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Abstract
The treatment strategies for adult soft tissue sarcomas of the extremities place an emphasis on local control, mainte-

nance of limb function, and quality of life. Surgery is the mainstay of treatment for soft tissue sarcomas. Radiotherapy 
and chemotherapy are also both important treatments used in these patients to optimize the outcomes of limb sparing 
surgery. Compared to external beam radiation therapy, brachytherapy has the advantage of delivering a concentrated 
dose to the tumor, whilst sparing the normal tissues. Consequently, early and late complications such as bone fractures 
and subcutaneous fibrosis are potentially avoided by using brachytherapy. The evidence and clinical outcomes of HDR 
brachytherapy in soft tissue sarcomas of the extremities are described in this paper by means of a literature review. 
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Purpose
Soft tissue sarcoma is a group of solid tumors with 

several anatomical and morphologic characteristics, aris-
ing in the mesenchymal support tissue. Evolving treat-
ment strategies for adult patients with primary soft tissue 
sarcoma of the extremities (ESTS) emphasize local con-
trol (LC) with maintenance of limb function and quality 
of life (QOL). Although surgery remains the mainstay of 
therapy for primary ESTS, limited surgery alone has re-
sulted in excessively high rates of local recurrence (LR). 
Both chemotherapy (CHT) and radiotherapy (RT) have 
been extensively used in the treatment of these tumors in 
attempts to optimize limb sparing surgery (LSS). Despite 
these advances, LR still occurs frequently especially in pa-
tients with marginal resections, positive surgical margins, 
large tumors at presentation, and re-resections of previ-
ously treated lesions [1]. 

In general for ESTS, the 1-year and 5-year estimat-
ed overall survival rates (OS) are around 80% and 60%, 
respectively, when an aggressive surgical approach in-
cluding amputation is used [2]. Studies investigating LSS 
combined with external beam radiation therapy (EBRT) 
showed similar rates of disease-free survival (DFS) and 
OS. The first prospective, randomized trial evaluating 
less aggressive surgical procedures was published in the 
1980’s, and compared patients who had undergone am-
putation with those who had LSS combined with EBRT.  

The study showed similar rates of DFS and OS in both pa-
tient groups [3]. 

In contrast to EBRT, which uses wide fields to gen-
erously encompass the surgical bed, brachytherapy (BT) 
concentrates the dose in the immediate vicinity of the sur-
gical bed. Consequently, BT can potentially better spare 
normal tissues and avoid complications such as bone frac-
tures, severe subcutaneous fibrosis or distal lymphedema 
[4]. Brachytherapy can be given by either low- (LDR) or 
high-dose-rate (HDR), and is an alternative to an EBRT 
boost. In some cases, BT can even substitute EBRT [5]. 
Furthermore, the use of BT does not preclude the addition 
of EBRT, which can complement the dose given by HDR 
when recommended. 

For this literature review, a PubMed search was per-
formed using the mesh terms “extremities soft tissue sar-
coma brachytherapy”. This search resulted in 100 articles. 
The following articles were excluded: case reports (13), 
technique descriptions (47), and duplicates (14). The re-
maining 26 articles are the subject of this review. 

Literature review 
The first studies evaluating LSS for ESTS began in the 

early 1980’s. One prospective randomized trial investi-
gated efficacy outcomes in patients treated with amputa-
tion compared to those treated with LSS combined with 
EBRT. Disease-free survival and OS rates were similar in 
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both groups [3]. With different strategies yielding similar 
OS, recommendations for the use of RT may depend pri-
marily on QOL issues and individual patient risks. Data 
from surgical series have shown that marginal excision 
alone of ESTS is associated with a local recurrence rate of 
60% to 90%. In contrast, a wide or compartmental radical  
excision, which often results in poor limb function, reduc-
es the local recurrence rate to 10-30% [3,6,7]. 

A more recent, prospective randomized study pub-
lished at the end of the 1990’s, looked at the effect of ad-
juvant postoperative EBRT in patients with high and low 
grade extremity tumors. The results showed that there 
was a statistically significant reduction in LR in all patients 
regardless of tumor grade. Ninety-one patients with high-
grade lesions were randomized; 47 patients received post-
operative EBRT, and 44 did not. With a median follow-up 
of 9.6 years, a highly significant decrease (p = 0.0028) in 
the probability of LR was seen in the EBRT group, but no 
difference in OS was shown. Fifty patients with low-grade 
lesions were randomized; 26 received postoperative EBRT 
and 24 did not. For these patients there was also a low-
er probability of LR (p = 0.016) in the EBRT group, again,  
with no difference in OS. This study indicated that al-
though postoperative EBRT is highly effective in prevent-
ing LR, it is associated with late complications that can 
impact QOL. The patients in the EBRT group had signifi-
cantly worse limb strength, oedema, and range of motion, 
though these impairments were often transient [8]. 

Based on these studies, EBRT doses over 60 Gy are 
generally given after LSS. However, this dose level can 
result in functional impairment of the limb and, in some 
cases, complications that may lead to amputation [9].  
The use of BT, given either by LDR or HDR, can be an 
alternative to EBRT. Brachytherapy enables a relatively 
high dose of radiation to be given to a limited amount of 
tissue, resulting in higher rates of LC and a lower inci-
dence of side effects. It should be emphasized that HDR 
also has some additional advantages over LDR in terms of 
radiation dose distribution. With HDR, the dose distribu-
tion can be optimized by changing the dwell positions and 
times of the source, with negligible radiation exposure to 
medical personnel [5]. 

The first prospective randomized study using BT in-
stead of EBRT to treat the tumor bed after LSS was pub-

lished by Pisters et al. [10]. This study verified that adju-
vant LDR had an impact on LC in patients with high-grade 
tumors, but no effect in patients with low-grade tumors. 
This difference in results seen in patients with low-grade 
tumors raised the possibility that LDR could be clinically 
inferior to EBRT in terms of LC. The estimat ed LR rate of 
patients with high-grade tumors in the study who did not 
receive adjuvant LDR was 22% at 10 years. It is important 
to note that patients in whom complete tumor resection 
could not be accomplished without ablating all limb func-
tion were not included in this trial. Therefore, the conclu-
sions of this study are relevant only for patients who un-
dergo local excision with negative margins, and the results 
should not be extrapolated to patients with inadequate 
tumor resections. 

When RT is indicated, it is known that reductions in 
normal tissue doses can decrease the probability of growth 
deformity. BT is therefore a good treatment option that 
can be used either alone or in combination with EBRT. 
Interstitial BT is a modern radiation treatment approach 
that has been improved over time by the incorporation of 
computed dosimetry and image guidance. HDR has also 
facilitated the broader use of interstitial BT, because it is 
a fast, reliable, and relatively inexpensive method. 

The experience with HDR for ESTS is limited and is 
shown in Table 1. Some predictive factors for both LC and 
complications have already been reviewed in the litera-
ture and are discussed below. 

Resection margins
Previous studies have suggested that recurrent tumor 

treatment and surgical margins have the greatest impact 
on local recurrence [12,13]. Martinez-Monge et al. [14] 
evaluated the treatment outcomes of 25 patients treated 
with surgical resection and subsequent HDR treatments 
up to 32 Gy. The HDR dose was prescribed based on the 
presumed amount of remaining residual disease. Surgical 
margins equal to or greater than 10 mm were classified as 
negative, and any negative margin less than 10 mm as 
close. The HDR dose was 4 Gy twice daily to a total dose 
as follows: 16 Gy total dose for negative margins, 24 Gy 
for close/microscopically positive margins, and 32 Gy for 
grossly involved margins. Radiation treatment was com-

Table 1. Recent published data

Author Year FU N Treatment LC (%) Complication > G2 (%)

Koizumi [15] 1999 30 16 HDR 50.0 6.0

Pellizon [5] 2000 35 27 HDR + EBRT 85.2 3.5

Chun [25] 2001 31 17 HDR + EBRT 100 NR

Martinez-Monge [14] 2005 23 25 HDR + EBRT 23.0 28.0

Pohar [24] 2007 24 17 HDR + EBRT 94.0 18.0

Itami [18] 2010 50 26 HDR 78.0 11.5

Petera [17] 2010 43 45 HDR 55.0 4.4

FU – median follow-up time, N – number of patients, HDR – high-dose-rate brachytherapy, EBRT – external beam radiation therapy, LC – local control, G2 – grade 2 
RTOG complication
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pleted with EBRT (45 Gy in 25 daily fractions of 1.8 Gy) 
4-5 weeks after the surgical procedure. 

In the results, the authors noted that resection margins 
were negative in 6 patients (24.0%), close/microscopical-
ly positive in 18 (72.0%), and grossly involved in 1 (4.0%). 
Three patients failed in the anatomical region treated, but 
relapse sites were not adjacent to the area treated with 
HDR. After a median follow up of 23.2 months (range 
2.8-48.0), the 4-year local and regional control rates were 
100% and 80.5%, respectively. Four-year OS was 78.2%. 

Koizumi et al. [15] reported the results of 16 lesions 
treated with HDR BT between 1992 and 1996. The lesion 
resection margins were classified as follows: intracapsu-
lar (5 lesions), marginal (5 lesions), and wide (6 lesions). 
After a median follow up of 30 months, the LC was 75% 
at 1 year and 48% at 2 years. Ultimate LC was achieved 
in 8 (50%) out of 16 lesions. Of the 8 uncontrolled lesions, 
5 (63%) had intracapsular (macroscopically positive) re-
section margins, whilst all the 8 controlled lesions (100%) 
had marginal (microscopically positive) or wide (nega-
tive) margins. The total dose was 40–50 Gy given in 7 to 
10 fractions twice daily over 4 to 7 days. With 3 recurrenc-
es occurring in the periphery or outside of the irradiated 
region, the authors concluded that a better LC may be 
achieved if the exact margin of residual tumor could be 
identified and boosted. 

Petera et al. [16] reviewed the outcomes of 10 adult  
patients treated with HDR in combination with EBRT. 
Surgical margins were negative in 7 cases, close in 2 cases, 
and positive in 1 case. Doses of 3 Gy per fraction twice 
daily at 10 mm were prescribed, with total doses ranging 
from 18 to 30 Gy for HDR and 40-50 Gy for EBRT. With 
a median follow-up of 46 months they noted that LC was 
achieved in all 10 patients. Distant metastases occurred in 
2 cases. One patient was disease free after salvage surgery 
and chemotherapy, and one patient died of lung disease 
progression 14 months after HDR. In one case, a subcuta-
neous fistula occurred after radiotherapy and was cured 
by surgical excision. Six patients experienced grade 1 or  
2 fibrosis and in one case a mild peripheral neuropathy 
was recorded. 

A more recent publication of this same group [17] in-
volved 45 patients (17 primary and 28 recurrent lesions) 
treated between 1998 and 2007. Eleven patients were treat-
ed with HDR alone with a mean dose of 40 Gy (range:  
30-54 Gy), and 34 were treated with a combination of HDR 
(mean dose: 24 Gy; 15-30 Gy), and EBRT (40-50 Gy). The 
LC rates were 100% for primary tumors and 64% in those 
patients treated for recurrent tumors (p = 0.004). The 5-year 
actuarial OS and LC were 70% and 74%, respectively. 

Itami et al. [18] also published the results of 25 pa-
tients with 26 lesions treated with HDR as a single adju-
vant modality. Thirteen lesions were marginal resections 
with positive surgical margins, and the remaining 50% 
had very close margins. Fourteen lesions were treated 
for local recurrences after previous resections. The pre-
scription dose was 36 Gy given in 12 fractions of 3 Gy 
twice daily. The 5-year LC observed was 78.2% and no 
LR was seen within the treated volume. Two groups were 
defined according to the margin status and previous op-

erations. The first group included lesions with a positive 
margin and previous resections, whilst the second group 
included all remaining lesions. The 5-year LC was 43.8% 
and 93.3%, respectively (p = 0.004), showing that dose 
escalation may impact results of LR for marginal or sub-
optimal resections. 

Time to initiate brachytherapy
Brachytherapy has been noted to delay wound heal-

ing, significantly increasing the rate of patient morbidity. 
It has been implicated in prolonging the patient’s hospi-
tal stay and increasing the cost and length of treatment.  
The application technique for interstitial BT has been 
modified over the past 40 years. These changes have im-
proved the delivery of radiation to the tumor bed and 
decreased the associated morbidity rate. EBRT, which 
is usually administered 4 to 6 weeks after surgery, may 
miss the therapeutic interval that BT is able to capture. 
In addition, the 4 to 6 weeks of postoperative EBRT is 
circumvented by approximately 1 week (6 working days 
on a classical bid 36 Gy/12 fractions), thereby shortening  
the length of treatment [19]. The use of 3D planning with 
BT also enables better dose coverage of the tumor bed 
and skin sparing. 

Ormsby et al. [20] reported that loading the interstitial 
catheters with a radioactive source on the first through 
to the fifth postoperative days resulted in a significant 
wound-complication rate of 48%. As a result they changed 
their treatment policy, with catheters being loaded only 
five or more days after the operation. The wound compli-
cation rate was subsequently reviewed in 50 patients who 
underwent this new treatment strategy. Of the 21 patients 
receiving LDR, 14% had significant wound complica-
tions, a rate comparable to 10% of the 29 patients who 
did not receive radiation and had wound complications 
of similar severity. This demonstrated that the timing of 
radioactive source loading in the postoperative period is 
a major factor in radiation-induced wound-healing delay. 
This institution’s experience suggests that 5 to 7 days post 
surgery is a safe time to load the interstitial catheters. 

The association of wound complications with patient 
age, co-morbidities or treatment factors was studied by 
Aronowitz et al. [21] in a small series of 12 patients treated 
with HDR plus EBRT. The study results showed that there 
may be no relationship between wound healing and patient 
age, diabetes, width of excised skin, cross-sectional area of 
implant, sequencing of therapy or surgery-to-HDR interval. 

Tumor location 
It is postulated that tumors in the extremities do not 

correlate with a higher probability of complications. 
A publication by Delannes et al. [22] focusing on LDR 
treatments showed a correlation between the location 
of the tumor in the lower limb and early side effects  
(p = 0.003). The proximity of the tumor to neurovascular 
structures was correlated with late side effects (p = 0.009). 
In contrast to this, Kubo et al. [23] published the results 
of 7 patients treated between 1995 and 2000 for ESTS 
involving the neurovascular bundle. They were treated 
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with LSS followed by fractionated HDR. Catheters were 
placed within the tumor bed directly upon the preserved 
neurovascular structures. Six patients received a total 
dose of 50 Gy with HDR whilst one patient received  
30 Gy of HDR combined with 20 Gy of adjuvant EBRT. 
The 5-year actuarial OS, LC and disease specific survival 
rates were 83.3%, 83.3%, and 68.6%, respectively. None of 
the 7 patients developed HDR induced peripheral neuro-
pathy or neurotoxicity. 

High-dose-rate compared to low-dose-rate
Pohar et al. [24] compared the results of LDR and 

HDR. A group of 37 patients treated with LDR (20) or 
HDR (17) plus EBRT were evaluated and no significant 
difference in the 2-year LC (90% with LDR and 94% for 
HDR) was found. The rate of grade 2-4 complications 
was 40% in the LDR group and 18% in the HDR group.  
The difference however was not statistically significant  
(p = 0.14), probably due to the relatively small number  
of patients in the cohort. Interestingly, on univariate anal-
ysis, suboptimal geometry of the implant was predictive 
of an increased complication rate in the LDR group. These 
results therefore confirm that optimization of dose distri-
bution by varying the dwell time at each dwell position, 
as made possible by HDR, may compensate for subopti-
mal geometry and thus reduce the rate of complications. 

High-dose-rate and external beam radiation therapy
Pellizzon et al. [7] have also published the results of  

27 patients who presented with ESTS and were treated 
with LSS and HDR from 1993 to 1999. The postopera-
tive HDR dose prescription ranged from 18 Gy to 36 Gy, 
given in 3 to 6 Gy fractions, twice daily. External beam 
radiation therapy was used pre or postoperatively with 
a median dose of 40 Gy (30-55 Gy). The 5-year actuarial 
LC and OS observed were 85.2% and 93.7%, respectively. 

Chun et al. [25] examined the results of 17 patients 
with ESTS (11 primary and 6 recurrent) treated between 
1995 and 1999 with HDR plus EBRT. On 6th postopera-
tive day, patients received HDR, 2-3 Gy per fraction twice  
daily up to 12-18 Gy, followed 3 weeks later by EBRT 
(36-60 Gy). With a median follow-up of 31 months, there 
was no local failure within the radiation field in any of 
the patients. One patient did require wound revision for 
delayed healing after HDR, but there was no neuropathy 
or significant fibrosis in any of the patients. 

The American Brachytherapy Society [26] published 
a consensus statement for ESTS brachytherapy last year. 
They reported that factors which influence the selection of 
radiation treatment modalities to be employed in the adju-
vant setting include tumor grade and size, prior surgeries, 
and tumor recurrence. They conclude that LDR, HDR, and 
pulsed-dose-rate radiation are all acceptable modalities to 
use for ESTS either alone or in combination with EBRT. 

Conclusions 
Results for HDR interstitial BT for the treatment of 

ESTS in adults are quite encouraging. The clinical equiv-

alence between HDR schedules and LDR has gained 
more acceptance. High-dose-rate can definitively irra-
diate ESTS after surgery, either alone or in combination 
with EBRT. High-dose-rate also permits re-irradiation 
by strictly localizing the high dose radiation exposure.  
In addition, HDR provides the advantage of a rapid com-
pletion of local treatment, allowing for earlier initiation  
of systemic therapy when necessary. Prospective studies 
on the use of HDR in the adjuvant setting to treat ESTS 
are still necessary to define the optimal dose/fraction 
schedule. 
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