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Successful treatment of high-risk soft tis-
sue sarcomas (STS) of the extremities re-
mains challenging in the 21st century [1].
External-beam radiation therapy (EBRT)
combined with limb-sparing surgery local
control (LC) rates are comparable to those
achieved with amputation [2]. The benefit
of adding EBRT to limb-sparing surgery
has been addressed in two randomized
trials; both showed that combined treat-
ment reduced the risk of local recurrence
by 20-25 % when compared to limb-spar-
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with surgical resection,
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intraoperative electron-beam
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patients with primary soft tissue
sarcoma of the extremity

A multicentric pooled analysis

of long-term outcomes

ing surgery alone [3, 4]. Thus, the use of
adjuvant EBRT maximizes functional and
cancer outcomes without the significant
morbidity and cosmetic deformity of rad-
ical surgery [4]. Margin status has been
reported to be the most important prog-
nostic factor for LC even in patients treat-
ed with combined surgery and radiother-
apy [5]. Complete negative margin resec-
tion can sometimes not be achieved due
to close proximity or proven invasion in-
to adjacent unresectable structures [6, 7].
Therefore, higher EBRT doses are some-
times used to compensate for close or pos-
itive margins.

Total escalated doses of radiotherapy
that can be delivered even with the most
sophisticated and updated EBRT preci-
sion techniques is limited by the presence

of dose-limiting surrounding organs or
structures in the planning treatment vol-
ume (PTV) [8]. Accordingly, high radia-
tion therapy doses delivered with EBRT
have often been associated with signif-
icant late toxicity [9]. Because a cumu-
lative EBRT dose of 64 Gy or greater is
needed in the positive and/or close mar-
gin setting [10], this scenario is an ideal
situation to consider intraoperative elec-
tron-beam radiation therapy (IOERT) as
a component of treatment, as this modal-
ity has the advantage of delivering a high
boost dose to deep-seated sarcoma resi-
dues or risk surgical bed areas adjacent
to radiosensitive critical organs by mobi-
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Table 1 Patient, tumour and treatment characteristics

Parameter  Variable n=159(%) Lowerextremity Upperextrem- pvalue
n=136 (86 %) ity n=23 (14 %)
Patient variables
Age (years)  Median age 52(16-88) 52(16-88) 54 (16-77) 0.54
(range)
Gender Male 83(52) 70 (52) 13(57) 0.71
Female 76 (48) 66 (48) 10 (43)
Karnofsky <90 30(19) 26 (19) 4(17) 0.89
perfomance > 99 129 (81) 110(81) 19(83)
status score
Presurgical variables
TNM AJCC 1=l 88 (55) 75 (55) 13(57) 0.90
stage I} 71 (45) 61(45) 10 (43)
Tumoursize  Median tumour 10 (2-26) 10 (3-26) 8(2-15) 0.10
(cm) size (range)
Tumour Deep 103 (65) 86 (63) 17 (74) 0.37
location Superficial 56 (35) 50 (37) 6 (26)
Microscopic surgical specimen
Histology Liposarcoma 42 (26) 39(29) 3(13) 0.23
subtype Sarcoma NOS 29(18) 24(18) 22)
Malignant fibrous 27 (17) 22(16) 5(22)
histiocytoma
Leiomyosarcoma 17 (11) 15(11) 2(9)
Synovial sarcoma  15(9) 13(8) 2(9)
Other 29(18) 23(17) 6 (26)
Histologic 1=l 80 (50) 67 (49) 13(57) 0.52
grade I 79 (50) 69 (51) 10 (43)
Surgery
Resection Wide resection 140 (88) 117 (86) 18(78) 0.13
Marginal resection  19(12) 19 (14) 5(22)
Margin RO 133(84) 115 (85) 18(78) 0.45
status R1 26 (16) 21(15) 5(22)
IOERT technical parameters
IOERT dose <1250 85(53) 70(51) 15 (65) 0.48
(cGy) >1250 74(47) 66 (49) 8(35)
IOERT en- <6 80 (50) 67 (49) 13(57) 0.52
ergy (MeV)  >¢ 79 (50) 69 (51) 10 (43)
IOERT ap- <10 79 (50) 66 (49) 13(57) 0.36
plicatorsize 10 80(50) 70(51) 10 (43)
(cm)
EBRT-CT treatment
AdjuvantCT  Yes 55 (35) 49 (36) 6(26) 0.21
No 104 (65) 87 (64) 17 (74)
EBRT dose <50 102 (64) 87 (64) 15 (65) 091
(Gy) >50 57 (36) 49 (36) 8(35)
EBRT se- Postoperative 126 (79) 109 (80) 17 (74) 041
quence Preoperative 33(21) 27 (20) 6(26)
IOERT intraoperative electron-beam radiotherapy, EBRT external beam radiotherapy, CT chemothapy,
NOS not otherwise specified

lizing these structures temporarily out of
the radiation field [11]. Since 1986, three
Spanish institutions have approached the
treatment of patients with extremity STS
using an IOERT-boost component in
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high-risk areas (post-resection and pre-
reconstruction), EBRT and limb-spar-
ing surgery. In this study, a joint analy-
sis of data from three institutions was
performed in order to evaluate, on a large

and mature cohort of patients, evidence
of the contribution of an IOERT-contain-
ing multimodality approach in promoting
LC with acceptable tolerance.

Materials and methods

Patient characteristics and
staging evaluation

From June 1986 to April 2012, patients
aged 216 years (Karnofsky performance
status >70) with pathologically confirmed
[macroscopically resected (non-R2)] non-
metastatic extremity STS were eligible for
multimodal treatment. Patients (n=159)
with primary (nonrecurrent) tumours,
with either close (<1 cm) and/or positive
surgical margins (limb-preserving sur-
gery) underwent EBRT and IOERT. Ad-
ditionally, during the study period, 95 pa-
tients (with margins >1 cm) were treat-
ed exclusively with surgical resection and
postoperative EBRT. Patients with the di-
agnosis of desmoid tumour, dermatofibro-
sarcoma protuberans, rhabdomyosarcoma
and peripheral neuroectodermal tumour
were not included in the study, the former
two because of the often indolent clinical
course, and the latter two from the well-
known radioresponsiveness. Pretreatment
evaluation consisted of a complete histo-
ry and physical examination, complete
blood count, renal and liver function tests,
chest X-ray, and computerized tomogra-
phy (CT) or magnetic resonance imaging
(MRI) of the tumour site, chest and abdo-
men. Data were prospectively collected
and retrospectively analysed at the time of
scheduled follow-up. Patients were reclas-
sified according to the 7th AJCC/UICC
staging system for the analysis. Patient and
treatment characteristics are listed in @ Ta-
ble 1; there were no significant differences
in baseline variables between the patients
treated for lower and upper extremity STS.
The protocol followed the recommenda-
tions of the Declaration of Helsinki. The
Institutional Ethics Committee approved
the protocol, and signed informed consent
was obtained from all patients.

Treatment characteristics

Details of EBRT technique, IOERT and
adjuvant chemotherapy (CT) followed
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Abstract

Background or purpose. A joint analysis of
data from three contributing centres with-

in the intraoperative electron-beam radiation
therapy (IOERT) Spanish program was per-
formed to investigate the main contributions
of IORT to the multidisciplinary treatment of
high-risk extremity soft tissue sarcoma (STS).

Results. From 1986-2012, a total of 159 pa-
tients were analysed in the study from three
Spanish institutions. With a median follow-
up time of 53 months (range 4-316 years),
5-year local control (LC) was 82 %. The 5-year
IOERT in-field control, disease-free surviv-

al (DFS) and overall survival (OS) were 86, 62

Conclusion. From this joint analysis emerges
the fact that an IOERT dose > 12.5 Gy increas-
es the rate of IOERT in-field control, but DFS
remains modest, given the high risk of dis-
tant metastases. Intensified local treatment
needs to be tested in the context of more ef-
ficient concurrent, neo- and adjuvant system-

Methods and materials. Patients with an and 72 %, respectively. On multivariate analy- ic therapy.
histologic diagnosis of primary extremity STS, sis, only microscopically involved margin (R1)
with absence of distant metastases, under- resection status retained significance in rela- Keywords

going limb-sparing surgery with radical in-
tent, external beam radiotherapy (median
dose 45 Gy) and IOERT (median dose 12.5 Gy)
were considered eligible for participation in
this study.

tion to LC (HR 5.20, p <0.001). With regard to
IOERT in-field control, incomplete resection
(HR 4.88, p=0.001) and higher IOERT dose
(=125 Gy; HR0.32, p=0.02) retained a signif-
icant association in multivariate analysis.

Intraoperative radiotherapy - Extremities -
Soft tissue sarcoma - Locoregional recurrence -
Neoplasm metastasis

GliedmaBenschonendes Management mit chirurgischer Resektion, externem und
intraoperativem Elektronenbestrahlungsschub fiir Patienten mit primarem Weichteilsarkom
der Extremitat. Eine multizentrische gepoolte Analyse von Langzeitergebnissen

Zusammenfassung

Ziel. Um den therapeutischen Beitrag einer
intraoperativen Bestrahlung mit Elektronen
(IOERT) als Teil eines multidisziplinaren Be-
handlungskonzepts von Weichteilsarkomen
(STS) im Extremitatenbereich mit hohem Risi-
koprofil evaluieren zu konnen, wurde anhand
des spanischen IOERT-Programm:s eine ge-
poolte Datenanalyse von drei teilnehmenden
Zentren vorgenommen.

Patienten und Methoden. Eingeschlossen
in diese Studie wurden Patienten mit histolo-
gisch bestatigtem primaren STS der Extremi-
taten ohne Fernmetastasierung, welche nach
radikaler extremitdtenerhaltenden Operation
eine externe Radiotherapie (mediane Dosis
45 Gy) in Kombination mit einer IOERT (me-
diane Dosis 12,5 Gy) erhielten.

Ergebnisse. In einem Zeitraum von 1986—
2012 wurden insgesamt 159 Patienten aus-

gewertet. Bei einer medianen Nachbe-
obachtungszeit von 53 Monaten (Span-

ne 4-316 Monate) wurde eine Lokalkontrol-
le (LC) nach 5 Jahren von 82 % errechnet. Die
5-Jahres-Raten der LC innerhalb des IOERT-
Felds, das krankheitsfreie Uberleben (DFS)
und das Gesamtiiberleben (0S) lagen ent-
sprechend bei 86, 62 und 72 %. In multivaria-
ten Analysen erwiesen sich lediglich mikros-
kopisch positive Resektionsrander (R1) als si-
gnifikant pradiktiv hinsichtlich der LC (HR
5,20; p<0,001). Innerhalb des ehemaligen
IOERT-Felds zeigte in der multivariaten Ana-
lyse neben der inkompletten Resektion (HR
4,88; p=0,001) auch die hohere IOERT-Dosis
>12,5 Gy (HR 0,32; p=0,02) einen statistisch
signifikanten Einfluss.

Schlussfolgerung. Die Ergebnisse aus die-
ser multiinstitutionellen Analyse lassen den

Schluss zu, dass IOERT-Dosen > 12,5 Gy die
lokale Kontrollrate im ehemaligen IOERT-Be-
strahlungsfeld erhohen, bei jedoch insge-
samt moderatem DFS aufgrund des hohen
Metastasierungsrisikos bei dieser Art der Sar-
komerkrankung. Diese Behandlungsoption
zur intensivierten Erhohung der LC sollte mit
effizienterer konkomitanter, neo- und ad-
juvanter Systemtherapie weiter untersucht
werden.

Schliisselworter

Intraoperative Strahlentherapie -
Extremitéten - Weichteilsarkom -
Lokoregionares Rezidiv -
Neoplastische Metastasierung

previously described standards [11]. A to-
tal median EBRT dose of 45 Gy (range 40—
54 Gy; 1.8-2.0 Gy/5 days/week) was ap-
plied postoperatively [79 %, 45 Gy (range
40-54 Gy)] or preoperatively [21 %, 45 Gy
(range 40-50 Gy)] and delivered with
megavoltage equipment (6 to 15 MV) us-
ing a three-dimensional (3D) conformal
field technique. The technique for the
EBRT component consisted of conven-

tional (2D-RT) EBRT for patients treated
between 1986 and 1992 (n=28, 18 %) and
conformal (3D-CRT) EBRT for patients
treated after 1992 (n=131, 82%). PTV for
2D-RT was defined as tumour bed plus
3 cm in the radial directions in all cases,
and for the longitudinal directions a 5 cm
margin was applied. Clinical target vol-
ume (CTV) for the 3D-CRT technique
included the surgical tumour bed plus a

2 cm margin in the radial directions and
a 3 cm margin in the longitudinal (proxi-
mal and distal) directions, while the PTV
was defined as CTV plus a 1 cm margin
in the longitudinal and radial directions.
At least one third of the circumference
of the extremity was spared from irradi-
ation to prevent development of chron-
ic lymphedema. Surgical procedures (4-
6 weeks before postoperative or after pre-
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Table 2 Correlations between macroscopic/microscopic pathology characteristics and IOERT

technical parameters

Pathology/IOERT Treatment  Applicator size IOERT dose (Gy) IORT energy (MeV)
Median (range) Median (range) Median (range)

Tmax size (cm)

2.0-3.0 7(6-10) 15 (10-15) 6(4-12)

3.1-6.0 9(6-15) 12.5(7.5-20) 6 (4-20)

6.1-10.0 10 (5-15) 12.5(7.5-20) 6 (4-20)

10.1-15.0 12 (5-15) 12.5(10-20) 8(4-18)

15.1-26.0 12 (9-15) 12.5(10-18) 8(4-12)

Margin resection status

RO 10 (5-15) 12.5(7.5-20) 6(4-18)

R1 10 (6-20) 12.5(10-20) 9 (6-20)

Tmax tumoural maximal dimension

operative treatment) were categorized as
marginal resection [(n=19, 12 %) defined
as resection through the tumour pseudo-
capsule or surrounding reactive tissue] or
wide [(n =140, 88 %) resection including
normal tissue]. In all, 40 patients (25 %)
underwent a tumour bed re-excision af-
ter prior excision, excisional biopsy, or
intralesional surgical procedure. The re-
maining 119 patients (75 %) underwent a
single attempt at definitive resection after
incisional or core needle biopsy. For pa-
tients who had more than one procedure,
the most radical procedure is listed. The
IOERT program was performed in a non-
dedicated linear accelerator with outpa-
tient radiotherapy activity by the three
institutions. After surgery and before re-
construction, 10-20 Gy (median 12.5 Gy)
were delivered in a single fraction to one-
(n=128, 81 %) or two-field (n=31, 19%)
PTVs, using a median energy of 6 MeV
(range 4-20 MeV) (@ Table 2). Dose was
prescribed to the 90 % isodose line, cover-
ing the entire surgical bed. The intraop-
erative margin status was assessed using
frozen pathologic sections. The IOERT
dose was chosen according to the margin
status and surgical bed volumes. Beveled
(15-45°) Lucite circular applicators (size
range 5-15 cm) were adjusted to collimate
the target surface air gap, allowing dosi-
metric adaptation and uniform dose dis-
tribution. CT-guided treatment has been
available since 2008 for IOERT planning
[12]. Patients with higher histologic grade
(grade 3) and tumour size (=5 cm) were
offered adjuvant CT (most commonly CT
consisted of 4 or 5 cycles of doxorubicin

4 | Strahlentherapie und Onkologie X - 2014

75 mg/m? and ifosfamide 5 g/m?, every 3
weeks).

Follow-up and toxicity evaluation

All patients were required to be fol-
lowed according to a common proto-
col every 3 months after treatment com-
pletion for the initial 3 years and every 6
months for 3 additional years thereafter.
Patients were restaged 4 weeks after EBRT
and routinely every 6 months with chest
X-ray, and CT or MRI of the initial tu-
mour site. Acute and late toxicities were
evaluated according to Radiation Thera-
py Oncology Group/European Organiza-
tion for Research and Treatment of Can-
cer score [13].

Statistical analysis

The collected data were analyzed using
SPSS (version 19.0) statistical software.
The primary endpoint was LC. Second-
ary endpoints included IOERT in-field
control, disease-free survival (DFS) and
overall survival (OS).

The Kaplan-Meier method was used
to estimate LC, IOERT in-field control,
DES and OS probabilities (all time-to-
event end points were defined as the time
from treatment initiation to event or the
day of last follow-up). For survival out-
comes potential associations were as-
sessed in univariate and multivariate anal-
ysis using the Cox proportional hazards
model. Based on, first, p values <0.10 in
univariate analyses, and second, on clin-
ical relevance, multivariate analysis was
performed using a stepwise regression

model to identify variables that have an
effect (two-sided p test <0.05) on surviv-
al outcomes.

Results

Median follow-up time for all patients
was 53 months (range 4-316 months). A
total of 118 patients were alive at the time
of analysis. Median follow-up for surviv-
ing patients was 67 months (range 4-316
months). Of the 41 deceased patients, 37
(90 %) died from cancer progression, and
4 (10%) died from causes unrelated to
their tumours or treatment. Crude local
relapse (LR) rate was 16 % (n=25), IO-
ERT in-field rate was 12% (n=19) and
30% (n=48) developed distant metasta-
ses [most commonly pulmonary (n=29,
60%)]. Of the 25 patients who had local
progression, 8 (5 %) were rescued with ex-
tremity amputation. Actuarial 5-year am-
putation-free survival was 94 %. The oth-
er 17 patients (15 had synchronic distant
metastases) with local relapse underwent
wide excision (n=1), received chemother-
apy alone (n=14), or received no thera-
py (n=2).

Actuarial local control for the study
population at 5 and 10 years was 82 and
81 % (Supplemental Fig. 1a). Univariate
Cox proportional hazard analyses showed
that an R1 resection (Fig. 1le (p=0.001))
and marginal excision (p=0.05) were as-
sociated with a higher probability of LR
(B Table 3). After adjustment for other co-
variates only R1 resection (p <0.001) re-
mained significantly associated with LR
(B Table 4). We then evaluated patients
with upper and lower extremity STS sep-
arately. For the subset with lower extrem-
ity STS (86 %), patients with R1 resec-
tions experienced a significantly higher
risk of LR in univariate analysis (HR 3.67;
95%CI 1.54-8.76; p=0.003). Alterna-
tively, for the subset with upper extrem-
ity STS (14 %), univariate analysis did not
show that patients with R1 resection sta-
tus had an increased risk of LR (HR 2.02;
95%CI 0.54-7.02; p=0.35). Actuarial IO-
ERT in field-control at 5 and 10 years
was 86 and 85 % (Supplemental Fig. 1b).
Univariate analyses showed that R1 re-
section (p=0.004) was associated with a
higher probability of IOERT in-field re-
lapse (B Table 3). An IOERT boost dose



Table 3 Univariate analyses of associations between the patient, tumour and treatment with locoregional control, IOERT in-field control, dis-

ease-free survival and overall survival

Parameter Variable Locoregional control IOERT in-field control Disease-free survival Overall survival
HR C95% pvalue HR CI95% pvalue HR CI95% pvalue HR ClI95% pvalue

Patient variables

Gender Male 1.0 031-1.65 043 1.0 035-240 0.79 1.0 048-141 048 1.0 048-1.037 046
Female 0.71 0.88 0.82 0.76

Age (years) <50 1.0 0.77-3.99 0.18 1.0 0.64-4.08 032 1.0 061-1.82 0.86 1.0 097-334 0.06
>50 1.75 1.61 1.05 1.80

Karnofsky <90 1.0 0.16-132 0.14 1.0 0.17-1.51 0.21 1.0 031-213 0.71 1.0 0.25-193 0.59

perfomance >90 0.48 0.49 0.84 0.71

status score

Extremity Upper 1.0 0.04-2.04 0.21 1.0 0.05-2.69 032 1.0 0.92-1.19 0.10 1.0 0.15-159 0.24
Lower 0.28 0.36 0.37 0.49

Presurgical variables

TNM AJCC -l 1.0 0.56-243 0.1 1.0 054-3.87 046 1.0 1.14-336 0.02 1.0 1.08-324 0.04

stage Il 1.16 1.45 1.96 1.89

Tumor size <10 1.0 039-340 092 1.0 0.28-526 0.0 1.0 0.75-5.76 0.16 1.0 0.77-359 0.20

(cm) >10 1.10 1.21 2.08 1.66

Tumor Deep 1.0 0.14-3.10 0.59 1.0 0.08-2.07 027 1.0 0.13-2.72 0.68 1.0 0.05-2.53 0.29

Superficial 0.66 0.40 0.74 0.34
Microscopic surgical specimen

Histology sub-  Liposarcoma 1.0 0.79-892 0.12 1.0 091- 0.06 1.0 092-426 0.08 1.0 0.80-13.67 0.10
type Others 2.65 6.80 51.16 2.08 3.29
Histologic -l 1.0 0.62-231 0.80 1.0 0.55-365 047 1.0 0.97-2.87 0.06 1.0 0.71-241 0.40
grade I} 1.21 1.42 1.67 1.30
Surgery
Resection Wide 1.0 1.01-7.15 0.05 1.0 0.93-835 0.07 1.0 0.86-443 0.10 1.0 0.76-3.85 0.19
resection 2.65 2.75 2,01 1.71
Marginal
resection
Margin status RO 1.0 1.75-9.36 0.001 1.0  1.55- 0.004 1.0 1.34-456 0.004 1.0 092-3.13  0.09
R1 4.04 402 1039 247 1.69
IOERT technical parameters
IOERT dose <1250 1.0 021-134 0.18 1.0 0.09-096 0.04 1.0 0.54-160 0.78 1.0 021-246 0.79
(Gy) >1250 0.53 0.30 0.93 0.85
IOERT energy <6 1.0 0.75-6.15 0.22 1.0 0.81-844 0.17 1.0 0.73-352 024 1.0 0.80-336 0.18
(MeV) >6 2.16 3.03 1.89 1.75
IOERT applica- <9 1.0 0.58-3.11 049 1.0 043-276 0386 1.0 0.78-233 029 1.0 0.75-276 0.27
tor size (cm) >9 1.34 1.13 1.34 1.44
EBRT-CT treatment
Adjuvant che-  Yes 1.0 0.59-4 0.36 1.0 0.50-4.70 0.46 1.0 0.65-1.82 090 1.0 0.60-232 063
motherapy No 1.60 1.53 1.08 1.18
EBRT sequence Postopera- 1.0 0.19-137 0.18 1.0 0.13-1.18 0.15 1.0 035-148 038 1.0 036-206 075
tive 0.51 0.47 0.73 0.87
Preoperative
EBRT dose (Gy) <50 1.0 0.34-2.05 0.70 1.0 0.18-1.66 0.28 1.0 046-149 053 1.0  0.40-1.61 0.53

>50 0.84 0.54 0.83 0.80
IOERT intraoperative electron-beam radiotherapy, EBRT external beam radiotherapy, CT chemothapy

>12.5 Gy (Fig. 1f; p=0.01) was associat-
ed with a lower probability of IOERT in-
field relapse. In multivariate analysis an
R1 resection (p=0.001) and higher 10-
ERT dose (=12.5 Gy) retained a signifi-
cant association with regard to IOERT
in-field relapse (@ Table 4). When IOERT
dose was evaluated separately in patients

with RO and R1 resection margin status,
we found that only for the subset of pa-
tients with RO resections (84 %), receiv-
ing an IOERT dose >12.5 Gy was asso-
ciated with a lower probability of IOERT
in field relapse (HR 0.14; 95 %CI 0.02-
0.98; p=0.05). Actuarial DFS at 5 and
10 years was 62 and 57 % (Supplemen-

tal Fig. 1c). Univariate Cox proportion-
al hazard analyses showed that stage III
(p=0.02) and R1 margin status (p=0.004)
were associated with a higher probabili-
ty of overall metastases (8 Table 3). After
adjustment for other covariates stage III
(p=0.008) and R1 resection (p=0.001) re-
tained a significant association with DFS

Strahlentherapie und Onkologie X - 2014 ‘ 5
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Table 4 Factors associated with locoregional control, IOERT in-field control, disease-free survival and overall survival in multivariate analyses

Parameter  Variable Locoregional control I0ERT in-field control Disease-free survival Overall survival
HR Cl195% pvalue HR C195% pvalue HR cl pvalue HR C195%  pvalue
95 %
Patients
Age (years) <50 - = — — - — — - 1.0 1.01-3.53 0.05
>50 1.89
Presurgical variables
TNM AJCC -l - - - - - 1.0 1.22- 0.008 1.0 1.08-3.26 0.04
Stage 1l 209  3.60 1.75
Surgery
Margin RO 1.0 2.14-1266 <0.001 1.0 1.87-12.71  0.001 1.0 1.54- 0.001 - - -
status R1 5.20 4.88 2.87 5.35
IOERT technical parameters
IOERTdose <1250 - - 1.0 0.10-0.88  0.02 - - - - - -
(Gy) >1250 0.32
IOERT intraoperative electron-beam radiotherapy

Table 5 Series of extremity soft tissue sarcomas treated with external beam radiotherapy and intraoperative radiation therapy. Stratified by mar-

gin (RO vs. R1) and disease status (primary vs. recurrent)

n Median EBRT Median RO R1 Primary Recurrent

follow-up  (range) IORT % Local % Local % Local % Local

(months)  dose(Gy) dose (Gy) control control control control
Oerteletal. 153 33 40-50.4 15 (10-20) 78 85%at5 7 60%at5 62 73%at5 38 69% at
[15] years years years 5years
Azinovicet 45 60 40-50 15 (10-25) 87 88%at5 13 57%at5 58 88%at5 32 60% at
al.[16] years years years 5 years
Calletal. 61 70.8 19.8-54 10 (7.5-20) 82 89%at5 16 100%at 87 94%at5 13 67 % at
[17] years 5 years years 5 years
Current 159 53 40-54 125(7.5-20) 84 86%at5 16 60%at5 100 82%at5 - -
series years years years

(B Table4). Actuarial OS at 5 and 10 years
was 72 and 64 % (Supplemental Fig. 1d).
On univariate analysis, only stage III pa-
tients (p=0.04) were at a significantly
higher risk of overall death (B Table 3).
We found on multivariate analysis that
stage III (p=0.04) and age =50 (p=0.05)
were significantly associated with OS
(B Table 4).

Overall 23 patients (14 %) had grade
>3 acute toxicity [severe skin reactions
(n=14, grade 3) and wound-healing dis-
turbances (n=8, grade 3; n=1, grade 4)].
Sixteen patients (10 %) developed
grade >3 chronic toxicity [neuropathy
(n=4, grade 3; n=2, grade 4), necrosis/fis-
tula/ulcer (n=1, grade 3; n=1, grade 4),
joint function impairment due to fibrosis
(n=4, grade 3) and severe chronic lymph-
edema (n=2, grade 3)]. No perioperative
or long-term death from treatment oc-
curred. In relation to acute [14% (n=19)
vs. 17% (n=4); p=0.41)] and chron-
ic toxicity [10% (n=13) vs. 13% (n=3);
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p=0.65)] no differences between patients
with upper and lower extremity STS were
observed.

Discussion

To our knowledge, this is the largest re-
ported study that focuses on the outcomes
of patients with primary STS treated with
IOERT and EBRT. Discrimination be-
tween patients receiving treatment for an
initial diagnosis and recurrence is impor-
tant because it has been consistently re-
ported that patients treated for LR have
worse overall outcomes (8 Table 5).

Our relevant findings can be summa-
rized as follows. First, in a group of pa-
tients with high-risk features for local re-
lapse (all incomplete or close margin re-
sections), the 5-year LC and OS rates of
82 and 72 % compare well with more fa-
vourable cohorts of patients treated with
limb-preserving surgery and EBRT with-
out IOERT [5-year OS (71-87 %) and LC

(72-96 %)] [2-6]. Second, we found that
an IOERT dose >12.5 Gy reduces the risk
of IOERT in-field relapse. Interesting-
ly, this maintained significance when pa-
tients with complete resection (R0) were
analysed separately. Finally, we found that
patients with an R1 resection had an in-
creased probability of local and distant
relapse that could not be compensated
by a moderate IOERT boost to the high-
risk region. In a subgroup analysis margin
status retained significance with regard to
LC only for patients with lower extremi-
ty tumours.

Several groups have successfully im-
plemented and reported combined man-
agement (IORT and EBRT) for patients
with extremity sarcomas [5-year LC (73-
95%) and OS (70-80%)] [14-18]. Al-
though margin status is a common listed
risk factor for local recurrence, what con-
stitutes adequate surgical margins is not
well defined. Positive surgical margins
have been consistently reported as an ad-



verse prognostic factor for LC (B Table 5).
Oertel et al. [15] reported the largest sin-
gle institution experience with IOERT
plus EBRT for the management of ex-
tremity STS (n=153). Although detailed
data on the site of recurrence and rescue
are not provided, LC was more favour-
able for patients receiving an IOERT dose
>15 Gy (5-year LRC 85 vs. 50 %, p=0.003)
and complete margin resection (5-year
LRC 85 vs. 60%, p=0.03). Azinovic et al.
[16] analysed 45 patients with extremity
sarcomas (58 % primary tumours) treat-
ed with postoperative EBRT (45 to 50 Gy)
and IOERT. The 5-year local control was
87 % and margin status [negative or close
margins vs. positive margins (p=0.04)]
significantly affected LC. Consistently, we
also found that patients with an IOERT
dose >12.5 Gy achieved better IOERT in-
field control. In the current analysis posi-
tive microscopic resection margins (16 %)
was the only factor that remained signif-
icantly associated with LC in the multi-
variate analysis. Additionally, the lack of
the significant association of margin sta-
tus with LC in the upper extremity and
IOERT dose with IOERT in-field con-
trol in patients with R1 resection margin
are likely due to small patient numbers in
those subgroups. However, margin resec-
tion status may have a different prognos-
tic impact in different settings [17]. Call et
al. [17] analyzed 61 patients (treated with
EBRT plus IORT) with upper extremity
STS by margin status. The patients with
positive margins had similar prognoses
to patients with negative margins (5- and
10-year LC rates 100 % and 86 % vs. 89 %
at both; p=0.98). Likewise in the current
analysis, margin status had no impact on
LC for patients with upper extremity STS.
In contrast for the subset of patients with
lower extremity STS we found that R1
margins status was associated with an in-
creased chance of LR.

Dickie et al. [19] examined the geo-
metric relationship between LR and
EBRT volumes of 768 STS patients treat-
ed with function-preserving surgery. Six-
ty (7.8 %) STS patients developed LR, 49
tumors relapsed in-field (6.4 % overall), 9
out-field (1.1% overall) and 2 were mar-
ginal (0.3 % overall). Because the majori-
ty of STS tumours reoccur in-field, these

data support that an accurate delivery of
a higher radiation dose could potentially
improve LC in select patients with limb
STS. Al Yami et al. [7] reported no benefit
for adding a postoperative EBRT boost for
extremity STS patients treated with pre-
operative radiotherapy. This treatment
strategy has several disadvantages such as
a significant delay before boost delivery
(potentially allowing tumour repopula-
tion and systemic dissemination), dimin-
ished effectiveness due to tumour bed hy-
poxia after surgery and increased treated
volume. An IOERT boost has several ad-
vantages over an EBRT escalated strategy
such as a more precise delivery of radia-
tion to a surgically identified high-risk ar-
ea, mobilization of dose-sensitive critical
organs temporarily out of the radiation
boost field and to shorten overall treat-
ment time (dose-dense radiotherapy).
The observation that patients receiving a
higher IOERT boost dose (=12.5 Gy) had
a decreased chance of IOERT in-field LR
in the current analysis is an argument in
favour of an IOERT dose escalation strat-
egy, by implementing field within a field
technique (Supplemental Fig. 2).

Distant metastases remain as the dom-
inant pattern of progression for high-risk
extremity STS [3, 20]. Although the ef-
fect of adjuvant CT on survival for resect-
ed soft-tissue sarcoma remains to be rec-
ognized [21], intensified local treatment
needs to be tested in the context of more
efficient concurrent, neo-, and adjuvant
systemic therapy.

Concerning treatment-related toxicity,
a treatment regimen that included IOERT
for extremity sarcomas was tolerable for
our 159 patients. The low rate of severe
toxic events and the high limb preserva-
tion rates (95% limb preservation) sug-
gest that a multimodality approach with
EBRT and an IOERT-boost component is
feasible with acceptable risks and without
prohibitive long-term side effects [22].

We acknowledge several limitations
of our study. First, on average only two
patients were treated per institution per
year [study period is very long (almost
25 years)]. Second, the population was
heterogeneous, receiving different treat-
ment combinations, sequences and dos-
es. Radiation therapy technology, treat-

ment guidelines and surgical consensus
have changed over time, and cannot be
completely assessed in all three hospitals.
Third, although we did observe a signifi-
cant association between IOERT dose and
IOERT in-field control after adjustment
for several potential confounding factors,
we certainly acknowledge the presence of
a selection bias for patients referred for ra-
diation therapy to a higher dose. Fourth,
a systematic method of follow-up, includ-
ing imaging, would be optimal to evalu-
ate patterns of failure after radiation ther-
apy. Given the retrospective nature of this
analysis, consistent homogeneous imag-
ing did not occur in a proportion of pa-
tients. Finally, we acknowledge the lim-
itation that this series does not compare
boost to no boost, and it is therefore dif-
ficult to assess the benefit of the IOERT
boost.

Conclusion

We found that patients with extremity
STS receiving EBRT and IOERT could be
treated safely and had high LC rates. In
addition, patients with radical resections
experienced the largest benefit of a high-
er IOERT dose. A level of adverse prog-
nostic features (R1 resections) might be
compensated in upper extremity STS.
Our results suggest that patients with
close or positive margins could benefit
from further intensified local treatment
strategies.
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