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Abstract

Background: Advanced radiotherapy (RT) techniques allow normal tissue to be spared in patients with extremity
soft tissue sarcoma (STS). This work aims to evaluate toxicity and outcome after neoadjuvant image-guided
radiotherapy (IGRT) as helical intensity modulated radiotherapy (IMRT) with reduced margins based on MRI-based
target definition in patients with STS.

Methods: Between 2010 to 2014, 41 patients with extremity STS were treated with IGRT delivered as helical IMRT
on a tomotherapy machine. The tumor site was in the upper extremity in 6 patients (15%) and lower extremity in
35 patients (85%). Reduced margins of 2.5 cm in longitudinal direction and 1.0 cm in axial direction were used to
expand the MRI-defined gross tumor volume, including peritumoral edema, to the clinical target volume. An
additional margin of 5 mm was added to receive the planning target volume. The full total dose of 50 Gy in 2 Gy
fractions was sucessfully applied in 40 patients. Two patients received chemotherapy instead of surgery due to
systemic progression. All patients were included into a strict follow-up program and were seen interdisciplinarily by
the Departments of Orthopaedic Surgery and Radiation Oncology.

Results: Thirty eight patients that received total RT total dose and subsequent resection were analyzed for
outcome. After a median follow-up of 38.5 months cumulative OS, local PFS and systemic PFS at 2 years were
determined at 78.2, 85.2 and 54.5%, respectively. Two of 6 local recurrences were proximal marginal misses.
Negative resection margins were achieved in 84% of patients. The rate of major wound complications was
comparable to previous IMRT studies with 36.8%. RT was overall tolerable with low toxicity rates.

Conclusions: IMRT-IGRT offers neoadjuvant treatment for extremity STS with reduced safety margins and thus low

toxicity rates. Wound complication rates were comparable to previously reported frequencies. Two reported
marginal misses suggest a word of caution for reduction of longitudinal safety margins.

Keywords: Soft tissue sarcoma, Tomotherapy, IMRT, Extremity, Image-guidance, IGRT

* Correspondence: jan.peeken@tum.de

'Department of Radiation Oncology, Klinikum rechts der Isar, Technical
University of Munich, Ismaninger Strafle 22, 81675 Munich, Germany
5Deutsches Konsortium fiir Translationale Krebsforschung (DKTK), Partner Site
Munich, Munich, Germany

Full list of author information is available at the end of the article

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s13014-019-1207-2&domain=pdf
http://orcid.org/0000-0003-2679-9853
mailto:jan.peeken@tum.de
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Peeken et al. Radiation Oncology (2019) 14:2

Background

Patients with extremity soft tissue sarcomas (STS) are a
particular challenge for the interdisciplinary team.
Complete resection is crucial for long-term outcome of
affected patients. In comparison to amputations, Ro-
senberg and coworkers reported a comparable overall
survival after limb-sparing surgery combined with radi-
ation therapy (RT). As consequence, the combination
approach is evaluated carefully in every case and can be
considered as standard of care in extremity STS, when
feasible [1]. A retrospective SEER analysis showed a
survival benefit from RT for high-grade sarcomas, how-
ever, it could not be reproduced in prospective trials [2,
3]. Especially in limb tumors, intricate anatomy and the
necessity of high local radiation doses bear the risk of
treatment-related side effects that can decrease func-
tional outcome and impair quality of life [4, 5].

A matter of discussion is the ideal time point of RT
(pre-operative vs. post-operative). The clear advantage of
preoperative RT protocols for extremity soft tissue sar-
comas is the reduced size of the target volume and lower
necessary RT dose. Treatment volumes are significantly
smaller compared to the postoperative setting, which
leads to reduced morbidity rates in terms of limb edema,
joint stiffness, fibrosis and fractures [5]. On the other
hand, the risk of acute wound healing complications
may be higher when compared to patient groups treated
with postoperative RT. A randomized trial under the
auspices of the National Cancer Institute of Canada
(NCIC) demonstrated that wound complications were
twice as high after preoperative radiotherapy compared
with postoperative radiotherapy (35% versus 17%) [6].

Improvements in treatment precision and advanced
dose applications can optimize the therapeutic window
in patients with sarcomas. The development of intensity
modulated radiotherapy (IMRT) allows for precise dose
modulation to complex target structures. Especially, in
combination with image guidance (Image Guided Radio-
therapy, IGRT), IMRT leads to improved targeting with
the potential to reduce safety margins. Finally, this may
result in sparing of normal tissue with potentially lower
toxicity rates [7-10]. Helical tomotherapy combines
fan-beam IMRT with MV-CT imaging allowing daily
image guidance. Several modeling studies in patients
with lower extremity sarcomas demonstrated that IGRT/
IMRT enables to spare both bone and uninvolved soft
tissue [8, 11-14]. Modern imaging capabilities like mag-
netic resonance imaging (MRI) allow precise treatment
planning by taking surrogates for microscopic tumor
spread into account. A prospective phase II trial in
patients with lower extremity sarcomas evaluated if
preoperative MRI-planned IGRT/IMRT can minimize
dose to uninvolved tissues, and thus potentially reduce
the incidence of acute wound complications. With an
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incidence rate of 30.5%, major wound complications
were less frequent compared to the NCIC trial, though
statistically insignificantly [15]. Preoperative IGRT/IMRT
significantly diminished the need for tissue transfer.
Additionally, chronic adverse effects were lower, but not
at a significant level [15]. In a phase II trial conducted
by the Radiation Therapy Oncology Group (RTOG)
using IGRT to an MRI imaging-based reduced target
volume, late side effects were significantly lower com-
pared to the historical cohort of the NCIC trial [16].

In our institution, patients with extremity sarcomas
are treated with small-margin IMRT/IGRT in a pre-
operative neoadjuvant setting within an interdisciplin-
ary sarcoma group. In the present work, we evaluate
outcomes in patients treated with helical tomotherapy
with focus on wound complications and acute/chronic
side effects as well as oncologic outcome.

Materials and methods

We report on 41 patients with extremity sarcomas
treated with neoadjuvant RT using a helical tomotherapy
machine after informed consent. Treatment decisions
were made in an interdisciplinary setting together with
orthopaedic surgeons and radiologists regarding the sta-
tus of resectability. All patients had high-grade sarcomas
yielding an AJCC stage of at least IIA [17].

The patient characteristics are summarized in Table 1.
Median age was 58 years (range 21-85 years). In 38 pa-
tients (93%), RT was performed at primary diagnosis as
neoadjuvant treatment prior to surgery. In 3 patients
(7%), RT was performed as neoadjuvant treatment for
recurrent sarcomas that did not receive RT initially.

All patients were treated with helical tomotherapy.
Tomotherapy was chosen to allow for precise position-
ing with daily MV-CT-imaging assuring reliable re-
alignment necessary for the reduced treatment margins.
Limb fixation was achieved with custom immobilization
devices, e.g. using personalized Scotch Cast fixation, or
vacuum pillows depending on the location. To allow
for target coverage to superficial target regions, in 33
patients, bolus material was wrapped around the target
region. Target volume definition was based on CT as
well as MR-imaging with and without contrast en-
hancement. Generally, the gross tumor volume (GTV)
was defined as the macroscopic lesion visible on
contrast-enhanced T1-weight sequences plus surround-
ing edematous changes determined from fat saturated
T2-weight sequences or short tau inversion recovery
(STIR) sequences. To cover regions of microscopic
spread, a clinical target volume (CTV) was defined in-
cluding the GTV extending 2.5 cm proximally and dis-
tally of the GTV and 1cm radially (1.5cm in one
patient due to bone invasion), respecting anatomical
barriers. The planning target volume (PTV) was
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Table 1 Patient characteristics
Characteristic n %
Age (years)
Mean (range) 58 (21-85)
<50 10 24
>50 31 76
Anatomic Site
Upper extremity 6 15
Lower Extremity 35 85
Deep 41 100
Size
<5cm 6 15
5-10cm 13 32
>10cm 9 22
>15cm 13 32
Tumor
Primary tumor 38 93
Recurrent tumor 3 7
Histology
Undifferentiated Pleomorphic sarcoma 15 37
Myxofibrosarcoma 7 17
Dedifferentiated Liposarcoma 5 12
Leiomyosarcoma 5 12
Myxoid Liposarcoma 4 10
Synovial Sarcoma 3 7
Pleomorphic Rhabdomyosarcoma 1 2
Alveolar soft tissue sarcoma 1 2
Pathologic grade
2 23 56
3 18 44
Nodal status
No indication of positive nodes 41 100
Positive 0 0
M-stadium
MO 39 95
M1 0 0
Mx 2 5

defined by a circumferential safety margin of 0.5cm
around the CTV.

All patients but one were treated with a homoge-
neous dose to the PTV of 50 Gy in 2 Gy per fraction.
In one patient, early salvage resection at 28 Gy total
dose was performed due to a local furunculosis and
ulcerative tumor progression. In all patients, the treat-
ment concept was planned as neoadjuvant radiother-
apy, and surgery was scheduled after a median time

Page 3 of 8

interval of 39days in all 38 patients that received the
total dose of neoadjuvant RT (range 31-56 days). Two
patients developed distant metastases in between sta-
ging and first follow up after RT. Both patients re-
ceived chemotherapy instead of surgery. All other
patients were treated surgically after neoadjuvant RT.
In total, 9 patients received chemotherapy (1 before,
6 after RT and surgery, 2 after RT instead of surgery).
Regimens included adriamycin and ifosfamide in 6 pa-
tients and adriamycin alone in 3 patients.

Follow-up and statistical analysis

All patients were included in a dedicated follow-up pro-
gram, and data was collected within the “Wilhem Sander
Therapie-Einheit fiir Weichteilsarkome”. Nineteen pa-
tients were enrolled in the ongoing PREMISS trial. The
first follow-up after radiotherapy was at 4—6 weeks,
followed by three-month intervals based on the surgical
intervention and surgery-related follow-up. Patients
were seen by the Department of Orthopaedics as well as
the Department of Radiation Oncology.

Tumor control was documented with imaging on each
follow-up visit. Additional examinations were scheduled
as required. Treatment-related side effects were docu-
mented according to the Common Terminology Criteria
for Adverse Events (CTCAE) Version 4.0. Wound com-
plications were rated following the definition of major
wound complications of the NCIC trial [6].

Primary endpoints of this analysis were overall survival
(OS), local and distant progression free survival (PFES).
OS and PFS were calculated from the last day of irradi-
ation until death or progression. All 38 patients that re-
ceived full dose radiation and surgery were analyzed for
the outcome and wound complications needing surgical
revision. Acute and late morbidity were assessed in all
40 patients that received total dose RT as secondary
endpoints.

For dosimetric analysis, a volume of interest represent-
ing the skin was created as the 4 mm outer rim of the
body structure. Absolute dosimetric parameters were de-
termined (see Additional file 1: Table S2).

OS, PFS and major wound complications were deter-
mined using the Kaplan-Meier-Method. All analyses were
performed using the Graphpad Prism version 5.0c (Graph-
Pad Software Inc., La Jolla, CA, USA). Potential predictive
factors for major wound complications were evaluated
using logistic regression using R (version 3.4.0) (R core
team, Vienna, Austria).

Results

Forty patients were treated according to the reported
regiment. At a median follow up of 38.5 months (range
4-74 months), 13 patients had died (34.2%), 17 patients
had developed distant metastases (44.7%), and 6 patients
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had developed local recurrence (15.7%) of which two
were in-field recurrences. The median OS, local and sys-
temic PFS were not reached (see Fig. 1 for Kaplan Meier
survival curves). Cumulative OS, local and systemic PFS
were 78.2, 85.2 and 54.5% at 2 years and 69.4, 81.6, 53.9,
and 53.9% at 3 years, respectively.

All four recurrences were out of field located prox-
imal to the PTV. Two of these recurrences were situ-
ated directly adjacent to the field margin (marginal
miss). We created two novel PTVs for each patient
that had a marginal miss by adding a 4cm or 5cm
margin in longitudinal direction and a 1.5cm margin
in radial direction to the primary tumor volume de-
fined by the contrast enhancing tumor with an add-
itional 0.5cm PTV margin. In the first patient, the
PTV with a longitudinal margin of 4cm did not
reach the edge of the recurrent tumor, whereas the 5
cm margin PTV touched the edge of the recurrent
tumor similarly to our original PTV. In the second
patient, both novel PTVs touched the edge of the re-
current tumor similarly to our PTV as the recurrence
was situated proximally and radially from the tumor.

A complete resection (R0) was possible in 32 pa-
tients (84.2%), R1 resections were performed in 4 pa-
tients (10.5%) and RX resections were performed in 2
patients (5.2%). Re-resections were necessary for 7 pa-
tients (18.4%) to achieve negative margin status. One
patient with Rl-resection received high dose rate
brachytherapy to the Rl-site to a dose of 15 Gy (3 Gy
per fraction, twice daily).

Treatment was tolerated well in all patients and
was not interrupted due to RT-related toxicities.
Moderate side effects of treatment (CTCAE II) in-
cluded local pain in 11 patients (27.5%), radiation
dermatitis within the RT-field in 8 patients (20.0%),
fatigue in two patients (5.0%), local edema in two pa-
tients (5.0%), alopecia in one patient (2.5%), skin
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hyperpigmentation in one patient (2.5%) and joint
stiffness in one patient (2.5%). The only reported
grade III toxicity was radiation dermatitis in one pa-
tient (2.5%). There were no grade IV toxicities.

Chronic side effects were assessed during follow-up
visits. Moderate chronic side effects (CTCAE II) were
reported for fatigue in 5 patients (12.5%), alopecia in 3
patients (7.5%), edema in three patients (7.5%), hyperpig-
mentation in two patients (5%), pain in one patient
(2.5%) and joint stiffness in one patient (2.5%). No bone
fractures were reported.

Major Wound complications, following the defin-
ition of the NCIC trial [6], were observed in 13 pa-
tients (36.8%) after a median time period of 13 days
after surgery (see Additional file 1: Table S1 for indi-
vidual patient information and Fig. 2 for an incidence
curve). Secondary operations for wound repair were
necessary in all of these patients with debridement in
9 (69%) patients and operative drainage in one patient
(7.6%). In 7 patients primary wound closure was not
possible. In total, 9 (69%) patients required secondary
wound closure using free flaps or skin grafts. Two pa-
tients (16.6%) required deep packing over a period of
more than six weeks (performed as vacuum assisted
closure) and one patient (7.6%) required an invasive
procedure for wound care (without necessity of
anesthesia). No patient was readmitted for conserva-
tive wound care (e.g. antibiotics). Median time to
wound closure after occurrence of major wound com-
plication was 12 days.

In binomial logistic regression for the prediction of major
wound complications, “primary wound closure” showed a
trend towards significance (odds ratio = - 1.4 (95% confi-
dence interval -2.9 - 0.011, unadjusted p-value = 0.053).
No further clinical or dosimetric skin parameter was signifi-
cantly associated with the occurrence of major wound com-
plication (See Additional file 1: Table S2).
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Fig. 1 Kaplan Meier survival curves of (a) overall survival, (b) local progression free survival and (c) systemic progression free survival. Data are
shown for all 38 patient that received the full neoadjuvant RT regiment (50 Gy total dose with 2 Gy single dose) followed by tumor resection.
Label: OS: overall survival, PFS: progression free survival
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Fig. 2 Incidence time curve for the occurence of major wound
complications. Data are shown for all 38 patients that received
the full neoadjuvant RT regiment (50 Gy total dose with 2 Gy
single dose) followed by tumor resection. In 7 patients primary
wound closure was not possible requiring secondary

wound closure

Discussion

In this retrospective study, we report on a patient cohort
with STS that were treated neoadjuvantly with helical
IMRT with reduced safety margins after MRI-based tar-
get definition using a tomotherapy system. Acute and
chronic toxicities were overall low and mostly limited to
grade II. Treatment was overall effective with acceptable
major wound complications, consistent with previous
clinical trials and current literature.

Modern techniques in radiation oncology offer the
possibility to create more conformal plans, and re-
duce dose to normal tissue especially in situations
with complex anatomical conditions. Dosimetric stud-
ies on IMRT for the treatment of sarcomas have
shown reduced dose to relevant structures. Sarcomas
of the extremities rarely infiltrate bones, however, seg-
ments of the weight bearing bones are exposed to
high doses of radiotherapy, which can ultimately lead
to treatment-related fractures. Dosimetric comparisons
have shown that IMRT has the potential to reduce
dose to the bony tissue significantly without com-
promising target volume coverage. Moreover, dose
peaks to soft tissue and skin can be reduced com-
pared to conventional 3D-conformal RT (3DCRT) [8,
11-15]. This was also shown for lower extremity sar-
comas, with a substantial increase in conformity index
by IMRT [11]. In postoperative RT, likewise, IMRT
leads to improved dose conformality compared to
3DCRT [11].

For this effect to translate into clinical efficacy, the
combination with image guidance is necessary to ensure
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precise dose distributions to the correct anatomical posi-
tions. Thus, prospective evaluations have addressed the
issue of IMRT/IGRT in extremity STS.

Folkert and colleagues compared 3DCRT vs. IMRT
for extremity sarcomas and demonstrated a higher
local control rate in the IMRT group in spite of a
higher number of high-risk feature-patients in that
group [18]. Toxicity was comparable between both
treatment arms except of radiation dermatitis and
edema, which were significantly lower in the IMRT
group. Alektiar and colleagues showed similar results
for adjuvant and neoadjuvant IMRT. Excellent local
control rates were reported with 95% at 2 years, and
treatment-related side effects were predominantly
grade I and II [19]. Table 2 shows an overview of
studies with RT using IMRT with reduced margins in
respect to local control and toxicity. It should be
noted that the GTV based in this study was defined
based on MRI imaging including contrast enhance-
ment and peritumoral edema whereas all studies
depicted in defined the GTV as the primary tumor
volume based on either CT or MRIL.

Preoperative RT has been shown to have several bene-
fits compared to postoperative adjuvant RT in patients
with extremity STS. The main argument against neoad-
juvant RT is the elevated rate of surgery-related morbid-
ity in terms of wound complications. This has been
shown in several retrospective series, as well as in pro-
spective  trials  randomizing  pre-operative  vs.
post-operative RT [20-24]. However, the main argu-
ments for pre-operative RT generally outweigh this risk.
For example, in the preoperative setting, treated volumes
are much smaller, with a lower risk of RT-related side ef-
fects [5]. Furthermore, non-manipulated tissue is treated,
which assures a higher efficacy of RT resulting in lower
total radiation doses [6, 16]. In the preoperative setting,
modern IGRT/IMRT irradiation with a tomotherapy sys-
tem in this study enabled effective treatment with a
wound complication rate of 36.8%, which was compar-
able to a previous prospective IGRT/IMRT study by
O’Sullivan et al. [15].

With a 2 year local PES of 85.2% reported in this study,
local control appeared to be slightly lower when com-
pared to similar studies (see Table 2). Even though a low
patient number may contribute to this finding, several
confounding factors may explain this phenomenon.
First, no patient with G1 was included in this cohort in
contrast to the RTOG and NCIC trials (Gl-rate: 16.5
and 21%, respectively). In addition, the cohort had only
deep-seated tumors (RTOG: 81.9%, NCIC: 59%). On the
contrary, R1 resection and age were similar to both pro-
spective trials.

In this study, we report four out-of-field recurrences
proximal to the PTV including two recurrences
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Table 2 Overview of local control and toxicity in prospective trials using intensity modulated radiotherapy (IMRT)

Study Year Patients

RT-margins

LPFS Toxicity (2 1)

2007 a:2cm

l:5cm

neo: 7
adj: 24

Alektiar et al.

2008 a:2cm

l:3cm

neo: 7
adj: 34

Alektiar et al.

2013 a:1.5cm

l:4cm

O'Sullivan et al. neo: 59

Folkert et al. 2014 adj: 165

|:3-4cm

Wang et al. 2015 neo: 42°

a:1-1.5cm

high grade:
al5,1:3cm
low grade:

Dermatitis: 26%

Edema: 13%

Joint stiffness: 19%
Neuropathy: 5%

Wound Complication: 9.6%
Fractures: 6.4%

Edema: 12.2%

Joint sitffness: 17.1%
Wound complication: 9.9%
chronic:

Dermatitis: 1.9%

Fractures: 4.8%

2y 95%

5y 95%

Sy 88% Wound complications: 30.4%
chronic:

Edema: 11.1%

Joint stiffness: 5.6%

Fractures: 0%

Dermatitis: 31.5%
Edema: 8%

Joint stiffness: 14.5%
chronic:

Joint stiffness: 12.5%
Fracture: 7.9%

5y 93%

chronic:
Edema, joint stiffness or fibrosis: 11.9%

2y 89%

alcm, l: 2cm

label: a axial, adj adjuvant, neo neoadjuvant, LPFS Local progression free survival, / longitudinal, RT radiotherapy, y year

“partially combined with chemotherapy

directly situated at the PTV margin corresponding to
marginal misses. We used reduced expansion margins
of 2.5 cm in longitudinal direction and 1.0 cm in radial
direction to a GTV including peritumoral edema. This
reduced safety margin in longitudinal direction may
have missed microscopic spread and may thus have ul-
timately lead to the observed marginal misses. To fur-
ther evaluate this, we created two novel PTVs for each
patient by adding a 4cm or 5cm margin in longitu-
dinal direction and a 1.5 cm margin in radial direction
to the primary tumor volume as performed in the pro-
spective trials listed in Table 2. This analysis demon-
strated that the local recurrences wouldn’t have been
covered by both alternative PTV concepts. In addition,
a reduced margin on the basis of a GTV definition in-
cluding peritumoral edema did not necessarily lead to
a reduced absolute margin. The optimal margin reduc-
tion for sarcoma irradiation should be assessed in a
prospective trial.

The work presented here bears several technical limi-
tations. First of all, the small size of the patient cohort
reduces the power of outcome findings, toxicity results
and logistic regression analyses. Secondly, the retrospect-
ive nature reduces the quality of follow-up information.
Thirdly, the majority of patients (80%) were treated
using bolus material. Bolus material was not regularly
used in the prospective trials discussed above. The use

of bolus material aimed to improve superficial dose
coverage. On the contrary, increased dose to superficial
tissues may increase the risk of wound toxicities. In our
study, there was no significant association in logistic re-
gression with major wound complications. However, a
more balanced dataset might have enabled a more
powerful analysis for the detection of this relationship.

The present work confirms that use of advanced tech-
niques to assure correct daily repositioning in the neoadju-
vant setting with smaller safety margins requires elaborate
treatment planning but offers low rates of side effects.
Tomotherapy offers the possibility of comfortable online
imaging with MV-CT as well as conformal dose distribu-
tions for complex and extensive volumes in terms of length
which are often present in extremity sarcomas [25].

A prospective evaluation of neoadjuvant RT for sar-
comas using advanced techniques including daily
image guidance to safely reduce safety margins is
currently being evaluated within the prospective
PREMISS trial in our institution in order to further
characterize the value of neoadjuvant RT for extrem-
ity sarcomas and to precisely assess toxicity profiles
and local recurrences [26].

Conclusion
Modern RT applications such as helical IMRT offer
highly conformal dose distributions even for long and
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complex target volumes. As a result, toxicity rates and
wound complications were overall low. However, two re-
ported proximal marginal misses offer a word of caution
for longitudinal margin reduction which should be in-
vestigated further in a prospective trial.

Additional file

Additional file 1: Table S1. Individual patients that suffered from major
wound complications. Table S2. Predictive factors for major wound
complications. (DOCX 19 kb)

Abbreviations

3DCRT: 3D-conformal RT; CTCAE: Common Terminology Criteria for Adverse
Events; CTV: Clinical target volume; GTV: Gross tumor volume; IGRT: Image-
guided radiotherapy; IMRT: Intensity modulated radiotherapy; MRI: Magnetic
resonance imaging; NCIC: National Cancer Center of Canada; OS: Overall
survival; PFS: Progression free survival; PTV: Planning target volume;

RT: Radiotherapy; RTOG: Radiation Therapy Oncology Group;

SIB: Simultaneous integrated boost; STS: Soft tissue sarcoma

Acknowledgements
We sincerely thank Arushi Uppal for her contribution.

Funding
This work was funded in part by the Wilhelm Sander Foundation.

Availability of data and materials
All data generated or analysed during this study are included in this
published article.

Authors’ contributions

JCP: Data acquisition, conception of analysis, data analysis and writing of the
manuscript. CK: Data acquisition. KAK: Data acquisition. SK: Data acquisition.
HD: Data analysis. MD: Data acquisition, conception of analysis. RER: Data
acquisition. KS: Data acquisition. WW: Data acquisition. KW: Data acquisition.
CCK: Data acquisition, writing of the manuscript. JJW: Data acquisition,
conception of analysis. SEC: Conception of analysis, data analysis and writing
of the manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate
Ethics approval was obtained from the ethics commitee of the Technical
University of Munich.

Consent for publication
Not applicable.

Competing interests
The authors declare they have no conflict of interest.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Radiation Oncology, Klinikum rechts der Isar, Technical
University of Munich, Ismaninger Stra8e 22, 81675 Munich, Germany.
2Department of Radiation Sciences (DRS), Institute of Innovative
Radiotherapy (iRT), Helmholtz Zentrum Miinchen, Ingolstadter Landstrale 1,
Neuherberg, Germany. *Department of Orthopaedic Surgery, Klinikum rechts
der Isar, Technical University of Munich, Ismaninger Strale 22, 81675 Munich,
Germany. “Department of Pathology, Klinikum rechts der lsar, Technical
University of Munich, Ismaninger Strale 22, 81675 Munich, Germany.
5Departr‘nent of Radiology, Klinikum rechts der Isar, Technical University of
Munich, Ismaninger Strae 22, 81675 Munich, Germany. “Deutsches
Konsortium fur Translationale Krebsforschung (DKTK), Partner Site Munich,
Munich, Germany.

Page 7 of 8

Received: 13 July 2018 Accepted: 2 January 2019
Published online: 09 January 2019

References

1. Rosenberg SA, Tepper J, Glatstein E, et al. The treatment of soft-tissue
sarcomas of the extremities: prospective randomized evaluations of (1)
limb-sparing surgery plus radiation therapy compared with amputation and
(2) the role of adjuvant chemotherapy. Ann Surg. 1982;196:305-15.

2. Koshy M, Rich S, Mohiuddin M. Improved survival with radiation therapy in
high grade soft tissue sarcomas of the extremities: a SEER analysis. Int J Radiat
Oncol Biol Phys. 2013;77:1-15. https//doi.org/10.1016/j.ijrobp.2009.04.051.

3. Yang JC Chang AE, Baker AR, et al. Randomized prospective study of the
benefit of adjuvant radiation therapy in the treatment of soft tissue
sarcomas of the extremity. J Clin Oncol. 1998;16:197-203. https://doi.org/10.
1200/JC0O.1998.16.1.197.

4. Davis AM, O'Sullivan B, Bell RS, et al. Function and health status outcomes
in a randomized trial comparing preoperative and postoperative
radiotherapy in extremity soft tissue sarcoma. J Clin Oncol. 2002,20:4472-7.
https://doi.org/10.1200/JC0.2002.03.084.

5. Davis AM, O'Sullivan B, Turcotte R, et al. Late radiation morbidity following
randomization to preoperative versus postoperative radiotherapy in
extremity soft tissue sarcoma. Radiother Oncol. 2005;75:48-53. https://doi.
0rg/10.1016/j.radonc.2004.12.020.

6. O'Sullivan B, Davis AM, Turcotte R, et al. Preoperative verses postoperative
radiotherapy in soft-tissue sarcoma of the limbs: a randomised trial. Lancet.
2002;359:2235-41. https;//doi.org/10.1016/50140-6736(02)09292-9.

7. Oertel S, Blattmann C, Rieken S, et al. Radiotherapy in the treatment of
primary osteosarcoma - a single center experience. Tumori. 2010,96:582-8.

8. Combs SE, Behnisch W, Kulozik AE, et al. Intensity modulated radiotherapy
(IMRT) and fractionated stereotactic radiotherapy (FSRT) for children with
head-and-neck-rhabdomyosarcoma. BMC Cancer. 2007;7:1-7. https.//doi.
org/10.1186/1471-2407-7-177.

9. Combs SE, Nikoghosyan A, Jaekel O, et al. Carbon ion radiotherapy for
pediatric patients and young adults treated for tumors of the skull base.
Cancer. 2009;115:1348-55. https.//doi.org/10.1002/cncr.24153.

10.  Lertbutsayanukul C, Prayongrat A, Kannarunimit D, et al. A randomized
phase Il study between sequential versus simultaneous integrated boost
intensity-modulated radiation therapy in nasopharyngeal carcinoma.
Strahlenther Onkol. 2018. https://doi.org/10.1007/500066-017-1251-5.

11, Stewart AJ, Lee YK, Saran FH. Comparison of conventional radiotherapy and
intensity-modulated radiotherapy for post-operative radiotherapy for
primary extremity soft tissue sarcoma. Radiother Oncol. 2009;93:125-30.
https://doi.org/10.1016/j.radonc.2009.06.010.

12. Jakob J, Wenz F, Dinter DJ, Strobel P, Hohenberger P. Preoperative intensity-
modulated radiotherapy combined with Temozolomide for locally
advanced soft-tissue sarcoma. Int J Radiat Oncol Biol Phys. 2009;75:810-6.
https://doi.org/10.1016/.ijrobp.2008.11.032.

13. Griffin AM, Euler Cl, Sharpe MB, et al. Radiation planning comparison for
superficial tissue avoidance in radiotherapy for soft tissue sarcoma of the
lower extremity. Int J Radiat Oncol Biol Phys. 2007,67:847-56. https://doi.
0rg/10.1016/j.ijrobp.2006.09.048.

14.  Hong L, Alektiar KM, Hunt M, Venkatraman E, Leibel SA. Intensity-modulated
radiotherapy for soft tissue sarcoma of the thigh. Int J Radiat Oncol Biol
Phys. 2004;59:752-9. https:/doi.org/10.1016/jjjrobp.2003.11.037.

15. O'Sullivan B, Griffin AM, Dickie Cl, et al. Phase 2 study of preoperative
image-guided intensity-modulated radiation therapy to reduce wound and
combined modality morbidities in lower extremity soft tissue sarcoma.
Cancer. 2013;119:1878-84. https://doi.org/10.1002/cncr.27951.

16. Wang D, Zhang Q, Eisenberg BL, et al. Significant reduction of late toxicities
in patients with extremity sarcoma treated with image-guided radiation
therapy to a reduced target volume: results of radiation therapy oncology
group RTOG-0630 trial. J Clin Oncol. 2015;33:2231-8. https://doi.org/10.1200/
JC0O.2014.58.5828.

17. Edge SB, Compton CC. The American joint committee on Cancer: the 7th
edition of the AJCC Cancer staging manual and the future of TNM. Ann
Surg Oncol. 2010;17:1471-4. https//doi.org/10.1245/510434-010-0985-4.

18. Folkert MR, Singer S, Brennan MF, et al. Comparison of local recurrence with
conventional and intensity-modulated radiation therapy for primary soft-
tissue sarcomas of the extremity. J Clin Oncol. 2014;32:3236-41. https//doi.
0rg/10.1200/JC0O.2013.53.9452.


https://doi.org/10.1186/s13014-019-1207-2
https://doi.org/10.1016/j.ijrobp.2009.04.051
https://doi.org/10.1200/JCO.1998.16.1.197
https://doi.org/10.1200/JCO.1998.16.1.197
https://doi.org/10.1200/JCO.2002.03.084
https://doi.org/10.1016/j.radonc.2004.12.020
https://doi.org/10.1016/j.radonc.2004.12.020
https://doi.org/10.1016/S0140-6736(02)09292-9
https://doi.org/10.1186/1471-2407-7-177.
https://doi.org/10.1186/1471-2407-7-177.
https://doi.org/10.1002/cncr.24153
https://doi.org/10.1007/s00066-017-1251-5
https://doi.org/10.1016/j.radonc.2009.06.010
https://doi.org/10.1016/j.ijrobp.2008.11.032
https://doi.org/10.1016/j.ijrobp.2006.09.048
https://doi.org/10.1016/j.ijrobp.2006.09.048
https://doi.org/10.1016/j.ijrobp.2003.11.037
https://doi.org/10.1002/cncr.27951
https://doi.org/10.1200/JCO.2014.58.5828
https://doi.org/10.1200/JCO.2014.58.5828
https://doi.org/10.1245/s10434-010-0985-4
https://doi.org/10.1200/JCO.2013.53.9452
https://doi.org/10.1200/JCO.2013.53.9452

Peeken et al. Radiation Oncology (2019) 14:2 Page 8 of 8

19.  Alektiar KM, Hong L, Brennan MF, Della-Biancia C, Singer S. Intensity
modulated radiation therapy for primary soft tissue sarcoma of the
extremity: preliminary results. Int J Radiat Oncol Biol Phys. 2007,68:458-64.
https://doi.org/10.1016/j.ijrobp.2006.12.054.

20. Panwar U, Sankaye P. Preoperative versus postoperative radiotherapy in
extremity soft tissue sarcoma: a changing trend towards preoperative
radiotherapy in the UK. Clin Oncol. 2015;27:369-70. https://doi.org/10.1016/
J.CLON.2015.01.008.

21. Levy A, Bonvalot S, Bellefgih S, et al. Is preoperative radiotherapy suitable
for all patients with primary soft tissue sarcoma of the limbs? Eur J Surg
Oncol. 2014;40:1648-54. https://doi.org/10.1016/J.EJ5S0.2014.06.014.

22. Baldini EH, Lapidus MR, Wang Q, et al. Predictors for major wound
complications following preoperative radiotherapy and surgery for soft-
tissue sarcoma of the extremities and trunk: importance of tumor proximity
to skin surface. Ann Surg Oncol. 2013;20:1494-9. https://doi.org/10.1245/
$10434-012-2797-1.

23.  Alford S, Choong P, Chander S, et al. Outcomes of preoperative
radiotherapy and resection of retroperitoneal sarcoma. ANZ J Surg. 2013;83:
336-41. https;//doi.org/10.1111/j.1445-2197.2012.06211 x.

24, Jones DA, Shideman C, Yuan J, et al. Management of Unplanned Excision
for soft-tissue sarcoma with preoperative radiotherapy followed by
definitive resection. Am J Clin Oncol. 2016;39:586-92. https://doi.org/10.
1097/C0OC.0000000000000095.

25. Wust P, Joswig M, Graf R, et al. Dosimetric implications of inter- and
intrafractional prostate positioning errors during tomotherapy. Strahlenther
Onkol. 2017;193:700-6. https://doi.org/10.1007/500066-017-1141-x.

26. Roper B, Heinrich C, Kehl V, et al. Study of preoperative radiotherapy for
sarcomas of the extremities with intensity-modulation, image-guidance and
small safety-margins (PREMISS). BMC Cancer. 2015;15:904. https://doi.org/10.
1186/512885-015-1633-y.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.ijrobp.2006.12.054
https://doi.org/10.1016/J.CLON.2015.01.008
https://doi.org/10.1016/J.CLON.2015.01.008
https://doi.org/10.1016/J.EJSO.2014.06.014
https://doi.org/10.1245/s10434-012-2797-1
https://doi.org/10.1245/s10434-012-2797-1
https://doi.org/10.1111/j.1445-2197.2012.06211.x
https://doi.org/10.1097/COC.0000000000000095
https://doi.org/10.1097/COC.0000000000000095
https://doi.org/10.1007/s00066-017-1141-x
https://doi.org/10.1186/s12885-015-1633-y
https://doi.org/10.1186/s12885-015-1633-y

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Materials and methods
	Follow-up and statistical analysis

	Results
	Discussion
	Conclusion
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

