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A B S T R A C T

Purpose
The use of intensity-modulated radiation therapy (IMRT) in the treatment of soft tissue sarcoma
(STS) of the extremity is increasing, but no large-scale direct comparison has been reported
between conventional external-beam radiation therapy (EBRT) and IMRT.

Methods
Between January 1996 and December 2010, 319 consecutive adult patients with primary
nonmetastatic extremity STS were treated with limb-sparing surgery and adjuvant radiotherapy
(RT) at a single institution. Conventional EBRT was used in 154 patients and IMRT in 165 with
similar dosing schedules. Median follow-up time for the cohort was 58 months.

Results
Treatment groups were comparable in terms of tumor location, histology, tumor size, depth, and
use of chemotherapy. Patients treated with IMRT were older (P � .08), had more high-grade
lesions (P � .05), close (� 1 mm) or positive margins (P � .04), preoperative radiation (P � .001),
and nerve manipulation (P � .04). Median follow-up was 90 months for patients treated with
conventional EBRT and 42 months for patients treated with IMRT. On multivariable analysis
adjusting for patient age and tumor size, IMRT retained significance as an independent predictor
of reduced LR (hazard ratio � 0.46; 95% CI, 0.24 to 0.89; P � .02).

Conclusion
Despite a preponderance of higher-risk features (especially close/positive margin) in the IMRT
group, IMRT was associated with significantly reduced local recurrence compared with conven-
tional EBRT for primary STS of the extremity.

J Clin Oncol 32:3236-3241. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Adjuvant radiation therapy (RT) has been demon-
strated to provide improved local control (LC) for
soft tissue sarcoma (STS) of the extremity following
limb-sparing surgery,1,2 and may be administered
via brachytherapy or external-beam RT (EBRT).3,4

In the latter case, many technical options exist, in-
cluding conventional EBRT, intensity-modulated
RT (IMRT),5 and other advanced techniques in-
cluding proton therapy.6

Based on encouraging dosimetric results com-
paring IMRT to three-dimensional conformal EBRT
(conventional EBRT),5 we began using IMRT in the
treatment of primary extremity STS in 2002. Initial
clinical data showed favorable morbidity profiles,7

and excellent LC.8 When IMRT was compared with
adjuvant brachytherapy, IMRT was shown to be
superior in terms of LC.3 With such encouraging

results, our policy at Memorial Sloan Kettering Cancer
Center (MSKCC) shifted toward increasing use of
IMRT over conventional EBRT. The purpose of this
study is to compare IMRT-treated patients from
2002 to 2010 with conventional EBRT-treated pa-
tients going back to 1996.

METHODS

Patients

Review of the prospective database at our institution
from January 1996 to December 2010 identified 395 pa-
tients with primary nonmetastatic extremity STS who un-
derwent both limb-sparing surgery and RT at MSKCC. A
tumor was considered to be in the upper extremity if it was
at or beyond the shoulder and in the lower extremity if it
was at or beyond the groin. Patients treated with adjuvant
brachytherapy (n � 73) were excluded from this analysis,
as their LC compared with IMRT was reported previ-
ously.3 Two patients were also excluded due to history of
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prior RT, and one additional patient due to long interval (� 6 months)
between surgery and adjuvant RT. This resulted in 319 consecutive patients
(Fig 1); of these patients, 154 (48.3%) were treated with conventional RT
techniques and 165 (51.7%) were treated with IMRT. This retrospective anal-
ysis was approved by our institutional review board.

Treatment

Surgery. The surgical techniques used in limb-sparing surgery for STS
of the extremities have been extensively described elsewhere.1 All gross disease
is resected en bloc, with previous drain and biopsy sites included in the
resection. Goals of surgery included a 1- to 2-cm margin in all directions with
compromise made where possible to preserve nerve and vascular integrity.
When necessary to accomplish resections with grossly negative margins, vas-
cular resection and neurolysis or nerve resection was performed. For tumors
abutting or involving bone, periosteal stripping or cortical bone resection
was performed.

RT

Conventional EBRT was used exclusively from 1996 until 2002, at which
time IMRT was introduced at our institution. IMRT gradually replaced con-
ventional EBRT for all patients (only 2 patients have been treated with con-
ventional EBRT after 2006). IMRT techniques were as previously described.5,8

Descriptions of RT simulation and planning treatment volumes for IMRT and
conventional EBRT are provided in the Appendix. Weekly megavoltage portal
beam verification films were checked for both conventional RT and IMRT; no
kilovoltage and/or daily image-guidance was used for either technique.

Assessment/Follow-Up

All patients were monitored while on treatment with a minimum of
once-weekly status checks by the treating radiation oncologist. Follow-up
evaluation for both the IMRT and non-IMRT groups were identical and
included assessment with physical examination every 3 to 4 months for the
first 2 years and twice yearly thereafter. Imaging of the primary site and chest

were performed twice yearly for the first 2 years and yearly thereafter. Local
recurrences were confirmed by biopsy. All patient follow-up was performed at
MSKCC. Grading of toxicity was based on the Common Terminology Criteria
for Adverse Events (CTCAE) version 3.0, with the highest grade of any ob-
served toxicity reported for each patient at the time of follow-up. For the
purposes of this study, only � grade 2 toxicities were reported.

Statistics

When comparing the cohorts, median and range are presented for con-
tinuous variables while frequency and percentage are given for categorical
variables. The Kruskal-Wallis test9 and Fisher’s test10 were used to compare
groups for continuous and categorical variables, respectively. All outcomes
were measured from date of definitive surgery to date of event. An overall
survival (OS) event was defined as death from any cause. Patients alive at last
follow-up are censored. Competing-risks analysis was used for assessment of
local recurrence (LR), with death without LR defined as a competing event for
LR. An LR event was defined as disease recurrence at the site of primary
presentation irrespective of distant recurrence. In addition, using the postop-
erative nomogram for LR risk in patients with primary nonmetastatic STS of
the extremity treated with surgery alone,11 the risk of LR at 5 years follow-up
was calculated for each patient. Patients alive at the date of last follow-up
without LR were censored. An overall disease-free survival (DFS) event was
defined as any local, regional, or distant failure, or death from any cause. OS
and DFS were estimated using the Kaplan-Meier method.12,13 Cumulative
incidence, Gray’s test, and Fine and Gray regression were used to analyze
LR.14,15 95% CIs at specified outcome times were calculated. Variables that
were found to have significance on univariable analysis (P � .05) were incor-
porated into Cox proportional hazards regression models for multivariable
analysis.16 P � .05 was considered significant. Statistical analysis was per-
formed using R version 3.0.0 with the cmprsk and survival packages.

RESULTS

Patients

Between January 1996 and December 2010, 319 consecutive eli-
gible patients were identified. Patient characteristics are shown in
Table 1. The average patient age was 54 years (range, 17-89 years). Of
the 319 patients, 238 (74.6%) presented with sarcomas of the lower
extremity, 143 (44.8%) of the lesions were greater than 10 cm in size,
293 (91.8%) of the lesions were deep, 263 (82.4%) of the lesions were
high-grade, 146 (45.8%) of the surgical resections had a positive or
close (within 1 mm) surgical margin, and 79 (24.8%) patients received
chemotherapy as a component of the management of their primary
disease. Details regarding surgical management are provided in the
Appendix. Histologies included malignant fibrous histiocytoma in
117 (36.7%) patients, liposarcoma in 90 (28.2%) patients, synovial
sarcoma in 30 (9.4%) patients, leiomyosarcoma in 15 (4.7%) patients,
and other sarcoma histologies in 67 (21%) patients. Malignant fibrous
histiocytoma is no longer a recognized designation but was used at the
time the tissue was collected. Of the 319 patients, 39 (12.2%) were
treated with preoperative RT to a median dose of 50 Gy (range,
48-50.4 Gy) and 280 (87.8%) were treated with postoperative RT to a
median dose of 63 Gy (range, 18-70.2 Gy).

Conventional EBRT techniques were used in 154 (48.3%) pa-
tients and IMRT techniques in 165 (51.7%). In the conventional RT
and IMRT groups, patients were comparable in terms of location of
tumor, size, depth, and histology. The IMRT cohort had a significantly
larger proportion of positive/close margins (51.5% v 39.6%; P � .04)
and more patients with high-grade histology (86.7% v 77.9%; P � .05)
and age greater than 50 years (67.3% v 57.8%; P � .08). In addition,
there were more patients treated with preoperative RT in the IMRT
group (21.2% v 3.2%; P � .001).

Patients with primary 
nonmetastatic STS of the extremity 
treated with limb-sparing surgery 

and RT at MSKCC:
1/1996-12/2010

(N = 395)

Patients treated with 
   limb-sparing surgery 
      and external beam RT
           Conventional EBRT
           IMRT

(n = 322)

(n = 157)
(n = 165)

Patients
   Conventional EBRT
   IMRT

(n = 319)
(n = 154)
(n = 165)

Excluded
Brachytherapy 
   alone
Combination of 
   brachytherapy and 
     external beam

(n = 73)
(n = 56)

(n = 15)

 
(n = 2)
(n = 1)

Excluded
   Prior RT 
   Long interval from 
      surgery to RT 
     (> 6 months) in the 
     conventional EBRT group

Fig 1. Consort diagram. EBRT, external-beam radiation therapy; IMRT, intensity-
modulated radiation therapy; MSKCC, Memorial Sloan Kettering Cancer Center;
RT, radtiation therapy; STS, soft tissue sarcoma.
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During the time period 2002 to 2006, patients may have been
treated with either IMRT (n � 75) or conventional EBRT (n � 55);
therefore a subset analysis was performed on the distribution of prog-
nostic factors. No significant differences were noted between the two
groups of patients with the exception of significantly more tumors larger
than 10 cm in the IMRT group (49% v 31%; P � .047). (Supplement 3).

The median preoperative radiation dose was 50 Gy (range, 48-50
Gy) in the IMRT group and 50.4 Gy (range, 50-50.4 Gy) in the
conventional EBRT group. The median postoperative doses were
equivalent: 63 Gy (range, 27-66.6 Gy) in the IMRT group and 63 Gy
(range, 18-70.2 Gy) in the conventional EBRT group. For patients
treated postoperatively, three patients received less than 50 Gy: in the
IMRT cohort, one patient developed a brisk skin reaction and discon-
tinued treatment against medical advice; in the conventional cohort,
one patient developed cellulitis and a decision was made to discon-

tinue RT, and one patient developed a LR on treatment, requiring
reoperation and salvage brachytherapy.

Of the 79 patients who received chemotherapy as part of their
primary treatment, 34 (22.1%) patients were in the conventional RT
group and 45 (27.3%) patients were in the IMRT group (P � .30).
Chemotherapy was doxorubicin based in 76 (23.8%) patients.

The median follow-up time for the cohort was 58 months; 90
months (range, 3-187 months) for patients treated with conventional
EBRT and 42 months (range, 3-129 months) for patients treated with
IMRT, P � .01). The median follow-up for all patients still alive was
84.7 months; 103 months (range, 3-187 months) for patients treated
with conventional EBRT and 55 months (range, 3-129 months) for
patients treated with IMRT, P � .01).

Outcomes

The median time to LR was 18 months (range, 2-69 months) for
conventional EBRT and 18 months (range, 9-33 months) for IMRT.
For patients treated with IMRT, 5-year LR was 7.6% (95% CI, 3.4% to
11.8%) versus 15.1% (95% CI, 9.2% to 20.9%) for those treated with
conventional EBRT (P � .05; Fig 2). Factors significantly associated
with LR on univariable analysis included lesion size (5-year LR, 7.8%
for lesions � 10 cm and 16% for lesions � 10 cm; P � .05) and age
(5-year LR, 7% for age � 50 years and 13.9% for age � 50 years; P �
.05). Tumor histology, grade, depth, margin status, the sequencing of
RT (preoperative v postoperative), and the use of chemotherapy were
not significantly associated with LR (Table 2). On multivariable anal-
ysis, IMRT retained significance as an independent predictor of re-
duced LR (hazard ratio [HR] � 0.458; 95% CI, 0.235 to 0.891;
P � .02). The other independent predictors of reduced LR were age
younger than 50 years (HR � 0.437; 95% CI, 0.197 to 0.967; P � .04)
and tumor size � 10 cm (HR�0.530; 95% CI, 0.278 to 1.010; P� .05)
When variables regardless of significance on univariable analysis were
included in the multivariable model, the independent predictors re-
mained the same (use of IMRT [HR � 0.469; P � .029], age younger

Table 1. Patient Characteristics

Characteristic

Conventional
External
Beam

Radiation
Therapy

Intensity-
Modulated
Radiation
Therapy

PNo. % No. %

Age, years
� 50 65 42 54 33 .08
� 50 89 58 111 67

Time period
Prior to 2002 97 100 0 0 � .001
2002-2006 55 42 75 58
After 2006 2 2 90 98

Extremity location
Upper 39 25 42 25 1.0
Lower 115 75 123 75

Depth
Superficial 11 7 15 9 .55
Deep 143 93 150 91

Tumor size
� 10 cm 84 55 92 56 .91
� 10 cm 70 45 73 44

Positive/close margin
No 93 60 80 48 .04
Yes 61 40 85 52

Grade
Low 34 22 22 13 .05
High 120 78 143 87

Histology
Malignant fibrous

histiocytoma� 60 39 57 35 .60
Liposarcoma 39 25 51 31
Synovial 16 10 14 8
Leiomyosarcoma 9 6 6 4
Other 30 19 37 22

Radiation sequence
Pre 5 3 34 21 � .001
Post 149 97 131 79

Adjuvant chemotherapy
No 120 78 120 73 .30
Yes 34 22 45 27

NOTE. The Kruskal-Wallis test and Fisher’s test were used for continuous
and categorical variables, respectively.

�Includes myxofibrosarcoma.
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Fig 2. Cumulative incidence curve for local recurrence by radiation treatment
group. C-EBRT, conventional external-beam radiation therapy; HR, hazard ratio;
IMRT, intensity-modulated radiation therapy; M, multivariable; U, univariable.
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than 50 years [HR � 0.448; P � .048], and tumor size � 10 cm [HR �
0.514; P � .05]).

The estimated risk of recurrence at 5 years was calculated using
the postoperative nomogram for LR risk in patients with primary
sarcoma of the extremity treated with surgery alone.11 The calculated
median risk for LR in the IMRT group was significantly higher than
the conventional EBRT group (23.3% v 20.5%; P � .005).

Details of salvage therapy for local failure are provided in the
Appendix. In terms of 5-year disease-free survival (DFS), overall it was
56.8% (95% CI, 51.4% to 62.8%); 57.2% (95% CI, 49% to 65.4%) in
the IMRT group and 56.3% (95% CI, 48.1% to 64.5%) in the non-
IMRT group. The overall 5-year OS was 71.7% (95% CI, 66.6% to
77.2%); 68.1% (95% CI, 60.6% to 76.4%) in the IMRT group and
75.6% (95% CI, 68.9% to 83%) in the non-IMRT group.

Toxicity

Data for � grade 2 toxicities from conventional EBRT and IMRT
are provided in Table 3. In terms of acute toxicities, there were 127
instances of � grade 2 radiation dermatitis (39.8%): 75 (48.7%) in the
conventional EBRT group compared with 52 (31.5%) in the IMRT
group (P � .002). Median elapsed treatment time in the IMRT cohort
was 48 days (range, 28-72 days), compared with 51 days (range, 12-87
days) in the conventional cohort. Accounting for weekends and holi-
days, the difference between planned treatment time and actual treat-
ment time was defined as the treatment interruption. The mean
duration of treatment interruption in the IMRT cohort was 0.8 days
(range, 0-16 days), compared with 2.2 days in the conventional cohort
(range, 0-23 days) (P � .001). Noninfected wound complications
� grade 2 were seen in 28 patients (8.8%): 14 (9.1%) in the conven-
tional EBRT group and 14 (8.5%) in the IMRT group (P � 1.0).
Infected wound complications � grade 2 occurred in 30 patients
(9.4%): 13 (8.4%) in the conventional EBRT group and 17 (10.3%) in
the IMRT group (P � .70).

Chronic � grade 2 toxicities observed included nerve damage,
fractures, joint stiffness, and edema. Assessment of nerve damage was
limited to patients who did not undergo nerve resection as part of their
limb-sparing surgery (n � 269). There were seven � grade 2 nerve
injuries observed (2.6%): two (1.6% of patients at risk) in the conven-
tional EBRT group and five (3.5% of patients at risk) in the IMRT
group (P � .45). There were 22 � grade 2 fractures observed (6.9%):
14 (9.1%) in the conventional EBRT group and eight (4.8%) in the
IMRT group (P � .18). Joint stiffness � grade 2 was observed in 41
patients (12.9%); 17 (11%) in the conventional EBRT group and 24
(14.5%) in the IMRT group (P � .40). There were 36 patients with
� grade 2 edema (11.3%); 23 in the conventional EBRT group
(14.9%) and 13 (7.9%) in the IMRT group (P � .05).

DISCUSSION

The use of IMRT in the treatment of extremity STS is limited, but
appears to be increasing, with surveys showing less than 5% use in
200217 rising to 17% use in 2004.18 In the current study, IMRT was
shown to be an independent predictor of reduced LR (HR � 0.46;
95% CI, 0.24 to 0.89; P � .02) in a group of patients with primary

Table 2. Five-Year Local Recurrence Based on Patient Prognostic Factors and
Univariable Analysis

Characteristic No. %
LR at 5

Years (%)

95% CI (%)

P�Lower Upper

Treatment
Conventional EBRT 154 48 15.1 9.2 20.9 .05
IMRT 165 52 7.6 3.4 11.8

Time period .09
Prior to 2002 97 80 71.2 88.8
2002-2006 130 91.1 85.7 96.5
After 2006 92 91.4 85 97.8

Age, years
� 50 119 37 7.0 2.3 11.7 .05
� 50 200 63 13.9 8.9 18.9

Extremity location
Upper 81 25 10.7 3.6 17.8 .97
Lower 238 75 11.7 7.4 16.0

Depth
Superficial 26 8 10.4 0.0 20.7 .54
Deep 293 92 11.8 7.9 15.6

Tumor size
� 10 cm 176 55 7.8 3.5 12.0 .05
� 10 cm 143 45 16.0 9.8 22.1

Positive/close margin
No 173 54 8.7 4.3 13.0 .17
Yes 146 46 14.8 8.7 20.9

Grade
Low 56 18 7.9 0.3 15.5 .37
High 263 82 12.2 8.0 16.3

Histology
Malignant fibrous

histiocytoma† 117 37 15 8.3 21.6 .17
Liposarcoma 90 28 7 1.6 12.4
Synovial 30 9 4 0 11.4
Leiomyosarcoma 15 5 21 0 42.8
Other 67 21 13 3.6 22.7

Radiation sequence
Pre 40 13 10.8 0.5 21.0 .74
Post 279 87 11.5 7.6 15.4

Adjuvant chemotherapy
No 240 75 10.5 6.4 14.5 .51
Yes 79 25 14.5 6.4 22.5

Abbreviations: EBRT, external beam radiation therapy; IMRT, intensity-
modulated radiation therapy; LR, local recurrence.

�P value determined by Gray’s test.
†Includes myxofibrosarcoma.

Table 3. Grade � 2 Toxicity Comparison Between Conventional RT and IMRT

Toxicity

Overall
Conventional

RT IMRT

PNo. % No. % No. %

Wound complications
Noninfected 28 8.8 14 9.1 14 8.5 1.0
Infected 30 9.4 13 8.4 17 10.3 .70

Radiation dermatitis 127 39.8 75 48.7 52 31.5 .002
Fracture 22 6.9 14 9.1 8 4.8 .18
Nerve damage� 7 2.6 2 1.6 5 3.5 .45
Joint stiffness 41 12.9 17 11 24 14.5 .40
Edema 36 11.3 23 14.9 13 7.9 .05

Abbreviations: IMRT, intensity-modulated radiation therapy; RT, radiation
therapy.

�Assessment of nerve damage was limited to patients who did not undergo
nerve resection as part of their limb-sparing surgery (n � 269).
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nonmetastatic STS of the extremity treated with surgery and adjuvant
RT at a single institution. In a recent phase II study, O’Sullivan et al19

reported on 59 patients treated with preoperative IMRT. With a me-
dian follow-up of 49 months, the crude LR rate was 6.8% (4 of 59). In
that study, 34% of patients had tumors larger than 10 cm.19

One likely reason for improved local tumor control is the manner
in which IMRT may be used to deliver conformal and uniform doses
over the entire tumor volume. Dose conformality is especially impor-
tant for large tumors such as sarcoma, providing adequate coverage of
the periphery, and homogeneous coverage ensures that all tumor cells
within the clinical volume receive adequate doses. Improved confor-
mality with IMRT was described by Stewart et al20 in patients treated
with postoperative RT for primary-extremity STS, with mean Radia-
tion Therapy Oncology Group (RTOG) conformity indices of 1.33-
1.59 for IMRT versus 1.76 for conventional EBRT; mean
heterogeneity indices were 1.036-1.045 for IMRT versus 1.052 for
conventional EBRT. Griffin et al21 also reported significantly im-
proved conformality indices in patients treated for lower extremity
sarcoma, 1.27 for IMRT versus 1.76-2.34 for non-IMRT plans.

The toxicities observed in the current study highlight some of the
potential added benefits of IMRT in sparing soft tissues. The rate of
� grade 2 dermatitis was 48.7% with conventional EBRT compared
with 31.5% with IMRT (P � .002). In addition, treatment interrup-
tions were significantly less in the IMRT group (P � .001). The rate of
identified � grade 2 edema was also less in the IMRT group compared
with conventional EBRT (7.9% v 14.9%, P � .05) further highlighting
thehighdegreeofdoseconformityobtainedwithIMRT.Theincidenceof
bone fracture, a potential limb-threatening complication, was reduced by
almost 50% in patients treated with IMRT compared with conventional
EBRT, although this did not reach statistical significance.

The current study shows significant reduction in LR with IMRT
compared with conventional EBRT; however, this should only be
considered an association, rather than proof of its superiority. This can
only be demonstrated with a well-designed prospective randomized
trial, for which we strongly advocate. The IMRT group had signifi-
cantly more positive/close margins (51.5% v 39.6%; P� .04), as well as
more tumors with high-grade histology (86.7% v 77.9%; P � .05). To
further assess whether the observed difference in LR between IMRT and
conventional EBRT may have been due to factors other than radiation
technique, an estimate of the risk of recurrence at 5 years was calculated
using the postoperative nomogram for LR risk in patients with primary
sarcoma of the extremity treated with surgery alone.11 The calculated
median risk for LR in the IMRT group was significantly higher than the
conventional EBRT group (23.3% v 20.5%; P � .005), indicating that the
IMRT group was actually at a significantly higher baseline risk of LR.

One could argue that the improvement in LC in patients treated
more recently could be attributed to improved imaging techniques
such as magnetic resonance imaging or positron emission tomography/
computed tomography or refinement in surgical techniques such as
robotic laparoscopic surgery. We did attempt to minimize the influ-
ence of potential bias from incremental improvements in imaging and

surgical technique by limiting the study to include only patients
treated starting in 1996. However, when it comes to primary STS of the
extremity, neither imaging nor surgical techniques have significantly
changed over the study period. For the most part such patients are
imaged using magnetic resonance imaging for the primary and com-
puted tomography scan of the chest; positron emission tomography/
computed tomography has not been shown to improve staging or
treatment planning in adult sarcomas,22,23 and increasing intensity of
imaging follow-up has been studied prospectively, with no evidence of
benefit.24 In the current study comparing conventional EBRT to
IMRT, image guidance was not used. Therefore, it is unclear whether
the superiority of IMRT in terms of LC would be sustained in a
comparison with image-guided three-dimensional conformal RT.

In conclusion, based on this study, LR was only 7.6% at 5 years
using IMRT in the management of primary extremity sarcoma, de-
spite a preponderance of adverse features, including significantly
more patients with close or positive surgical margins and high-grade
disease. The morbidity profile was favorable compared with conven-
tional RT, associated with a significant reduction in radiation derma-
titis, treatment breaks and chronic lymphedema.
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GLOSSARY TERMS

conformal radiation therapy: an irradiation technique
developed to limit the highest radiation dose to volumes at risk
for tumors while sparing surrounding normal tissues. Treatment
planning is based on three-dimensional reconstructions of indi-
vidual patient anatomy.

image-guided radiation therapy: a technique of radia-
tion therapy delivery in which the location of the tumor is moni-
tored by imaging on a daily basis to ensure the precise delivery of
the radiation therapy dose to the predefined volume of interest.

intensity-modulated radiation therapy: radiation treatment
using beams with nonuniform fluence profiles that shape the dose dis-
tribution in the target volume and adjacent normal structures. Beam
modulation is typically achieved via multileaf collimators or custom-
milled compensators to achieve the appropriate fluence profiles calcu-
lated by inverse optimization algorithms. The radiation beam is divided
into beamlets of varying intensity such that the sum from multiple
beams via inverse planning results in improved tumor targeting and
normal tissue sparing. A technique of radiation therapy delivery in
which the intensity of each beamlet of radiation coming from a specific
angle can be adjusted to provide a desired dose distribution when the
doses delivered from all beamlets are added from a single angle and
from all dose delivery angles. An advanced type of high-precision radio-
therapy, which aims to improve the coverage of the radiotherapy target
and/or minimize radiation dose to surrounding normal tissue.

magnetic resonance imaging: a procedure in which radio waves
and a powerful magnet linked to a computer are used to create detailed
pictures of areas inside the body. These pictures can show the difference
between normal and diseased tissue.
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Appendix

Radiation Therapy Simulation and Treatment Volume Description

Patients are simulated and treated with immobilization using customized molds (alpha-cradles); simulation was performed using
axial computed tomography (CT) with the limb to be treated immobilized in a neutral anatomic position. For conventional external-
beam radiation therapy (EBRT) patients, they were immobilized using an alpha cradle, and were treated using computerized treatment
plans. Treated volumes were similar to those using intensity-modulated radiation therapy (IMRT) except that no modifications for
minimizing bone overlap were made.

In the preoperative setting, the clinical target volume (CTV) was defined as the gross tumor volume (GTV) defined on CT and
magnetic resonance imaging, with a longitudinal expansion of 3 to 4 cm in the superior and inferior direction and 1 to 1.5 cm in the axial
direction, excluding nearby bone. RT dose was generally 50 Gy in 2 Gy fractions for preoperative treatment and was prescribed to the
planning target volume (PTV), a uniform expansion off the CTV of 1 cm in all directions. In the postoperative setting, the CTV was
defined in a similar fashion to preoperative IMRT by substituting GTV with the reconstructed surgical bed (generally delineated by
surgical clips placed at the time of resection, as visualized on CT), with a longitudinal expansion of 3 to 4 cm in the superior and inferior
direction. The postoperative PTV was then generated by expanding the postoperative CTV uniformly in all directions by 1 cm. In the
postoperative setting, the PTV is treated to 45 Gy in 1.8 Gy fractions, and then the PTV volume is reduced by 3 cm longitudinally in the
superior and inferior direction and treated to an additional 18 to 21.6 Gy in 1.8 Gy fractions to a total dose of 63 to 66.6 Gy.

Details Regarding Surgical Management

At the time of definitive surgery, 82 (25.7%) patients had bone manipulation, including periosteal stripping (n � 60; 18.8%) or
cortical bone resection (n � 22; 6.9%), and 137 (42.9%) had nerve manipulation, including neurolysis (n � 87; 27.3%) or nerve resection
(n � 50; 15.7%). There was no significant difference in the frequency of surgical bone manipulation in the conventional and IMRT groups
(22.7% v 28.5%, respectively; P � .25), but the IMRT group had significantly more surgical nerve manipulation (46.7% v 39%; P � .04).

Details of Salvage Therapy for Local Failure

For those patients who developed local recurrence, the median time to failure was the same; 18 months (range, 2-69 months) for
conventional EBRT and 18 months (range, 9-33 months) for IMRT. Of 319 treated patients, there were 38 local failures, for a crude local
failure rate of 11.9%: 25 failures in the conventional group and 13 in the IMRT group. Salvage consisted of chemotherapy in six patients
(2 in the IMRT cohort, 4 in the conventional cohort); repeat excision alone in nine patients (4 in the IMRT cohort, 5 in the conventional
cohort); and repeat excision with chemotherapy and/or RT in 10 patients (3 in the IMRT cohort, 7 in the conventional cohort). There were
a total of eight amputations (3 in the IMRT cohort and 5 in the conventional cohort), and five patients did not receive any salvage
treatment (1 in the IMRT cohort and 4 in the conventional cohort).

Table A1. Distribution of Risk Factors Over 2002-2006 Study Time Period

Risk Factor

2002-2006, EBRT 2002-2006, IMRT

PNo. % No. %

Age � 50 years 37 67.3 52 69.3 .850
High grade 44 80 63 84 .644
Tumor size � 10 cm 17 31 37 49 .047
Deep 53 96.4 69 92 .466
Close/positive margin 25 45.5 38 51 .597

Abbreviations: EBRT, conventional external-beam radiation therapy; IMRT, intensity-modulated radiation therapy.
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