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Abstract
Background: Conflicting data exist on the benefit of chemotherapy in the management of high-risk soft tissue sarcoma (STS). Use of 
chemotherapy may be dependent on patient, tumor, and facility characteristics. This study sought to identify these factors and compare 
survival between treatment groups. Patients and Methods: Patients with stage III STS were identified from the National Cancer Data Base 
(NCDB) from 1998 to 2012. Multiple logistic regression analysis was used to determine factors that influenced the probability of receiving 
chemotherapy. In a subset of patients, we determined the relationship between chemotherapy use and overall survival, using Kaplan-Meier 
curves and Cox regression analysis with propensity score adjustment. We also examined the effect of chemotherapy by histologic subgroup 
using interaction models. Results: A total of 16,370 patients were included (N=5,377 for survival analysis). Patients who were younger than 
40 years; male; privately insured; earned a higher income; had no comorbidities; had synovial sarcoma, angiosarcoma or “other” histology; 
and whose tumors were high-grade, greater than 10 cm, or from the lower extremity were significantly more likely to receive chemother-
apy. Median unadjusted overall survival (OS) in the nonchemotherapy and chemotherapy groups was 51.3 and 82.7 months, respectively 
(P<.001). On adjusted analysis, the survival benefit remained significant (hazard ratio [HR], 0.85; P=.004). The benefit was particularly strong 
in the undifferentiated pleomorphic sarcoma (UPS) group on adjustment, with a median OS of 49.1 and 77.8 months for nonchemotherapy 
versus chemotherapy, respectively (HR, 0.77; P=.02). Conclusions: In addition to expected tumor and patient factors, histology, location of 
primary tumor, and socioeconomic status are associated with receipt/nonreceipt of chemotherapy in stage III STS. Chemotherapy use was 
associated with improved OS in the overall population, and specifically in the UPS subgroup. (J Natl Compr Canc Netw 2015;13:1366–1374)

In 1997, the Sarcoma Meta-Analysis Collaboration 
(SMAC) performed a meta-analysis of 14 randomized 
trials of doxorubicin-based adjuvant chemotherapy for 
STS from a variety of primary sites. There was a benefit 
for local and distant recurrence-free intervals and over-
all recurrence-free survival favoring the chemotherapy 
arm. However, there was no statistically significant 
benefit for OS in the total population. In a preplanned 
analysis limited to patients with extremity tumors, there 
was an absolute benefit in OS of 7% favoring the che-
motherapy group.2 In 2007, a separate meta-analysis was 
conducted including 4 additional trials of combination 
therapy with doxorubicin and ifosfamide. The benefit of 
chemotherapy remained for local and distant recurrence 
and there was an absolute benefit in OS of 6% for the 
entire population. In the group of patients who received 
doxorubicin and ifosfamide, this benefit was 11%.3 

Despite these results, patterns of care and opinions 
with regard to adjuvant chemotherapy vary. The meta-
analyses have been criticized for the inclusion of pa-
tients with wide tumor heterogeneity. We used the Na-

From the Departments of aMedical Oncology and bBiostatistics, Fox 
Chase Cancer Center, Philadelphia, Pennsylvania.
Submitted April 29, 2015; accepted for publication August 5, 2015.
The authors have disclosed that they have no financial interests, 
arrangements, affiliations, or commercial interests with the 
manufacturers of any products discussed in this article or their 
competitors.
Correspondence: Sujana Movva, MD, Department of Medical 
Oncology, Fox Chase Cancer Center, 333 Cottman Avenue, 
Philadelphia, PA 19111. E-mail: sujana.movva@fccc.edu

Patterns of Chemotherapy Administration in  
High-Risk Soft Tissue Sarcoma and  
Impact on Overall Survival

Sujana Movva, MDa; Margaret von Mehren, MDa; Eric A. Ross, PhDb; and Elizabeth Handorf, PhDb

Background
Soft tissue sarcomas (STS) are uncommon tumors of the 
connective tissues. According to the current AJCC stag-
ing system, patients with stage III disease (large, deep, 
high-grade) have an expected overall survival (OS) of 
approximately 50% at 5 years.1 However, even within 
this group of patients, there is a wide range of outcomes, 
owing to disease heterogeneity. Although adequate surgi-
cal resection remains the mainstay of therapy for patients 
with localized disease, chemotherapy can be administered 
in the adjuvant setting with the goal of decreasing the 
risk of recurrence and improving OS. These goals must be 
balanced with the potential long-term toxicity. 
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tional Cancer Data Base (NCDB) to identify factors 
associated with receipt/nonreceipt of chemotherapy 
specifically in patients with high-risk sarcomas. We 
also analyzed the effect of chemotherapy on OS in 
these patients. Finally, given the large size of our 
study population, we examined the effect of chemo-
therapy on OS for individual STS histologies. 

Patients and Methods

Study Population
Individuals diagnosed with a stage III STS between 
January 1, 1998, and December 31, 2012, were iden-
tified from the NCDB. The NCDB, which is a joint 
program of the American College of Surgeons Com-
mission on Cancer (CoC) and the American Cancer 
Society, is a nationwide oncology outcomes database 
for more than 1,500 Commission-accredited cancer 
programs in the United States and Puerto Rico. Ap-
proximately 70% of all newly diagnosed cancer cases 
in the United States are captured at the institutional 
level and reported to the NCDB.4 Cases are staged 
in the NCDB according to AJCC staging at time of 
diagnosis. Therefore, stage III STS in this analysis 
includes T2a/bN0M0, G3 or G4 or TanyN1M0, G1–3 
(2.3% of cases). 

From 1998 to 2012 there were 21,098 newly di-
agnosed cases of analytic stage III STS in the NCDB. 
We excluded cases in which receipt of chemother-
apy was unknown (N=643; 3.0%) and without a 
confirmed surgical resection of the primary tumor 
(N=2,345; 11.1%). Also excluded were STS histolo-
gies with a limited role for chemotherapy (eg, alveo-
lar soft part sarcoma) and those for which chemo-
therapy is standard of care or commonly used (eg, 
alveolar rhabdomyosarcoma) (N=1,542; 7.3%). Cas-
es in which receipt of chemotherapy occurred more 
than 180 days after surgery (N=198; <1%) were also 
excluded.

Definition of Variables

Tumor Characteristics: Tumor histology was cate-
gorized as liposarcoma (myxoid/round cell, pleomor-
phic, dedifferentiated, and other), leiomyosarcoma, 
fibrosarcoma, undifferentiated pleomorphic sarco-
ma (UPS), synovial sarcoma, malignant peripheral 
nerve sheath tumor (MPNST), angiosarcoma, and 
other. The other histology category included spin-
dle cell sarcoma, sarcoma not otherwise specified 

(NOS), giant cell sarcoma, small cell sarcoma, epi-
thelioid sarcoma, myosarcoma, myxosarcoma, pleo-
morphic rhabdomyosarcoma, embryonal sarcoma, 
and angiomyosarcoma. Tumor grade was categorized 
as low (grade 1) and intermediate/high (grade 2–4). 
Size was grouped as 10 cm or less, between greater 
than 10 cm and 20 cm or less, and greater than 20 
cm. Tumor primary sites were defined according to 
the third edition of the International Classification 
of Diseases for Oncology (ICD-O-3): head and neck, 
lower extremity, retro-intra-abdominal, pelvis, tho-
racic or trunk, upper extremity, visceral, nerve, or 
NOS. With the exception of cardiac sarcoma, vis-
ceral sarcomas are coded in the NCDB according to 
their site of origin. Because of the use of nonsarcoma 
staging, other visceral sites were not included in the 
analysis.
Patient, Demographic, and Facility Characteris-
tics: Age at diagnosis was classified as younger than 
40 years, 40 to 65 years, and older than 65 years. The 
number of comorbidities was available for cases di-
agnosed after January 1, 2003, using the Charlson/
Deyo score, wherein “0” indicates no comorbidities. 
Both median income and education level were de-
termined by linking the patient’s zip code with the 
2000 US census data. Insurance status was recorded 
at time of primary diagnosis or treatment. Institu-
tions were categorized as community (including 
comprehensive community cancer programs), aca-
demic, or other. 
Treatment and Survival: Treatment was document-
ed as no chemotherapy or chemotherapy adminis-
tered. Patients may have received single-agent or 
multiagent chemotherapy, but specific drug regimens 
are unknown. Data on whether chemotherapy was 
given neoadjuvantly or adjuvantly were reported in 
known cases. OS time was defined as months from 
diagnosis until death or last follow-up. Patients who 
remained alive at the end of follow-up were consid-
ered censored.

Statistical Analysis
We compared sociodemographic and tumor charac-
teristics by receipt of chemotherapy using Chi-square 
tests. We then evaluated these factors with a multiple 
logistic regression model, using generalized estimating 
equations5 to account within-hospital effects. 

The survival analysis cohort was limited to pa-
tients diagnosed during 2003 through 2007 based on 
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availability of comorbidity data and at least 5 years 
of follow-up. We constructed survival curves using 
Kaplan-Meier methods, testing for significance with 
the log-rank test. 

We examined the association between chemo-
therapy administration and survival using propen-
sity score methods.6 In large, observational data sets, 
propensity scores have several advantages over tra-
ditional regression adjustment.7 We used variance- 
stabilized inverse probability of treatment weights8 to 
balance covariates across the 2 treatment groups. We 
estimated the propensity score using all covariates 
described earlier, and confirmed balance between 
treatment groups after propensity score weighting. 
We then created weighted Kaplan-Meier curves9 
to estimate adjusted median survival, and used pro-
portional hazards regression to determine the effect 
of chemotherapy in the study population. We used 
clustered bootstrap resampling at the hospital level10 
with propensity score reestimation to determine P 
values and confidence intervals. We also used stan-
dard proportional hazards regression (unweighted 
model) to examine the relationship between each 
covariate and survival. 

We used a similar propensity score weighting 
procedure to examine the effects of chemotherapy 
according to histology by reestimating the propen-
sity score without histology. We created adjusted 
Kaplan-Meier curves for each histology, and used 
proportional hazards regression with an interaction 
between histology and chemotherapy to test signifi-
cance. For all models, we checked the proportional 
hazards assumption using Cox-Snell residuals and 
accounted for nonproportionality in separate models 
with time-varying covariates.

Results

Chemotherapy Administration
A total of 16,370 individuals with stage III STS who 
met inclusion criteria were identified, with 4,428 
(27.0%) receiving chemotherapy. Median age of the 
population was 62 years. Patients were more com-
monly male (53.7%) and of white race (85.3%). 
The most common histologies were UPS (N=3,534; 
21.6%), liposarcoma (N=3,320; 20.3%), and leio-
myosarcoma (N=2,815; 17.2%). The “other” histol-
ogy group constituted 24.3% of the population. Most 
tumors arose from the lower extremity (40.0%), fol-

lowed by the retro-intra-abdominal area (21.9%), 
thoracic/trunk area (10.5%), and upper extremity 
(10.0%) (Table 1). 

Median age at diagnosis was 53 years in the 
chemotherapy group and 66 years in the no chemo-
therapy group. Patients who were younger than 40 
years, male,  privately insured, earned a higher in-
come, had no comorbidities, had synovial sarcoma, 
angiosarcoma or “other” histology, and whose tumors 
were high grade, greater than 10 cm, or were from 
the lower extremity were significantly more likely to 
receive chemotherapy on both univariate and multi-
variate analysis. Visceral sarcomas, which were pre-
dominantly cardiac, approached significance as more 
likely to receive chemotherapy (P=.057). Race, edu-
cation level, and type of treating facility (academic 
vs community) were not significantly associated with 
receipt of chemotherapy (Table 2).

Multiagent chemotherapy was used in 80.0% 
of patients; 12.5% received single-agent therapy 
and the remainder received an unknown number of 
agents. Patients who received neoadjuvant chemo-
therapy were more likely to have extremity tumors 
greater than 10 cm (P<.0001; data not shown). 

Survival Analysis
A total of 5,377 patients (N=1,494 chemotherapy) 
were included in the survival analysis. The median 
follow-up was 47.7 months. A higher risk of death was 
seen in patients with the following characteristics: age 
older than 65 years (hazard ratio [HR], 1.35; P<.0001), 
Charlson/Deyo score of 1 or greater (HR, 1.23; 
P<.0001), high-grade tumors (HR, 2.72; P<.0001), 
large tumors (10–20 cm: HR, 1.43; P<.0001; >20 cm: 
HR, 1.84; P<.0001), male sex (HR, 1.17; P=.0001), 
and with Medicare (HR, 1.39; P<.0001) or Medicaid 
insurance (HR, 1.33; P<.0028). Compared with lower 
extremity tumors, the risk was also higher for retro-
intra-abdominal, pelvic, thoracic/trunk, visceral, head 
and neck, and neural tumors. Compared with UPS 
histology, MPNSTs were associated with a higher risk 
of death (HR, 1.44; P=.001) and synovial sarcoma ap-
proaching significance (HR, 1.20; P=.068). Patients 
with fibrosarcoma or liposarcoma histologies were 
less likely to die (see supplemental eTable 1, available 
with this article at JNCCN.org). 

Median unadjusted OS in the nonchemotherapy 
and chemotherapy groups was 51.3 and 82.7 months, 
respectively (P<0.001). The benefit of chemother-
apy was also seen on adjusted analysis (HR, 0.85; 

http://www.jnccn.org/content/13/11/1366/suppl/DC1
http://www.jnccn.org/content/13/11/1366/suppl/DC1
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95% CI, 0.76–0.96; P=.004), when controlling for 
sociodemographic and tumor factors using propen-
sity score weighting. Median adjusted OS was 55.1 
months in the no chemotherapy group and 67.1 
months in the chemotherapy group (Figure 1). After 
weighting, all covariates were balanced across treat-
ment group (P>.05), and there were no significant 

violations of the proportional hazards assumption 
(P=.2). The results of the propensity score analy-
sis were confirmed using a multivariate regression 
framework. 

Survival by Sarcoma Histology
On univariate analysis, OS was improved in the che-
motherapy group for UPS, angiosarcoma, dedifferenti-

Table 1   Demographic and Clinical Characteristics of Patients with Stage III Soft  
Tissue Sarcoma Stratified by Chemotherapy Administration

No Chemotherapy 
(N=11,942)

Chemotherapy Administered 
(N=4,428)

Characteristic n % n   % P Value
Age at diagnosis <.0001

<40 y 885 7.4 943 21.3
40–65 y 4,641 38.9 2,524 57.0
>65 y 6,416 53.7 961 21.7

Sex .0002
Male 6,301 52.8 2,483 56.1
Female 5,641 47.2 1945 43.9

Race .91
White 10,176 85.2 3,793 85.7
African American 1,204 10.1 435 9.8
Other 413 3.5 148 3.3
Unknown 149 1.2 52 1.2

Comorbidities (Charlson/Deyo Score) <.0001
0 6,910 57.9 2,829 63.9
≥1 1,981 16.6 431 9.7
Unknown 3,051 25.5 1,168 26.4

Insurance status <.0001
Medicare 5,757 48.2 885 20.0
Private 4,720 39.5 2,838 64.1
Medicaid 580 4.9 335 7.6
None 413 3.5 170 3.8
Unknown 472 4.0 200 4.5

Median household income .0002
<$30,000 1,535 12.9 494 11.2
$30,000–$45,999 5,294 44.3 1,896 42.8
≥%46,000 4,571 38.3 1,850 41.8
Unknown 542 4.5 188 4.2

Education (% no high school diploma) .0580
≥29% 1,848 15.5 651 14.7
14.0%–28.9% 5,405 45.2 1,952 44.1
<14% 4,147 34.7 1,637 37.0
Unknown 542 4.5 188 4.2

Distance to hospital, miles .0415
≤120 10,515 88.1 3,843 86.8
>120 1,111 9.3 470 10.6
Unknown 316 2.6 115 2.6

Location of patient .76
Metropolitan 9,204 77.1 3,438 77.6
Urban 1,963 16.4 721 16.3
Rural 245 2.1 88 2.0
Unknown 530 4.4 181 4.1

Facility type <.0001
Academic/Research 6,646 55.7 2,684 60.6
Community 5,281 44.2 1,731 39.1
Other 15 0.1 13 0.3

(continued on next page)

Abbreviations: LMS, leiomyosarcoma; MPNST, malignant peripheral nerve sheath tumor; UPS, undifferentiated pleomorphic sarcoma.
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ated liposarcoma, leiomyosarcoma, and other histolo-
gies (all P≤.05). On adjustment using propensity score 
weighting, UPS histology remained significant (medi-
an OS, 49.1 and 77.8 months for the no chemotherapy 
and chemotherapy groups, respectively; HR, 0.77; 95% 
CI, 0.62–0.96; P=.02) (Figure 1 and Table 3).  

We found significant violations of the propor-
tional hazards assumption in the model allowing 

interactions by histology; therefore, we also ran a 
time-varying survival model. Based on the shape of 
the survival curves, we allowed the effect of chemo-
therapy to vary at 24 months, and found that the 
difference between time periods was statistically sig-
nificant (P<.001). We found no significant effect of 
chemotherapy in months 0 through 24 regardless of 
histology; however, after 24 months, chemotherapy 

Abbreviations: LMS, leiomyosarcoma; MPNST, malignant peripheral nerve sheath tumor; UPS, undifferentiated pleomorphic sarcoma.

Table 1   Demographic and Clinical Characteristics of Patients with Stage III Soft  
Tissue Sarcoma Stratified by Chemotherapy Administration

No Chemotherapy 
(N=11,942)

Chemotherapy Administered 
(N=4,428)

Characteristic n % n   % P Value
Region of facility <.0001

New England 528 4.4 147 3.3
Mid Atlantic 2,089 17.5 628 14.1
South Atlantic 2,662 22.3 949 21.4
East North Central 1,976 16.5 851 19.2
East South Central 763 6.4 185 4.2
West North Central 1,041 8.7 425 9.6
West South Central 779 6.5 313 7.1
Mountain 643 5.4 306 6.9
Pacific 1,461 12.2 624 14.1

Histology <.0001
Liposarcoma

Myxoid/round cell 533 4.4 203 4.6
Pleomorphic 513 4.3 180 4.1
Dedifferentiated 1,079 9.0 197 4.4

Other 503 4.2 112 2.5
LMS 2,122 17.8 693 15.7
Fibrosarcoma 706 5.9 201 4.5
UPS 2,695 22.6 839 18.9
MPNST 469 3.9 259 5.8
Synovial sarcoma 328 2.7 448 10.1
Angiosarcoma 212 1.8 103 2.3
Other 2,782 23.3 1,193 26.9

Grade of tumor <.0001
Low 172 1.4 14 0.3
Intermediate/High 10,475 87.8 3,959 89.4
Unknown 1,295 10.8 455 10.3

Size of tumor <.0001
≤10 cm 5,630 47.2 1,829 41.3
>10 to ≤20 cm 4,122 34.5 1,837 41.5
>20 cm 1,479 12.4 463 10.5
Unknown 711 6.0 299 6.8

Site of primary tumor <.0001
Head and neck 317 2.7 95 2.1
Lower extremity 4,586 38.4 1,970 44.5
Upper extremity 1,212 10.1 419 9.5
Retro-intra-abdominal 2,867 24.0 712 16.1
Pelvis 1,131 9.5 494 11.2
Thoracic or trunk 1,248 10.5 475 10.7
Visceral 38 0.3 42 0.9
Neural 277 2.3 152 3.4
Not otherwise specified 266 2.2 69 1.6

Diagnosis year .0097
1998–2006 5,892 49.3 2,084 47.1
2007–2012 6,050 50.7 2,344 52.9

(cont.)
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was associated with improved survival in UPS (HR, 
0.94; P=.81 vs HR, 0.64; P<.001), leiomyosarcoma 
(HR, 1.10; P=.41 vs HR, 0.75; P=.014), and other 
(HR, 1.01; P=.67 vs HR, 0.69; P<.002) histologies.

Discussion
Our retrospective analysis of 16,370 patients with 
STS in the NCDB demonstrates that most patients 
(73%) with high-risk sarcoma in the United States do 
not receive neoadjuvant or adjuvant chemotherapy. 
As expected, use of chemotherapy is preferred in pa-
tients who are young, have fewer comorbidities, and 
have large tumors. Synovial sarcomas are considered 

The regression model includes all variables from Table 1, but some variables with nonsignificant effects are not presented.   
Abbreviations: HR, hazard ratio; LMS, leiomyosarcoma; MPNST, malignant peripheral nerve sheath tumor; Ref, referent; UPS, undifferentiated 
pleomorphic sarcoma.

chemosensitive, and this is reflected by the increased 
use of chemotherapy in this group. Interestingly, pa-
tients with myxoid/round cell liposarcoma were less 
likely to receive chemotherapy, although this sub-
type is also considered relatively chemosensitive.11 
Patients with head and neck, retro-intra-abdominal, 
and upper extremity tumors were less likely to re-
ceive chemotherapy in our analysis. Socioeconomic 
status has not been previously examined as a factor 
for receipt of chemotherapy in high-risk STS. Our 
analysis demonstrated that patients who were pri-
vately insured or earned a higher income were more 
likely to receive chemotherapy, possibly related to 
access to care. Alternately, no significant differences 

Variable HR 95% CI P Value
Age at diagnosis

<40 y 1.77 1.58–1.99 <.0001
40–65 y    Ref
>65 y 0.38 0.34–0.44 <.0001

Sex
Male 1.12 1.03–1.21 .0071
Female Ref

Race
White Ref
African American 0.87 0.74–1.01 .0735
Other 0.89 0.73–1.09 .2605

Comorbidities (Charlson/Deyo Score)
0 Ref
≥1 0.73 0.64–0.83 <.0001

Insurance status
Medicare 0.60 0.52–0.68 <.0001
Private  Ref
Medicaid 0.86 0.73–1.01 .0718
None 0.63 0.51–0.76 <.0001

Median household income
<$30,000 Ref
$30,000–$45,999 1.03 0.89–1.20 .6887
≥$46,000 1.23 1.03–1.48 .024

Education (% no high school diploma)
≥29% Ref
14.0%–28.9% 0.97 0.85–1.11 .6792
<14% 0.97 0.83–1.14 .7517

Distance to hospital, miles
≤120 Ref
>120 0.91 0.79–1.05 .1862

Location of patient
Metropolitan 0.94 0.84–1.05 .2571
Urban Ref
Rural 0.99 0.77–1.27 .9235

Facility type
Academic/Research 1.13 0.97–1.30 .107
Community Ref

Variable HR 95% CI P Value
Region of facility

New England 0.66 0.49–0.89 .0064
Mid Atlantic 0.71 0.56–0.90 .0047
South Atlantic 0.75 0.60–0.94 .0124
East South Central 0.61 0.46–0.82 .001
Pacific Ref

Histology
Angiosarcoma 1.79 1.31–2.45 .0002
Fibrosarcoma 0.80 0.65–1.00 .0526
Liposarcoma

Myxoid/round cell 0.67 0.55–0.83 .0001
Pleomorphic 1.06 0.87–1.31 .5522
Dedifferentiated 0.61 0.50–0.75 <.0001
Other 0.67 0.53–0.86 .0012

LMS 1.03 0.90–1.18 .6379
MPNST 0.93 0.73–1.18 .557
Synovial sarcoma 2.18 1.79–2.64 <.0001
UPS Ref
Other 1.21 1.07–1.37 .0025

Grade of tumor
Low Ref
Intermediate/High 4.27 2.42–7.52 <.0001

Size
≤10 cm Ref
>10 to ≤20 cm 1.60 1.46–1.76 <.0001
>20 cm 1.41 1.24–1.62 <.0001

Site of primary tumor
Head and neck 0.77 0.59–1.00 .0473
Upper extremity 0.86 0.76–0.98 .0253
Lower extremity Ref
Thoracic or trunk 0.93 0.80–1.07 .3041
Retro-intra- 
abdominal

0.61 0.53–0.70 <.0001

Pelvis 1.00 0.87–1.16 .9565
Visceral 1.66 0.99–2.80 .0569
Neural 0.94 0.72–1.24 .679
Not otherwise specified 0.65 0.47–0.88 .0055

Table 2   Multivariate Predictors of Receipt of Chemotherapy in Patients With Stage III  
Soft Tissue Sarcoma
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were seen in chemotherapy administration based on 
patient race or type of treating facility. 

Accepted factors contributing to OS include tu-
mor size and grade, as well as patient-related factors, 
such as age and health status.12,13 In our study, the 
impact of these factors on OS was consistent with 
expectations. In addition, patients with nonprivate 
insurance had a higher risk of death and were the 
group least likely to receive chemotherapy. Previous 
work has suggested that patients with MPNSTs and 
nonextremity primary sites are at the highest risk 
for death from sarcoma, whereas patients with lipo-
sarcoma and fibrosarcoma tend to fare better.14 Our 
analysis confirmed these findings. Although patients 
with retro-intra-abdominal and head and neck sar-
comas had a higher risk of death, they were also less 
likely to receive chemotherapy. 

The SMAC meta-analysis and its update sug-
gested an OS benefit for adjuvant chemotherapy, 
especially in patients receiving doxorubicin and ifos-
famide. Included in the updated analysis was an Ital-
ian Sarcoma Group study of epirubicin and ifosfamide 
in high-risk patients (N=104). Patients were eligible 
if they had a high-grade extremity/girdle tumor that 
was 5 cm  or greater or had recurrent disease. Initially, 
an OS benefit for the chemotherapy arm was noted 
(75 vs 46 months; P=.03), with an absolute benefit 
in OS of 19% at 4 years.15 However, in an updated 
analysis, after a median follow-up of 89.6 months, the 
OS difference was no longer significant. The 5-year 
OS estimate remained statistically significant (66% 
and 46.1%; P=.04), favoring chemotherapy.16 In con-
trast, the randomized trial EORTC 62931 (N=351) of 

adjuvant doxorubicin and ifosfamide in patients with 
intermediate/high-grade STS of any site reported no 
benefit in relapse-free survival or OS. Included were 
85 patients (24.2%) with tumors less than 5 cm. Our 
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Figure 1  Propensity-score adjusted overall survival by receipt of 
chemotherapy (chemo) for (A) all histologies and (B) undifferentiated 
pleomorphic sarcoma.
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study, although not a randomized controlled trial, in-
cluded more than 5,000 patients in the survival analy-
sis. Furthermore, we defined high-risk STS as tumors 
that were both large and intermediate/high grade. In 
our sample, we saw an association between chemo-
therapy and increased survival, with a HR of 0.85 
(95% CI, 0.76–0.96; P=.004). Although the details 
of chemotherapy are not reported in the NCDB, most 
patients did receive multiagent chemotherapy. In the 
United States, the combination of an anthracycline 
with ifosfamide is often used.  

Given the rarity of STS, it is not possible to de-
termine the impact of chemotherapy on OS by histol-
ogy from randomized trials. Retrospective series have 
suggested a disease-specific survival (DSS) benefit for 
adjuvant ifosfamide chemotherapy in patients with 
synovial sarcoma17,18 and liposarcoma.19 As expect-
ed, the most common histologies in our series were 
UPS, liposarcomas, and leiomyosarcoma. On univari-
ate analysis, OS was improved in the chemotherapy 
group for UPS, angiosarcoma, dedifferentiated lipo-
sarcoma, leiomyosarcoma, and “other” histologies. On 
adjustment, the benefit for chemotherapy remained in 
the UPS group. Small sample sizes may have limited 
our ability to demonstrate statistically significant dif-
ferences in the remaining histologies. Interestingly, 
the OS benefit in our analysis occurred mainly after 2 
years. Because this is an observational study, the sur-
vival difference may be attributed to confounding by 
indication (ie, patients who receive chemotherapy are 
healthier and less likely to die of other causes); how-
ever, the analysis did carefully control for all known 
factors potentially affecting survival, and there is no 
reason to believe that the risk of death from other 
causes would change after 2 years. Therefore, our re-
sult seems to indicate that chemotherapy improves 
OS in high-risk patients by preventing later deaths 
from recurrence. This result is in contrast to the ret-
rospective analysis by Cormier et al20 of doxorubicin-
based chemotherapy in stage III STS. Here the benefit 
of chemotherapy on DSS was not maintained after 1 
year, suggesting that chemotherapy simply delays time 
to recurrence. Data for this analysis were derived from 
2 institutions between 1984 and 1999. Considerable 
changes in the diagnosis and classification of STS 
have occurred in recent years, which may account for 
the difference in results between the studies. 

As with any retrospective database study, there is 
a potential for coding errors and missing data. Our rate 

of error appears low, however, with only 1% to 4% of 
tumors either low grade or less than 5 cm. Given the 
rarity of STS, classification of these tumors is prone to 
inherent error, and the use of a database for this analy-
sis precludes verification of the pathologic diagnosis; 
however, institutions reporting to the NCDB are ac-
credited by the CoC and audited every 3 years.4 An-
other limitation of the database is the lack of informa-
tion on cancer-specific survival, time to recurrence, 
and patient preference regarding chemotherapy use. 
As in any observational study, our results may be con-
founded by many known and unknown factors affect-
ing survival. Although our study rigorously controlled 
for all known factors using propensity score weighting, 
there may be residual bias from unknown confound-
ers. Finally, we did see violations of the proportional 
hazards assumption in some survival models, which 
may result in biased conclusions. To account for this, 
we used time-varying models, and also calculated 
nonparametric Kaplan-Meier curves using propensity 
score weighting, which do not rely on the assumption 
of proportional hazards. 

Our analysis of this large data set suggests that 
chemotherapy administration in patients with high-
risk sarcomas may be related to socioeconomic factors, 
in addition to expected tumor and patient factors. We 
also showed that OS was higher in patients receiving 
chemotherapy in this high-risk population, specifi-
cally in patients with UPS. In conclusion, this study 
demonstrates an OS benefit for chemotherapy in stage 
III STS after adjusting for comorbidities and other 
known factors. To our knowledge, this is the first ret-
rospective OS analysis restricted to patients with stage 
III STS that also adjusts for socioeconomic status.
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