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Abstract
Objective: We sought to assess which prognostic factors are associated with local recurrence (LR) rates and wound complica-
tions of locally advanced, high-grade, soft-tissue sarcoma (STS). 

Methods: Retrospective analysis was performed on patient data from 2005 to 2018, with high-grade STS of extremity or trunk,  
> 5 cm, histology-specific, with central pathology review. Wide-excision was performed in 100 patients along with radiation, 
whose radiation fields and dose plans were available for review, of which 31 also received ifosfamide-doxorubicin, with a  
minimum follow-up of 1 year. Multivariable analysis (MVA) of prognostic factors was calculated to see which variables were asso-
ciated with LR, and nonhealing wound rates. 

Results: Median follow-up was 5.8 years. Univariate analysis revealed that trunk location, distal and radial clinical-target-volume 
(CTV) margins of 1.5 cm had higher rates of LR vs > 2 cm or presence of fascial boundary. MVA of these prognostic factors  
revealed that trunk location (P = 0.048), and radial CTV of 1.5 cm (P = 0.006) were independently associated with higher LR,  
as 10 of 15 LRs were at the edge of the radial margin. The bolus did not affect LR. The odds ratio for nonhealing wounds at  
3 months was higher for subcutaneous (T2a) disease, larger tumor size, proximal CTV > 2 cm, wider field size, bolus technique, 
and lack of chemotherapy.

Conclusion: Longitudinal CTV margins of 3 cm seem adequate, but high-grade STS > 5 cm may benefit from increased radial CTV 
margins of 2 to 2.5 cm in the absence of a fascial boundary, although larger CTV may increase nonhealing wound rates. Bolus 
techniques may increase wound complications in T2a-b STS and should not be routinely employed.
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Introduction
Limb-salvage therapy using 

external-beam radiation therapy 
(EBRT) to reduce local recurrence 
(LR) allows surgeons to perform 
wide-excision of soft-tissue sarcoma 
(STS), allowing less radical surgery 
such as amputation.1,2 In 2011, the 
Radiation Therapy Oncology Group 
(RTOG) published guidelines for de-
signing clinical target volume (CTV) 
margins in the treatment of extrem-
ity soft-tissue sarcoma (ESTS), which 
was verified by subsequent publica-
tions, where longitudinal proximal/
distal CTV recommendations were 3 
to 5 cm, but radial CTV was 1.5 cm.3-6 
One question was whether these 
guidelines can be applied to STS 
involving subcutaneous tissues, and 
the trunk, where space is more lim-
ited. Large treatment volumes can 
increase a patient’s risk of long-term 
complications.7 However, this must 
be balanced against risks of LR when 
treatment volumes are too small, and 
thus our goal was to assess prognos-
tic factors associated with higher 
LR rates and wound complications 
of locally advanced, high-grade, 
STS, and see which CTV margins 
may be optimal.

Methods
Retrospective analysis was 

performed on data from 100 adult 
patients from January 2005 to 
December 2018, who had primary 
high-grade STS of the extremity or 
trunk, > 5 cm, localized to the muscle 
or subcutaneous tissue, that were 
either synovial (16 patients), dediffer-
entiated liposarcoma (16), myxofibro-
sarcoma (13), round cell liposarcoma 
(7), undifferentiated pleomorphic 
sarcoma (39), or undifferentiated 
sarcoma not otherwise specified (9). 
We defined locally advanced as > 5 cm 
in size. Patients were T2 if the tumor 
was > 5 cm in maximal dimension, 
T2a for subcutaneous tumor, and T2b 

for muscle-invasive tumor.8 Patients 
had to have their radiation fields and 
dose plans available for review, with a 
minimum of 1 year of follow-up. Bone 
sarcomas, gastrointestinal stromal 
tumors, pediatric sarcomas, and ret-
roperitoneal sarcomas were excluded 
from this analysis. Central pathology 
review was performed by our soft-tis-
sue pathologist (S.S.) and graded 
according to the Federation Nationale 
des Centres de Lutte Contra le Cancer 
(FNCLCC);9 our study included only 
grade 3 or high-grade sarcomas. 
Radiation therapy was delivered using 
megavoltage photons, using either 6 
MV or 15 MV, with the majority (78%) 
undergoing preoperative radiation 
to 4400-5000 cGy in 200 cGy fractions 
to the gross tumor with margin, 
followed by wide excision, which 
occurred about 6 weeks after radia-
tion. Twenty-two percent underwent 
postoperative radiation to 4500-5040 
cGy with a shrinking field boost to a 
total of 5940-6660 cGy in 180-200 cGy 
fractions. Additional boost was not 
performed on preoperative radiation 
patients who had a positive margin 
after wide excision.10 All patients 
underwent immobilization using a 
polystyrene-filled vacuum cradle. 
Gross tumor volume (GTV) contours 
included T1-weighted images with 
gadolinium enhancement of the tu-
mor on MRI, and T2-weighted edema 
included in the CTV. CTV volumes 
were determined by the prescribing 
physician. CTV to planning target 
volume (PTV) expansion was 1 cm, as 
image guidance was not performed. 
A bolus was used in select cases at the 
discretion of the prescribing physi-
cian due to concern about scar/cuta-
neous recurrence. During the time-
frame these patients were treated, 
there was no effort to treat the skin as 
an organ at risk (OAR). Three-dimen-
sional conformal radiation therapy 
(3DCRT) was performed in 91 pa-
tients, and intensity-modulated radi-
ation therapy (IMRT) was performed 
in 9 patients. The radiation planning 

images (digitally reconstructed radio-
graphs) and isodose plans were scaled 
and compared to MRI evidence of LR, 
which was categorized as out of field 
if > 80% of the volume was outside of 
the irradiated volume, in field if > 80% 
of the volume was inside the irradiat-
ed volume, and marginal if recur-
rence was at the edge of the irradiated 
volume between the out-of-field and 
in-field parameters, listed above. 
Binary classification of CTV margins 
was performed. The first was a CTV of 
1.5 cm. The second was a CTV margin 
≥ 2 cm or if the CTV extended to a  
fascial boundary, as a fascial bound-
ary is equivalent to a wide margin. 
For postoperative patients, CTV 
margins were recorded based on the 
original fields taken to 4500-5040 cGy, 
and not based on the boost margins.

The Charlson Comorbidity Index 
score is a method of categorizing 
comorbidities of patients based 
on the International Classification 
of Diseases, and was assessed for 
each patient, and tabulated in Table 
1.11 After therapy, patients without 
wound complications were generally 
followed every 6 months for 5 years, 
and yearly thereafter, with MRI of 
the local area and computed tomog-
raphy (CT) of the chest.

Date of surgery was established as 
time zero, and Kaplan-Meier estimates 
were used to calculate local recur-
rence-free survival (LRFS).12 Charac-
teristics of patients were reported as 
percentages for categorical factors, 
and median with ranges was used 
for continuous factors. Fisher’s exact 
tests were used to test for categori-
cal differences in treatment groups. 
Wilcoxon rank-sum tests were used to 
calculate differences on continuous 
factors. Multivariable analysis (MVA) 
of prognostic factors using the Cox 
proportional hazards models was 
used to estimate hazard ratios on 
LR.13 Multivariate logistic regression 
was performed and odds ratios were 
calculated to detect the factors asso-
ciated with the probability of wound 
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Table 1.  Patient Cohort Characteristics
LOCAL CONTROL  (N = 85) LOCAL RECURRENCE (N = 15) P VALUE

Age (years) 0.10

  median 58.5 64.8

  range 18.3-87.4 34.9-86.1

Gender 0.65

  Female 40 (47.1%) 8 (53.3%)

  Male 45 (52.9%) 7 (46.7%)

Race 0.09

  Asian 5 (5.9%) 4 (26.7%)

  Black 7 (8.2%) 2 (13.3%)

  Hispanic 27 (31.8%) 3 (20.0%)

  White 42 (49.4%) 6 (40.0%)

  Other/unknown 4 (4.7%) 0 (0.0%)

Charlson 0.31

  median 6 7 

  range 2-15 3-11

Stage - clinical 0.25

  T2a 17 (20.0%) 5 (33.3%)

  T2b 68 (80.0%) 10 (66.7%)

Size (cm) 0.36

  median 10.0 9.3

  range 5.2-33.4 5.5-15.3

Location 0.001

  Upper extremity 14 (16.5%) 2 (13.3%)

  Lower extremity 53 (62.4%) 3 (20.0%)

  Trunk 18 (21.2%) 10 (66.7%)

Margin positive   9 (10.6%) 3 (20.0%) 0.30

Preop XRT 66 (77.6%) 12 (80.0%) 0.84

Postop XRT 19 (22.4%) 3 (20.0%)

Unintended surgery   4 (4.7%)   2 (13.3%) 0.19

Bolus 17 (20%) 1 (6.7%) 0.54

IMRT 8 (9.4%) 1 (3.73%) 0.73

Chemotherapy 26 (30.6%) 5 (33.3%) 0.83

Long-Proximal CTV ≥ 2 cm or fascial 77 (90.6%) 11 (73.3%) 0.058

Long-Proximal CTV 1.5 cm 8 (9.4%) 4 (26.7%)

Long-Distal CTV ≥ 2 cm or fascial 76 (89.4%) 10 (66.7%) 0.019

Long-Distal CTV 1.5 cm 9 (10.6%) 5 (33.3%) 0.019

Radial CTV ≥ 2 cm or fascial 73 (85.9%) 5 (33.3%) < 0.001

Radial CTV 1.5 cm 12 (14.1%) 10 (66.7%) < 0.001

Median field length 23.5 cm (10.1-40.0) 20.0 cm (13.8-38.0) 0.09

Median field width 10.5 cm (4.2-22.0) 10.0 cm (4.2-17.0) 0.46

Abbreviations: XRT, radiation therapy; CTV, clinical tumor volume; Long, longitudinal
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complications or the presence of a 
wound vacuum device at 3 months 
after surgery. The forest plot was 
produced to display the results 
graphically. The Wald test was used 
to calculate P value for the odds ra-
tio.14 Statistical significance utilized 
a 2-sided P < 0.05. All analyses were 
conducted using SAS EG 7.13 (SAS 
Institute Inc.).

Results
Median follow-up was 5.8 years 

(range 1.0 to 15.0 years). Ifosfa-
mide-doxorubicin was given in 31 
patients, and 69 received radiation 
therapy alone as adjuvant therapy. 
Ifosfamide-doxorubicin was usually 
prescribed neoadjuvantly for 5 
cycles followed by radiation, then 
followed by wide excision; whereas 
for postoperative radiation, ifosfa-
mide-doxorubicin was administered 
after the completion of radiation. 
All patients underwent en bloc wide 
excision, but 6 patients had unin-
tended excision, where the surgeon 
had violated the tissue planes. These 
6 patients subsequently underwent 
en bloc wide re-excision.

Cohort characteristics using 
univariate comparisons revealed that 
trunk location (P = 0.001), longitudi-
nal-distal CTV 1.5 cm (P = 0.019), and 
radial CTV 1.5 cm (P < 0.001) were 
associated with higher rates of LR, 
but longitudinal-proximal CTV 1.5 
cm did not quite make statistical sig-
nificance (P = 0.058) (Table 1). MVA 
of these factors revealed that trunk 
location (P = 0.048), and radial CTV 
1.5 cm (P = 0.006) were independent-

ly associated with higher rates of LR 
(Table 2). No significant difference 
in LR was found with preoperative 
radiation, margin status, tumor size, 
unintended initial surgery, use of 
bolus, or chemotherapy (Table 1). Of 
the patients with LR, 10 out of 15 had 
a trunk location, and 10 of 15 were 
muscle-invasive (T2b). In relation 
to the field of radiation, 10 out of 15 
were marginal at the radial edge of 
the field, 4 out of 15 were in-field re-
currences (1 of which had a positive 
margin), and 1 in 15 recurred mar-
ginally at the longitudinal-proximal 
edge of the radiation field in which 
the CTV margin was 2 cm (Table 3). 
None of the LRs were completely out-
side the field of radiation. Most local 
recurrences (14 out of 15) correlated 
with the depth of their initial stage, 
and only 1 patient with T2a disease 
experienced a cutaneous recurrence, 
which had also recurred at the mar-
ginal edge of the radial margin, de-
spite having a bolus applied. Most of 
the patients were treated with 3DCRT 
(91%), and only 9 (9%) patients were 
treated with IMRT.

There were 15 patients with LR, 
with an estimated 5-year LRFS of 
83.0%. Sixty-nine percent of patients 
had a wide radial margin since the 
field edge was beyond the fascial 
boundary with 7.2% LR. Of these 
with a wide fascial margin, those 
with a positive margin had 20% LR, 
whereas those with a negative mar-
gin had 5.1% LR. Patients with a 1.5 
cm radial CTV that was not beyond 
the fascial boundary experienced 
45.4% LR, but those with radial 
CTV > 2.5 cm did not experience 

LR, despite not having a fascial 
boundary (Table 4).

Requirement of a wound vacuum 
device and/or open wounds occurred 
in 27 (27%) patients, ranging from 3 
days to 29.7 months, with the median 
duration of wound vacuum devices/
open wounds being 4.7 months. 
The odds ratio for open wounds at 3 
months or the presence of a wound 
vacuum device showed a higher risk 
for patients with larger tumor size (P 
= 0.02), larger field width (P = 0.02), 
and use of a bolus (P = 0.02). Patients 
with muscle-invasive disease had a 
lower odds ratio of wound complica-
tions compared with subcutaneous 
disease (P = 0.008). Also, patients 
with a smaller proximal CTV of 
1.5 cm (P = 0.046) and those who 
underwent chemotherapy (P = 0.044) 
experienced a lower risk of wound 
complications (Figure 1).

Discussion

CTV Margins

RTOG Guidelines for ESTS pub-
lished in 2011 recommended using 
CTV of 3-5 cm longitudinally, but 
only 1.5 cm radially.3-5 At that time, it 
was unclear if this could be extrapo-
lated to trunk lesions, where space is 
more limited, or to subcutaneous tu-
mors. In the current study, although 
longitudinal proximal/distal CTV 
of 1.5 cm was only associated with 
increased LR on univariate analysis, 
the reason may be that the standard 
of care based on RTOG guidelines 
was already a CTV of 3 cm. This re-
sulted in only a small percentage of 
our patients undergoing a longitudi-
nal CTV of 1.5 cm, as 11% of patients 
had a longitudinal CTV of 1.5 cm, 
making statistical significance more 
difficult on MVA. Thus, it seems that 
a longitudinal proximal/distal CTV of 
3 cm should be adequate, although 
this can be reduced in the presence 
of a fascial boundary. However, for 
high-grade sarcomas > 5 cm, a radial 

Table 2. Multivariable Analysis of Prognostic Factors
PROGNOSTIC FACTOR HAZARD RATIO CONFIDENCE INTERVAL P VALUE

Location (trunk vs extremity) 3.54 1.01-12.40 0.048

Long-Proximal CTV 1.5 cm vs > 2 cm or fascial 0.93 0.21-4.04 0.92

Long-Distal CTV 1.5 cm vs > 2 cm or fascial 1.05 0.26-4.30 0.95

Radial CTV 1.5cm vs > 2 cm or fascial 5.40 1.63-17.84 0.006

Abbreviations: CTV, clinical tumor volume; Long, longitudinal
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Table 3. Characteristics of Local Recurrence
# SITE T-STAGE DEPTH OF LR TYPE OF LR PREOP +SURG MARG RADIAL MARG (CM) LONG MARG (CM)

1 Upper extremity 2a subcut radial-marginal N N 1.5 4.0

2 Lower extremity 2b muscle radial-marginal Y N 1.5 3.0

3 Trunk 2b muscle radial-marginal Y N 1.5 4.0

4 Trunk 2b muscle in-field N Y fascial 4.0

5 Upper extremity 2a subcut radial-marginal Y N 1.5 4.0

6 Lower extremity 2a cutan radial-marginal Y N 1.5 3.0

7 Trunk 2b muscle in-field Y N fascial 3.5

8 Trunk 2b muscle radial-marginal Y N 1.5 1.5

9 Trunk 2b muscle radial-marginal N Y 1.5 7.5

10 Trunk 2b muscle in-field Y Y fascial 3.0

11 Trunk 2b muscle radial-marginal Y N 1.5 5.5

12 Trunk 2a subcut radial-marginal Y N 1.5 3.0

13 Trunk 2b muscle radial-marginal Y N 1.5 3.0

14 Lower extremity 2b muscle in-field Y N fascial 3.0

15 Trunk 2a subcut long- proximal marginal Y N fascial 2.0

Abbreviations: LR, local recurrence; surg, surgical; marg, margins; long, longitudinal; subcut, subcutaneous; cutan, cutaneous

Table 4. Local Recurrence Based on Clinical Tumor Volume (CTV) Radial Margin 
CTV RADIAL MARGIN # PATIENTS LOCAL RECURRENCE (%)

Beyond fascial boundary 69 5/69 (7.2%)

Beyond fascial boundary, but positive surgical 
margins

10 2/10 (20.0%)

Beyond fascial boundary, but negative surgical 
margins

59 3/59 (5.1%)

1.5 cm without fascial boundary 22 10/22 (45.4%)

2.5 cm without fascial boundary 2 0%

3.0 cm without fascial boundary 6 0%

4.0 cm without fascial boundary 1 0%

CTV of 1.5 cm may not be sufficient 
without a fascial boundary. Ameri-
can Society for Radiation Oncology 
(ASTRO) guidelines published in 
2021 concluded that radial CTV of 
3-4 cm is now recommended for 
subcutaneous disease; so why not 
for muscle-invasive disease?15 In our 
study, we found a significant rate of 
LR using a CTV of 1.5 cm for both 
subcutaneous and muscle-invasive 
disease, in the absence of a fascial 
boundary, with the majority being 
marginal field-edge recurrences. 
Without a fascial boundary, high-
grade sarcomas can easily extend 
radially to adjacent musculature 
for T2b disease, and thus we would 
only recommend a radial CTV of 
1.5 cm only in the presence of a 
fascial boundary. It may be that a 
radial CTV of 1.5 cm is adequate for 
low-intermediate grade sarcomas 
or smaller high-grade sarcomas < 5 
cm, but a one-size-fits-all approach 
may not be suitable, especially for 
high-grade sarcomas > 5 cm. There 
was a slightly higher LR for positive 
margins, but this was not significant, 

possibly due to the small number of 
patients with positive margins, and 
that radiation may have some role in 
making up for positive margins.16,17 
Despite findings of increased LR 
with a radial CTV of 1.5 cm in the 
current study, there are studies that 
support reducing field size when us-
ing radiation as part of limb-salvage 
therapy. A randomized study using 
brachytherapy has led to the possi-
bility of using smaller CTV margins, 
although the magnitude of the 
benefit seemed smaller than the ran-
domized study using EBRT, where 

larger margins were used.2,18 RTOG 
0630 performed a phase II trial on 
STS, utilizing 3 cm longitudinal prox-
imal/distal CTV, and 1.5 cm radial 
CTV, in which 74 patients underwent 
preoperative radiation followed by 
surgery. There were 5 patients with 
LR, and all were in-field. However, 
only 48.1% had high-grade histology, 
and 11.4% had smaller T1 lesions, so 
only about 32 patients had sarcomas 
> 5 cm of high grade, with a shorter 
median follow-up of 3.6 years.19 

ASTRO published updated guide-
lines in 2021, which recommend a 
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Figure 1. Odds ratio of nonhealing wounds and/or wound vacuum device at 3 months. Abbreviations: a, Asian; b, Black; chemo, chemotherapy; CTV, 
clinical tumor volume; distal, distal longitudinal; f, female; h, Hispanic; m, male; n, no; p, positive; prox, proximal longitudinal; uni, unintended surgery; 
w, White: y, yes

Abbreviations: a-asian, b-black, chemo-chemotherapy, CTV-clinical tumor volume, distal-distal longitudinal, f-female, h-hispanic, m-male, n-no, p-positive, 

prox-proximal longitudinal, uni-unintended surgery, w-white, y-yes
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longitudinal proximal/distal CTV of 3 
cm, but still maintain a radial CTV of 
1.5 cm for muscle-invasive disease. 
However, for subcutaneous disease, 
ASTRO now recommends radial CTV 
margins of 3-4 cm.15 Our data support 
these guidelines for subcutaneous 
disease, although our data suggest 
also expanding radial CTV to at least 
2-2.5 cm for muscle-invasive disease, 
due to higher marginal LR rates at 
the radial margin when a 1.5 cm 
radial CTV is applied, in the absence 
of a fascial boundary. Most of our 
patients (69%) had a radial margin 
that was beyond a fascial boundary, 
so a 1.5 cm CTV was considered 
adequate in these patients, but in 
the absence of a fascial boundary, 
we found a higher LR with a 1.5 cm 
radial CTV margin. 

Wound Complications

The presence of an open wound 
at 3 months or the use of a wound 
vacuum device were significantly 
higher when using wider fields, and 
so an attempt to make radiation 
fields smaller is an important goal. 
In our study, utilizing a smaller 
longitudinal proximal CTV reduced 
wound complications (Figure 1). 
Interestingly, chemotherapy also 
reduced wound complication rates. 
Most of our patients underwent 
neoadjuvant sequential chemother-
apy, in which preoperative radiation 
followed chemotherapy, despite it 
causing immune suppression. By the 
time radiation started, patient blood 
counts had time to recover, and the 
neoadjuvant chemotherapy caused 
shrinkage of these large sarcomas. 
It may be this cytoreduction that led 
to lower wound complications from 
chemotherapy, as we only included 
the most chemotherapy-sensitive STS 
histology in our study (Figure 1).20 

Lastly, we found that the use of 
a bolus was associated with higher 
wound complications. In our experi-
ence, only 1 patient with T2a disease 
had a cutaneous recurrence, which 

recurred at the radial edge in which 
the CTV was 1.5 cm, and the skin was 
part of the CTV where the bolus was 
applied. However, in most cases our 
soft-tissue surgeon will remove the 
overlying skin when sarcomas are 
close to the dermis. The majority of 
our LRs were not cutaneous, making 
it less likely for a bolus to impact 
LR rates. Thus, we concur with the 
most recent ASTRO guidelines from 
2021, which do not recommend the 
use of a bolus in the treatment of STS 
with radiation.15

Limitations and Final Thoughts 

One limitation of this study is that 
the majority of our patients were 
treated with 3DCRT techniques, 
mostly using opposed fields. This 
leads to a more rapid falloff in 
radiation dose at the radial edge. 
One study published that IMRT had 
a lower rate of LR, and this may 
be due to the more gradual falloff 
of radial dose, which can still be 
effective in controlling subclinical 
disease, and thus it’s possible that 
a smaller radial CTV, such as 1.5 
cm, could be achievable with IMRT, 
and that the current study utilized 
older techniques of treatment.21,22 
Thus, we anticipate the VORTEX trial 
results (randomized trial of volume 
of postoperative radiation therapy 
given to adult patients with ESTS), 
although our study predominantly 
used preoperative radiation. Another 
limitation of our study was the 
omission of image-guided radiation 
therapy (IGRT), in which studies have 
suggested a reduction in the CTV to 
PTV expansion from 1.0 cm to 0.5 cm 
and relatively lower complications 
with the use of IGRT.19,23 

Thirdly, none of the patients had a 
radial CTV of 2.0 cm, although we did 
have some with a longitudinal CTV 
of 2.0 cm (Tables 3,4). Due to the 
influence of the RTOG and ASTRO 
guidelines, it appears that there was 
a significant application of the use of 
a radial CTV of 1.5 cm.3-5,15

We suggest when using 3DCRT that 
radial CTV for subcutaneous lesions 
can be extended to 2.0-2.5 cm, as this 
would be similar to 3 cm longitudinal-
ly due to lower scatter contribution at 
the proximal and distal edges of the 
radiation field.24 For muscle-invasive 
disease, we also think that a 2.0-2.5 
cm radial margin would be appropri-
ate, although this must be balanced 
with the possibility of a slightly higher 
risk of wound complications. By in-
creasing the CTV by a small amount, 
we can potentially reduce marginal 
recurrences, as there is evidence of 
higher LR rates leading to a decline in 
overall survival in STS.25 

Conclusion
Longitudinal proximal/distal CTV 

margins of 3 cm seem adequate, but 
high-grade STS > 5 cm may benefit 
from increased radial CTV margins 
of 2-2.5 cm in the absence of a fascial 
boundary, although larger CTV may 
increase nonhealing wound rates. Bo-
lus techniques may increase wound 
complications in T2a-b STS, and 
should not be routinely employed.
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