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ABSTRACT

Background. It is a consensus that radiation therapy (RT)

should be applied for all large, deep, high-grade soft tissue

sarcomas (STS). Therefore, we investigated the National

Cancer Database (NCDB) to study how these guidelines are

being followed, to determine what factors may be associated

with the decision not to use RT, and to see whether there was

an association of RT use and survival.

Methods. We retrospectively analyzed localized high-

grade STS patients in the NCDB from 1998 through 2006.

They were further stratified into two groups: no radiation

(NRT) group and radiation (RT) group. Then, long-term

survival between the two groups was evaluated using the

Kaplan–Meier (KM) method with comparisons based on the

log-rank test. Multiple variables were analyzed between the

two groups. Propensity matching was performed secon-

darily to minimize the influence of confounding variables.

Results. A total of 3982 of 10,290 patients (37.8 %) did

not receive RT and 6,308 patients (62.2 %) did receive RT.

Patients in the NRT group were more likely to have a

below-median education level (median 58.2 % vs. 60.7 %;

p = 0.015) and a below-median income level (65.1 % vs.

68.6 %; p\ 0.001). In addition, these patients lived farther

from their treatment centers (20.2 vs. 14.8 miles,

p = 0.002) and were more likely to be uninsured (5.3 %

vs. 3.5 %, p\ 0.001). They were less likely to receive a

radical excision (55.2 % vs. 70.1 %; p\ 0.001) and more

likely to receive amputation (20.9 % vs. 3.3 %;

p\ 0.001). The 30-day mortality (1.2 % vs. 0.2 %;

p\ 0.001) and readmission rate (3.8 % vs. 2.8 %;

p = 0.031) were higher for the NRT group. KM analysis

showed that long-term survival for patients who did not

receive RT was significantly lower, even after propensity

score matching (p\ 0.001).

Conclusions. This large database review reveals a striking

lack of utilization of RT to treat high-grade STS, which

correlates with poorer survival even after propensity

matching. Lower education and income levels and dimin-

ished access to medical care (insurance and distance to the

facility) are associated with failing to receive RT.

For the treatment of high-grade soft tissue sarcoma

(STS), radiation therapy (RT) is utilized to lower the rate of

local recurrence (LR). The effectiveness of RT in

decreasing rates of LR has been well-demonstrated.1–4

However, whether a survival benefit results from adjuvant

RT utilization remains controversial. In 1982, Rosenberg

et al. conducted a prospective, randomized trial in 43

patients with high-grade sarcoma comparing limb-sparing

surgery plus radiation therapy versus amputation.5 They

found that disease-free survival (DFS) and overall survival

(OS) were not significantly different. Therefore, limb-

sparing surgery with adjuvant radiation therapy became a

standard treatment for high-grade soft tissue sarcoma. In

1998, Yang et al. reported a prospective study of 141

patients randomized to limb-sparing surgery and

chemotherapy with or without adjuvant radiation therapy.

They found that despite a decrease in LR, there was no
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significant increase in OS for patients who received adju-

vant radiation therapy.3 Interestingly, a recent 20-year

follow-up of this trial showed a trend towards improved

survival for patients receiving radiation therapy of 5 % at

10 years and 7 % at 20 years, but the sample size of 141

patients was not powered to assess whether survival dif-

ferences of this size were statistically significant.6 To look

at a much larger sample size, in 2010 Koshy et al. retro-

spectively reviewed 6,960 patients in the surveillance,

epidemiology, and end results (SEER) database.7 They

found that radiation was associated with improved survival

in patients with high-grade STS (3-year OS 73 % vs.

63 %). In a subsequent retrospective study of 983 patients

based on the SEER database, Schreiber et al. concluded

that the OS and disease-specific survival (DSS) of patients

with high grade tumors[5 cm improved after postopera-

tive radiation therapy (3-year OS 73.4 % vs. 55.6 %).8

These conflicting data have raised questions of whether the

benefit of treating patients with high-grade STS with

radiation therapy is simply to reduce the risk of LR or

whether it also may increase the likelihood of long-term

survival.9 Moreover, given the potential complications

associated with radiation therapy, if radiation therapy does

not improve survival, then it perhaps it should be omitted

in select sarcoma patients. Indeed, several studies have

shown that, in selected patients, appropriate surgery alone

can achieve adequate local control and survival, while

avoiding the morbidity of radiation therapy.10–16

The clinical practice guidelines for soft tissue sarcoma

from both the European Society of Medical Oncology

(ESMO) and the National Comprehensive Cancer Network

(NCCN), recommend adjuvant RT for all large ([5 cm),

deep, high-grade STS.17,18 However, a recent analysis by

Horton et al. of 1,354 STS patients in the SEER database

showed that only 79 % of patients with high-grade STS were

treated with radiation therapy.19 They also found that older

patients are more likely not to be treated with radiation therapy

and have more cancer-related morbidity and mortality.

Therefore, we investigated the National Cancer Database

(NCDB), which is larger in size and contains more socioe-

conomic and medical variables. Our goal was to determine

what factors were associated with the decision not to use RT

and whether use of RT correlated with patient survival.

METHODS

The Institutional Review Board (IRB) of our institution

approved this retrospective analysis of STS patients in the

NCDB from 1998 through 2011. We accessed the NCDB

Participant User File for patients treated at NCDB partic-

ipating institutions and had tumors in the extremities with

International Classification of Diseases for Oncology, 3rd

Edition (ICD-O-3) topography codes C47.1, C47.2, C49.1,

and C49.2. Outdated terminology in use at the time of

database entry (for instance, Malignant Fibrous Histiocy-

toma instead of Undifferentiated Pleomorphic Sarcoma)

remains listed by its original name in the database and in

this paper.

In order to ensure the quality of survival data, the NCDB

requires at least 5 years follow-up period after operation.

Thus, the survival data are only available in NCDB for

patients who had surgery before 2007; hence, we excluded

patients diagnosed after 2006. Patients with known meta-

static disease at the time of diagnosis also were excluded.

Only patients with a histologic grade higher than 2 and

treated with surgery were included. They were further

stratified into two groups: no radiation (NRT) group and

radiation therapy (RT) group. In the NCDB, instructions for

assigning grade for sarcomas are described in the Cancer

Statistics (CS) Instructions for Coding Grade memo (seer.

cancer.gov/tools/grade/grade-2014-coding-instructions.pdf).

Specifically, sarcomas are assigned a grade based on CSv2

SSF 1 using a three-tiered system. Although the grading

system of the French Federation of Cancer Centers Sarcoma

Group (FNCLCC) is the preferred system, any three-tiered

system can be utilized.

The following variables were compared between the two

groups: (1) Patient characteristic variables: age, sex, race,

Charlson Comorbidity Score (CCS), education level (based

on the average education level in the zip code of the

patients’ home), income (based on the average income

level in the zip code of patients’ home), greater circle

distance (the distance from the zip code of patients’ home

to the facility), facility type (community cancer program,

comprehensive community cancer program, or academic/

research program), insurance status (whether the patient is

insured or not); (2) Tumor characteristic variables: TNM

stage, location of tumor (either upper or lower extremity),

tumor size, histologic type of tumor, and tumor grade; (3)

Treatment variables: surgery type (local excision/radical

excision/limb amputation/major amputation), days from

diagnosis to definitive surgery, location of radiation ther-

apy (where the patient received his RT and whether other

treatments were given in the same facility), radiation dose

(cGy), whether patient received neoadjuvant/adjuvant

chemotherapy, and surgical margins (negative/microscopic

positive/macroscopic positive); and 4) Endpoint/outcome

variables: 30-day mortality rate (whether the patient died

within 30 days of surgical discharge), 30-day readmission

rate (whether the patient was readmitted within 30 days of

surgical discharge), surgical inpatient length of stay (days).

It should be clarified that certain limitations exist: (1) depth

of tumor and exact anatomic location cannot be determined

through the NCDB; (2) facility type refers to the location

where surgery was performed; this does not necessarily
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mean that RT was received at the same facility; and (3)

whether RT was given preoperatively or postoperatively

could not be determined.

National trends in the incidence of RT were collected

from 1998 through 2011. The trends were examined with

the Cochran-Armitage test for trend.20 Baseline character-

istics and outcomes between groups were compared using

Pearson’s Chi square test for categorical variables and

analysis of variance (ANOVA) for continuous variables.

Multivariable logistic regression was used to predict fac-

tors that were associated with the administration of RT.

Propensity scores (PS), defined as the conditional proba-

bility score of being treated with RT and surgery, were

created to control for confounding factors.21,22 Patients

were then matched on these propensity scores, using a 1:1

nearest neighbor algorithm, which included the following

variables: age, sex, race, comorbidity score, education,

income, insurance status, facility type (academic vs. com-

munity hospital), tumor size, tumor grade, histology,

margin status, procedure type (i.e., extent of resection), and

limb location (upper vs. lower extremity). Adjusted medi-

ans and proportions between the propensity-matched

groups were then compared.

The long-term survival between the two groups was

evaluated using the Kaplan–Meier (KM) method with

comparisons based on the log-rank test, before and after PS

matching. Results are reported as median (interquartile

range, IQR), proportions (%), and odds ratios (OR, 95 %

CI) as applicable. p values\ 0.05 indicate statistical sig-

nificance, and we controlled for type I error at the level of

the comparison. All statistical analyses were performed

using R (The R Foundation for Statistical Computing,

version 3.0.2, Vienna, Austria).

RESULTS

The relative percentage of RT use in high-grade STS

increased from 56 % in 1998 to 69 % in 2011 (p\ 0.001;

Cochran-Armitage trend test). The rate of RT has steadily

increased every year except for the years of 2002 and 2009

(Fig. 1).

As previously described, the NCDB only provides sur-

vival data from 1998 to 2006. During this period, 10,290

patients with localized high-grade STS of the extremities

were included in this study. Among them, 3982 patients

(37.8 %) did not receive radiation therapy and 6308

patients (62.2 %) did receive radiation therapy. The base-

line characteristics are shown in Table 1. There were no

significant differences in age, sex, race, CCS score, or

facility type in which they received their treatment. How-

ever, patients who did not receive RT were less likely to

have an above-median education level (median 58.2 % vs.

60.7 %; p = 0.015) and an above-median income level

(65.1 % vs. 68.6 %; p\ 0.001). In addition, these patients

had greater circle distance (20.2 vs. 14.8 miles, p = 0.002),

which means they tended to live farther from their treat-

ment facilities. They also were more likely to be uninsured

(5.3 % vs. 3.5 %, p\ 0.001).

In the category of tumor characteristics, no significant

differences in TNM stage, tumor location (upper/lower

limbs), histologic type, or tumor grade were observed. The

median tumor size in NRT group was slightly smaller than

the RT group (70 vs. 80 mm; p = 0.008).

In the category of treatment specific variables, patients

who did not receive RT were less likely to receive a radical

excision (55.2 % vs. 70.1 %; p\ 0.001) and more likely to

receive an amputation (20.9 % vs. 3.3 %; p\ 0.001). The

median days to definitive surgery in the NRT and RT group

were 24 and 40 days, respectively. The patients who did

not receive RT were also less likely to receive neoadjuvant

chemotherapy (9.2 % vs. 15.4 %; p\ 0.001) and adjuvant

chemotherapy (12.2 vs. 14.3 %, p = 0.002).

In the category of endpoint/outcome variables, the

30-day mortality (1.2 % vs. 0.2 %; p\ 0.001) and read-

mission rate (3.8 % vs. 2.8 %; p = 0.031) were higher in

patients who did not receive RT. Long-term survival was

significantly lower for patients who did not receive RT

(p\ 0.001; Fig. 2). Even after PS matching, patients who

did not receive RT still had poorer survival (p\ 0.001;

Fig. 3).

Independent predictors of RT use in patients with high-

grade soft tissue sarcoma (STS) were analyzed using a Chi

square test (Table 2). Among them, younger age, patients

with lower CCS, and insured patients were more likely to

receive RT. Patients with larger tumor size were slightly

more likely to receive RT. Academic facilities, compared

1998
40%
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55%

60%

65%

70%

75%

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Cochran-Armitage trend test: p<0.0001

2010 2011

FIG. 1 Trends in the use of RT for HG STS from 1998 to 2011
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TABLE 1 Baseline characteristics for patients in the NRT and RT groups

Variable Overall (n = 10,290) No RT (n = 3,982) RT (n = 6,308) p value

Patient characteristics

Mean age, year (IQR) 60 (47, 74) 61 (46, 75) 60 (48, 73) 0.295

Female 4790 (46.6 %) 1885 (47.3 %) 2905 (46.1 %) 0.21

Race

White 8710 (86 %) 3327 (85.3 %) 5383 (86.5 %)

Black 1064 (10.5 %) 453 (11.6 %) 611 (9.8 %)

Other 349 (3.4 %) 119 (3.1 %) 230 (3.7 %)

Charlson comorbidity score

0 6576 (83.5 %) 2399 (81.6 %) 4177 (84.7 %)

1 1049 (13.3 %) 436 (14.8 %) 613 (12.4 %)

2 246 (3.1 %) 105 (3.6 %) 141 (2.9 %)

Education above median 5762 (59.7 %) 2173 (58.2 %) 3589 (60.7 %) 0.015*

Income above median, $ 6483 (67.2 %) 2430 (65.1 %) 4053 (68.6 %) \0.001*

Greater circle distance, mi (IQR) 16.4 (6.4, 52.1) 20.2 (7.2, 65.4) 14.8 (6, 43.9) 0.002*

Uninsured 417 (4.2 %) 204 (5.3 %) 213 (3.5 %) \0.001*

Treatment facility 0.013*

Community cancer program 499 (4.9 %) 168 (4.3 %) 331 (5.3 %)

Comprehensive community cancer program 3781 (37.2 %) 1424 (36.4 %) 2357 (37.8 %)

Academic/research program 5877 (57.9 %) 2324 (59.3 %) 3553 (56.9 %)

Tumor characteristics

TNM T stage

0 5 (0.1 %) 3 (0.1 %) 2 (0.1 %)

1 363 (6.1 %) 171 (8.3 %) 192 (5 %)

1A 688 (11.6 %) 302 (14.6 %) 386 (10 %)

1B 622 (10.5 %) 265 (12.8 %) 357 (9.3 %)

2 585 (9.9 %) 220 (10.7 %) 365 (9.5 %)

2A 665 (11.3 %) 198 (9.6 %) 467 (12.1 %)

2B 2981 (50.4 %) 905 (43.8 %) 2076 (54 %)

TNM N stage

0 5925 (98.3 %) 2056 (97.7 %) 3869 (98.6 %)

1 103 (1.7 %) 49 (2.3 %) 54 (1.4 %)

Limb location 0.602

Upper limb and shoulder 2547 (24.8 %) 974 (24.5 %) 1573 (24.9 %)

Lower limb and hip 7743 (75.2 %) 3008 (75.5 %) 4735 (75.1 %)

Tumor size (mm) 75 (45, 120) 70 (40, 120) 80 (50, 124) 0.008*

Tumor size (cm) \0.001*

\5 2474 (26.8 %) 1096 (31.9 %) 1378 (23.8 %)

9.9 3303 (35.7 %) 1136 (33 %) 2167 (37.4 %)

19.9 2769 (30 %) 946 (27.5 %) 1823 (31.4 %)

[20.0 695 (7.5 %) 262 (7.6 %) 433 (7.5 %)

Histology

Liposarcoma 1290 (12.5 %) 402 (10.1 %) 888 (14.1 %)

Angiosarcoma 161 (1.6 %) 105 (2.6 %) 56 (0.9 %)

Clear cell sarcoma 71 (0.7 %) 49 (1.2 %) 22 (0.3 %)
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with community hospitals, were less likely to utilize RT for

patients with high-grade STS.

DISCUSSION

The role of radiation therapy has been historically

regarded as important in improving rates of local control

for STS of the extremities.3,5,23 There are conflicting data

regarding whether radiation therapy has a benefit in sur-

vival for patients with high-grade STS. The 2010 ESMO

guidelines for STS state that RT can improve local control

but not overall survival.17 However, after 2010, two studies

based on the SEER database observed improved survival

for patients receiving RT with sample sizes of 6960 and

983 patients, respectively.7,19 In this study, we used a

different database to complement the prior work in the

SEER database; in our analysis, we observed improved

survival for patients treated with RT in a sample size of

10,290 patients. Unfortunately, the NCDC database does

not include information regarding local recurrence.

Therefore, we are not able to assess whether the group with

increased RT use had higher rates of local control, which

may lead to a small, but statistically significant improved

survival in such a large sample size. Alternatively, it is

conceivable that RT may lead to improved survival inde-

pendent of its defined role in improving local control. One

could hypothesize fundamental biological reasons for a

survival benefit associated with RT utilization. For

TABLE 1 continued

Variable Overall (n = 10,290) No RT (n = 3,982) RT (n = 6,308) p value

Extraskeletal myxoid chondrosarcoma 12 (0.1 %) 9 (0.2 %) 3 (0 %)

Epithelioid sarcoma 149 (1.4 %) 72 (1.8 %) 77 (1.2 %)

Fibrosarcoma 216 (2.1 %) 95 (2.4 %) 121 (1.9 %)

Leiomyosarcoma 1147 (11.1 %) 508 (12.8 %) 639 (10.1 %)

Undifferentiated pleiomorphic sarcoma 4156 (40.4 %) 1473 (37 %) 2683 (42.5 %)

Mixed mesenchymal sarcoma 7 (0.1 %) 1 (0 %) 6 (0.1 %)

MPNST 466 (4.5 %) 203 (5.1 %) 263 (4.2 %)

Myxosarcoma 85 (0.8 %) 28 (0.7 %) 57 (0.9 %)

Rhabdomyosarcoma 164 (1.6 %) 63 (1.6 %) 101 (1.6 %)

Sarcoma NOS 890 (8.6 %) 385 (9.7 %) 505 (8 %)

Small cell sarcoma 38 (0.4 %) 17 (0.4 %) 21 (0.3 %)

Spindle cell sarcoma 549 (5.3 %) 198 (5 %) 351 (5.6 %)

Synovial sarcoma 666 (6.5 %) 303 (7.6 %) 363 (5.8 %)

Undifferentiated sarcoma 223 (2.2 %) 71 (1.8 %) 152 (2.4 %)

Treatment specifics

Surgery type \0.001*

Local excision 2625 (25.5 %) 951 (23.9 %) 1674 (26.5 %)

Radical resection 6621 (64.3 %) 2198 (55.2 %) 4423 (70.1 %)

Limb amputation 929 (9 %) 762 (19.1 %) 167 (2.6 %)

Major amputation 115 (1.1 %) 71 (1.8 %) 44 (0.7 %)

Days to definitive surgery (IQR) 32 (7, 84) 24 (0, 53) 40 (12, 96) \0.001*

Neoadjuvant chemotherapy 638 (13.2 %) 161 (9.2 %) 477 (15.4 %) \0.001*

Adjuvant chemotherapy 693 (14.3 %) 213 (12.2 %) 480 (15.5 %) 0.002*

Surgical margins 0.008*

Negative 8030 (84.2 %) 3094 (84.9 %) 4936 (83.8 %)

Microscopically positive 852 (8.9 %) 286 (7.8 %) 566 (9.6 %)

Macroscopically positive 652 (6.8 %) 264 (7.2 %) 388 (6.6 %)

Endpoints and outcomes

30-day mortality 63 (0.6 %) 49 (1.2 %) 14 (0.2 %) \0.001*

30-day readmission 239 (3.2 %) 107 (3.8 %) 132 (2.8 %) 0.031*

Surgical inpatient length of stay (IQR) 2 (0, 5) 2 (0, 5) 2 (0, 5) 0.78

Significantly different variable are indicated by an asterisk (*) when p\ 0.05
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example, there are emerging data that radiation therapy can

stimulate the immune system, which could theoretically

attack distant disease.24 Indeed, tumor bed wound infection

is associated with higher survival rates, possibly due to the

induction of antitumor immunity. Therefore, it is possible

that RT promotes antitumor immunity that impacts distant

disease. Alternatively, it is possible that the association of

improved survival in patients with RT is due to con-

founding variables despite our attempts to address this

limitation through propensity matching. There is potential

bias from the association of 30-day mortality and read-

mission rates. These patients were likely sicker and may

have had reasons that made them unable to receive RT

(e.g., readmission for wound infection). However, this

scenario represents only 62 of more than 10,000 patients;

therefore, it is not possible for this small subset of patients

to introduce significant bias.

According to Horton’s review of the SEER database,

79 % of patients with high-grade STS received radiation

therapy.19 In our review, only 62.2 % of patients received

radiation therapy. The difference might be due to the fact

that their study was limited to limb-sparing surgery and our

study included all resection types including amputation.

Given the historical role of radiation in improving local

control and the high rate of local control often achieved

with amputation, patients undergoing amputation (20.9 %

in the NRT group) may have been regarded as having no

potential benefit from adjuvant radiation therapy. However,

even after excluding patients who received amputation

(Table 1), only 65.9 % (n = 6,097) patients in our study

underwent RT. Therefore, the lower rate of RT utilization

in our study might be due to the inclusion of more facilities

in the NCDB database compared with the SEER database.

In turn, this may reflect a more accurate reflection of RT

use nationwide. In addition, in our study, older age is a

negative predictor of RT use (Table 2), which is compat-

ible with Horton’s finding. Tumor size, not surprisingly,

was a positive predictor of RT use.

The NCDB has more socioeconomic data with which to

determine factors correlating with the utilization of radia-

tion therapy. According to Table 1, patients who did not

receive RT were more likely to live in zip codes corre-

sponding to lower educational and income levels. After

adjustment, neither of these variables were an independent

predictor of RT use (Table 2). This may be explained by

the fact that these two variables actually represent the

average education/income level of the zip code where the

patient lived instead of the education/income level of the

individual patient. On the other hand, ‘‘uninsured’’ status

was an independent negative predictor of RT use

(p\ 0.001; Table 2). To our surprise, treatment at an

academic facility (vs. community facility) was a negative

predictor of RT use. We think that the reason might be due

to the fact that unplanned incisions are more likely to be

performed in the community hospitals and result in a

positive margin. This may, in turn, lead to more reexcisions

and RT utilization afterwards.

Some authors advocate that no RT is needed for T1

(\5 cm) high-grade STS; the consensus opinion only

suggests RT use in large ([5 cm) tumors.25 However, only

65.3 % (n = 4,423) of patients with grade 2 or 3

tumors[5 cm in the NCDB received radiation therapy;

whereas 44 % (n = 1,096) of patients with a tumor\5 cm

received radiation therapy (Table 1). This suggests that the

guidelines are not always followed in treating high-grade

tumors, whether large or small.
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LIMITATIONS OF THE STUDY

This study is a retrospective database review, and

analysis was limited to the variables included in the data-

base. The survival data were only available from 1998 to

2006. However, we observed a trend towards increasing

use of RT after 2006 (Fig. 1). While the rate of RT use

increased from 63 % in 2006 to 69 % in 2011, we have no

survival data for these patients during that period. Addi-

tionally, the database did not include information on local

recurrence data. Thus, we were unable to determine whe-

ther the incidence of local recurrence in the NRT group

was higher than the RT group, and we could not PS match

and exclude the confounding effect of local recurrence.

The database also did not have information regarding dis-

ease-specific survival. Additionally, there was no specific

mention of depth or detailed anatomical location of the

STS, which could impact the decision to deliver RT.

Finally, unlike the SEER database, marriage status was not

included. This is notable as Alamanda et al. have shown

that married patients tend to have better outcomes than

their single peers.26 The limitations mentioned above point

towards the need for more prospective data with RT and

high-grade STS that are powered to detect survival dif-

ferences of 5–10 %.

CONCLUSIONS

This large database review reveals a striking lack of

utilization of RT to treat high-grade STS. In addition, this

review finds poorer survival in the patients who did not

receive RT. Lower education and income levels, as well as

diminished access to medical care (insurance and distance

to the facility) among these patients might contribute to

this finding. To our knowledge, this study is the largest

review of RT use in high-grade STS to date, and the only

one that discusses the impact of insurance, income, edu-

cation, and location status of patients on the likelihood of

receiving RT. Our data suggest that the guidelines for

treatment of high-grade STS are frequently not followed.
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