
socioeconomic factors, such as income, marital status, urban/rural residence, and educational attainment as well as
treatment at high-volume institution may be associated with overall survival (OS) in STS.

Methods: In order to explore the effect of socio-economic factors on OS in patients treated at a high-volume
center, we performed a retrospective analysis of STS patients treated at a single institution.

Results: Overall, 435 patients were included. Thirty-seven percent had grade 3 tumors and 44% had disease
larger than 5 cm. Patients were most commonly privately insured (38%), married (67%) and retired or
unemployed (43%). Median distance from the treatment center was 42 miles and median area deprivation
index (ADI) was 5 (10 representing most deprived communities). The majority of patients (52%) were treated
with neoadjuvant therapy followed by resection. As expected, higher tumor grade (HR 3.1), tumor size > 5 cm
(HR 1.3), and involved lymph nodes (HR 3.2) were significantly associated with OS on multivariate analysis.
Demographic and socioeconomic factors, including sex, age at diagnosis, marital status, employment status,
urban vs. rural location, income, education, distance to the treatment center, and ADI were not associated
with OS.

Conclusions: In contrast to prior studies, we did not identify a significant association between socioeconomic
factors and OS of patients with STS when patients were treated at a single high-volume center. Treatment at
a high volume institution may mitigate the importance of socio-economic factors in the OS of STS.
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Background
Soft tissue sarcomas (STS) represent a heterogenous
group of rare, aggressive tumors accounting for 0.5% of
all malignancies and over 5000 annual deaths in the
United States alone [1]. Multiple clinical and tumor fac-
tors have been associated with adverse outcomes, includ-
ing older age, larger tumor size, higher grade, histology
type and the presence of loco-regional spread or distant
metastasis [2, 3].
More recently, a growing body of evidence has also

suggested that the case volume of treatment centers may
influence treatment outcomes. For example, patients
with STS who were treated at high volume centers had
improved overall survival compared to patients treated
at centers with lower volumes [4, 5]. This may be due to
the fact that many sarcomas require complex multimod-
ality therapy including surgical resection, chemotherapy,
and advanced radiation therapy, which may require ex-
perience and special expertise [6–9]. Alternatively, high-
volume centers may unintentionally select for patients
more likely to have favorable outcomes, possibly in part
due to socioeconomic factors. Prior authors have dis-
cussed that such retrospective studies must be inter-
preted with caution [10].
Indeed, numerous studies have demonstrated that certain

socio-economic factors are associated with clinical out-
comes of patients with multiple cancer types, including
STS [11]. For example, studies have shown that patients
with STS who are married [12, 13], have private insurance
[14], are white [15, 16], or live in an urban setting [15] have
better overall survival compared to patients who are not in
these groups. This trend is also present in Europe, where
studies have revealed that patients with lower income,
lower educational attainment or higher deprivation cap-
tured by a composite index also have worse overall survival
[17–19]. However, most of these studies have examined
large cancer registries, such as the United States National
Cancer Database (NCDB) or the surveillance, epidemiology,
and end results (SEER) database. Such databases lack im-
portant clinical, treatment, and tumor factors, which can
confound interpretation of the association between socio-
economic factors and clinical outcomes [20].
We therefore developed a detailed database including

clinical, tumor, and socio-economic factors and out-
comes. We sought to explore the association between
socio-economic factors and overall survival for patients
with STS treated at a high volume academic center with
the hypothesis that socio-economic factors may play less
of a role in disease outcomes when patients receive spe-
cialized multimodality care at a single institution. These
data provide important first steps to understand how
sarcoma patients’ outcomes are related to socioeconomic
factors, and to guide us toward targeted quality improve-
ment for this patient population.

Methods
Patient identification
A retrospective chart review of patients with newly diag-
nosed, pathologically-confirmed STS who were treated
at a single large academic center, University of Washing-
ton Medical Center, between 1990 and 2016 was per-
formed. Patients older than 18 years of age who lived in
the state of Washington were included in the analysis.
Patients with metastatic disease at diagnosis were ex-
cluded. This study was approved by the local Institu-
tional Review Board and all methods were carried out in
accordance with relevant guidelines and regulations. In-
formed consent was waived by the Human Subjects Div-
ision, Committee D, Institutional Review Board at the
University of Washington.

Clinical and socioeconomic characteristics
Clinical stage, Federation Nationale des Centres de Lutte
Contre Le Cancer (FNCLCC) grade, treatment modality,
permanent residence ZIP code, marital status, employ-
ment status, and insurance status were obtained from
the institutional electronic medical record. Average in-
come and average educational attainment were obtained
from the US Census bureau American Fact Finder for
each patient’s permanent residence ZIP code (US Cen-
sus). Educational attainment was separated in quartiles
with Q1 representing the top 25% of ZIP codes as or-
dered by highest percentage of the population obtaining
a college degree or higher. Rural-Urban Code (RUC)
classifications of each ZIP code were obtained from the
United States Department of Agriculture Electronic Re-
search Service. Areas with RUC codes of 1–3 were de-
fined as metro areas and RUC 4–9 were defined as non-
metro areas per the US Department of Agriculture
(https://www.ers.usda.gov/data-products/rural-urban-
continuum-codes/). State-specific Area Deprivation
Index (ADI) deciles were obtained from the University
of Wisconsin School of Medicine and Public Health and
linked using permanent address ZIP code (https://www.
neighborhoodatlas.medicine.wisc.edu/). ADI is a com-
posite measure of neighborhood socioeconomic disad-
vantage that uses 17 census measures capturing
education, employment, income, poverty, and housing
characteristics [21]. ADI ranges from 1 to 10 with 10
considered the most deprived. Distance from permanent
address ZIP code to treatment facility in miles was cal-
culated in Google Maps using the function googleapis.

Statistical analysis
Clinical and socio-economic variables were compared
between groups using Fisher’s exact test or the Wil-
coxon rank-sum test. Spearman’s rank correlation coeffi-
cient was used to evaluate the strength of relationship
between inter-related socio-economic variables: income,
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education, distance from treatment facility, urban/rural,
and ADI. Overall survival (OS) was defined as the time
from pathologic diagnosis to death from any cause, cen-
sored at the date of the last clinical record. OS was sum-
marized using Kaplan-Meier curves. Relationships
between clinical and socioeconomic variables and OS
were evaluated using univariate and multivariate Cox re-
gression models for all patients. Data was presented as
regression coefficients reflecting the increase in risk for
the described change (e.g. 10-year increase in age, 50%
increase in average income, 1-decile increase in ADI).
Since there is substantial variability in patient age and
treatment paradigms with STS, analysis was additionally
performed for these subgroups. All statistical calcula-
tions were conducted with the statistical computing lan-
guage R (version 3.1.1; R Foundation for Statistical
Computing, Vienna, Austria). Throughout, two-sided
tests were used, with statistical significance defined as
p < 0.05. No p-value adjustments were made for multiple
comparisons. Multivariate analysis was performed on the
entire cohort and the largest treatment subgroup treated
with neoadjuvant multimodality therapy.

Results
Cohort characteristics
A total of 891 patients with STS were evaluated at our
center over 27 years (average 33 patients/year) with 435
patients meeting the inclusion criteria. A consort dia-
gram is shown in Supplemental Figure 1. After a median
follow-up of 3 years (range 18 days – 18 years), a total of
120 deaths (28%) were observed with median survival of
11 years after diagnosis (Fig. 1). The median age at diag-
nosis was 53 years (range 18–92) and 103 patients (24%)
were over the age of 65 (Supplemental Table 1). 44% of
patients had tumors larger than 5 cm and 37% of pa-
tients had grade 3 tumors. Ten patients (2.3%) had node
positive disease. In terms of socio-economic characteris-
tics, 67% of patients were married or had a domestic
partner, 36.8% were employed full time and 37.9% had
private insurance. Mean average zip code income was
$67,023 ± 20,458. Median distance from the treatment
center for each patient was 42miles (range 2–320).
The patient population was predominantly urban with
59.5% of patients living in metropolitan areas (Fig. 2)
and median ADI of 5 (range 1–10). As expected, average
income, education, and distance from treatment center
were strongly correlated with ADI (Supplemental
Table 2). As such, these individual variables were not in-
cluded in further multivariate analyses and only ADI
was used.

Treatment characteristics
Patients were treated with variety of modalities, with the
majority of patients (51%) undergoing neoadjuvant ther-
apy prior to resection. The remaining patients were
treated with resection alone (19%), adjuvant therapy post
resection (24%), or chemotherapy or radiation therapy
alone (5%) (Table 1). Of note, sarcoma treatment strat-
egies at our institution have evolved over the last 30
years with neoadjuvant treatment becoming more com-
mon recently. Between 2011 and 2015, 68% of patients
were treated with neoadjuvant therapy, compared to

Fig. 1 Kaplan-Meier estimate of overall survival. Dashed lines
indicate the 95% confidence bands. Tick marks indicate censoring

Fig. 2 a Heat map of ADI distribution by ZIP code in Washington State (image obtained from University of Wisconsin School of Medicine and
Public Health, https://www.neighborhoodatlas.medicine.wisc.edu/) b Heat map of number of patients per ZIP code, overlaid over map of
Washington state (Tableau, Inc)
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Table 1 Patient characteristics by treatment group (N = 435)

All Patients Treatment Type

Resection
only (%)
(N = 84)

RT/Chemo
Only (%)
(N = 23)

Resection + Neoadjuvant
therapy (%)
(N = 225)

Resection + Adjuvant
therapy (%)
(N = 103)

P-value *

Demographics

Sex 0.60

Male 237 (54.5) 51 (60.7) 13 (56.5) 120 (53.3) 53 (51.5)

Female 198 (45.5) 33 (39.3) 10 (43.5) 105 (46.7) 50 (48.5)

Age at diagnosis, years (range) 53 (18–92) 57 57 51 53 0.005

Insurance status 0.002

Private 163 (37.9) 22 (26.2) 7 (30.4) 101 (44.9) 35 (34.0)

Private + Medicare/Medicaid 20 (4.6) 2 (2.4) 0 (0.0) 15 (6.7) 3 (2.9)

Medicare 12 (2.8) 2 (2.4) 0 (0.0) 5 (2.2) 5 (4.9)

Medicaid 23 (5.3) 0 (0.0) 2 (8.7) 14 (6.2) 7 (6.8)

Unknown 215 (49.4) 58 (69.0) 14 (60.9) 90 (40.0) 53 (51.5)

Marital Status 0.25

Married/significant other 292 (67.1) 56 (66.7) 13 (56.6) 154 (68.4) 69 (67.0)

Single/separated/divorced 140 (32.2) 27 (32.1) 9 (39.1) 71 (31.6) 33 (32.0)

Unknown 3 (0.7) 1 (1.2) 1 (4.3) 0 (0.0) 1 (1.0)

Employment status < 0.001

Full time/part time/student 160 (36.8) 23 (27.4) 7 (30.4) 89 (39.6) 41 (39.8)

Unemployed/retired 187 (43.0) 29 (34.5) 11 (47.8) 106 (47.1) 41 (39.8)

Unknown 88 (20.2) 32 (38.1) 5 (21.70) 30 (13.3) 21 (20.4)

Location 0.30

Metropolitan area (> 1 M) 259 (59.5) 45 (53.6) 12 (52.2) 137 (60.9) 65 (63.1)

Metropolitan area (250 K-1 M) 63 (14.5) 13 (15.5) 5 (21.7) 26 (11.6) 19 (18.4)

Metropolitan area (< 250 K) 51 (11.7) 15 (17.9) 3 (13.0) 27 (12.0) 6 (5.8)

Non-metropolitan area 62 (14.3) 11 (13.1) 3 (13.0) 35 (15.6) 13 (12.6)

Average income, $ 67,023 59,741 63,944 61,895 66,435 0.087

Education quartile 0.34

Q1 40 (9.3) 11 (13.1) 2 (9.1) 23 (10.5) 4 (3.9)

Q2 102 (23.8) 23 (27.4) 5 (22.7) 47 (21.5) 27 (26.2)

Q3 114 (26.6) 17 (20.2) 4 (18.2) 66 (30.1) 27 (26.2)

Q4 172 (40.2) 33 (39.3) 11 (50.0) 83 (37.9) 45 (43.7)

Median distance, miles 42 46 43 43 42 0.76

ADI WA decile (range) 5 (1–10) 6 6 5 5 0.17

Tumor Characteristics

Grade < 0.001

1 61 (14.0) 24 (28.6) 1 (4.3) 16 (7.1) 20 (19.4)

2 112 (25.7) 20 (23.8) 3 (13.0) 62 (27.6) 27 (26.2)

3 161 (37.0) 18 (21.4) 13 (56.5) 102 (45.3) 28 (27.2)

Unknown 101 (23.2) 22 (26.2) 6 (26.1) 45 (20.0) 28 (27.2)

Maximum extent on imaging < 0.001

≤ 5 cm 57 (13.1) 6 (7.1) 6 (26.1) 30 (13.3) 15 (14.6)

> 5 cm 194 (44.8) 19 (22.6) 10 (43.5) 134 (59.6) 31 (30.1)

Unknown 184 (42.3) 59 (70.2) 7 (30.4) 61 (27.1) 57 (55.3)
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48% of patients treated between 2006 and 2010 and 41%
of patients treated prior to 2005 (Fig. 3, p < 0.02 for all
trends).

Overall cohort treatment outcomes
The relationship between clinical, socio-economic fac-
tors, and OS was tested in an univariate analysis for all
patients. Grade 3 disease (HR 3.34 vs. grade 1, CI 1.66–
7.73) and N1 disease (HR 2.94 vs. N0, CI 1.19–7.24)
were associated with worse OS. No other clinical or
socio-economic factors were statistically significantly as-
sociated with OS in the entire cohort, though there were
some trends with better survival in female patients (HR
0.71 vs. male, CI 0.49–1.02, p = 0.066) and patients who
lived in rural areas (HR 0.55 vs. urban, CI 0.29–1.06, p =
0.073) or farther away from the treatment center (HR:
0.94 per 50%-increase in distance, CI 0.99–1.00, p =
0.057) (Table 2). Multivariate analysis accounting for all
clinical variables, employment status (HR=1.18 for un-
employed vs employed, p = 0.72), marital status (HR 0.94
for single vs. married, p = 0.76), and ADI (HR 0.95 per

1-decile increase, p = 0.16) did not reveal any significant
association between socio-economic factors and OS.

Treatment paradigm subgroup analysis
A subgroup analysis of patients by treatment paradigm
type (i.e. resection only, RT/chemo only, resection +
neoadjuvant RT/chemotherapy, and resection + adjuvant
RT/chemotherapy) was also performed (Table 1). The
patients treated with multimodality therapy were signifi-
cantly younger and more likely to be employed full time
than patients treated with resection, RT, or chemother-
apy alone (p < 0.005). Additionally, patients treated with
neoadjuvant therapy had a higher proportion of tumors
with higher grade (grade 2 and 3) and size > 5 cm, when
compared to patients treated with resection alone or re-
ceiving adjuvant therapy (p < 0.001). Univariate analysis
of clinical and socio-economic factors again identified
nodal status and grade 2 and 3 disease as associated with
worse OS (p < 0.05 in patients treated with resection
only, RT/chemo only and resection + neoadjuvant RT/
chemotherapy). In the group of patients treated with
neoadjuvant therapy followed by resection, increasing
distance was associated with better OS (HR: 0.91 per
50% increase in distance, p = 0.039).
Income, education, and distance were all inter-

correlated and all three were correlated with ADI
(Spearman’s rank correlation coefficient ρ 0.54–0.81)
(Supplemental Table 2). Urban/rural classification was
also correlated with ADI (ρ = 0.3) and rural classification
corresponded strongly to ADI = 9 (Supplemental Fig-
ure 2). Given the correlation between these factors and
its composite nature, only ADI was included in the
multivariate analysis. The multivariate analysis did not
reveal any further significant associations between socio-
economic factors and OS, though there was a trend to-
ward better survival with higher ADI (HR 0.91 per 1-
decile increase, CI 0.82–1.01, p = 0.071 (Table 3). No
other clinical or socio-economic factors were signifi-
cantly associated with OS in any of the analyzed groups.

Table 1 Patient characteristics by treatment group (N = 435) (Continued)

All Patients Treatment Type

Resection
only (%)
(N = 84)

RT/Chemo
Only (%)
(N = 23)

Resection + Neoadjuvant
therapy (%)
(N = 225)

Resection + Adjuvant
therapy (%)
(N = 103)

P-value *

Clinical N stage 0.069

N0 410 (94.3) 82 (97.6) 19 (82.6) 211 (93.8) 98 (95.1)

N1 10 (2.3) 0 (0.0) 3 (13.0) 6 (2.7) 1 (1.0)

Unknown 15 (3.4) 2 (2.4) 1 (4.3) 8 (3.6) 4 (3.9)

Treatment

Median time from
diagnosis, days (range)

34 (2–240) 56 (2–240) 27 (4–108) 30 (3–178) 35 (6–188) < 0.001

*Wald test of HR = 1, without adjustment for multiple comparisons

Fig. 3 Distribution of treatment modalities per time period
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Patient age subgroup analysis
Older age (age ≥ 50 years old) has been generally asso-
ciated with worse OS in a number of solid tumors in-
cluding sarcoma, so we compared the OS of patients
≥50 years old to the younger adult population
(Table 4) [22]. The median ages at diagnosis were 37
and 61 years for the younger and older populations,
respectively (Table 4). Patients in the older group
were less likely to be employed full time and were

more likely to be married or have a domestic partner
(Table 4). As was found in the total patient popula-
tion, higher grade and nodal status were associated
with worse OS in both the groups (p < 0.05). Among
patients over the age of 50, women had a significantly
lower risk of death (HR 0.51 vs. male, CI 0.30–0.87,
p = 0.013). No other clinical or socio-economic factors
were significantly associated with OS in the two sub-
groups (Table 5).

Table 2 Univariate and multivariate analysis of predictors of overall survival in the entire patient cohort

Univariate Analysis Multivariate Analysis

HR 95% CI p-value* HR 95% CI p-value*

Variable

Female Sex 0.71 (0.49–1.02) 0.066 0.74 (0.51–1.08) 0.12

Age at diagnosis, per 10-year increase 1.09 (0.97–1.23) 0.15 1.06 (0.94–1.21) 0.33

Marital Status 0.96 0.76

Married/significant other {ref.} {ref.}

Single/separated/divorced 1.01 (0.69–1.48) 0.94 (0.63–1.40)

Employment status 0.32 0.72

Full time/part time/student {ref.} {ref.}

Unemployed/retired 1.36 (0.91–2.01) 1.18 (0.77–1.80)

Unknown 1.21 (0.69–2.13) 1.19 (0.66–2.16)

Location 0.073

Urban (Metropolitan) {ref.}

Rural (Non-metropolitan) 0.55 (0.29–1.06)

Average income per 50% increase 1.12 (0.88–1.43) 0.36

Education quartile per 1-quartile increase 1.03 (0.86–1.24) 0.73

Mean distance per 50% increase 0.94 (0.88–1.00) 0.057

ADI WA decile per 1-decile increase 0.97 (0.90–1.04) 0.39 0.95 (0.88–1.02) 0.16

Tumor Characteristics

Grade < 0.001 < 0.001

1 {ref.} {ref.}

2 1.39 (0.65–2.97) 1.43 (0.66–3.10)

3 3.34 (1.66–6.73) 3.18 (1.54–6.54)

Unknown 1.68 (0.77–3.65) 1.57 (0.72–3.45)

Maximum extent on imaging 0.49 0.74

≤ 5 cm {ref.} {ref.}

> 5 cm 1.46 (0.76–2.81) 1.29 (0.66–2.50)

Unknown 1.46 (0.76–2.80) 1.29 (.066–2.53)

Clinical N stage 0.019 0.017

N0 {ref.} {ref.}

N1 2.94 (1.19–7.24) 3.07 (1.22–7.71)

Unknown 1.94 (0.89–4.24)

Treatment

Time from diagnosis to treatment,
per 50% increase

0.93 (0.84, 1.04) 0.20 0.96 (0.86–1.09) 0.55

*Wald test of HR = 1, without adjustment for multiple comparisons
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Discussion
This is the first study examining the association between
OS and socio-economic factors in patients with STS
treated at a single high-volume institution in the United
States. Consistent with prior studies, patients with
higher grade tumors or nodal disease had worse overall
prognosis in our cohort. In the cohort of patients over
50, female gender was associated with better OS, which
is possibly at least in part due to the overall longer life
expectancy of women and other competing mortality
factors in men [23].
Our initial analysis focusing on patient specific socio-

economic factors, such as marital, employment and in-
surance status did not demonstrate a significant associ-
ation with patients’ OS (Table 2). We additionally found
that factors associated with patients’ permanent zip
code, such as average income, rural vs urban location,
distance from the treatment center, and ADI, were not
associated with OS in this cohort. Finally, socioeconomic
factors were not associated with OS in specific sub-
groups: patients treated with neoadjuvant therapy plus

resection as well as patients above and below 50 years
old (Table 5).
These findings are in contrast to the body of litera-

ture analyzing large populations treated in the USA
and Europe, where multiple socio-economic factors,
such as lower income, less than 10 years of education,
and non-private insurance were associated with worse
OS [14, 15, 19]. One explanation for this difference
could be that these studies grouped together patients
treated at many different institutions with variable
STS experience and expertise. Previous studies have
noted that while large nationwide databases have been
instrumental in identifying broad trends, they have
limitations when analyzing outcomes in rare malig-
nancies, such as STS [24, 25].
Prior studies have proposed multiple hypotheses to

explain these socio-economic disparities with worse
cancer patient outcomes frequently associated with
more limited access to care [26]. Patients with cancer
who have lower education, lack private insurance, or
identify as Black remain less likely to be referred to

Table 3 Multivariate analysis of predictors of overall survival in the resection and neoadjuvant therapy group

Resection + Neoadjuvant therapy (N = 225)

HR (95% CI) p-value*

Variable

Female sex 0.76 (0.45, 1.29) 0.31

Age at diagnosis, per 10-year increase 0.97 (0.81, 1.16) 0.74

Marital status 0.24

Married/significant other {ref.}

Single/separated/divorced 1.44 (0.78, 2.67)

Employment status 0.13

Full time/part time/student {ref.}

Unemployed/retired 1.81 (0.97, 3.37)

Unknown 2.04 (0.81, 5.14)

ADI WA decile, per 1-decile increase 0.91 (0.82, 1.01) 0.071

Tumor Characteristics

Grade 0.018

1 {ref.}

2 1.62 (0.21, 12.78)

3 4.45 (0.60, 33.17)

Unknown 3.23 (0.41, 25.54)

Maximum extent on imaging 0.99

≤ 5 cm {ref.}

> 5 cm 0.96 (0.43, 2.15)

Unknown 0.95 (0.40, 2.29)

Treatment

Time from diagnosis to first treatment,
per 50% increase

0.99 (0.80, 1.23) 0.95

*Wald test of HR = 1, without adjustment for multiple comparisons
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and treated at a high-volume center. This is especially
problematic for rare cancers, such as STS, where re-
cent evidence suggests that treatment at a high-
volume institution may be associated with better OS
[4, 5, 27, 28]. Interestingly, it has been suggested that
in rare malignancies, such as pancreatic cancers, the
effects of socio-economic factors, and marital status
in particular, may be minimized when patients are
treated in the setting of a clinical trial, suggesting that
specialty care and clinical support may improve out-
comes [29]. Cumulatively, these studies suggest that
providing patients with access to high quality care
may minimize some of the effects of pre-determined
socio-economic factors. This may be especially im-
portant in patients with STS, who represent less than
1% of all malignancies and the treatment of whom re-
quires an experienced, multi-specialty team approach.
With average rate of 33 patients with STS evaluated
per year, our center ranks in the top 1–2% high vol-
ume centers for treatment of STS in the United
States [4, 5]. Given the previously documented im-
proved outcomes in STS OS when patients were
treated in centers such as ours, we are encouraged
that no socio-economic factors associated with OS
were identified.
This study has several important limitations that need

to be considered. First, this is a single institution study

Table 4 Patient characteristics by age subgroup

Age < 50
(N = 173) (%)

Age ≥ 50
(N = 262) (%)

P-
value

Demographics

Sex 0.84

Male 93 (53.8) 144 (55.0)

Female 80 (46.2) 118 (45.0)

Median age at diagnosis,
years

37 61

Insurance status 0.054

Private 71 (41.0) 94 (35.9)

Private + Medicare/
Medicaid

9 (5.2) 11 (4.2)

Medicare 2 (1.2) 10 (3.8)

Medicaid 14 (8.1) 9 (3.4)

Unknown 77 (44.5) 138 (52.7)

Marital status 0.010

Married/significant
other

103 (59.5) 189 (72.1)

Single/separated/
divorced

68 (39.3) 72 (27.5)

Unknown 2 (1.2) 1 (0.4)

Employment status < 0.001

Full time/part time/
student

88 (50.9) 72 (27.5)

Unemployed/retired 53 (30.6) 134 (51.1)

Unknown 32 (18.5) 56 (21.4)

Location 0.33

Metropolitan area
(> 1 M)

112 (64.7) 147 (56.1)

Metropolitan area
(250 K-1 M)

21 (12.1) 42 (16.0)

Metropolitan area
(< 250 K)

17 (9.8) 34 (13.0)

Non-metropolitan area 23 (13.3) 39 (14.9)

Average income, $ 63,217 62,575 0.54

Education quartile 0.86

Q1 18 (10.6) 22 (8.5)

Q2 42 (24.7) 60 (23.3)

Q3 44 (25.9) 70 (27.1)

Q4 66 (38.8) 106 (41.1)

Mean distance by zip
code, miles

42 43 0.61

Area deprivation index
(ADI) decile

6 5 0.83

Tumor Characteristics

Grade 0.22

1 22 (12.7) 39 (14.9)

2 48 (27.7) 64 (24.4)

3 56 (32.4) 105 (40.1)

Table 4 Patient characteristics by age subgroup (Continued)

Age < 50
(N = 173) (%)

Age ≥ 50
(N = 262) (%)

P-
value

Unknown 47 (27.2) 54 (20.6)

Maximum extent on
imaging

0.57

≤ 5 cm 19 (11.0) 38 (14.5)

> 5 cm 79 (45.7) 115 (43.9)

Unknown 75 (43.4) 109 (41.6)

Clinical N stage 0.52

N0 164 (94.8) 246 (93.9)

N1 5 (2.9) 5 (1.9)

Unknown 4 (2.3) 11 (4.2)

Initial Treatment

Group 0.066

Resection only 5 (2.9) 18 (6.9)

RT or chemo only 5 (2.9) 4 (1.5)

Resection with
neoadjuvant RT
or chemo

27 (15.6) 57 (21.8)

Resection with adjuvant
RT or chemo

136 (78.6) 183 (69.8)

Time to first treatment
from diagnosis, days

30 36 0.003
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and our results may not be generalizable to other insti-
tutions with different patient populations and treatment
practice patterns. Second, this study carries the limita-
tions of any retrospective study, with some data unavail-
able for review and variables that were not captured
having potential influence on outcomes. Many patients
were followed by a local oncologist after their initial
therapy, limiting the median follow up of our cohort.
This remains a limitation, despite the independent cap-
ture of patients’ date of death. This study is also limited
by the fact that we did not have access to data regarding
some important variables, such as margin status as well
as race. Third, although most of the socio-economic data
was patient specific and gathered from the EMR,
other characteristics such as patient income, travel
distance, and ADI were estimated based on the pa-
tient’s permanent ZIP code of residence. Thus, it may
not completely capture the differences between pa-
tients living in the same geographic area. Next, pa-
tients treated at large academic institutions may be to
a certain extent self-selected, and may represent a

population with higher income and social support
allowing them to travel to receive care. They or their
family may also have higher health literacy urging
them to seek a second opinion and pursue treatment
at an academic institution. Lastly, our population may
be enriched in patients referred from community pro-
viders due to need for more specialized or higher
level of care.

Conclusions
In this study, we were not able to identify socio-
economic factors that are associated with changes in OS
in patients with STS treated at a single high-volume aca-
demic institution. This is a hypothesis generating study,
demonstrating that providing patients with soft tissue
sarcomas access to a high volume treatment center and
supporting them through their treatments may counter-
act some of the negative effect of their socio-economic
circumstances. This strategy does present different chal-
lenges, but those may be more surmountable than chan-
ging deep seated socio-economic disparities.

Table 5 Multivariate analysis of predictors of overall survival for the subgroup of patients under and over 50 years of age

Age < 50 (N = 171) Age ≥ 50 (N = 261)

HR (95% CI) P-value* HR (95% CI) P-value*

Variable

Female sex 1.17 (0.63, 2.16) 0.62 0.51 (0.30, 0.87) 0.013

Age at diagnosis, per 10-year increase 0.96 (0.66, 1.39) 0.83 1.11 (0.83, 1.49) 0.48

Marital status 0.59 0.49

Married/significant other (ref) (ref)

Single/separated/divorced 1.20 (0.63, 2.28) 0.82 (0.46, 1.45)

Employment status 0.56 > 0.99

Full time/part time/student (ref) (ref)

Unemployed/retired 1.36 (0.70, 2.62) 1.00 (0.55, 1.81)

Unknown 1.50 (0.60, 3.73) 1.00 (0.43, 2.37)

ADI WA decile, per 1-decile increase 0.97 (0.86, 1.09) 0.58 0.93 (0.84, 1.02) 0.12

Tumor Characteristics

Grade 0.016 0.004

1 (ref) (ref)

2 1.99 (0.43, 9.27) 1.44 (0.57, 3.66)

3 5.52 (1.24, 24.50) 2.87 (1.20, 6.86)

Unknown 4.39 (0.97, 19.97) 0.86 (0.30, 2.44)

Maximum extent on imaging 0.49 0.56

≤ 5 cm (ref) (ref)

> 5 cm 1.42 (0.40, 5.00) 1.43 (0.64, 3.19)

Unknown 1.89 (0.53, 6.68) 1.13 (0.50, 2.56)

Treatment

Time from diagnosis to first treatment, per 50% increase 0.95 (0.79, 1.15) 0.61 1.00 (0.85, 1.18) 0.97

*Wald test of HR = 1, without adjustment for multiple comparisons

Eastman et al. BMC Cancer          (2021) 21:620 Page 9 of 10



Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12885-021-08352-z.

Additional file 1 : Supplemental Table 1. Patient age, income and
distance by ZIP code presented in quartiles (N = 435). Supplemental
Table 2. Relative correlation between different socioeconomic variables
(Spearman rank correlation coefficients). Supplemental Figure 1.
Consort diagram of patient population included in analysis.
Supplemental Figure 2. Distribution of urban and rural counties at
different Area Deprivation Indices (ADIs).

Acknowledgements
We would like to thank Emily Silgard, Rachel Gilbraith and the Solid Tumor
Translational Research team for their assistance with compiling this database.

Authors’ contributions
B.E., D. H, L.W., M.N., M.S. contributed towards the data collection, analysis
and drafting of the article. B.E., D.H., L.W., M.N., M.T., S.P., E.K., M.S., contributed
towards the conception of the work, maintenance of the clinical database
and the critical revision of the article. The author(s) read and approved the
final manuscript.

Funding
None.

Availability of data and materials
The dataset analyzed during the current study is not publicly available since
it contains protected personal information, but an anonymized set is
available from the corresponding author on reasonable request.

Declarations

Consent for publications
Not applicable.

Ethics approval and consent to participate
Ethics approval and informed consent were waived by the Human Subjects
Division, Committee D, Institutional Review Board at the University of
Washington (IRB 9040, PI: Edward Kim). All methods were carried out in
accordance with relevant guidelines and regulations.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Radiation Oncology, University of Washington School of
Medicine, 1959 NE Pacific St, Seattle, WA 98195, USA. 2Department of
Radiology, University of Washington School of Medicine, Seattle, WA 98195,
USA. 3Department of Radiation Oncology, Baylor Scott and White Cancer
Center, Round Rock, TX 78665, USA. 4Department of Orthopedics and Sports
Medicine, University of Washington School of Medicine, Seattle, WA 98195,
USA. 5Department of Medicine (Hematology and Oncology), Northwestern
University Feinberg School of Medicine, Chicago, IL 60611, USA. 6Department
of Radiation Oncology, Washington University in Saint Louis, St. Louis, MO
63130, USA.

Received: 17 December 2020 Accepted: 6 May 2021

References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin. 2019;

69(1):7–34.
2. Callegaro D, et al. Development and external validation of a dynamic

prognostic nomogram for primary extremity soft tissue sarcoma survivors.
EClinicalMedicine. 2019;17:100215.

3. Pisters PW, et al. Analysis of prognostic factors in 1,041 patients with localized
soft tissue sarcomas of the extremities. J Clin Oncol. 1996;14(5):1679–89.

4. Abarca T, et al. Improved survival for extremity soft tissue sarcoma treated
in high-volume facilities. J Surg Oncol. 2018;117(7):1479–86.

5. Venigalla S, et al. Association between treatment at high-volume facilities
and improved overall survival in soft tissue sarcomas. Int J Radiat Oncol Biol
Phys. 2018;100(4):1004–15.

6. Arifi S, et al. Treatment of adult soft tissue sarcomas: an overview. Rare
Cancers Ther. 2015;3:69–87.

7. Li XA, et al. Margin reduction from image guided radiation therapy for soft
tissue sarcoma: secondary analysis of radiation therapy oncology group
0630 results. Pract Radiat Oncol. 2016;6(4):e135–40.

8. O'Sullivan B, et al. Preoperative versus postoperative radiotherapy in soft-
tissue sarcoma of the limbs: a randomised trial. Lancet. 2002;359(9325):
2235–41.

9. O'Sullivan B, et al. Phase 2 study of preoperative image-guided intensity-
modulated radiation therapy to reduce wound and combined modality
morbidities in lower extremity soft tissue sarcoma. Cancer. 2013;119(10):
1878–84.

10. Putt ME. Is surgery for retroperitoneal sarcoma at “low-volume” hospitals a
bad idea? Cancer. 2018;124(23):4447–51.

11. Woods LM, Rachet B, Coleman MP. Origins of socio-economic inequalities in
cancer survival: a review. Ann Oncol. 2006;17(1):5–19.

12. Alamanda VK, Song Y, Holt GE. Effect of marital status on treatment and
survival of extremity soft tissue sarcoma. Ann Oncol. 2014;25(3):725–9.

13. Gao Z, et al. Marital status and survival of patients with chondrosarcoma: a
population-based analysis. Med Sci Monit. 2018;24:6638–48.

14. Koenig JL, et al. Impact of insurance coverage on outcomes in primary
breast sarcoma. Sarcoma. 2018;2018:4626174.

15. Cheung MR, et al. Socio-economic factors affect the outcome of soft tissue
sarcoma: an analysis of SEER data. Asian Pac J Cancer Prev. 2014;15(1):25–8.

16. Lazarides AL, et al. Race is an independent predictor of survival in patients
with soft tissue sarcoma of the extremities. BMC Cancer. 2018;18(1):488.

17. Brennan B, et al. Outcome and the effect of age and socioeconomic status
in 1318 patients with synovial sarcoma in the English National Cancer
Registry: 1985-2009. Clin Sarcoma Res. 2016;6:18.

18. Ciccone G, et al. Socioeconomic status and survival from soft-tissue
sarcomas: a population-based study in northern Italy. Am J Public Health.
1991;81(6):747–9.

19. Raedkjaer M, et al. The association between socioeconomic position and
tumour size, grade, stage, and mortality in Danish sarcoma patients - a
national, observational study from 2000 to 2013. Acta Oncol. 2020;59(2):
127–33.

20. Jagsi R, et al. Considerations for observational research using large data sets
in radiation oncology. Int J Radiat Oncol Biol Phys. 2014;90(1):11–24.

21. Singh GK. Area deprivation and widening inequalities in US mortality, 1969-
1998. Am J Public Health. 2003;93(7):1137–43.

22. Ferrari A, et al. Soft tissue sarcoma across the age spectrum: a population-
based study from the surveillance epidemiology and end results database.
Pediatr Blood Cancer. 2011;57(6):943–9.

23. Singh GK, et al. Social determinants of health in the United States:
addressing major health inequality trends for the nation, 1935-2016. Int J
MCH AIDS. 2017;6(2):139–64.

24. Boffa DJ, et al. Using the National Cancer Database for outcomes research: a
review. JAMA Oncol. 2017;3(12):1722–8.

25. Yu JB, et al. NCI SEER public-use data: applications and limitations in
oncology research. Oncology (Williston Park). 2009;23(3):288–95.

26. Martínez ME, et al. Contribution of clinical and socioeconomic factors to
differences in breast cancer subtype and mortality between Hispanic and
non-Hispanic white women. Breast Cancer Res Treat. 2017;166(1):185–93.

27. Berg S, et al. Inequity in selective referral to high-volume hospitals for
genitourinary malignancies. Urol Oncol. 2020;38(6):582–9.

28. Carey RM, et al. Association of type of treatment facility with overall survival
after a diagnosis of head and neck cancer. JAMA Netw Open. 2020;3(1):
e1919697.

29. Reyngold M, et al. Marital status and overall survival in patients with
resectable pancreatic cancer: results of an ancillary analysis of NRG
oncology/RTOG 9704. Oncologist. 2020;25(3):e477–83.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Eastman et al. BMC Cancer          (2021) 21:620 Page 10 of 10

https://doi.org/10.1186/s12885-021-08352-z
https://doi.org/10.1186/s12885-021-08352-z

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patient identification
	Clinical and socioeconomic characteristics
	Statistical analysis

	Results
	Cohort characteristics
	Treatment characteristics
	Overall cohort treatment outcomes
	Treatment paradigm subgroup analysis
	Patient age subgroup analysis

	Discussion
	Conclusions
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Consent for publications
	Ethics approval and consent to participate
	Competing interests
	Author details
	References
	Publisher’s Note

