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Abstract

Background/Objectives: The basis for treatment of sarcoma is surgical resection. How-
ever, since the introduction of limb salvage surgery, guidelines recommend radiation as
a complement to surgery for high-grade sarcomas. The aim of the present narrative review
was to provide a comprehensive update about the role of surgery and radiotherapy (RT)
for extremity soft tissue sarcoma (ESTS), to increase both surgeons” and oncologists” un-
derstanding of radiation as an adjuvant to sarcoma surgery and to illuminate areas of un-
certainty that requires further research. Methods: A search on PubMed using relevant
MeSH terms was performed, focusing on original research, meta-analyses and review ar-
ticles. Related articles were identified through snowballing. Results: The support for the
use of radiotherapy in conjunction with limb salvage is strong. Complication profiles dif-
fer between pre- and postoperative RT and attempts to further limit these are both tech-
nological and surgical. Preoperative radiotherapy provides the best results regarding
long-term complications so far. Hypo-fractionation is showing promise, but awaiting
long-term results for complications remains an area of research rather than clinical prac-
tice. Particle beam therapy and internal radiation show effects on control, but due to tech-
nical and availability issues, their role is mainly in previously irradiated or inoperable
tumors. Conclusions: Upcoming research into adjusted deliveries, doses and planning is
anticipated. To further personalize treatment, studies into sarcoma subtypes are indi-
cated.

Keywords: soft tissue sarcoma; radiation; surgery

1. Introduction

Sarcomas are rare malignancies of supportive tissue with approximately 50 different
subtypes of soft tissue sarcoma (STS) inhabiting somewhat different growth patterns.
However, in research they are commonly grouped due to similar presentation and surgi-
cal treatment. Extremity soft tissue sarcoma (ESTS) makes up approximately 60%, with
trunk and retroperitoneum being other common tumor sites. Grading of the tumor is done
according to the FNCLCC system, but in most research simplified into low-grade and
high-grade. In low-grade tumors wide resection alone provides good local control [1].
Surgical resection with wide margin is the mainstay of any curative attempt also for high-
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grade tumors with the benefit of additional radiotherapy, and sometimes chemotherapy,
depending on multiple factors. Typical factors are tumor depth and size, where previous
studies can show a benefit to local control with the addition of radiotherapy (RT) [2]. The
role of RT in treatment for ESTS is vastly studied, but study designs and small populations
limit the possibility to draw certain conclusions. Controversy still remains regarding tim-
ing of RT related to surgery, total dose and fractionation, as well as benefits of certain
more recent technologies such as image guided and intensity modulated radiotherapy.
The aim of the present review is to provide a comprehensive understanding of the mech-
anism of and role for radiotherapy and surgery in sarcoma of the extremities.

2. Search Strategy

A literature search was conducted to identify relevant publications for this review.
Searches were performed on PubMed using MeSH terms [soft tissue sarcoma] AND [ra-
diation OR radiotherapy] (Title) and [extremity] (all). The time period was set to 1982-
September 2025, and only articles published in English were included. Inclusion criteria
were original research and review articles, as well as international guidelines on the topic
of extremity soft tissue sarcoma and radiotherapy. Articles presenting data on combined
oncologic treatment, diagnostic methods or technical information without patient out-
comes were excluded. A total of 260 titles were screened, and publications were excluded
based on the use of other oncological treatments (1 = 45) or the topic falling outside the
scope of this review (n = 67). Letters to the editor or expert opinions were also excluded (n
= 15), resulting in remaining 133 titles. From these articles, related research was identified
through “snowballing” or “citation tracking”. The format of narrative review was chosen
to allow for a broader summary of the research surrounding ESTS and RT to both provide
a summary of current knowledge, and to identify areas for future research [3]. Where
there are similar studies with similar results, only the most recent or the strongest evi-
dence (randomized design or large population) is cited.

All registered studies on sarcoma and radiation were identified on clinicaltrials.gov.
Ongoing and closed but not yet published studies are also presented. Various methods of
radiotherapy (conventional external beam, intensity modulated and image guided, heavy
ion particle, volumetric modulated arc therapy) are presented and their indications and
results as compared to local control of the disease and patient survival are presented. Lo-
cal complications and side effects are also discussed.

3. Results
3.1. Reasons for Radiotherapy in Limb Salvage Surgery

The primary treatment for all sarcomas is surgical resection with a margin of pre-
sumed healthy tissue. Historically, amputation was the main surgical option for local con-
trol in high-grade ESTS. In a ground-breaking study Rosenberg et al. [4] randomized 43
participants who received chemotherapy and either amputation or surgical resection with
limb salvage, followed by adjuvant radiation. Similar results of local control were
achieved for amputation versus limb salvage surgery (LSS) in combination with radio-
therapy. LSS is now the gold standard for STS surgery.

Surgical principles for high-grade tumors are based on the Enneking system [5], in
which the tumor’s relationship to fascial planes within a compartment determines the
borders of resection. An intra-muscular tumor that is resected with intact muscle fascia as
an outer border is considered to have wide margins. It has been consistently shown since
the introduction of limb salvage surgery that tumor grade and surgical margins are the
most important factor for local control [6-9].

If a resection is done with positive margins, re-resection should primarily be consid-
ered [10]. If this is not possible due to critical structures, radiation can be used as an
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adjuvant to reduce local recurrence (LR) [11]. Local control for this group will however
not reach that of negative margins [12]. A Scandinavian registry-based study [13] showed
that when surgical margins were positive (intralesional) or close but negative (marginal),
the risk of LR was 39%. If postoperative radiotherapy was administered the risk was re-
duced to 24%. Furthermore, in patients with LR, the second local recurrence rate was 50%
if the first was resected with marginal margins but reduced to 28% if re-resection with
wide margin or adjuvant RT was added [13].

To increase local control, radiation can be used as an additive to surgery for STS also
if margins are negative [9,14,15]. A meta-analysis based on 17 studies, one of them ran-
domized, calculated risk for LR after surgery for STS with or without RT [6]. The risk of
LR was reduced for patients receiving RT (OR 0.49, p = 0.001), but no effect on survival
could be seen for ESTS. Another Scandinavian retrospective study comparing the treat-
ment during 1986-1991 to that of 1998-2005 demonstrated an increased use of RT (28% vs.
53%) and a concurrent decrease in LR from 27% to 15% without any increase in wide mar-
gin resection [16]. Similar improvements in 10-year local control could be seen in a more
recent study on control after intralesional surgery, followed by re-resection + radiation.
Patients without RT had 38% LR and those receiving 50 Gy postop radiation had 15% [17].
Support for the role of RT to increase local control thus remains strong [6,9].

3.1.1. External Beam Radiation

In sarcoma, the reigning modality is that of ionizing radiation, delivered through ex-
ternal beams (EBRT) in either waves or particles.

Conventional radiation therapy (CRT), a type of external beam photon therapy, is the
most investigated for sarcoma. The method delivers radiation through multiple beams
with fixed positions, all with the same intensity, making it hard to spare surrounding tis-
sue or structures. The dose to surrounding tissue is of the limiting factors for conventional
radiation, causing side effects in the short- and long term as discussed below.

The other form of EBRT is particle beams where the energy released are actual carbon
or proton particles moving into, but not through, the intended target, thus not delivering
an exit dose to surrounding tissue. This feature is the reason for particle beams to be used
for tumors in the spine or pelvis where sensitive neural structures need to be protected.
Carbon ions have enhanced biological effectivity compared to protons and are therefore
being investigated for less radiosensitive tumors. Particle beam RT is more expensive and
less utilized, and in many places not readily available. Depending on tumor size and lo-
cation, the surrounding tissue does not always receive a lower dose with particles than
photon RT. There are also no studies comparing oncological outcome after photon vs.
particle beam RT. Overall, photons are still the recommendation for ESTS.

When planning for preoperative (neoadjuvant) RT in ESTS, the field is drawn onto
imaging (usually CT and MRI). The gross tumor volume (GTV) is drawn from visible tu-
mor. From this area, a safety margin is included to account for any tumor extension be-
yond the pseudo capsule. A small but significant study [18] indicating that sarcoma cells
could be found up to 4 cm beyond the macroscopic tumor has influenced the size of this
margin. A field of 0.5-1.5 cm radially and 3-4 cm longitudinally outside the GTV is com-
monly used, forming the clinical target volume (CTV). To adjust for movement or other
inaccuracies, an additional 0.5-1 cm is added to all margins to form the planning target
volume (PTV) [19,20] (Figure 1).

Even in postoperative RT the GTV is drawn from preoperative imaging. However,
the CTV margins are expanded from a postoperative CT to include the whole surgical bed,
the surgical scar and possible drain sites. These adjustments make the radiated field con-
siderably larger compared to that of neoadjuvant RT. The total dose delivered to a deox-
ygenated and edematous postoperative tissue is also higher in postoperative RT.
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Figure 1. Imaging of a soft tissue sarcoma in the left thigh, illustrating preoperative tumor size and
location as well as postoperative radiotherapy planning. (a,c) Preoperative MRI-imaging t1_tirm
coronal and transverse of left thigh depicting a 26 x 30 mm STS in vastus lateralis. (b,d) Postopera-
tive CT-imaging coronal and transverse with RT-fields drawn; GTV in red, CTV in pink and PTV in
blue.

Initially radiation was delivered postoperatively, but there are circumstances where
preoperative radiation was thought to be beneficial, especially in cases where a possible
size reduction could avert an amputation, or when wide resection is difficult due to prox-
imity to large vessels or nerves. Even without a size reduction, if the tumor has been irra-
diated, a marginal resection reduces the risk of tumor contamination. On the other hand,
if the tumor is resectable at diagnosis but any growth could risk resectability, immediate
surgery with postoperative radiation is recommended. However, these clear-cut examples
are often not common in ESTS. Most tumors could, technically, be irradiated either before
or after surgery. Availability of either radiation or competent surgery varies throughout
the world and will inevitably affect local tradition. One large, retrospective study on 1200
ESTS treated 1996-2010 showed better local control after preoperative as compared to
postoperative RT [2]. In this study a majority of patients (66%) were treated postopera-
tively. Historic data like this reflect clinical practice before any randomized controlled
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trials (RCTs) were available. No differences in local control have been found based on
timing in the major RCT on the subject since, but side effects differ [21].

Sometimes preoperative radiation is given with an added postoperative boost if mar-
gins are positive. However, in a retrospective study on 219 ESTS resected with positive
margins after neoadjuvant RT 50 Gy, there was no proven benefit to adding such a post-
operative boost (5-year local recurrence free survival (LRFS) 90% with vs. 74% without, p
=0.13) [22].

There is also the less common possibility to irradiate intraoperatively (IORT). This
treatment sometimes replaces pre- or postoperative RT or can be used to boost their effect
[23]. It can be delivered through brachytherapy or external beam therapy (explained be-
low) and is more often used to spare organs at risk from radiation. However, in ESTS it is
less common than, for example, in retroperitoneal sarcomas.

3.1.2. Internal Radiation

Radiation can be delivered internally either into or surrounding the tumor or post-
operative area. Brachytherapy (BRT) is the implantation of radioactive seeds into tissue,
whereas trans-arterial radio-embolization is when radioactive beads are injected through
a vessel feeding the tumor. These methods depend on the half-life of the implanted radi-
oisotopes and the photon radiation of these releases. Neither technology is widely used
in STS, and manual handling of the isotopes is labor intensive.

There have however been several publications on BRT showing an effect on local
control [24,25]. Treatment can be before, during or after surgery, either as an inpatient or
outpatient procedure. A benefit is that induction catheters can be placed at the time of
surgical resection and treatment performed during the postoperative hospital stay, reduc-
ing the need for outpatient appointments for patients [26]. A retrospective study compar-
ing 90 ESTS treated with either BRT, EBRT or a combination thereof indicated superior
results for overall survival (OS) and LRFS for BRT [27]. However, the cohort consisted
mostly of patients operated outside sarcoma centers (51%) and 14% already had local re-
currence at the time of surgery. Other studies have shown BRT to have inferior local con-
trol (81% vs. 91% p = 0.04) compared to EBRT [28] in primary sarcoma. The American
Brachytherapy Association’s recommendations suggest BRT primarily for recurrent STS
or for lesions in previously irradiated areas [26].

3.2. Sarcoma Radiation Sensitivity

Soft tissue sarcoma is a heterogeneous collection of tumors. An early study on recur-
rence divided STS subtypes into spindle cell, pleomorphic, myxoid or round cell and
showed very varied frequencies of LR (75% 33% 13% 0% ), indicating the need for subtyp-
ing [29]. An experiment exposing 14 sarcoma cell lines in vitro to single RT doses 1-8 Gy
calculated survival fractions [30]. Synovial sarcoma had the lowest survival fraction, indi-
cating radio sensitivity, [30] but there was significant heterogeneity. One study retrospec-
tively analyzed STS treated with neoadjuvant RT based on the four most common sub-
types. In their data, no clear-cut differences in survival could be seen [31]. However,
Myxofibrosarcomas (1 = 19, 16% of population) tended to grow during treatment and RT
did not affect recurrence rate or survival in this subgroup. Myxofibrosarcomas are infa-
mously known to have infiltrative growth patterns, making resection with adequate mar-
gins difficult [32]. This is likely associated with the significant risk of recurrence of 20-60%
and there is contention as to whether RT lowers this risk or not [7,33]. Myxoid liposarcoma
is a subtype where we can see the clinical effect of RT on tumor size. Due to this clinical
finding, the DOREMY [34] study investigated lowering the dose for preoperative RT in
this sarcoma subtype and found no change in recurrence or survival. As a result, treatment
can now be safely reduced. There are not many studies looking at sarcoma subtypes.
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Outside DOREMY, none are prospective and limited to the combination of radiotherapy
and surgery, without other adjuvants.

It has been shown that oxygen is a modifier of radio sensitivity, and hypoxic tumor
cells are less radio-responsive. After surgery the tissue in the wound area is also poorly
oxygenated, thus requiring a higher dose of radiation.

Fractions and Dose

The total dose of radiation is delivered in fractions, the most common protocol for
soft tissue sarcoma being fractions of 1.8-2 Gy to a total of 50 Gy. In postoperative RT a
boost of 10-16 Gy is oftentimes added to the GTV, making the total dose 60-66 Gy. Hypo-
fractionated RT (hypo-RT) is where each fraction is >2.2 Gy. With this method, the total
dose can be delivered in fewer treatments which is convenient for the patient as well as
the healthcare system.

Whether hypo-fractionation is beneficial to local control depends on the a/B-ratio of
both the tumor and the organs at risk in the vicinity. The a/p3-ratio is a measurement indi-
cating the speed of cell proliferation and fraction sensitivity in a tissue. A low ratio indi-
cates slower proliferation, less sensitivity to acute radiation toxicity and more late term
radiation effect or toxicity. Tissues with a low ratio are more sensitive to hypo-fractiona-
tion, even when the total delivered dose is the same. The exact ratio for STS is not estab-
lished but calculations are made from a presumed value of 3-5 Gy [35,36]. In a cell study
the median a/fB-ratio of 14 different sarcoma cell lines was 4.9 Gy, but 6 of the lines had a
value below 4 Gy [30].

The biologically effective dose (BED) is calculated as a measure of true biological dose
delivered by a particular combination of total dose and fraction size to a tissue with a
specific a/p3-ratio. Since almost all research into radiotherapy is based on 2 Gy fractions,
other protocols can also be translated into equivalent dose in 2 Gy fractions (EQD2). Pro-
tocols with the same EQD2 can result in different BED depending on the tissue’s a/p-ratio
(higher BED for a lower ratio and vice versa, see Table 1).

Table 1. An overview of different radiation protocols studied for sarcoma, doses and fractions and

their translation into biologically effective dose or equivalent dose in 2 Gy fractions.

Total Dose Dose per Fraction BEDs BEDuw

Mode of Radiation (Gy) (Gy) (Gy) (Gy) EQD2;(Gy)
CRT 50 2 83 60 50
IMRT 25 5 67 37.5 40
CRT 42 3 84 54.6 50.4
SBRT 35 7 117 59.5 70
IG-IMRT 40 8 147 72 88

CRT = conventional radiotherapy, IMRT = intensity modulated radiation therapy, SBRT = stereotac-
tic body radiation therapy, IG-IMRT = image guided intensity modulated radiation therapy, BEDs=
biologically effective dose in a tissue with a/B-ratio 3, BED1= biologically effective dose in a tissue
with a/p-ratio 10, BED = D[1 + ﬁ] where D is total dose (Gy) and d is dose (Gy) per fraction, o/

for sarcoma commonly set to 3, EQD23= equivalent dose in 2 Gy fractions with a/f-ratio 3.

Lastly, if there is cell proliferation during treatment, the new cells receive only part
of the total dose. This loss of effect can be beneficial to reduce toxicity of any organs at risk
but can also limit the treatment effect if there is any pause throughout treatment [37]. If a
protocol could be condensed the likelihood of disruption would be less, and this in our
opinion provides another argument for hypo-RT.

https://doi.org/10.3390/biomedicines14081744
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3.3. Radiation-Induced Complications

When choosing whether to irradiate pre- or postoperatively, one needs to consider
the complication profile of each. Grading of complication severity is done according to the
European Organization for Research and Treatment of Cancer/Radiation Therapy Oncol-
ogy Group criteria [38], a higher number indicating severity. The most common radiation-
induced complication for ESTS is dermatitis. It is usually transient and can be treated lo-
cally, but if severe might hinder completion of the radiation protocol. In the case of pre-
operative RT, it could also delay the surgery. Most treatment protocols plan for surgery
4-8 weeks after preoperative RT to allow for delayed radiation effect to the tumor and
reduced skin toxicity [39]. Similarly, a waiting period of 3-6 weeks is usually recom-
mended after surgery to allow for wound healing before starting postoperative RT [40].
The risk of dermatitis is related to the administered dose of radiation, and since postoper-
ative protocols oftentimes reach 60-66 Gy this side effect has been more common in adju-
vant therapy. This is one of the suggested explanations as to why postoperative RT is less
often completed, compared to preoperative (65% versus 77% p < 0.0001) [41].

In the short term, postoperative wound complications (WC) rather than radiation-
induced dermatitis, have been identified as the most clinically relevant complication after
limb salvage and RT. In the Canadian SR2 study, where 190 patients were randomized to
either pre- or postoperative EBRT for ESTS, the risk of wound complication was greater
(35% vs. 17% p = 0.01) for the preoperative group [21]. In a separate retrospective study
from Canada, there was no difference in WC if surgery was performed anytime between
4 and 6 weeks after radiation commenced [42].

The association between WC and preoperative radiation is stronger in the lower limb
[21]. These results have since been confirmed in retrospective studies [43,44] and the as-
sociation is even stronger for the proximal limb [45]. Other known risk factors for surgical
wound complications are tumor grade as well as size and depth (superficial tumors pos-
ing higher risk) [46,47]. Just as for other orthopaedic surgery, diabetes and smoking are
also risk factors for postoperative wound issues [47,48]. There has been no prospective
research into the relationship between radiation dose and surgical wound complications.
Clinically, patients undergoing postoperative RT more often receive a higher total dose
compared to preoperative RT, and still on average have less WC. In a small study on ESTS
treated with neoadjuvant pencil beam proton radiation, 39% developed wound complica-
tions [49], which is in line with historic photon data.

The consequence of a WC can be repeated surgery, prolonged antibiotic treatment
and multiple hospital visits for dressing changes. However strenuous for the patient and
the healthcare provider, it is usually transient and will result in a healed wound and re-
tained limb. However, there have been some studies indicating that the event of postop-
erative wound complication could influence oncological outcome. In one study the 5-year
LRFS in patients that had a postoperative complication was 49% vs. 78% in the group
without a complication [50]. Another study [51] showed a 5-year disease-specific survival
(DSS) of 68% in patients with a postop complication vs. 81% in those without (p = 0.001).
Both studies are retrospective, which introduces confounding, and further research into a
possible link between WC and recurrent disease is warranted. Local factors such as im-
mune modulation, inflammatory response as well as pure selection bias could possibly be
involved.

https://doi.org/10.3390/biomedicines14081744
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Lymphedema following RT can be both acute and chronic and is graded 0-3 with
increasing severity, according to ISL (international society of lymphology) [52]. To reduce
the risk of lymphedema it is recommended to avoid circumferential radiation by sparing
a soft tissue corridor [53]. Sparing a larger percentage of the extremity volume can result
in less severe and less development of long-term oedema [54].

The most prevalent long-term complications after RT for STS are lymphedema, tissue
fibrosis, joint stiffness or bone fracture. These symptoms can be progressive up until about
2 years post treatment, and in the case of fracture even later. The risk of fracture after BRT
is reportedly 3—4% [24,55] and 2—4.5% after external beam radiation [56,57]. Fracture after
EBRT relates to doses of radiation delivered to a long-bone circumference, and to whether
the periosteum is stripped during surgery [57].

Soft-tissue fibrosis is much more common than fracture. The cohort from the pro-
spective Canadian SR2 study was analyzed for radiation-related complications at 2 years
and there was a non-significant difference in grade >2 fibrosis between postoperative com-
pared to preoperative RT (48% vs. 32% p = 0.07). Field size was predictive of the develop-
ment of fibrosis (p = 0.002) and stiffness (p = 0.006) [58]. If a tumor is large or close to
sensitive structures, preoperative radiation should be considered to allow for a smaller
radiation field and less fibrosis in adjacent tissue.

The IMRIS phase 1II trial on intensity modulated radiotherapy (IMRT) sought out to
investigate fibrosis after RT and limb salvage [59]. In total, 159 patients were prospectively
included and received either preoperative (67%) 50 Gy or postoperative (33%) 60—-66 Gy
in 2 Gy fractions. Out of 111 patients evaluated at 24 months, only 11% had grade >2 fi-
brosis which is considerably less than older technologies.

A feared long-term complication after radiation is that of secondary, radiation-in-
duced malignancy. Sarcoma is one type of radiation-induced tumor, the presentation is
usually many years after treatment and the prognosis is poor [60,61]. Radiation for other,
more common malignancies such as breast- or prostate cancer and lymphoma is often the
cause. No studies on risk for secondary malignancy after RT for sarcoma could be identi-
fied, likely due to the inherent rarity of the disease. Research into long-term effects of ra-
diation for other malignancies can however be utilized to make assumptions on risk after
RT for ESTS.

For example Brenner et al. [62] investigated second malignancies in patients treated
for prostate cancer and found a significand risk increase of 15% after 5 years if treated
with radiation compared to surgery. The risk difference was greater at 10 years reaching
34%. Presumably, the increased long-term survival after many cancers will give a rise in
secondary, treatment-related malignancies. Reduction in radiation to healthy tissue must
be a priority.

3.4. Adaptations to Reduce Complications

Novel RT methods have the potential to reduce complications. Volumetric modu-
lated arc therapy (VMAT) is a type of EBRT where the radiation is delivered by a spinning
source dispersing the rays through the surrounding tissue. VMAT technology can be used
to deliver stereotactic body radiation therapy (SBRT) which is a form of treatment protocol
utilizing high-dose fractions (hypo-RT) to treat small, well-circumscribed tumors (e.g.,
lung or spine) where precision is of utmost importance. A retrospective comparison of
adjuvant CRT and VMAT in 109 patients with ESTS could show better bone-sparing using
VMAT without compromising local control [63].

https://doi.org/10.3390/biomedicines14081744
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Intensity modulated radiotherapy (IMRT) is another type of EBRT utilizing fixed
beams with different intensity, relying on complex computer calculations to adjust inten-
sity. This allows treatment of more irregular tumors and better spares sensitive structures.
The major argument for IMRT is the presumed reduced toxicity to healthy tissue [59]. A
retrospective study on ESTS treated with IMRT or stereotactic body radiation therapy
(SBRT), either pre- or postop LSS, could also show less LR (8% vs. 15% p = 0.05) for IMRT
[64]. Despite patients having more close margin resections, IMRT remained a significant
factor for reduced LR (HR 0.46 p = 0.02) in multivariate analysis, adjusting for tumor size
[64]. Hence, there might be more benefits to IMRT than those of less local toxicity.

Image guided radiotherapy (IG-RT) refers to a more detailed imaging scheme and
can be used in conjunction with other technologies. Planning is the same, but at the start
of every treatment the extremity is imaged (oftentimes CT) and compared to the plan. If
positioning or size has changed, adjustments are made. This method increases accuracy
and reduces the size requirements of the PTV, hence reducing the irradiated area. In one
study into neoadjuvant IG-IMRT the radiation field was drawn with consideration to fu-
ture skin incisions, but the rate of WC was still comparable to traditional RT at 31% [65].
For STS, two randomized controlled studies on preoperative IG-RT in combination with
either CRT or IMRT, each presenting more than 3 years follow-up data, showed reduced
late toxicity to approximately 10% [65,66]. This contrasts with the 32% late toxicity in an
earlier study on CRT alone [58]. The results for small, clearly defined tumors have not
been superior to CRT.

There are some recent prospective studies into different fractionation protocols (Ta-
ble 2), most presenting wound complication in 25-33% of cases [67-72], with one outlier
having 41% [73]. In that study [73] patients underwent surgery within 7 days of finishing
RT, whereas most other protocols suggest a surgical window 4-6 weeks after RT.

Two studies with the same hypo-RT protocol of 5 x 7 Gy [67,74] presented very dif-
ferent late toxicity, likely due to the short follow-up in one [74], resulting in an underesti-
mation of true long-term complications.

https://doi.org/10.3390/biomedicines14081744
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Table 2. Published hypo-fractionated radiation protocols for sarcoma and their reported outcome.
. ) . . Time to L. Follow
Study Subjects RT Modality Field Dose Fractions BED EQD2 WC LR Late Complication os
Surgery Months
IRB1302, Kubicek [74], 2018 14 SBRT reference * 35-40Gy 5x7Gy 96 Gys 64 Gys 4-8w  28% 7% 0 9 N/A
Bedi [67], 2022 32 IG-3dCRT reference* 35 Gy 5x7Gy 84Gys 60Gys 46w 25% 0% 35% fibrosis 36  82%3year
HYPORT-STS Guad 1 3dCRT, IMRT, pro-
Hacdagnoie op PIO " larger 4275Gy 15x285Gy 73Gys 49Gy: 46w  31% 5% 2 fractures 24 N/A
[69], 2022 ton
91% 1 year
Mayo [73], 2023 22 IMRT, VMAT reference* 30 Gy 5x6 Gy 75Gys 50 Gys 1-7d  41% 0% 18% 25 76% 2 year
3dCRT, IMRT, elec-
Kalbasi [70], 2020 52 € reference* 30Gy  5x6Gy  75Gys  50Gys 26w 32% 6% 16% 29 84%
tron beam
. 1 fracture,
Gobo-Silva [68], 2021 10 3dCRT, IMRT Larger 25 Gy 5x5Gy 56Gys 35Gys 46w 33% 5% . 29 DEFS 72%
1 amputation
3dCRF, IMRT 1 fibrosis
Kosela-Pat: k [75], 2021 311 ! ! L 25G 5x5G 56 G 35G 2-4d 24%  14% ’ N/A  63%5
osela-Paterczyk [75] VMAT arger y x5 Gy y4 ya % % 3 fractures / % 5 year
4 tati
Leite [71], SABR, 2021 25  SABRbyIGIMRT  Smaller  40Gy  5x8Gy 146Gys 88Gys med60d 28% 0% aln;pu ta 1ons 21 N/A
racture
19% 5 tati
Nikitas [72], 2025 110 IMRT,3d-CRT  reference* 30Gy  5x6Gy  75Gys 50Gys 35w  30% 8% ¢ 2 amprrations 37 85%2year

3 fractures

Late complication > grade 2 of any kind. Where severe complications such as fracture or amputation were reported, these are presented as total number of cases;
Field * reference is the one described in RTOG [76] of CTV = GTV + 1 cm radial and 2 cm longitudinal for low-grade tumors, and CTV = GTV + 1.5 cm radial and

3 cm longitudinal for high-grade tumors. PTV for all = CVT + 5 mm circumferential. Larger or smaller (than ref) = fields of different sizes than reference (as

explained above); EQD2 = equivalent dose in 2 Gy fractions, IG-3dCRT = image guided 3D conventional radiation therapy, N/A = data not available/reported, DFS

= disease free survival, SABR = stereotactic ablative radio therapy.
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Most hypo-RT series in STS still have short follow-up, but surprisingly the rate of
fracture seems to be slightly higher than anticipated [69,75] within this time frame. Also
worth noting is the abnormally high rate of amputations due to complications presented
in the 8 Gy fraction series [71]. This suggests a limit to the hypo-RT tolerance that needs
further investigation. Remembering that healthy tissue with a /p-ratio of 2 will be more
sensitive to the long-term effects of hypo-fractionation, reports on long-term follow-up
are important. The total RT dose is also a risk factor for future radiation-induced malig-
nancy, and such events occur in the very late setting. A recent consensus report recom-
mended abstaining from hypo-RT in STS outside clinical trials until more data is available
[77].

Multiple studies have investigated the effect of flap closure in ESTS to lessen WC, but
results show no difference. In one series of 46 patients operated with LSS and flap recon-
struction, radiation was still a risk factor for WC. In total, 14% of patients without and 50%
of patients treated with RT experienced WC (p = 0.03) [78]. Comparison is difficult in ret-
rospective material, and since most centers use flaps only when direct closure is not pos-
sible, bias is almost inevitable [79]. If the treatment area is close to skin, the wound can be
temporarily closed during treatment and secondarily covered with a flap [28,80]. A team
from Melbourne has increased the use of flaps beyond the need for coverage with the aim
to achieve wound healing without complication. In their retrospective series of 122 cases
of ESTS undergoing neoadjuvant radiation with 50.4 Gy, resection and flap reconstruction
was evaluated [81]. A total of 25% of patients experienced major wound complication and
17% of patients needed additional surgery due to WC. Some of these complications were
to donor sites where surgeries were simple, and when excluded there was only a 20% WC
rate. This might be a good trade-off between reduced WC to resection site and some less
complex WC at donor site. A study into donor site morbidity after harvesting fascia lata
flap report acceptable complications such as soft tissue bulging and mild pain [82].

3.5. Survival

Despite radiation evidently providing good local control, there has been controversy
whether this translates into improved survival. Historically no such association could be
established, but two studies have been able to link RT to survival benefits. One large study
on registry data analyzed 6960 patients with ESTS undergoing limb salvage and radiation
between 1988 and 2005 [1]. In this material OS for high-grade tumors at 3 years was 73%
in irradiated patients and 63% for the non-irradiated (p < 0.001). In a meta-analysis [43],
data from six studies totaling 4192 participants were pooled and authors could show that
postoperative radiation was associated with improved survival (OR 1.19 p = 0.01) and
fewer wound complications. In a separate meta-analysis [83], 2 RCTs and 28 cohort stud-
ies were included, totaling 3027 patients. Adjusted HR for mortality was 0.65 [95% CI:
0.52-0.82] for STS treated with surgery and RT compared to surgery alone. Both meta-
analyses were mainly based on retrospective studies, which can bring bias or confounders
into play. However, such large populations are difficult to assemble otherwise. The addi-
tion of chemotherapy regiments in high-risk tumors has shown benefits for both recur-
rence and survival [84,85] but true randomization for the combination of radiation and
chemotherapy is rare and falls outside the scope of this review.

3.6. Ongoing and Upcoming Studies

One upcoming study comparing different types of neoadjuvant particle radiation is
underway [86]. The protocol will randomize ESTS between proton- and carbon RT, given
as 39 Gy in 13 fractions with wound complications as the primary outcome, the hypothesis
being that dose-sparing of skin and adjacent tissue would reduce WC while keeping local
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control. There are multiple similar studies into hypo-RT for photons that are ongoing,
most of them single arm phase II (Table 3).

They investigate different hypo-RT protocols for preoperative EBRT with regard to
wound complications, local control and late toxicity. There are a few exceptions to this
design, among them the SCOPE trial from The Netherlands (NCT04425967), planning to
compare preoperative EBRT in different fractionations in 168 patients. Initially 14 frac-
tions of 3 Gy compared to the traditional 25 fractions of 2 Gy, and for SCOPESII
(NCT07071727) the moderately hypo-RT protocol will in turn be compared to 5 fractions
of 6 Gy.

One group from Wisconsin plan to compare preoperative IMRT for the traditional 25
fractions of 2 Gy to a short course of 5 fractions of 5.5 Gy (NCT05109494). Their protocol
stands out due to the relatively small dose given in the short course; 27.5 Gy in 5 fractions
equivalent to EQD2 of 43.5 Gya. The primary outcome from this study is to be histological
response to radiation, why surgery is scheduled already 1-2 weeks after RT is finalized.

One of the very few upcoming studies also investigating postoperative radiation has
finalized inclusion. This is a multi-center phase IIIl RCT run from Toronto, planned to in-
clude 210 patients, comparing preoperative and postoperative IG-IMRT for STS of extrem-
ity or trunk. Both arms deliver 50 Gy in 25 fractions, with the possibility to give postoper-
ative boosts of 16 Gy for intralesional resections (NCT02565498).

Table 3. A presentation of registered studies on clinicaltrials.gov on the subject of soft tissue sar-

coma and radiation.

Clinical Trials Num-

ber Subjects Location Status RT Timing RT  Armms Dose Fractions
NCT03819985 122 USA active, not recruiting Preoperative = EBRT 1 4275Gy 15x2.85Gy
NCT04562480 120 USA active, not recruiting Preoperative = EBRT 1 4275Gy 15x2.85Gy
NCT04425967 168  The Netherlands active, not recruiting Preoperative EBRT 2 42 Gy vs. 50 14 x3 Gy vs.
Gy 25 x2 Gy
NCT07071727 150  The Netherlands Recruiting Preoperative ~ EBRT 2 42 Gy vs. 30 14 x3 Gy vs.
Gy 5x6 Gy
A vs.
NCT04506008 40 USA Recruiting Preoperative ~ EBRT 2 na o OxNAvs
15 x N/A
NCT05938374 52 China Closed Preoperative ~ IMRT 1 435Gy  15x29Gy
NCT06087861 75 USA Recruiting Preoperative =~ EBRT 1 30 Gy 5x6Gy
NCT06905132 40 USA Recruiting Preoperative =~ EBRT 1 30 Gy 5x6Gy
NCT06022159 48 France Recruiting Preoperative ~ IMRT 1 30 Gy 5x6Gy
. o 25 Gy SBRT 5 x5 Gy vs.
NCT04330456 30 Russia Recruiting Pre- and post SBRT CFT 2 50 Gy CFT  25x2 Gy
-, . 50 Gy vs. 25 x2Gy vs.
T05109494 A R P IMRT 2
NCT0510949 30 us ecruiting reoperative M 275 Gy 5 5.5 Gy
Belgi
NCT02565498 210 Canad?j, S: gl active, not recruiting Pre- and post IG-IMRT 2 50 Gy 25 %2 Gy
NCT03972930 48 USA Inclusion complete Definitive RT 1 <60 Gy 3-8 x N/A
15-20 x 3 Gy
NCT06980259 106 China Recruiting Definitive RT CRT SFRT 2 <60Gy  +3-4x8-15
Gy

Status = study status (active, recruiting, not recruiting, closed), RT timing = radiotherapy pre- or
postoperative, RT = type of radio therapy, Arms = number of treatment arms in study, N/A = no
available information, CFT = conventionally fractionated therapy, SFRT = spatially fractionated ra-

diation therapy.

4. Conclusions

Within the field of sarcoma in general there are few randomized controlled trials. The
lack of high-level studies poses a problem to the development of clinical guidelines. The
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many single- or multi-center, retrospective series available tend to rehash what the limited
prospective and even fewer randomized controlled studies have suggested we do. Some
studies try to overcome some limitations of the retrospective study design by inverse
probability matching or weighting. However, the multifaceted complexity of presentation;
histological subtype, size, grade and anatomy is difficult to balance, especially in limited
case series. In addition, some areas of research presented in this article were identified
through citation tracking, and there is a risk that the representation of research is not com-
plete. Also, not all articles identified are referenced; this is due to many publications pre-
senting only small case series with limited generalizability.

Some areas have been repeatedly assessed, and evidence for the following is moder-
ate. The risk of local recurrence in ESTS is decreased with all types or radiation, but more
so with external beam therapy [28]. Depending on size, shape and anatomical location
different modalities (particle beam, IMRT, VMAT) can be considered [49,63,64]. The rate
of surgical wound complications differs between pre- and postoperative treatment [21],
and can possibly be reduced further with the use of surgical flaps [81].

The field and dose of radiation have historically been larger when delivered postop-
eratively, something that is in turn linked to complications such as fibrosis and stiffness
[58]. Current knowledge indicates that preoperative radiotherapy offers fewer long-term
complications than postoperative RT and therefore should be the primary choice for most
patients, the patient’s risk factors for surgical wound complications and the consequence
of such a complication being factors favoring postoperative RT (Figure 2).

[ Extremity soft tissue sarcoma

Is there a risk
for intralesional

Myxoid Yes surgery or need
liposarcoma for amputation?
Yes Could a size 1
reduction change Could any tumor
the surgical growth render limb
complexity or need salvage impossible?

for amputation?
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. . Immediate
Preoperative Either timing surgery,
radiotherapy _Co_nS|d_er relative postoperative
indications below radiotherapy
Is the tumor in the
f— lower limb? : +

! Is the patient at high-
-— H risk for surgical H +
| wound complications? | :

+ ' Large tumor size or -
1| organs atriskinRT | :
5 field 5

+ Are you planning -
: flap coverage?
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Figure 2. A flow chart for when to consider preoperative radiation or immediate surgery for soft
tissue sarcoma. Created in BioRender. Tsagkozis, P. (2026) https://BioRender.com/d360on48 (ac-
cessed on 12 July 2026).

Modern techniques such as image guidance and intensity modulated radiotherapy
make it possible to increase accuracy and reduce field size, allowing for better local control
and less tissue toxicity [59,65,66].

The main indication for IG-RT or IMRT persists in areas with sensitive organs at risk
close to the radiation field.

The total dose of radiation can be delivered in a shorter time frame through hypo-
fractionation (Table 2), with promising results for local control (LC) and overall survival
(OS). Awaiting reports on long-time follow-up regarding side effects, hypo-RT remains
an area of research, and not yet a clinical recommendation.

There are a lot of questions in sarcoma research that are yet to be answered.

In large, pooled data-sets RT was linked to better survival, the ultimate goal of any
oncological treatment. There is a remaining risk of confounding since most studies in this
meta-analysis [43] were retrospective, and large prospective studies into this area are
needed to reproduce this suggested link to survival.

5. Future Direction

Reductions in field and dose are necessary to overcome late toxicity. Interestingly,
the way a field is drawn for EBRT does not take the Enneking principles into consideration.
The CTV is drawn from calculations of distance to the tumor and will expand to cover
scars and drains. Sometimes even if surgery was performed with negative margins and
contamination throughout the scar should be exceedingly unusual. This is an area where
surgical and oncological principles do not overlap. The postoperative anatomy can also
be changed considerably, moving musculature from other compartments into the radia-
tion field (Figure 1). Collaborations between surgeons and radiation oncologists could
help identifying areas of future research, such as planning radiation fields.

The role of particle beam radiation in sarcoma needs to be further investigated, both
in cases of inoperable tumors and as an adjuvant to surgery, the limiting factor being
availability. Two upcoming registered studies will investigate definitive radiation with
photons in hypo-RT protocols (NCT03972930, NCT06980259). This will only help a small
portion of patients with access to particle radiation but could be of importance in cases of
sensitive organs at risk in the field.

Spatially fractionated radiotherapy (SFRT) is an old idea made possible through new
technology. The principle is that of delivering a high dose of radiation to only part of a
bulky tumor such as sarcoma and sparing surrounding tissue. 3D technology (called lat-
tice radiotherapy or LRT) and image guidance, as well as high-energy linear accelerators,
has brought back the idea [87]. For sarcoma it is briefly investigated in a palliative setting
[88] or for inoperable tumors [89], providing stable or reduced tumor size and subjective
symptom relief. Protocols and indications need to be structurally investigated through
future research. One study in China (NCT06980259) investigating definitive RT, including
SFRT, is currently recruiting (Table 3).

Lastly, since we know that Myxoid Liposarcoma has a different response to RT [34],
it is safe to assume this subtype is not the only outlier. The next step should be larger
investigations on the major subtypes of STS. The most efficient treatment for each type is
likely to differ due to different a/p3-ratio, survival fractions, size, chemotherapy response
and other factors yet unknown. An observational study out of France that has just com-
pleted inclusion of 300 patients (RADIOSARC, NCT05739084) was trying to identify ge-
netic signatures of radio sensitivity among different types of STS. Larger studies, both
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clinical and molecular, focusing on each of the more common subtypes are necessary,
striving toward a more personalized treatment protocol for extremity soft tissue sarcoma.
Building a system where tumor- and patient-related risk factors for complications and
predicted additive effect of radiation can be combined requires high-level evidence. Multi-
center or even multi-national prospective studies would be required for large enough
populations, but the possible gain cannot be exaggerated.
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Abbreviations

The following abbreviations are used in this manuscript:

RT Radiation therapy

ESTS extremity soft tissue sarcoma
STS soft tissue sarcoma

LSS limb salvage surgery

LR local recurrence

EBRT external beam radio therapy
CRT conventional radiation therapy
CT computer tomography

MRI magnetic resonance imaging
GTV gross tumor volume

CTV clinical target volume

PTV planning target volume

RCT Randomized controlled trial
LRFS Local recurrence free survival
IORT Intra operative radiation therapy
BRT brachytherapy

(O3] overall survival

Hypo-RT hypo fractionated radio therapy
BED biologically effective dose

EQD2 equivalent dose in 2 Gy fractions
SBRT stereotactic body radiation therapy
IMRT intensity modulated radio therapy
WC Wound complication

DSS disease specific survival

VMAT volumetric modulated arc therapy
IG-RT image guided radiation therapy

LC local control
CFT Conventionally fractionated therapy
SERT Spatially fractionated radiation therapy

https://doi.org/10.3390/biomedicines14081744



Biomedicines 2026, 14, 1744 16 of 21

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Koshy, M.; Rich, S.E.; Mohiuddin, M.M. Improved survival with radiation therapy in high-grade soft tissue sarcomas of the
extremities: A SEER analysis. Int. ]. Radiat. Oncol. Biol. Phys. 2010, 77, 203-209. https://doi.org/10.1016/j.ijrobp.2009.04.051.
Smolle, M.A.; Andreou, D.; Wolfel, J.; Acem, I.; Aj Van De Sande, M.; Jeys, L.; Bonenkamp, H.; Pollock, R.; Tunn, P.U.; Haas, R.;
et al. Effect of radiotherapy on local recurrence, distant metastasis and overall survival in 1200 extremity soft tissue sarcoma
patients.  Retrospective  analysis using IPTW-adjusted models.  Radiother =~ Oncol 2023, 189, 109944.
https://doi.org/10.1016/j.radonc.2023.109944.

Sukhera, J. Narrative Reviews: Flexible, Rigorous, and Practical. ]. Grad. Med. Educ. 2022, 14, 414-417.
https://doi.org/10.4300/JGME-D-22-00480.1.

Rosenberg, S.A.; Tepper, J.; Glatstein, E.; Costa, ].; Baker, A.; Brennan, M.; DeMoss, E.V_; Seipp, C.; Sindelar, W.F.; Sugarbaker,
P.; 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,
305-315. https://doi.org/10.1097/00000658-198209000-00009.

Enneking, W.F.; Spanier, S.S.; Goodman, M.A. A system for the surgical staging of musculoskeletal sarcoma. Clin. Orthop. Relat.
Res. 1980, 153, 106-120.

Albertsmeier, M.; Rauch, A.; Roeder, F.; Hasenhutl, S.; Pratschke, S.; Kirschneck, M.; Gronchi, A.; Jebsen, N.L.; Cassier, P.A.;
Sargos, P.; et al. External Beam Radiation Therapy for Resectable Soft Tissue Sarcoma: A Systematic Review and Meta-Analysis.
Ann. Surg. Oncol. 2018, 25, 754-767. https://doi.org/10.1245/s10434-017-6081-2.

Hoang, M.N.; Doumanidis, P.; Nyqvist, E.; Lofgren, J.; Hesla, A.C.; Tsagkozis, P. Effect of Surgical Margins on Local Recurrence
Patterns of Myxofibrosarcomas: A Retrospective Cohort Study from the Stockholm Sarcoma Centre. J. Surg. Oncol. 2025, 132,
1116-1121. https://doi.org/10.1002/js0.70076.

Hoefkens, F.; Dehandschutter, C.; Somville, J.; Meijnders, P.; Van Gestel, D. Soft tissue sarcoma of the extremities: Pending
questions on surgery and radiotherapy. Radiat. Oncol. 2016, 11, 136. https://doi.org/10.1186/s13014-016-0668-9.

Yang, ].C.; Chang, A.E.; Baker, A.R.; Sindelar, W.F.; Danforth, D.N.; Topalian, S.L.; DeLaney, T.; Glatstein, E.; Steinberg, S.M.;
Merino, M.].; 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/JCO.1998.16.1.197.

Group, E.S.E.S.N.W. Soft tissue and visceral sarcomas: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-
up. Ann. Oncol. 2014, 25, iii102-iii112. https://doi.org/10.1093/annonc/mdu254.

Alektiar, K.M.; Velasco, J.; Zelefsky, M.].; Woodruff, ].M.; Lewis, ].J.; Brennan, M.F. Adjuvant radiotherapy for margin-positive
high-grade soft tissue sarcoma of the extremity. Int. J. Radiat. Oncol. Biol. Phys. 2000, 48, 1051-1058. https://doi.org/10.1016/s0360-
3016(00)00753-7.

O’Donnell, P.W.; Griffin, A.M.; Eward, W.C,; Sternheim, A.; Catton, C.N.; Chung, P.W.; O’Sullivan, B.; Ferguson, P.C.; Wunder,
J.S. The effect of the setting of a positive surgical margin in soft tissue sarcoma. Cancer 2014, 120, 2866-2875.
https://doi.org/10.1002/cncr.28793.

Trovik, C.S.; Scanadinavian Sarcoma Group. Local recurrence of soft tissue sarcoma. A Scandinavian Sarcoma Group Project.
Acta Orthop. Scand. Suppl. 2001, 72, 1-31.

Beane, ].D.; Yang, J.C.; White, D.; Steinberg, S.M.; Rosenberg, S.A.; Rudloff, U. Efficacy of adjuvant radiation therapy in the
treatment of soft tissue sarcoma of the extremity: 20-year follow-up of a randomized prospective trial. Ann. Surg. Oncol. 2014,
21, 2484-2489. https://doi.org/10.1245/s10434-014-3732-4.

Gilbert, N.F,; Cannon, C.P; Lin, P.P.; Lewis, V.O. Soft-tissue sarcoma. J. Am. Acad. Orthop. Surg. 2009, 17, 40-47.
https://doi.org/10.5435/00124635-200901000-00006.

Jebsen, N.L.; Trovik, C.S.; Bauer, H.C.; Rydholm, A.; Monge, O.R.; Hall, K.S.; Alvegard, T.; Bruland, O.S. Radiotherapy to
improve local control regardless of surgical margin and malignancy grade in extremity and trunk wall soft tissue sarcoma: A
Scandinavian  sarcoma  group study. Int. ].  Radiat.  Oncol.  Biol. ~ Phys. 2008, 71, 1196-1203.
https://doi.org/10.1016/j.ijrobp.2007.11.023.

Allignet, B.; Pou, P.; Izarn, F.; Ray-Coquard, I; Blay, J.Y.; Dufresne, A.; Brahmi, M.; Bouhamama, A.; Meeus, P.; Vaz, G,; et al.
Efficacy and Safety of Adjuvant Radiotherapy in Re-excised Soft-tissue Sarcoma After Unplanned Resection. Oncologist 2023,
28, 633-639. https://doi.org/10.1093/oncolo/oyad076.

White, L.M.; Wunder, ].S.; Bell, R.S.; O’Sullivan, B.; Catton, C.; Ferguson, P.; Blackstein, M.; Kandel, R.A. Histologic assessment
of peritumoral edema in soft tissue sarcoma. Int. ] Radiat. Oncol. Biol. Phys. 2005, 61, 1439-1445.
https://doi.org/10.1016/j.ijrobp.2004.08.036.

https://doi.org/10.3390/biomedicines14081744



Biomedicines 2026, 14, 1744 17 of 21

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Dickie, C.I; Haas, R.; O’Sullivan, B. Adjuvant radiation for soft tissue sarcomas. Am. Soc. Clin. Oncol. Educ. Book. 2015, 35, e634—e642.
https://doi.org/10.14694/EdBook_AM.2015.35.e634.

Haas, R.L.; Delaney, T.F.; O’Sullivan, B.; Keus, R.B.; Le Pechoux, C.; Olmi, P.; Poulsen, ].P.; Seddon, B.; Wang, D. Radiotherapy
for management of extremity soft tissue sarcomas: Why, when, and where? Int. J. Radiat. Oncol. Biol. Phys. 2012, 84, 572-580.
https://doi.org/10.1016/j.ijrobp.2012.01.062.

O’Sullivan, B.; Davis, A.M.; Turcotte, R.; Bell, R.; Catton, C.; Chabot, P.; Wunder, J.; Kandel, R.; Goddard, K.; Sadura, A.; et al.
Preoperative versus postoperative radiotherapy in soft-tissue sarcoma of the limbs: A randomised trial. Lancet 2002, 359, 2235
2241. https://doi.org/10.1016/50140-6736(02)09292-9.

Al Yami, A; Griffin, AM.; Ferguson, P.C.; Catton, C.N.; Chung, P.W; Bell, R.S.; Wunder, J.S.; O’Sullivan, B. Positive surgical
margins in soft tissue sarcoma treated with preoperative radiation: Is a postoperative boost necessary? Int. |. Radiat. Oncol. Biol.
Phys. 2010, 77, 1191-1197. https://doi.org/10.1016/j.ijrobp.2009.06.074.

Roeder, F.; Morillo, V.; Saleh-Ebrahimi, L.; Calvo, F.A.; Poortmans, P.; Ferrer Albiach, C. Intraoperative radiation therapy (IORT)
for soft tissue sarcoma—ESTRO IORT Task Force/ACROP recommendations. Radiother. Omncol. 2020, 150, 293-302.
https://doi.org/10.1016/j.radonc.2020.07.019.

Brennan, M.F.; Hilaris, B.; Shiu, M.H.; Lane, J.; Magill, G.; Friedrich, C.; Hajdu, S.I. Local recurrence in adult soft-tissue sarcoma.
A randomized trial of brachytherapy. Arch. Surg. 1987, 122, 1289-1293. https://doi.org/10.1001/archsurg.1987.01400230075014.
Pisters, P.W.; Harrison, L.B.; Leung, D.H.; Woodruff, ] M.; Casper, E.S.; Brennan, M.F. Long-term results of a prospective
randomized trial of adjuvant brachytherapy in soft tissue sarcoma. J. Clin. Oncol. 1996, 14, 859-868.
https://doi.org/10.1200/JCO.1996.14.3.859.

Campbell, S.R.; Shah, C.; Scott, ].G.; Mesko, N.; Nystrom, L.; Kolar, M.; Largo, A.C.; Kamrava, M.; Mourtada, F.; Naghavi, A.O.;
et al. American Brachytherapy Society (ABS) consensus statement for soft-tissue sarcoma brachytherapy. Brachytherapy 2021,
20, 1200-1218. https://doi.org/10.1016/j.brachy.2021.05.011.

Spoto, R.; Vavassori, A.; Dicuonzo, S.; Pepa, M.; Volpe, S.; Alessandro, O.; Gandini, S.; Di Venosa, B.; Miglietta, E.; Fodor, C.; et
al. Adjuvant radiotherapy treatment for soft tissue sarcoma of extremities and trunk. A retrospective mono-institutional
analysis. Neoplasma 2020, 67, 1447-1455. https://doi.org/10.4149/neo_2020_200325N305.

Alektiar, K.M.; Brennan, M.F.; Singer, S. Local control comparison of adjuvant brachytherapy to intensity-modulated
radiotherapy in primary high-grade sarcoma of the extremity. Cancer 2011, 117, 3229-3234. https://doi.org/10.1002/cncr.25882.
Hirano, T.; Iwasaki, K.; Suzuki, R.; Monzen, Y.; Hombo, Z. [Radiosensitivity of soft tissue sarcomas]. Nihon Seikeigeka Gakkai
Zasshi 1989, 63, 463-469.

Haas, R.L.; Floot, B.G.J.; Scholten, A.N.; van der Graaf, W.T.A.; van Houdt, W.; Schrage, Y.; van de Ven, M.; Bovee, J.; van
Coevorden, F.; Vens, C. Cellular Radiosensitivity of Soft Tissue Sarcoma. Radiat. Res. 2021, 196, 23-30.
https://doi.org/10.1667/RADE-20-00226.1.

Allignet, B.; Meurgey, A.; Bouhamama, A.; Karanian, M.; Meeus, P.; Vaz, G.; Gouin, F.; Moncharmont, C.; Prapant, S.; Waissi,
W.; et al. Impact of histological subtype on radiological and pathological response after neoadjuvant radiotherapy in soft tissue
sarcoma. Eur. ]. Surg. Oncol. 2021, 47, 2995-3003. https://doi.org/10.1016/j.ejs0.2021.07.008.

Widemann, B.C,; Italiano, A. Biology and Management of Undifferentiated Pleomorphic Sarcoma, Myxofibrosarcoma, and
Malignant Peripheral Nerve Sheath Tumors: State of the Art and Perspectives. J. Clin. Oncol. 2018, 36, 160-167.
https://doi.org/10.1200/JCO.2017.75.3467.

Vanni, S.; De Vita, A.; Gurrieri, L.; Fausti, V.; Miserocchi, G.; Spadazzi, C.; Liverani, C.; Cocchi, C.; Calabrese, C.; Bongiovanni,
A.; et al. Myxofibrosarcoma landscape: Diagnostic pitfalls, clinical management and future perspectives. Ther. Adv. Med. Oncol.
2022, 14, 17588359221093973. https://doi.org/10.1177/17588359221093973.

Lansu, J.; Bovee, J.; Braam, P.; van Boven, H.; Flucke, U.; Bonenkamp, ].J.; Miah, A.B.; Zaidi, S.H.; Thway, K,; Bruland, O.S,; et
al. Dose Reduction of Preoperative Radiotherapy in Myxoid Liposarcoma: A Nonrandomized Controlled Trial. JAMA Oncol.
2021, 7, e205865. https://doi.org/10.1001/jamaoncol.2020.5865.

Haas, R.L.; Miah, A.B.; LePechoux, C.; DeLaney, T.F.; Baldini, E.H.; Alektiar, K.; O’Sullivan, B. Preoperative radiotherapy for
extremity soft tissue sarcoma; past, present and future perspectives on dose fractionation regimens and combined modality
strategies. Radiother. Oncol. 2016, 119, 14-21. https://doi.org/10.1016/j.radonc.2015.12.002.

Wiltink, L.M.; Miah, A.B.; Scholten, A.N.; Haas, R.L. Unraveling the Myth of Radiation Resistance in Soft Tissue Sarcomas.
Semin. Radiat. Oncol. 2024, 34, 172-179. https://doi.org/10.1016/j.semradonc.2023.12.004.

https://doi.org/10.3390/biomedicines14081744



Biomedicines 2026, 14, 1744 18 of 21

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Dale, R.; Plataniotis, G.; Jones, B. A generalised method for calculating repopulation-corrected tumour EQD2 values in a wide
range of  clinical situations, including  interrupted treatments. Phys. Med. 2024, 118, 103294.
https://doi.org/10.1016/j.ejmp.2024.103294.

Cox, ].D; Stetz, ].; Pajak, T.F. Toxicity criteria of the Radiation Therapy Oncology Group (RTOG) and the European Organization
for Research and Treatment of Cancer (EORTC). Int. |. Radiat. Oncol. Biol. Phys. 1995, 31, 1341-1346. https://doi.org/10.1016/0360-
3016(95)00060-C.

Collier, C.D.; Su, C.A,; Reich, M.S; Tu, L.A,; Getty, P.J. Six-Week Interval Between Preoperative Radiation and Surgery Is As-
sociated with Fewer Major Wound Complications in Soft Tissue Sarcoma. Am. ]. Clin. Oncol. 2020, 43, 491-495.
https://doi.org/10.1097/COC.0000000000000692.

Abouarab, M.H.; Salem, L.L.; Degheidy, M.M.; Henn, D.; Hirche, C.; Eweida, A.; Uhl, M.; Kneser, U.; Kremer, T. Therapeutic
options and postoperative wound complications after extremity soft tissue sarcoma resection and postoperative external beam
radiotherapy. Int. Wound ]. 2018, 15, 148-158. https://doi.org/10.1111/iw;j.12851.

Dunlop, H.M.; Atchison, T.J.; Zeh, R.; Konieczkowski, D.J.; Kim, A.; Grignol, V.P.; Contreras, C.M.; Obeng-Gyasi, S.; Pawlik,
T.M.; Pollock, R.E.; et al. Preoperative radiation therapy increases adherence in patients with high-risk extremity soft tissue
sarcoma. Surgery 2024, 175, 756-764. https://doi.org/10.1016/j.surg.2023.10.013.

Griffin, A.M.; Dickie, C.L; Catton, C.N.; Chung, P.W._; Ferguson, P.C.; Wunder, ].S.; O’Sullivan, B. The influence of time interval
between preoperative radiation and surgical resection on the development of wound healing complications in extremity soft
tissue sarcoma. Ann. Surg. Oncol. 2015, 22, 2824-2830. https://doi.org/10.1245/s10434-015-4631-z.

Kungwengwe, G.; Clancy, R.; Vass, J.; Slade, R.; Sandhar, S.; Dobbs, T.D.; Bragg, T.W.H. Preoperative versus Post-operative
Radiotherapy for Extremity Soft tissue Sarcoma: A Systematic Review and Meta-analysis of Long-term Survival. J. Plast. Recon-
str. Aesthet. Surg. 2021, 74, 2443-2457. https://doi.org/10.1016/j.bjps.2021.05.043.

Stevenson, M.G.; Ubbels, ].F.; Slump, J.; Huijing, M.A_; Bastiaannet, E.; Pras, E.; Hoekstra, H.]J.; Been, L.B. Identification of pre-
dictors for wound complications following preoperative or postoperative radiotherapy in extremity soft tissue sarcoma. Eur. J.
Surg. Oncol. 2018, 44, 816-822. https://doi.org/10.1016/j.ejs0.2018.02.002.

Nakamura, T.; Nakamura, K.; Hagi, T.; Asanuma, K.; Sudo, A. Soft tissue sarcoma at the adductor compartment of the thigh
may have a greater risk of tumor-associated events and wound complications. | Orthop Surg 2019, 27, 2309499019840813.
https://doi.org/10.1177/2309499019840813.

Moore, J.; Isler, M.; Barry, ].; Mottard, S. Major wound complication risk factors following soft tissue sarcoma resection. Eur. J.
Surg. Oncol. 2014, 40, 1671-1676. https://doi.org/10.1016/j.€js0.2014.10.045.

Baldini, E.H.; Lapidus, M.R;; Wang, Q.; Manola, J.; Orgill, D.P.; Pomahac, B.; Marcus, K.J.; Bertagnolli, M.M.; Devlin, P.M.;
George, S.; 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, 1494-1499.
https://doi.org/10.1245/s10434-012-2797-1.

Sorensen, L.T. Wound healing and infection in surgery: The pathophysiological impact of smoking, smoking cessation, and
nicotine replacement therapy: A systematic review. Ann. Surg. 2012, 255, 1069-1079.
https://doi.org/10.1097/SLA.0b013e31824{632d.

Laughlin, B.S.; Golafshar, M.A.; Ahmed, S.; Prince, M.; Anderson, J.D.; Vern-Gross, T.; Seetharam, M.; Goulding, K.; Petersen,
I.; DeWees, T.; et al. Early Experience Using Proton Beam Therapy for Extremity Soft Tissue Sarcoma: A Multicenter Study. Int.
J. Part. Ther. 2022, 9, 1-11. https://doi.org/10.14338/IJPT-21-00037.1.

Dadras, M.; Koepp, P.; Wallner, C.; Wagner, ].M.; Sogorski, A.; Lehnhardt, M.; Harati, K.; Behr, B. Wound complications are a
predictor of worse oncologic outcome in extremity soft tissue sarcomas. Surg. Oncol. 2020, 33, 126-134.
https://doi.org/10.1016/j.suronc.2020.02.016.

Broecker, ].S.; Ethun, C.G.; Monson, D.K.; Lopez-Aguiar, A.G.; Le, N.; McInnis, M.; Godette, K.; Reimer, N.B.; Oskouei, S.V.;
Delman, K.A.; et al. The Oncologic Impact of Postoperative Complications Following Resection of Truncal and Extremity Soft
Tissue Sarcomas. Ann. Surg. Oncol. 2017, 24, 3574-3586. https://doi.org/10.1245/s10434-017-6034-9.

Executive Committee of the International Society of Lymphology. The Diagnosis and Treatment of Peripheral Lymphedema:
2023 Consensus Document of The International Society of Lymphology. Lymphology 2023, 56, 133-151.

Simoes, R.; Augustin, Y.; Gulliford, S.; Dehbi, H.M.; Hoskin, P.; Miles, E.; Harrington, K.; Miah, A.B. Toxicity, normal tissue and
dose-volume planning parameters for radiotherapy in soft tissue sarcoma of the extremities: A systematic review of the litera-
ture. Radiother. Oncol. 2023, 186, 109739. https://doi.org/10.1016/j.radonc.2023.109739.

https://doi.org/10.3390/biomedicines14081744



Biomedicines 2026, 14, 1744 19 of 21

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Sarif, I; Elsayad, K.; Rolf, D.; Kittel, C.; Gosheger, G.; Wardelmann, E.; Haverkamp, U.; Eich, H.T. The Lymph-Sparing Quotient:
A Retrospective Risk Analysis on Extremity Radiation for Soft Tissue Sarcoma Treatment. Cancers 2021, 13, 2113.
https://doi.org/10.3390/cancers13092113.

Alektiar, K.M.; Zelefsky, M.].; Brennan, M.F. Morbidity of adjuvant brachytherapy in soft tissue sarcoma of the extremity and
superficial trunk. Int. J. Radiat. Oncol. Biol. Phys. 2000, 47, 1273-1279. https://doi.org/10.1016/s0360-3016(00)00587-3.

Bishop, AJ.; Zagars, G.K,; Allen, P.K.; Moon, B.S,; Lin, P.P.; Lewis, V.O.; Guadagnolo, B.A. Treatment-related fractures after
combined modality therapy for soft tissue sarcomas of the proximal lower extremity: Can the risk be mitigated? Pract. Radiat.
Oncol. 2016, 6, 194-200. https://doi.org/10.1016/j.prro.2015.09.004.

Dickie, C.I; Parent, A.L.; Griffin, AM.; Fung, S.; Chung, P.W.; Catton, C.N.; Ferguson, P.C.; Wunder, ].S.; Bell, R.S.; Sharpe,
M.B.; et al. Bone fractures following external beam radiotherapy and limb-preservation surgery for lower extremity soft tissue
sarcoma: Relationship to irradiated bone length, volume, tumor location and dose. Int. . Radiat. Oncol. Biol. Phys. 2009, 75, 1119-
1124. https://doi.org/10.1016/j.ijrobp.2008.12.006.

Davis, A.M.; O’Sullivan, B.; Turcotte, R.; Bell, R.; Catton, C.; Chabot, P.; Wunder, J.;, Hammond, A.; Benk, V.; Kandel, 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.org/10.1016/j.radonc.2004.12.020.

Seddon, B.; Grange, F.L.; Simoes, R.; Stacey, C.; Shelly, S.; Forsyth, S.; White, L.; Candish, C.; Dickinson, P.; Miah, A.; et al. The
IMRIiS Trial: A Phase 2 Study of Intensity Modulated Radiation Therapy in Extremity Soft Tissue Sarcoma. Int. ]. Radiat. Oncol.
Biol. Phys. 2024, 120, 978-989. https://doi.org/10.1016/j.ijrobp.2024.05.024.

Mahmood, S.; Vu, K; Tai, P.; Joseph, K.; Koul, R,; Dubey, A.; Yu, E. Radiation-induced second malignancies. Anticancer. Res.
2015, 35, 2431-2434.

Mavrogenis, A.F.; Angelini, A.; Pala, E.; Calabro, T.; Bianchi, G.; Casadei, R.; Ruggieri, P. Radiation-induced sarcomas. . Long.
Term. Eff. Med. Implants 2011, 21, 233-240. https://doi.org/10.1615/jlongtermeffmedimplants.v21.i3.70.

Brenner, D.J.; Curtis, R.E.; Hall, E.J.; Ron, E. Second malignancies in prostate carcinoma patients after radiotherapy compared
with surgery. Cancer 2000, 88, 398-406. https://doi.org/10.1002/(sici)1097-0142(20000115)88:2<398::aid-cncr22>3.0.co;2-v.

Di Brina, L.; Fogliata, A.; Navarria, P.; D’Agostino, G.; Franzese, C.; Franceschini, D.; De Rose, F.; Comito, T.; Bertuzzi, A.;
Marrari, A.; et al. Adjuvant volumetric modulated arc therapy compared to 3D conformal radiation therapy for newly diag-
nosed soft tissue sarcoma of the extremities: Outcome and toxicity evaluation. Br. ]. Radiol. 2019, 92, 20190252.
https://doi.org/10.1259/bjr.20190252.

Folkert, M.R; Singer, S.; Brennan, M.F.; Kuk, D.; Qin, L.X.; Kobayashi, W.K.; Crago, A.M.; Alektiar, KM. Comparison of local
recurrence with conventional and intensity-modulated radiation therapy for primary soft-tissue sarcomas of the extremity. J.
Clin. Oncol. 2014, 32, 3236-3241. https://doi.org/10.1200/JC0O.2013.53.9452.

O’Sullivan, B.; Griffin, A.M.; Dickie, C.I.; Sharpe, M.B.; Chung, P.W.; Catton, C.N.; Ferguson, P.C.; Wunder, ].S.; Deheshi, B.M.;
White, L.M.; 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, 1878-1884.
https://doi.org/10.1002/cncr.27951.

Wang, D.; Zhang, Q.; Eisenberg, B.L.; Kane, ].M.; Li, X.A; Lucas, D.; Petersen, I.A.; DeLaney, T.F.; Freeman, C.R.; Finkelstein,
S.E.; 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,
2231-2238. https://doi.org/10.1200/JCO.2014.58.5828.

Bedi, M.; Singh, R.; Charlson, J.A.; Kelly, T.; Johnstone, C.; Wooldridge, A.; Hackbarth, D.A.; Moore, N.; Neilson, J.C.; King,
D.M. Is 5 the New 25? Long-Term Oncologic Outcomes from a Phase II, Prospective, 5-Fraction Preoperative Radiation Therapy
Trial in Patients with Localized Soft Tissue Sarcoma. Adv. Radiat. Oncol. 2022, 7, 100850.
https://doi.org/10.1016/j.adro.2021.100850.

Gobo Silva, M.L.; Lopes de Mello, C.A.; Aguiar Junior, S.; D’Almeida Costa, F.; Stevanato Filho, P.R.; Santoro Bezerra, T.; Nak-
agawa, S.A.; Nascimento, A.G.; Werneck da Cunha, I.; Spencer Sobreira Batista, R.M.; et al. Neoadjuvant hypofractionated ra-
diotherapy and chemotherapy for extremity soft tissue sarcomas: Safety, feasibility, and early oncologic outcomes of a phase 2
trial. Radiother. Oncol. 2021, 159, 161-167. https://doi.org/10.1016/j.radonc.2021.03.033.

Guadagnolo, B.A.; Bassett, R.L.; Mitra, D.; Farooqi, A.; Hempel, C.; Dorber, C.; Willis, T.; Wang, W.L.; Ratan, R.; Somaiah, N.;
et al. Hypofractionated, 3-week, preoperative radiotherapy for patients with soft tissue sarcomas (HYPORT-STS): A single-
centre, open-label, single-arm, phase 2 trial. Lancet Oncol. 2022, 23, 1547-1557. https://doi.org/10.1016/S1470-2045(22)00638-6.

https://doi.org/10.3390/biomedicines14081744



Biomedicines 2026, 14, 1744 20 of 21

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Kalbasi, A.; Kamrava, M.; Chu, F.I; Telesca, D.; Van Dams, R.; Yang, Y.; Ruan, D.; Nelson, S.D.; Dry, S.M.; Hernandez, J.; et al.
A Phase II Trial of 5-Day Neoadjuvant Radiotherapy for Patients with High-Risk Primary Soft Tissue Sarcoma. Clin. Cancer Res.
2020, 26, 1829-1836. https://doi.org/10.1158/1078-0432.CCR-19-3524.

Leite, E.T.T.; Munhoz, R.R.; Camargo, V.P.; Lima, L.; Rebolledo, D.C.S.; Maistro, C.E.B.; Busnardo, F.F.; Ferreira, F.O.; Salvajoli,
J.V.; Carvalho, H.A. Neoadjuvant stereotactic ablative radiotherapy (SABR) for soft tissue sarcomas of the extremities. Radiother.
Oncol. 2021, 161, 222-229. https://doi.org/10.1016/j.radonc.2021.06.027.

Nikitas, J.; Kendal, ].K.; Savjani, R.R.; Jackson, N.; Peterson, N.; Deng, J.; Hernandez, J.; Chong, N.; Singh, A.S.; Chmielowski,
B.; et al. Five-Day Preoperative Radiation Therapy for Patients with High-Risk Soft Tissue Sarcoma: A Nonrandomized Clinical
Trial. JAMA Netw. Open 2025, 8, €2550195. https://doi.org/10.1001/jamanetworkopen.2025.50195.

Mayo, Z.S.; Parsai, S.; Asha, W.; Dinh, M.; Mesko, N.; Nystrom, L.; Shah, C.S.; Scott, ].G.; Campbell, S.R. Early outcomes of ultra-
hypofractionated preoperative radiation therapy for soft tissue sarcoma followed by immediate surgical resection. Radiother.
Oncol. 2023, 180, 109439. https://doi.org/10.1016/j.radonc.2022.109439.

Kubicek, G.J.; LaCouture, T.; Kaden, M.; Kim, T.W.; Lerman, N.; Khrizman, P.; Patel, A.; Xu, Q.; Lackman, R. Preoperative
Radiosurgery for Soft Tissue Sarcoma. Am. J. Clin. Oncol. 2018, 41, 86-89. https://doi.org/10.1097/COC.0000000000000236.
Wang, D.; Bosch, W.; Roberge, D.; Finkelstein, S.E.; Petersen, I.; Haddock, M.; Chen, Y.L.; Saito, N.G.; Kirsch, D.G.; Hitchcock,
Y.].; et al. RTOG sarcoma radiation oncologists reach consensus on gross tumor volume and clinical target volume on computed
tomographic images for preoperative radiotherapy of primary soft tissue sarcoma of extremity in Radiation Therapy Oncology
Group studies. Int. J. Radiat. Oncol. Biol. Phys. 2011, 81, e525-e528. https://doi.org/10.1016/j.ijrobp.2011.04.038.
Kosela-Paterczyk, H.; Teterycz, P.; Spalek, M.].; Borkowska, A.; Zawadzka, A.; Wagrodzki, M.; Szumera-Cieckiewicz, A.;
Morysinski, T.; Switaj, T.; Lugowska, L; et al. Efficacy and Safety of Hypofractionated Preoperative Radiotherapy for Primary
Locally Advanced Soft Tissue Sarcomas of Limbs or Trunk Wall. Cancers 2021, 13, 2981. https://doi.org/10.3390/cancers13122981.
Baldini, E.H.; Guadagnolo, B.A.; Salerno, K.E.; Chung, P.; Bishop, A.].; Kalbasi, A.; Miah, A.; Bedi, M.; Harris, J.P.; Petersen, I.;
et al. Hypofractionated Preoperative Radiation Should Not Yet Be Used as Standard of Care for Extremity and Truncal Soft
Tissue Sarcoma. J. Clin. Oncol. 2024, 42, 4240-4245. https://doi.org/10.1200/JCO.24.00238.

Townley, W.A; Mah, E.; O’Neill, A.C.; Wunder, ].S.; Ferguson, P.C.; Zhong, T.; Hofer, S.0. Reconstruction of sarcoma defects
following pre-operative radiation: Free tissue transfer is safe and reliable. ]. Plast. Reconstr. Aesthet. Surg. 2013, 66, 1575-1579.
https://doi.org/10.1016/j.bjps.2013.06.029.

M, N.H.; Nyqvist, E.; Hesla, A.C.; Tsagkozis, P.; Lofgren, ]. Wound healing after surgery for soft tissue sarcomas, and the effect
of primary plastic reconstruction—A retrospective cohort study. Eur. ]. Surg. Oncol. 2024, 50, 108348.
https://doi.org/10.1016/j.ejs0.2024.108348.

Neugebauer, J.; Blum, P.; Keiler, A.; Suss, M.; Neubauer, M.; Moser, L.; Dammerer, D. Brachytherapy in the Treatment of Soft-
Tissue Sarcomas of the Extremities-A Current Concept and Systematic Review of the Literature. Cancers 2023, 15, 1133.
https://doi.org/10.3390/cancers15041133.

Chan, L.W.M.; Imanishi, J.; Grinsell, D.G.; Choong, P. Preoperative Radiotherapy and Wide Resection for Soft Tissue Sarcomas:
Achieving a Low Rate of Major Wound Complications with the Use of Flaps. Results of a Single Surgical Team. Front. Surg.
2017, 4, 79. https://doi.org/10.3389/fsurg.2017.00079.

Giovannetti, F.; Barbera, G.; Priore, P.; Pucci, R.; Della Monaca, M.; Valentini, V. Fascia Lata Harvesting: The Donor Site Closure
Morbidity. J. Craniofac. Surg. 2019, 30, e303-e306. https://doi.org/10.1097/SCS.0000000000005223.

Qu, X; Lubitz, C.C.; Rickard, J.; Bergeron, S.G.; Wasif, N. A Meta-Analysis of the Association Between Radiation Therapy and
Survival for  Surgically Resected  Soft-Tissue Sarcoma. Am. ]. Clin. Oncol. 2018, 41, 348-356.
https://doi.org/10.1097/COC.0000000000000274.

Pervaiz, N.; Colterjohn, N.; Farrokhyar, F.; Tozer, R.; Figueredo, A.; Ghert, M. A systematic meta-analysis of randomized con-
trolled trials of adjuvant chemotherapy for localized resectable soft-tissue sarcoma. Cancer 2008, 113, 573-581.
https://doi.org/10.1002/cncr.23592.

Pasquali, S.; Pizzamiglio, S.; Touati, N.; Litiere, S.; Marreaud, S.; Kasper, B.; Gelderblom, H.; Stacchiotti, S.; Judson, L; Dei Tos,
A.P; et al. The impact of chemotherapy on survival of patients with extremity and trunk wall soft tissue sarcoma: Revisiting
the results of the EORTC-STBSG 62931 randomised trial. Eur | Cancer 2019, 109, 51-60. https://doi.org/10.1016/j.ejca.2018.12.009.
Brugemann, D.; Lehner, B.; Kieser, M.; Krisam, J.; Hommertgen, A.; Jaekel, C.; Harrabi, S.B.; Herfarth, K.; Mechtesheimer, G.;
Sedlaczek, O.; et al. Neoadjuvant irradiation of extremity soft tissue sarcoma with ions (Extrem-ion): Study protocol for a ran-
domized phase II pilot trial. BMC Cancer 2022, 22, 538. https://doi.org/10.1186/s12885-022-09560-x.

https://doi.org/10.3390/biomedicines14081744



Biomedicines 2026, 14, 1744 21 of 21

87. Borzov, E.; Bar-Deroma, R.; Lutsyk, M. Physical aspects of a spatially fractionated radiotherapy technique for large soft tissue
sarcomas. Phys. Imaging Radiat. Oncol. 2022, 22, 63—66. https://doi.org/10.1016/j.phro.2022.04.010.

88. Studer, G,; Streller, T.; Jeller, D.; Huebner, D.; Fuchs, B.; Glanzmann, C. Diagnosis-Related Outcome Following Palliative Spa-
tially Fractionated Radiation Therapy (Lattice) of Large Tumors. Cancers 2025, 17, 2752. https://doi.org/10.3390/cancers17172752.

89. Majercakova, K.; Aguilar, N.T.; Isern Verdum, J.; Bargallo, H.V.; Capel, A.V.; Mancera Soto, M.; Gomez de Segura Melcon, G.;
Cordero, ]J.V.R.; Gonzalez-Lopez, J.A.; Rosell, S.B.; et al. Role of Spatially Fractionated Radiotherapy (LATTICE) Treatment in
Inoperable Bulky Soft-Tissue Sarcomas. Cancers 2025, 17, 624. https://doi.org/10.3390/cancers17040624.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/biomedicines14081744



