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Abstract 

Background:  Soft tissue sarcomas (STS) represent a diverse group of rare malignant tumors. Currently, five to six 
weeks of preoperative radiotherapy (RT) combined with surgery  constitute the mainstay of therapy for localized 
high-grade sarcomas (G2–G3). Growing evidence suggests that shortening preoperative RT courses by hypofractiona-
tion neither increases toxicity rates nor impairs oncological outcomes. Instead, shortening RT courses may improve 
therapy adherence, raise cost-effectiveness, and provide more treatment opportunities for a wider range of patients. 
Presumed higher rates of adverse effects and worse outcomes are concerns about hypofractionated RT (HFRT) for 
STS. This systematic review summarizes the current evidence on preoperative HFRT for the treatment of STS and 
discusses toxicity and oncological outcomes compared to normofractionated RT.

Methods:  We conducted a systematic review of clinical trials describing outcomes for preoperative HFRT in the man-
agement of STS using PubMed, the Cochrane library, the Cochrane Central Register of Controlled Trials, ClinicalTrials.
gov, Embase, and Ovid Medline. We followed the 2020 Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. Trials on retroperitoneal sarcomas, postoperative RT, and hyperthermia were excluded. 
Articles published until November 30th, 2021, were included.

Results:  Initial search yielded 94 articles. After removal of duplicate and ineligible articles, 13 articles qualified for 
analysis. Eight phase II trials and five retrospective analyses were reviewed. Most trials applied 5 × 5 Gy preoperatively 
in patients with high-grade STS. HFRT courses did not show increased rates of adverse events compared to historical 
trials of normofractionated RT. Toxicity rates were mostly comparable or lower than in trials of normofractionated RT. 
Moreover, HFRT achieved comparable local control rates with shorter duration of therapy. Currently, more than 15 
prospective studies on HFRT + / − chemotherapy are ongoing.

Conclusions:  Retrospective data and phase II trials suggest preoperative HFRT to be a reasonable treatment modal-
ity for STS. Oncological outcomes and toxicity profiles were favorable. To date, our knowledge is mostly derived from 
phase II data. No randomized phase III trial comparing normofractionated and HFRT in STS has been published yet. 
Multiple ongoing phase II trials applying HFRT to investigate acute and late toxicity will hopefully bring forth valuable 
findings.
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radiotherapy, Toxicity, Wound complications
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Introduction
Soft tissue sarcomas (STS) are a heterogenous group of 
malignant tumors arising from mesenchymal tissue in 
virtually all anatomic locations and age groups [1, 2]. STS 
account for less than 1% of all tumor entities in adults 
and 7% in pediatric patients [3, 4]. The estimated inci-
dence rate in Europe is 4–5 per 100 000 per year [5]. The 
World Health Organization applies two standard histo-
pathological grading systems for STS based on histologi-
cal, morphological and molecular characteristics [6–8]. 
This review will analyze data on adult patients with STS 
of the extremities and trunk and exclude retroperitoneal 
STS and trials on hyperthermia, which are discussed 
elsewhere [9, 10].

Owing to STS heterogeneity, the disease-associated 
morbidity and mortality are highly variable. Positive sur-
gical margins, recurrent disease at presentation, histolog-
ical grade, tumor depth, and previous  local recurrences 
(LR) are independent risk factors for subsequent recur-
rences and mortality [11–14]. Moreover, specific histo-
logical subtypes, e.g., malignant peripheral nerve sheath 
tumors or myxofibrosarcomas, are associated with unfa-
vorable clinical outcomes [11, 12, 15, 16]. In high-grade 
STS (G2-G3), current standard of care comprises surgery 
combined with preoperative conventionally fractionated 
RT, preferably carried out in sarcoma reference centers 
[17–19]. Preoperative (neoadjuvant) conventionally frac-
tionated RT is applied over five to six weeks in daily frac-
tions of 1.8–2.0 Gy to a total dose of 50–50.4 Gy [18, 20]. 
The role of perioperative chemotherapy remains contro-
versial and depends on the above-mentioned risk factors 
[21]. Although preoperative RT causes higher wound 
complication rates, postoperative RT leads to irrevers-
ible fibrosis-related toxicities adversely affecting patients’ 
function. This has caused an increasing notion of prefer-
ring pre- over postoperative RT among radiation oncolo-
gists [22–26].

In daily practice, single doses higher than 2.2  Gy are 
usually considered as hypofractionated radiotherapy 
(HFRT), although no exact definition exists. It has been 
hypothesized that increasing radiation doses per frac-
tion would raise the toxicity rate in normal tissue [27, 28]. 
Therefore, HFRT was mainly applied in palliative settings 
where fast symptom relief (e.g., pain relief in bone metas-
tases) and lower total doses than in definitive RT settings 
are required. However, within the last two decades, fur-
ther evidence on the efficacy and safety of hypofraction-
ated therapy regimens has come from RT trials of breast 
cancer, prostate cancer, and rectal cancer, where hypof-
ractionation is now routinely applied [29–31].

When comparing outcomes of different clinical trials, 
it is essential to bear in mind that over the last decades, 
RT has been—and is to this date—subject to tremendous 

technological advances. Technical innovation in all sec-
tions of radiation oncology (imaging, treatment planning, 
linear accelerators) have remarkably improved radiation 
precision and tolerability [32–34]. In line with this, a 
more recent trial applying modern radiation techniques 
and image guidance has shed new light on RT in STS: By 
using advanced and more precise radiation techniques, 
the investigators were able to reduce toxicity rates in 
preoperative, normofractionated RT for STS (10.5% of 
at least one grade ≥ 2 toxicity at two years vs. 35% in the 
SR-2 trial) [35].

Another rationale in favor of hypofractionation is based 
on radiobiological observations in STS. STS like liposar-
comas and rhabdomyosarcomas are likely to have lower 
α/β ratios (< 10), making them rather sensitive to larger 
fraction sizes [36–38]. Rather interestingly, other tumor 
entities with similar α/β ratios of less than 10 (e.g., breast 
and rectal cancer) have shown similar local control (LC) 
rates after HFRT as compared to conventionally fraction-
ated RT [39, 40].

Supporters of HFRT also argue with practical advan-
tages of this therapy regimen. The treatment of STS at 
specialized, multidisciplinary sarcoma centers has shown 
beneficial outcomes for patients and improves  over-
all survival (OS) [19, 41–43]. By shortening RT courses 
through hypofractionation without compromising 
patient outcomes, access to high-volume sarcoma cent-
ers can be particularly improved for immobile, frail, and 
elderly patients [44]. Shortening RT regimens is not only 
preferred by patients; it also reduces the economic bur-
den on the health care system while increasing patient 
throughput at high-volume centers [45–49]. Especially 
during the COVID-19 pandemic, when medical care is 
less widely available, and patient contact is aimed to be 
reduced to a minimum, hypofractionation may constitute 
a preferred treatment modality [50].

To the best of our knowledge, no review has systemati-
cally analyzed the literature on preoperative HFRT regi-
mens for STS treatment. To address this topic and give 
deeper insights into the advantages and drawbacks of 
hypofractionation, we conducted a systematic review of 
the literature to assess patient outcome parameters, tox-
icity rates, and feasibility. The current evidence and find-
ings for preoperative HFRT in the treatment of STS in 
adults are summarized herein.

Materials and methods
A systematic review of the literature was performed 
in accordance to the guidelines of the 2020 Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA, PRISMA 2020 study protocol 
checklist, Additional file  1:  The PRISMA 2020 check-
list, supplementary materials) [51]. The databases 
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PubMed, ClinicalTrials.gov, the Cochrane library and 
the Cochrane Central Register of Controlled Trials, 
Embase, and Ovid Medline were used. Variably com-
bined search items included “hypofractionation”, “soft 

tissue sarcoma”, “radiotherapy”, “trunk and extrem-
ity sarcoma”, “neoadjuvant radiotherapy”, “oncological 
outcomes”, “wound complication”, “toxicity”, “safety”, 
“feasibility” and “efficacy”. For ongoing clinical trials, 

Table 1  Inclusion and exclusion criteria

DFS disease-free survival, LC local control, LR local recurrence, LRFS local recurrence-free survival, OS overall survival, RT radiotherapy

Category Inclusion criteria Exclusion criteria

Study design Any except narrative reviews and systematic reviews Systematic reviews
Narrative reviews

Population Age: ≥ 18 years Pediatric patients (< 18 years)

Sex: Any Retroperitoneal sarcoma

Race: Any

Disease: Soft tissue sarcomas located at the extremities and/or 
trunk

Other location than extremity or trunk

Histological grade: Any

Stage: Localized

Intervention Hypofractionated RT (> 2.2 Gy/fraction/day)
Neoadjuvant RT
Neoadjuvant and/or adjuvant chemotherapy
Surgical resection

Normofractionated RT (1.8–2.2 Gy/fraction)
Hyperfractionated RT (< 1.8 Gy/fraction)
Hyperthermia
Postoperative RT (trials adding postoperative 
boost to preoperative RT were not excluded)

Outcomes Acute toxicity including wound complications
Late toxicity
OS
DFS
LC
LR
LRFS

Date range Until November 30th, 2021

Records identified from:
Databases (n = 94)
Registers (n = 0)

Records removed before 
screening:

Duplicate records removed 
(n = 31)
Records marked as ineligible 
by automation tools (n = 0)
Records removed for other 
reasons (n = 4)

Records screened
(n = 59)

Records not addressing the topic
excluded (n = 13)

Reports sought for retrieval
(n = 46)

Reports not retrieved
(n = 1)

Reports assessed for eligibility
(n = 45)

Reports excluded:
Exclusion criteria (n = 19)
Article type (n = 13)

Records identified from:
Websites (n = 0)
Organisations (n = 0)
Citation searching (n = 0)
etc.

Reports assessed for eligibility
(n = 0) Reports excluded (n = 0)

Studies included in review
(n = 13)
Reports of included studies
(n = 0)

Identification of studies via databases and registers Identification of studies via other methods
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Reports sought for retrieval
(n = 0)

Reports not retrieved
(n = 0)

Fig. 1  Flow diagram for study selection according to the PRISMA 2020 guidelines [51]
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the ClinicalTrials.gov webpage was used with the fol-
lowing search items: “soft tissue sarcoma”, “hypofrac-
tionated radiotherapy” and “radiotherapy”. Databases 
were searched on November 30th, 2021  (Table  1). No 
filters or limits were applied. All English studies pub-
lished before November 30th, 2021, were included. 
The first reviewer (S.R.) excluded duplicates, trials on 
hyperthermia or postoperative RT (trials adding post-
operative boost to preoperative RT were not excluded), 
trials not matching the search items and trials on ret-
roperitoneal sarcomas (due to their profound differ-
ences regarding the clinical course, treatment, and 
histological subtypes). The following types of articles 
were included: randomized controlled trials, open-label 
trials, retrospective analyses, phase II and III clinical 
trials, as well as single and multicenter trials applying 
preoperative HFRT on adults (≥ 18  years) with STS. 
This review was not registered.

Data items
The data items extracted from all eligible studies were 
author list, publication date, number of patients, patient 
demographics, histological subtypes of STS, anatomical 
locations, median tumor size, dose per fraction, num-
ber of fractions, time from RT to surgery and from sur-
gery to RT, chemotherapy regimens, median follow-up, 
overall survival, local control, local recurrence, local 
recurrence-free survival (LRFS), progression-free sur-
vival  (PFS), disease-free survival (DFS), wound compli-
cation (WC)- and late toxicity rates. If an article lacked 
any data on the aforementioned items, the specific field 
was left blank in the summary table resulting in lower 
validity and comparability of the respective trial. After 
initial selection of data items by the first reviewer (S.R.), 
the second reviewer (D.K.) checked for suitability and 
accuracy.

Quality control and assessment
To ensure adequate quality standards for included arti-
cles, both the titles, abstracts, and full texts were thor-
oughly examined by the first reviewer. All resources 
obtained online were saved as PDF files in case the online 
record was edited or removed. Risk of bias was assessed 
individually for every study by using the Risk of Bias In 
Non-randomized Studies of Interventions tool (ROBINS-
I) developed by the Cochrane Bias Methods Group [52] 
(Additional file  2: Risk of bias assessment according to 
ROBINS-I,  Table  1). After initial evaluation by the first 
reviewer, the second reviewer then critically edited the 
bias assessment, list of results, data and added further 
articles, if required. In cases of uncertainty, the third 
reviewer (F.E.) gave critical input.

Results
The PRISMA flow diagram depicted in Fig.  1 shows all 
initial search results, excluded articles and the final num-
ber of articles meeting the inclusion criteria. Systemically 
reviewed studies on preoperative hypofractionated radio-
therapy are summarized in Table 2; major studies on con-
ventionally fractionated radiotherapy are summarized in 
Table 3.

Discussion
Herein, we review the current literature on preoperative 
HFRT in the management of STS. The most frequently 
voiced criticism of this treatment approach concerns the 
following points: (i) the possibilty of increased toxicity 
with pre- and postoperative complications; (ii) assumed 
worse oncological outcomes compared to standard frac-
tionated RT; (iii) financial concerns due to the reduced 
number of therapy sessions in HFRT [72, 73]. From a 
logistical and health economic standpoint, HFRT is 
undoubtedly the preferred and better applicable treat-
ment modality for all patients and age groups seeking care 
at sarcoma centers [41, 42, 44]. Regional hyperthermia has 
historically been used in combination with chemotherapy  
showing promising results for the treatment of STS [74–
78]. Combined with neoadjuvant chemotherapy, regional 
hyperthermia improves OS and local progression-free 
survival for patients with localized high-grade STS [79, 
80]. As part of a first study, hypofractionated radiother-
apy was combined with hyperthermia on 30 patients with 
marginally or unresectable, mostly G1 STS. This phase II 
feasibility study from the Warsaw sarcoma center by 
Spałek et al. met its primary endpoint of testing feasibil-
ity as it was well tolerated and adherence to the therapy 
protocol was successful [81]. Due to the scope of the pre-
sent review to describe and compare preoperative HFRT 
to current standard treatment (normo-fractionated RT), 
trials on regional hyperthermia were not included.

Acute and late toxicity
The first and foremost concern about increased early and 
late toxicity with HFRT cannot be confirmed based on 
the available data. Firstly, to define major WCs, most tri-
als adopted their definition from the largest phase III trial 
(SR-2 trial) that compared toxicity rates in pre- vs. post-
operative normofractionated RT. In this trial, a major WC 
was defined as a second surgery under general or regional 
anesthesia for wound repair up to four months after pri-
mary surgery. Additionally, aspiration of seromas, re-
admission for wound care such as intravenous antibiotics 
or persistent deep packing for 120 days or beyond were 
included in that definition [26]. Preoperative RT was 
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associated with a WC rate of 35%, while 17% of partici-
pants showed postoperative WCs (Table 3) [26].

In a 2021 published, non-controlled, interventional 
trial by Koseła-Paterczyk et al., 311 patients treated with 
a short preoperative course of 5 × 5  Gy showed lower 
WC rates of 28% compared to the SR-2 trial [53]. The 
average tumor size was even larger while the histologi-
cal grade, tumor location, and median age of participants 
were comparable. Treatment planning was also similar 
in both trials: In the trial by Koseła-Paterczyk et  al. the 
clinical target volume (CTV) was 2  cm transversally 
and 4  cm longitudinally. The planning target volume 
(PTV) was 1  cm in all directions  (Table  2). In the SR-2 
trial, preoperative RT treatment consisted of 25 × 2  Gy 
to a volume of 5 cm proximal and distal to the tissue at 
risk displayed on computed tomography (CT). A minor 
subgroup of patients with positive surgical margins after 
preoperative RT received a sequential boost (16–20 Gy in 
2 Gy fractions) defined as lesion volume plus 2 cm in all 
directions.

Possible explanations for the difference in WC rates 
between both trials may be: (i) Increased precision by 
image-guided radiotherapy (IGRT) conducted via daily 
cone-beam CTs in the trial by Koseła-Paterczyk et  al.; 
(ii) the use of contrast enhanced magnetic resonance 
imaging (MRI) fused with CT for planning, although the 
exact proportion of patients where MRI was applied is 
not given; (iii) a possible difference in the tumor depth 
as another risk factor for WC, also not given in the trial 
by Koseła-Paterczyk et  al.; (iv) a difference in patients 
comorbidities (e.g. increased body mass index (BMI), 
smoking, diabetes) adversely affecting wound complica-
tion rates [82–85].

One essential limitation of the 2021 trial of Koseła-
Paterczyk et  al. is the absence of intensity modulated 
radiotherapy (IMRT) technique. It would have been 
interesting to observe whether adding IMRT tech-
niques to the hypofractionated 5 × 5  Gy regimen would 
have reduced toxicity rates even more. In 2014, Koseła-
Paterczyk et al. had applied HFRT to a comparable group 
of 272 patients (mostly G3 sarcomas located in the lower 
extremity), but without IMRT or IGRT. Herein, major 
WC rates were higher and similar to the rates in the SR-2 
trial (32.4% vs. 35% in the SR-2), while late toxicities were 
less common, suggesting IMRT and IGRT as important 
influence parameters [64].

For normofractionated RT, more data exists suggesting a 
clear benefit of image-guided and intensity modulated radi-
otherapy (IG-IMRT) techniques. The group of O’Sullivan 
et  al. published another trial showing beneficial toxicity 
rates by using IG-IMRT and standard target volume deline-
ations [67]. Although the rate of WCs was numerically 
lower, yet not statistically significant, the need for tissue 

transfer was significantly reduced [67]. Supporting this 
approach, Wang et al. investigated the impact of normof-
ractionated IGRT on toxicity rates in preoperative normo-
fractionated RT for STS applying the same definitions for 
late toxicity and acute WCs as in the SR-2 trial [24, 26]. By 
adding IGRT, the late toxicity rate again dropped substan-
tially to 10.5% in the RTOG-0630 trial [35].

Interestingly, two interventional trials evaluating stere-
otactic body radiotherapy (SBRT) used even higher doses 
of 5 × 8 and 5 × 7 Gy and revealed acute WC rates similar 
to conventional HFRT yet lower than in the normofrac-
tionated SR-2 trial (28% and 28.5% respectively) [55, 61]. 
Notable other adverse events were vascular occlusions 
described in a small proportion of patients after 5 × 8 Gy 
SBRT requiring disarticulation surgery (n = 3) and one 
case of amputation [55]. The amount of literature describ-
ing damage to tumor vasculature under intense hypofrac-
tionation has been growing recently [86, 87]. This effect 
has first been described in in vitro experiments after sin-
gle fractions ≥ 10  Gy which may explain the described 
adverse effects [88]. Nevertheless, the SBRT data on STS 
are limited by the small number of participants (25 in 
the trial of Leite et al. vs. 13 in the trial of Kubicek et al.) 
and the short median follow-up of 9.3 months in the lat-
ter trial, which therefore could detect no late toxicities 
[55, 61]. Nevertheless, it is undoubted that advances in 
RT planning and techniques such as IGRT and IMRT 
have improved precision and reduced toxicity rates for 
STS patients. An upcoming Russian trial is currently 
recruiting patients for a 3-step sequence of preoperative 
stereotactic RT (5 × 5  Gy), surgery, and postoperative 
normofractionated RT (25 × 2 Gy). The primary endpoint 
is the complication rate after each step of the protocol 
[89](NCT04330456).

To further elucidate the effect of preoperative HFRT 
and chemotherapy on R0 limb-sparing surgery and 
toxicity rates for marginally resectable STS, a phase II 
trial with 46 patients from the Warsaw sarcoma center 
by Spałek et  al. was published in 2021. R0 resection 
was achieved in 72% of patients while acute WCs were 
observed in 34% of patients comparable to the 35% in the 
SR-2 trial. Data on late toxicity rates are still pending [26, 
54]. However, in this trial the median tumor diameter of 
17.4 cm was remarkably larger compared to most other 
trials with perioperative HFRT for STS and to the SR-2 
trial (< 10 cm in 65% in the preoperative RT group). Sup-
porting this association, the multivariable analysis in the 
SR-2 trial also revealed a significant correlation between 
baseline tumor size and WCs [26]. Thus, having almost 
equal WC rates in hypofractionated and normofraction-
ated RT despite a substantial difference in size attenuates 
the argument of increased WCs in HFRT for STS.
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Only one trial has shown slightly higher rates of acute 
WCs using HFRT (37.9% vs. 35% in SR-2) [63]. How-
ever, in this trial, the sample size was relatively small 
(n = 34) because only myxoid liposarcomas (MLPS) 
were included. Moreover, most patients were irradiated 
with conventional 3D conformal radiotherapy (3D-CRT) 
and a short time gap of 3–7  days between RT and sur-
gery [63]. Besides, MLPS are known for their favora-
ble prognosis and radiosensitivity [90, 91]. So, even if 
further trials on this rare malignant tumor would bring 
forth more evidence of increased toxicity with HFRT, one 
could still discuss a de-escalation concept due to their 
high radiosensitivity. The Dutch multicenter DOREMY 
trial has applied reduced preoperative normofraction-
ated RT (18 × 2  Gy instead of 25 × 2  Gy standard dose) 
for MLPS patients in an attempt to deescalate radiation 
dose. The authors achieved remarkably low acute WCs of 
17% when compared to the preoperative RT group in the 
SR-2 trial. However, while the definition of major WC as 
a clinical diagnosis is equal, the DOREMY trial defined 
acute WCs by 30 days after surgery while the SR-2 trial 
applied 120 days [92] (NCT02106312).

A lot of knowledge on risk factors for major WCs stems 
from large surgical and RT data analyses. As such, it is an 
interesting finding throughout all treatment modalities 
and trials investigated in this review that the vast major-
ity of WCs are located in the lower extremities, account-
ing for substantial postoperative morbidity (Table 2). This 
observation has been confirmed in different multicenter 
data analyses [84, 85]. In addition, the authors also found 
influenceable risk factors like increased BMI and smoking 
to be associated with postoperative WCs [84, 85]. In line 
with this, further trials confirmed the above-mentioned 
risk factors and added diabetes, tumor size > 10 cm, vas-
cular tumor infiltration, and proximity to the skin < 3 mm 
as further predictors of major WCs [82, 83]. These find-
ings may alter the preoperative management (nutrition, 
smoking cessation, diabetes training, surgical technique) 
to optimize post-surgical outcomes in STS patients [82, 
83].

Furthermore, while acute WCs constitute serious 
adverse events, they are usually curable by local treat-
ment. In contrast, long-term analysis of the patients in 
the Canadian SR-2 trials has revealed significantly lower 
functional scores in patients suffering from late and irre-
versible toxicities such as fibrosis, joint stiffness, and 
edema [24]. This observation may explain the increasing 
trend towards preferring pre- over postoperative RT in 
the treatment of STS [22, 23].

Apart from one trial, no other trials analyzed in our 
systematic review have found higher rates of early or late 
toxicity with HFRT for STS [63]. Quite the contrary, most 
trials have shown reduced risks of toxicity with advanced 

RT techniques. However, no large randomized phase III 
controlled trial has yet compared HFRT to normofrac-
tionated RT with a particular focus on toxicity rates and 
morbidity. One of the few controlled trials investigating 
this very topic is currently enrolling patients at the Uni-
versity of Wisconsin Hospital and Clinics (Madison, Wis-
consin, United States, section 4.3 Upcoming data) [93].

Oncological outcomes
The outcome benefits of HFRT for STS are promising. 
Well-established independent risk factors for LR and 
mortality comprise positive surgical margins, histologi-
cal grade, tumor depth, and previous LR for subsequent 
recurrences and mortality. Additionally, specific histo-
logical subtypes (e.g., malignant peripheral nerve sheath 
tumor or myxofibrosarcomas) are associated with disad-
vantageous clinical outcomes [11, 12, 15, 16].

Overall, LC as a quality criterion for HFRT shows good 
to excellent results, ranging between 80–100% between 3 
to 5 years in the largest studies analyzed herein (Table 2). 
The most comprehensive trial comprising 311 repre-
sentative patients with locally advanced sarcomas treated 
with a short course of 5 × 5 Gy has achieved acceptable 
rates of 5-year LR of 13.8% when compared to previous 
literature [14, 53, 94]. About 83% of tumors were resected 
with clear margins, a protective factor for LR as described 
in previously published analyses [95]. The additional pre-
operative chemotherapy with doxorubicin and ifosfamide 
or dacarbazine administered to one third of patients did 
not significantly alter survival or LR, although the trial 
was not powered for this factor [53]. On multivariable 
analysis, specific histological subtypes such as malig-
nant peripheral nerve sheath tumors or leiomyosarcomas 
have confirmed the previous literature on their increased 
malignancy and resistance to treatment (5-year LC of 
approximately 65–70%) [11, 96].

Again, the addition of IG-IMRT to HFRT has substan-
tial benefits and improves LC rates. Kalbasi et  al. have 
applied 5 × 6  Gy IMRT in 76% of patients and IGRT in 
almost all 50 patients enrolled in 2020 [47]. With a mini-
mum follow-up of two years, only 5.7% of patients with 
LR were observed [47]. Limitations in comparability are 
the pending long-term follow-up data [47]. The improve-
ment by IMRT is supported by data on normofraction-
ated postoperative RT, where IMRT has shown significant 
benefits on LC compared to conventional external beam 
RT [97, 98]. Altogether, the presented data on preopera-
tive HFRT has shown similar LC rates when compared to 
preoperative normofractionated RT for STS [70, 71].

An interesting secondary finding in the study by 
Kalbasi et  al. is the significant increase in both patient 
accrual and distance traveled by patients, when they 
were enrolled into 5 × 6  Gy RT compared to standard 
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25 × 2 Gy in the 2-year period preceding study initiation 
[47]. This approves the logistical and convenience argu-
ment by many other studies on patient preferences and 
therapy adherence to shorter RT courses, which particu-
larly holds true for elderly patients [44, 46, 99].

MLPS repeatedly stand out by their remarkably high 
radiosensitivity, which sustains also in HFRT regimens. In 
27 patients with large MLPS (median size: 13 cm), treated 
with preoperative 5 × 5  Gy and a median follow-up of 
27  months, none of the patients had a LR. OS was 93% 
because of two patients who died after metastatic spread 
[58]. In another trial, published four years earlier, the 
same authors from the Warsaw sarcoma center have used 
5 × 5 or 5 × 4 Gy for MLPS patients and have shown simi-
larly favorable LC rates of 90% after five years. The 5-year 
OS was 68%. All deaths were related to distant recur-
rences, again proving the excellent radiosensitivity and 
local controllability by HFRT [63]. This radiosensitivity is 
confirmed in multiple previous studies and large database 
analyses on normofractionated RT and may be exploited 
to further deescalate local therapy regimens [90, 91, 100].

We can therefore conclude that the present data 
strongly suggests modern HFRT regimens and tech-
niques to be comparable to normofractionated RT in LC 
rates of STS. However, the present results are, at best, 
derived from phase II trials. So far, no randomized phase 
III trial comparing normofractionated RT to HFRT for 
STS has been conducted. Both the study population and 
the specific tumor entities are highly heterogeneous, and 
most of the trials are non-controlled trials or retrospec-
tive data analyses (Table  2) [101]. The included articles 
demonstrated moderate to serious overall risk of bias and 
therefore hamper comparability (Additional file 2: Risk of 
bias assessment according to ROBINS-I, Table 1). More-
over, the available trials differ in RT, surgical techniques, 
concomitant chemotherapy regimens, and the therapy 
modalities’ order. Research on STS as "orphan diseases" 
is impeded by low prevalence and lower funding com-
pared to other cancer entities [102]. Thus, the present 
data is generating strong hypotheses and future results 
are eagerly awaited.

Upcoming data
More than 15 trials on HFRT + / − chemotherapy in STS 
are currently ongoing (Table  4). Due to the low preva-
lence, most trials have long recruiting phases. Among 
the first trials to compare conventionally fractionated vs. 
HFRT for STS has recently begun accruing patients at 
the University of Wisconsin, USA [93] (NCT05109494). 
Another randomized interventional trial focuses on 
acute postoperative WCs in localized head and neck, 
trunk and extremity STS after 14 × 3  Gy preoperative 
RT (study arm B) compared to standard preoperative 

RT (25 × 2 Gy) [103]. The study began recruiting in June 
2021 at two Dutch university medical centers in Leiden 
and Groningen and is expected to reach primary comple-
tion by April 2025 [103] (NCT04425967).

Many studies are testing different preoperative, HFRT 
regimens to shorten therapy time and improve patient 
convenience. For instance, 15 × 2.85  Gy is applied to 
investigate major WCs (as defined by O’Sullivan et  al.) 
for an estimated number of 120 STS patients at the Mayo 
Clinic, Rochester, USA [26]. Secondary outcome meas-
ures include oncological outcomes and for the first time, 
patient reported outcomes with regard to changes in the 
quality of life. Estimated primary completion is Novem-
ber 2025 [104] (NCT04562480). The same regimen also 
investigating major WC rates in localized, resectable STS 
and comparing them to historical controls is conducted 
at the M.D. Anderson Cancer Center and expected to 
reach completion by August 2023 [105] (NCT03819985). 
Similarly, the McGill University in Montreal, Canada, is 
accruing patients to apply a short, preoperative, HFRT 
regimen of 5 × 7  Gy within one week (PRESTO trial). 
The primary outcome is radiation-associated toxicity. For 
the secondary outcomes, the authors apply established 
questionnaires and functional scoring systems (Toronto 
Extremity Salvage Score [TESS], Musculoskeletal Tumor 
Society Score MSTS) to evaluate patients’ daily perfor-
mance activity and quality of life. The study commenced 
in June 2020 and is estimated to reach primary comple-
tion by January 2025 [106] (NCT04617327).

Other groups apply evolving technology to improve 
outcomes for STS patients under HFRT: Another phase 
II trial at the University of Wisconsin will be accruing 
around 48 patients to test advanced highly conformal 
HFRT with 2-year LC rates as primary endpoint; the 
estimated primary completion date is July 2023 [107] 
(NCT03972930). Moreover, two phase II randomized 
German trials are investigating the feasibility of modern, 
neoadjuvant, hypofractionated particle therapy (C12 car-
bon ions vs. protons) with 3 Gy to 39 Gy for STS of the 
extremities and retroperitoneal STS. Both are currently 
accruing patients at the University of Heidelberg [108, 
109] (NCT04946357 and NCT04219202).

Summary
STS are rare, heterogenous malignancies and therefore 
challenging in both research and multidisciplinary treat-
ment. Preoperative, five to six weeks RT regimens currently 
represent the mainstay of management at high-volume 
sarcoma centers in high-grade STS (G2-G3). Shortening 
RT courses can improve therapy convenience, raise cost-
effectiveness, and provide more treatment opportunities 
for a wider range of patients. The suggested risk of higher 
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rates of adverse effects and worse oncological outcomes 
cannot be confirmed by the available data and studies. Tox-
icity rates are mostly equal or less than in representative tri-
als for normofractionated RT. Preoperative RT is preferred 
over postoperative RT due to lower rates of irreversible 
late toxicity. Preoperative HFRT achieves comparable LC 
rates with shorter duration of therapy. However, all data are 
derived from retrospective data analyses and phase II trials. 
The interpretation must therefore be made with caution. 
Multiple trials on HFRT are underway and the results in 
this evolving field are awaited with great interest.
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