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Abstract

Background. To evaluate long-term local control, survival, radiation side effects and functional outcome after limb-sparing
surgery followed by postoperative radiotherapy (RT) for soft tissue sarcoma (STS). Material and methods. Between 1995
and 2010, 118 patients with STS of an extremity were treated with limb-sparing surgery and postoperative RT. Follow-up
was complete for all patients. Acute and late radiation related toxicities were scored using CTCAE v4.0. Results. Median
follow-up was 93 months. RT dose was 60 Gy in 92.4% of the patients; 5.1% received 66 Gy; 2.5% 50-56 Gy. Actuarial
local recurrence rates at five and 10 years were 9% and 12%. Five- and 10-year overall survival rates were 69% and 51%.
Acute radiation toxicities occurred in 91% of the patients; 19% were grade 3, 2% grade 4. Late radiation toxicities were
reported in 71% of the patients: 50% grade 1, 18% grade 2, and 3% grade 3. Limb and joint function after treatment were
good, 19% having mild limitation of motion, 1.5% moderate, and 2.5% severe limitations. Conclusion. Limb-sparing surgery
with 60 Gy postoperative radiotherapy for patients with STS provides excellent local control and high survival rates with

acceptable toxicity and functional outcomes.

Soft tissue sarcomas (STS) are a heterogeneous
group of rare malignancies arising in mesenchymal
tissues. The incidence of STS in the Netherlands is
2.8 per 100 000 (ESR) [1]. Most STS (60%) are
localized in the extremities [2]. Therapeutic goals in
the treatment of STS of the extremities are maximiz-
ing tumor control and survival with preservation of
optimal limb and joint function [3,4]. For most
patients limb-sparing surgery is feasible, and adju-
vant radiation therapy is used to improve local con-
trol in patients with adverse factors such as marginal
excision, high grade, deep localization, recurrent dis-
ease at presentation [5]. Several studies showed
similar outcomes after limb-sparing surgery with
radiation therapy (RT) compared to amputation,
both with respect to local control and survival
[3,4,6,7]. An analysis of the SEER database [4]

reported improved survival of patients with high
grade STS if limb-sparing surgery was combined
with RT (three-year overall survival 73% vs. 63%,
p<<0.001). Previous studies using adjuvant RT
reported five-year local control rates after limb-
sparing treatment of 82-95%, and five-year survival
rates of 70-76% [4-T7].

Patient functioning after treatment for STS of the
extremities is an important issue, because impair-
ment and functional disabilities cause reduced qual-
ity of life [8]. In a review of functional outcomes of
limb-sparing treatment, approximately 50% of the
patients had functional impairments, although not
always resulting in limitations in daily activities [9].

The present analysis was done to evaluate long-
term results of limb-sparing surgery and postopera-
tive RT for STS of the extremities with regard to
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local control and survival. Acute and late radiation-
related toxicities were analyzed with regard to func-
tional outcomes.

Material and methods
Patient selection

A total of 338 patients were treated with radiother-
apy for a mesenchymal tumor of soft tissue at the
Department of Clinical Oncology, Leiden University
Medical Center (LUMGC, a regional referral center
for treatment of STS) between January 1995 and
April 2010. Patients were excluded if they had
non-extremity STS, if they had been treated with
palliative intent, or if they had a histological subtype
with a different treatment approach or failure pat-
tern such as desmoid-type fibromatosis or Kaposi
sarcoma. Of the remaining 121 patients treated
with limb-sparing surgery and radiotherapy, two
were excluded for synchronous distant metastases,
and one for preoperative RT, leaving 118 patients in
the analysis. All 118 patients were treated with
curative intent using limb-sparing surgery and post-
operative RT; 12 patients (10%) also received
chemotherapy. Details of treatment and outcomes
were extracted from the surgical, pathological, and
radiological reports and patient files.

A tumor was considered primary STS when it
was previously untreated, or if only a biopsy had
been performed at time of presentation. When cura-
tive treatment was indicated for recurrent STS
previously treated with surgery alone, it was consid-
ered recurrent STS.

The WHO classification (2002) for soft tissue sar-
coma was used to classify the different histologies
into groups [10]. Tumor size was divided in three
groups: =5 c¢cm, >5-10 cm or =10 cm. The tumor
grade was defined as high (grade III) or low/interme-
diate (grade I and II). Grading was based on degree
of differentiation, number of mitoses per 1.734 mm?
and amount of necrosis according to the Féderation
Nationale des Centres de Lutte Contre le Cancer
(FNCLCC) system. This grading system is not appli-
cable for some histologic subtypes [such as malig-
nant peripheral-nerve sheath tumors (MPNST) and
clear cell sarcomas], which are considered high grade
STS because of their clinical behavior. The anatom-
ical depth was superficial if the tumor was located
above the superficial fascia, and deep if involving the
fascia and/or located beneath the fascia. Margin
status was classified as involved (microscopically
involved surgical margin), marginal (surgical margin
in pseudo capsule or reactive zone), wide (intracom-
partmental en bloc resection) or radical (extracom-
partmental en bloc entire compartment).

Recurrent disease was histologically confirmed
and defined as local recurrence, regional (inguinal or
axillary lymph node) recurrence and/or distant
metastasis. Recurrences were evaluated with respect
to the radiation fields (in-field, out-of-field or at the
edge of the field).

Radiation related side effects were scored using
the Common Terminology Criteria for Adverse
Events (CTCAE) version 4.0. Radiation side effects
were divided into acute and late (> 90 days) effects.
In 11 cases, information regarding toxicity was
missing.

Treatment

All 118 patients were treated with limb-sparing sur-
gery followed by postoperative radiotherapy, after
having been presented and discussed at the weekly
multidisciplinary Bone and STS Tumor Board. All
histopathology specimens were reviewed by a LUMC
sarcoma pathologist, except for the first time period
(before 2000), during which it was not done for all
patients. Primary surgery had been performed at
LUMC and/or regional referring hospitals. In case of
re-excision, this was done in LUMC. Standard treat-
ment for STS of the extremities was limb-sparing
surgery and radiotherapy, provided that limb func-
tion could be preserved. There were minor differ-
ences in RT indications, techniques and dose
schedules over the years. Radiotherapy was indicated
when a marginal or microscopically incomplete
resection had been performed. Indications for radio-
therapy in low grade tumors were based on patient
and tumor characteristics such as recurrent disease
at presentation, surgical margins and estimated risk
of recurrence.

All patients were treated with external beam
radiotherapy using 6-10 MV photons and/or 4-18
MeV electrons from a linear accelerator. Computed
tomography (CT)-based three-dimensional (3D)
conformal treatment planning was used. Whenever
feasible with respect to the clinical target volume
(CTV), care was taken to avoid including the full
circumference of the extremity in the radiation field;
in 12 patients (10%) the full circumference was
included. The CTV consisted of the tumor bed with
2 cm margin in the axial directions, and 5 cm in the
longitudinal directions, and was adapted to anatomic
barriers. The planning target volume included the
CTV with a 1 cm margin.

For postoperative radiotherapy during the period
of this study, a total dose of 60—66 Gy was given in
2.0 Gy fractions, five times per week: 60 Gy for close
surgical margins (less than 1 cm tumor-free margin
in the fixed specimen) or 66 Gy for microscopically
involved margins.



Statistical analysis

Statistical analyses were done using SPSS version
17.0 (SPSS Inc, Chicago, IL), and were based on
data frozen on January 1, 2011. Time intervals to
local recurrence or metastases were calculated
from date of histological diagnosis to date of recur-
rence, with censoring at date of death or of last
follow-up for patients alive and recurrence-free;
survival was calculated from date of diagnosis to
date of death irrespective of the cause, with cen-
soring at date of last contact for patients alive.
Synchronous local or regional recurrence and dis-
tant metastases were observed in five patients;
these were considered as separate events in the
analysis of local and distant recurrence. Actuarial
survival rates were calculated using the Kaplan-
Meier method and log-rank test. The competing
risks method (with death as competing risk) was
used for analysis of local recurrence and distant
metastasis. The relationship between local recur-
rence or metastases and survival was determined
using the time-dependent Cox regression analysis.
A two-sided p-value of <0.05 was considered sta-
tistically significant.

Results

Follow-up ranged from 9 to 192 months, with a
median follow-up of 93.4 months for patients alive.
Patient and tumor characteristics are shown in
Table 1.

In this study, 97% of the patients received a total
dose of at least 60 Gy (109 received 60 Gy, 6 received
66 Gy). One patient (epitheloid sarcoma diagnosed
in 1995) had received 50 Gy and two patients had
received 54 Gy and 56 Gy (one myxoinflammatory
fibroblastic sarcoma and one extraskeletal Ewing
sarcoma).

All patients completed their radiation treatment
without delay. In 73 patients (62%), a joint had been
included in the radiation field. In order to preserve
range of motion and prevent or treat lymph edema,
patients were referred for physiotherapy.

The use of chemotherapy was individualized
and mostly based on clinical trials. Twelve patients
received chemotherapy: neo-adjuvant (n=9), adju-
vant (n = 2) or both (n=1). Among the nine patients
with neo-adjuvant chemotherapy, eight received
isolated limb-perfusion for an initially unresect-
able tumor.

Partterns of failure

Twelve patients developed local recurrence and
seven developed regional recurrence (none had both).
The actuarial five- and 10-year local recurrence
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rates were 9% and 12%, respectively. The interval
from completion of postoperative radiotherapy to
the development of local recurrence ranged from 6
to 66 months, with a median of 16 months. Charac-
teristics and treatment results of patients with local
and regional recurrences have been specified in Table
II. All patients with recurrences had received a radi-
ation dose of 60 Gy.

All patients with local recurrences received sal-
vage treatment and nine (75%) remained recurrence-
free during further follow-up. Among the patients
with a local recurrence, 67% developed distant
metastasis, compared to 86% of the patients with a
regional recurrence.

Distant metastases were diagnosed in 40
patients (34%), mostly localized in the lungs
(78%). The actuarial five-year and 10-year rates of
distant metastasis were 31% and 37%.The interval
from postoperative radiotherapy to distant metas-
tasis ranged from a month to more than 10 years,
with a median of 12 months and a mean of 22
months. Seven patients with local or regional
recurrence had synchronous distant metastases.
Most patients with metastases (31/40, 77%)
received active treatment. Several treatment modal-
ities (chemotherapy, surgery, radiotherapy, biolog-
icals) were given as single or combination therapies
at the time of metastases. Twelve (48%) of 25
patients with isolated lung metastases had thoracic
surgery (with or without presurgical chemother-
apy). Median survival after diagnosis of isolated
lung metastases for these 25 patients was 1.15
years (range 0.1-14.6 years).

Survival

Actuarial overall and disease-free survival rates are
shown in Figure 1. Five- and 10-year overall survival
rates were 69% and 51%, and disease-free survival
rates were 64% and 44%.

A total of 42 patients had died; 30 deaths
were disease-related (27 distant failures, one
local progression, two combined). One death was
related to chemotherapy for metastatic disease.
Nine deaths were due to other causes. Two causes
of death were unknown, but without previous
relapse.

Among the 76 patients alive, 62 had never had
disease recurrence; four were alive after diagnosis of
local recurrence, six after distant metastases, and
four after both. Patients with a local recurrence had
a 2.8 times higher risk of death compared to those
without recurrence (CI 1.16-6.7,p = 0.022). Patients
with distant metastases had a hazard ratio for
death of 16 compared to those without metastases
(CI 8.1-31.5, p<0.001).
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Table I. Patient characteristics.

N %
Gender
Female 60 50.8
Male 58 49.2
Age
=50 years 49 41.5
>50 years 69 58.5
Presentation
Primary 109 92.4
Recurrent 9 7.6
Site
Upper extremity 29 24.6
Lower extremity 89 75.4
Histological subtype (WHO classification 2002 [10])
Sarcoma NOS 7 5.9
Fibroblastic/myofibroblastic tumors:
Low grade myofibroblastic sarcoma 1.7
Myxoinflammatory fibroblastic sarcoma 1 0.8
Myxofibrosarcoma 17 14.4
Low grade fibromyxoid sarcoma/hyalizing spindle cell tumor 1 0.8
Adipocytic tumors:
Dedifferentiated liposarcoma 2 1.7
Myxoid liposarcoma 17 14.4
Pleomorphic liposarcoma 2.5
Atypical lipomatous tumor 1 0.8
So-called Fibrohistiocytic tumors:
Pleomorphic MFH/Undiff pleomorphic sarcoma 5.9
Giant cell MFH/Undiff pleopmorphic sarcoma with giant cells 1 0.8
Smooth muscle tumors:
Leiomyosarcoma 15 12.7
Skeletal muscle tumors:
Pleomorphic rhabdomyosarcoma 3 2.5
Chondro-osseous tumors:
Extraskeletal osteosarcoma 3 2.5
Tumors of uncertain differentiation:
Myoepithelioma, malignant 2 1.7
Synovial sarcoma 14 11.9
Epitheloid sarcoma 4 3.4
Clear cell sarcoma 3 2.5
Extraskeletal Ewing sarcoma 1.7
MPNST 11 9.3
Granular cell tumor, malignant 1.7
Size (pathology/clinical)
=5.0 cm 46 39.0
5.1-10.0 cm 43 36.4
>10.0 cm 29 24.6
Grade
Grade I +1I 28 23.7
Grade IIT 90 76.3
Surgical margins
Involved 29 24.5
Marginal 75 63.6
Wide 12 10.2
Unknown 2 1.7
Anatomical depth
Deep 79 66.9
Superficial 35 29.7
Unknown 4 3.4
Prognostic factors

Table IIT summarizes the relationship between local
control and patient and tumor characteristics. In uni-
variate analyses, tumor site was the only significant

prognostic factor, with upper extremity STS having
an increased risk of local recurrence compared to
lower extremity STS (24% vs. 6% local recurrence,
p=0.04). Tumor size (divided in three groups:
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Figure 1. Probability of overall survival and disease-free survival.

=5 c¢m, >5-10 cm, >10 cm) did not reach signifi-
cance as prognostic factor (p=0.16); if size =5 cm
vs. >5 cm was evaluated, there was a trend (p = 0.09)
for increased risk of local recurrence.

In univariate analyses for distant metastases
(data not shown), tumor size >5 cm was the only
variable significantly (p=0.018) associated with
the risk of metastases. Multivariate analyses could
not be performed, as both for local control
and distant metastases only one factor reached
significance.

Table IV shows the relationship between patient
and tumor characteristics and survival. Older age
(>50 years) and close or involved resection margins
were associated with a trend towards a lower sur-
vival rate.

Radiotherapy related side effects and
Sfunctional outcomes

Most patients (91%) experienced some acute toxicity
during postoperative radiotherapy. Among these,
36% were grade 1, 34% grade 2, 19% grade 3 and
2% grade 4 toxicities (grade 4 were two patients
with skin necrosis or wound dehiscence needing a
graft). Skin reactions were the most common: 87%
rash/dermatitis (67% grade 1-2) and 7.6% wound
infections. Eight patients had a wound dehiscence
during or just after completion of radiotherapy, five
of whom previously had wound healing problems
after surgery. None of these patients had received
isolated limb-perfusion. Other acute toxicities were
grade 1 fatigue (16.9%) and grade 1 limb edema
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Table II. Characteristics and treatment results of patients with
local and regional recurrence.

Local Regional
recurrence recurrence
n=12) n="17)
Characteristics (n=19) N % N %
Histologic subtype
Myxofibrosarcoma 2/17 11.8 1/17 5.9
Synovial sarcoma 2/14 14.3 1/14 7.1
Clear cell sarcoma 0/3 0 2/3 66.7
MPNST 3/11 27.3 1/11 9.1
Other 5/73 6.8 2/73 2.7
Surgical margins (initial surgery)
Involved 4/29 13.8 3/30 10.3
Marginal 8/75 10.7  3/77 4.0
Wide 0/12 0 1/12 8.3
Radiation field
In field 9/12 75.0 0/7 0
Out-of-field 0/12 0 4/7 57.1
Edge of field 2/12 16.7 3/7 42.9
Unknown 1/12 8.3 0/7 0
Salvage treatment
Yes, type: 12/12  100.0 4/7 57.1
S 7/12 58.3 1/7 14.3
S+RT 2/12 16.7 2/7 28.6
S+RT+CT 1/12 8.3 0/7 0
S+CT 1/12 8.3 0/7 0
CT 1/12 8.3 1/7 14.3
No/unknown 0/12 0 3/7 42.9
Results treatment (at 6 months)
LC 9/12 75.0 2/7 28.6
SD 1/12 8.3 0/7 0
PD 2/12 16.7 3/7 42.9
Unknown 0/12 0 2/7 28.6
2nd recurrence
Yes 3/12 25.0 0/7 0
local 2/12 16.7 0/7 0
regional 1/12 8.3 0/7 0
No 9/12 75.0 77 100.0
Metastasis
Yes 8/12 66.7 6/7 85.7
No 4/12 33.3 1/7 14.3

CT, chemotherapy; LC, local control; PD, progressive disease; RT,
radiotherapy; S, surgery; SD, stable disease.

(27%). Six of 32 patients with edema during radio-
therapy had edema in the postsurgical phase. Three
of 32 (9%) patients with edema had received isolated
limb-perfusion.

Late radiation related toxicities are summarized
in Table V. Most prominent were late musculoskeletal
toxicities. The majority of patients (55%) developed
any grade of fibrosis, most were mild (39% grade 1).
Twenty-three percent experienced some decrease in
joint motion: 18.6% had mild and 1.7% moderate
limitations; only 2.5% had grade 3 limitation of joint
motion with contracture. Three of 27 patients with
decrease in motion had been treated with isolated
limb perfusion, these toxicities were grade 1 (n=2)
and grade 2 (n=1). In 16 (59%) patients with
decreased range of motion, a joint had been included
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Table III. Univariate analysis for local recurrence.

Table IV. Univariate analysis for overall survival (OS).

Local No local
recurrence recurrence
(n=12) (n=106)
Log-rank
Characteristic (n=118) N % N % p-value
Gender 0.78
Male 6 10.3 52 89.7
Female 6 10.0 54 90.0
Age 0.68
=50 year 6 12.2 43 87.8
>50 year 6 8.7 63 91.3
Presentation 0.68
Primary 11 10.1 98 89.9
Recurrent 1 11.1 8 88.9
Site 0.04
Upper extremity, 7 24.1 22 75.9
incl. axilla
Lower extremity, 5 5.6 84 94.4
incl. groin
Size 0.16
=5 cm 2 4.3 44 95.7
>5, =10 6 13.9 37 86.0
>10 cm 4 13.8 25 86.2
Grade 0.51
I+1I 2 7.1 26 92.9
11 10 11.1 80 88.9
Surgical margins 0.36
Involved 4 13.8 25 86.2
Marginal 8 10.7 67 89.3
Wide 0 0 12 100.0
Unknown* 0 0 2 100.0
Anatomical depth 0.47
Superficial 2 5.7 33 94.3
Deep 10 12.7 69 87.3
Unknown* 0 0 4 100.0
Radiation dose 0.68
=56 Gy 0 0 3 100.0
60 Gy 12 11.0 97 89.0
66 Gy 0 0 6 100.0

“Not included in statistical analysis.

in the radiation field. Limb edema occurred in 30
patients (25%); all were grade 1, and 16 also had
edema as acute toxicity, and three had received iso-
lated limb perfusion. In five of these 30 patients
(17%) with persistent edema, the entire circumfer-
ence of the extremity had been included in the radi-
ation field.

Discussion

In this analysis of 118 patients with STS of the
extremities treated with limb-sparing surgery and
postoperative radiotherapy with curative intent, the
five-year local control rate was 90%. This compares
favorably to reported local control rates, taking into
account that 24% of the patients had involved resec-
tion margins. In a systematic review [2], local control
for STS of the extremities after surgery and adjuvant
RT was 90%. However, reported local control rates

Characteristic % 5-year % 10-year Univariate
(n=118) N (0N oS log-rank p-value
Gender 0.41
Female 60 70.7 57.9
Male 58 67.5 46.6
Age 0.09
50 year 49 69.8 69.8
>50 year 69 68.5 38.9
Presentation 0.49
Primary 109 70.2 54.5
Recurrent 9 53.6 53.6
Site 0.38
Upper 29 63.0 52.3
extremity
incl. axilla
Lower 89 71.4 53.9
extremity
incl. groin
Size 0.14
=5 cm 46 82.4 62.5
>5,=10 43 622 47.2
>10 cm 29 58.3 48.6
Grade 0.53
I+1I 28 77.2 59.4
11 90 66.7 52.0
Surgical margins 0.08
Involved 29 57.3 50.1
Marginal 75 69.1 50.3
Wide 12 90.9 80.8
Unknown” 2
Tumor depth 0.95
Superficial 35 75.8 53.2
Deep 79 68.8 55.8
Unknown” 4
Radiation dose 0.92
=56 Gy 3 66.7 66.7
60 Gy 109 69.3 52.4
66 Gy 6 80.0 80.0

“Not included in statistical analysis.

were lower in case of microscopic positive surgical
margins (80%), and for grossly visible tumor of the
margins (70%) [5].

In our series, distant metastases (34%) were more
frequently diagnosed than local or regional recurrences.
Pisters [11] reported a local recurrence rate of 17%
and a distant metastatic rate of 22% in a series of 1041
STS patients treated between 1982 and 1994.

The probability of a nodal recurrence as first fail-
ure site of STS is low; some histological subtypes
(such as clear cell sarcoma) are more likely to metas-
tasize to the regional lymph nodes than others [12].
Riad et al. reported a lymph node recurrence rate in
STS of the extremity of 4% [13]. In our study, lymph
node recurrence was the first site of recurrence in
6%. We found regional recurrences in two of three
patients with clear cell sarcoma.

Opverall survival rates were 69% and 51% at five
and 10 years, in accordance with reported survival



Table V. Late radiation toxicities according to the Common
Terminology Criteria for Adverse Events (CTCAE) version 4.0.

N %
Late toxicity
No 24 20.3
Yes 84 71.1
CTC grade 1 59 50.0
CTC grade 2 21 17.8
CTC grade 3 4 3.4
Unknown* 10 8.5
Late skin toxicity
Hyperpigmentation
No 59 50
Yes 50 42.4
CTC grade 1 48 40.7
CTC grade 2 2 1.7
Telangiectasia
No 79 66.9
Yes 30 25.4
CTC grade 1 26 22.0
CTC grade 2 4 3.4
Late musculoskeletal toxicity
Fibrosis
No 44 37.3
Yes 65 55.1
CTC grade 1 47 39.8
CTC grade 2 16 13.6
CTC grade 3 2 1.7
Joint range of motion decreased
No 82 69.5
Yes 27 22.9
CTC grade 1 22 18.6
CTC grade 2 2 1.7
CTC grade 3 3 2.5
Limb edema
No 79 66.9
Yes 30 25.4
CTC grade 1 30 25.4
Fatigue
No 104 88.1
Yes 5 4.2
CTC grade 1 5 4.2
Pain (arthralgia)
No 108 91.5
Yes 1 0.8
CTC grade 1 0 0
CTC grade 2 1 0.8

“Not included in analysis.

rates [6,14]. This is one of the few studies reporting
10-year survival rates.

Few prognostic factors could be identified in our
analysis, probably due to the relatively small sample
size. Tumor site was the only significant prognostic
factor for local recurrence, with higher recurrence
rates for STS of the upper extremity. Alektiar [14]
also reported lower local control rates for STS of
the upper extremity, probably due to the fact
that in the upper extremity it is more difficult
to obtain wide surgical margins. Other reported
adverse prognostic factors for local recurrence
are older age, recurrent disease, involved surgical
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margins and histological subtypes such as MPNST
[11]. We found a trend towards better local control
for tumor size =5 cm.

Reported adverse prognostic factors for distant
metastasis are histological grade, size, deep tumor
location and presentation with recurrent disease
[11]. In our analysis, tumor size >5 cm was the only
factor showing a significantly increased risk of
metastases.

Radiation dose has been shown to significantly
impact on the risk of local recurrence. Delaney [5]
demonstrated in a retrospective study improved
local control and survival rates with RT doses
>64 Gy in both STS of the extremity and non-
extremity sites after surgery with involved margins.
Patients who had a wide excision were treated with
a slightly lower dose (60 Gy) without compromising
local control and with fewer long-term toxicities
[15]. At the time, these data were the reason for us
to increase the dose from 60 to 66 Gy for involved
margins. However, excellent local control was
achieved in our series with 60 Gy, with only 4% of
the patients having received 66 Gy, while 24% had
microscopically involved margins.

The large majority of patients (91%) experi-
enced acute toxicities, and 70% were mild, CTC
grade 1 or 2. Reported rates of wound healing prob-
lems among patients who had postoperative RT vary
from 9% to 17% [16,17], and was 7% in our analy-
sis. Most (five of eight) patients with wound healing
problems already had complications in the postsur-
gical phase.

Essential for functional outcome after treatment
are late radiation-related toxicities, because these
impact most on daily activities and quality of life.
Among the 118 patients, 71% reported any late tox-
icity, 68% were CTC-grade 1 or 2. Fibrosis was the
most common toxicity (55%). Decrease of range of
joint motion was found in 23%, however this was
mostly mild, with only 2.5% CTC-grade 3 limita-
tions. Edema was reported in 25% of the patients,
some of whom also had postsurgical limb edema.

In a randomized trial of pre- vs. postoperative RT
reported by Davis [18], postoperative RT to a dose
of 66 Gy resulted in more late radiation toxicities,
especially subcutaneous fibrosis, joint stiffness and
extremity edema, than preoperative RT to a dose of
50 Gy. Using EORTC/RTOG Late Radiation Toxic-
ity Criteria (1995), fibrosis grade 1 was reported in
52% of patients, grade 2 or more in 48%; joint stiff-
ness of at least grade 2 in 23%; and edema grade 2
or greater in 23% of patients treated with postopera-
tive RT. All patients experienced some degree of
toxicity and the level of toxicity affected patient
functioning. In the current analysis a lower propor-
tion of the patients experienced late toxicities, and
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these were less severe, with only 15% grade 2 or
more fibrosis and 4% grade 2 or more joint stiffness.
The radiation dose used in our study was 60 Gy
(only six patients receiving 66 Gy), while all patients
in Davis’ study had received 66 Gy, which could
partly account our lower toxicity rates. However, a
limitation of our analysis was the fact that it was a
retrospective study, and toxicity data had to be scored
from the medical files. Presently, we are using 50 Gy
pre-operative RT more often, to limit both total dose
and irradiated volume, in order to further reduce the
risk of severe fibrosis and limitations in movement.

In conclusion, limb-sparing surgery with post-
operative radiotherapy for patients with STS pro-
vides excellent local control and high survival rates,
with acceptable toxicity and good functional out-
come. Although Delaney [5] reported increased
local control rates with dose levels > 64 Gy, in our
study 60 Gy seemed sufficient for local control
(90%), even in cases of (microscopically) involved
surgical margins.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.
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