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ABSTRACT
Purpose:  To analyze the current practice of regional hyperthermia (RHT) for soft tissue sarcoma (STS) at 
12 European centers to provide an overview, find consensuses and identify controversies necessary for 
future guidelines and clinical trials.
Methods:  In this cross-sectional survey study, a 27-item questionnaire assessing clinical subjects and 
procedural details on RHT for STS was distributed to 12 European cancer centers for RHT.
Results:  We have identified seven controversies and five consensus points. Of 12 centers, 6 offer both, 
RHT with chemotherapy (CTX) or with radiotherapy (RT). Two centers only offer RHT with CTX and four 
centers only offer RHT with RT. All 12 centers apply RHT for localized, high-risk STS of the extremities, 
trunk wall and retroperitoneum. However, eight centers also use RHT in metastatic STS, five in palliative 
STS, eight for superficial STS and six for low-grade STS. Pretherapeutic imaging for RHT treatment 
planning is used by 10 centers, 9 centers set 40–43 °C as the intratumoral target temperature, and all 
centers use skin detectors or probes in body orifices for thermometry.
Discussion:  There is disagreement regarding the integration of RHT in contemporary interdisciplinary 
care of STS patients. Many clinical controversies exist that require a standardized consensus guideline 
and innovative study ideas. At the same time, our data has shown that existing guidelines and decades 
of experience with the technique of RHT have mostly standardized procedural aspects.
Conclusions:  The provided results may serve as a basis for future guidelines and inform future clinical 
trials for RHT in STS patients.
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1.  Introduction

The addition of regional hyperthermia (RHT) to 
anthracycline-based chemotherapy (CTX) has improved local 
progression-free survival and overall survival in patients with 
localized soft tissue sarcoma (STS) carrying high-risk features 
(>5 cm, deep to the fascia and grade 2 or 3 according to the 
Fédération Nationale des Centres de Lutte Contre le Cancer 
classification) in the European Organization for Research and 
Treatment of Cancer (EORTC) 62961 - European Society for 
Hyperthermic Oncology (ESHO) 95 phase-III study [1–3]. The 
EORTC 62961-ESHO 95 study applied four cycles of preoper-
ative CTX (doxorubicin, ifosfamide and etoposide) with or 
without RHT, surgical resection and postoperative RT (when-
ever feasible) followed by another 4 cycles of CTX with or 
without RHT [1]. Inclusion criteria were localized STS of the 
extremities, trunk wall, head and neck and intraabdominal 
STS with high-risk features.

According to current German and European guidelines, 
perioperative combination therapy of RHT + CTX can be 
considered as an individualized, alternative therapy for 
resectable and unresectable localized, high-grade STS 
[4,5]. While there is still some skepticism regarding RHT 
among European sarcoma experts, more than half of all 
centers that are currently not equipped with a RHT facility 
would recommend its use for STS patients [6]. Still, RHT is 
not widely adopted in sarcoma centers. The underlying 
reason may be the necessary technical and personal 
investments and expertise to incorporate RHT in sarcoma 
centers, lack of reimbursement and the nonstandard CTX 
regimen applied in the EORTC 62961-ESHO 95 study, 
which led the majority of international sarcoma experts 
call for a confirmatory study to establish the role of RHT 
for STS treatment [6–8]. Questions remain regarding the 
optimal integration of RHT into state-of-the-art contem-
porary treatment schedules for STS patients, and addi-
tional supportive literature is scarce [9]. While guidelines 
on RHT quality assurance and clinical application exist, 
there are no current guidelines for the clinical use of RHT 
in STS patients [10,11].

This study aims to analyze the current practice of RHT for 
STS in different sarcoma centers with access to RHT to pro-
vide an overview, find consensus and identify controversies 
necessary for future guidelines and clinical trials.

2.  Material and methods

In this cross-sectional survey study, we distributed a written 
27-item questionnaire to 12 European cancer centers for RHT 
from Germany (n = 7), Switzerland (n = 4) and Poland (n = 1). 
Participating centers were determined by literature and online 
search for centers reporting the use of RHT for STS and 
recruited through email invitations. The questionnaire was writ-
ten in English and designed to assess clinical topics (indications 
and contraindications for RHT, dosing, cytotoxic agents) as well 
as procedural details (RHT planning, instruments, quality assur-
ance). The survey contains 12 closed-ended single-choice, 10 
closed-ended multiple-choice and 5 open-ended question 
items and was sent to the contributing centers on 14th June 
2023. The responses to closed single- or multiple-choice ques-
tions were analyzed and displayed descriptively in relation to 
the total number of responses. The responses to open-ended 
questions were analyzed through the following multi-step sys-
tematic approach: compilation of all responses into one data-
set, categorization of responses, analysis of the frequency of 
response categories and interpretation in relation to the topic 
of the question. Ambiguous answers or answers not addressing 
the topic of the questions were removed from the analysis. The 
results were displayed descriptively in relation to the total num-
ber of responses. Abstentions were reported and removed from 
the descriptive statistical analysis. GraphPad Prism v.9.3.1 
(GraphPad Software, San Diego, CA, USA) was used for statisti-
cal analysis and figure design.

3.  Results

From 12 participating centers, 6 offer both, RHT with CTX 
and RHT with RT, while 2 centers only offer RHT with CTX 
and all 4 Swiss centers only offer RHT with RT, due to local 
reimbursement policies (Figure 1).

The quality assurance guideline by Bruggmoser et  al. was 
used by 6 out of 12 centers [10]. Three centers act in accor-
dance to the ESHO quality assurance guideline by Lagendijk 
et  al. while 3 centers apply institute-specific guidelines 
(Figure 2) [12].

3.1.  Clinical application and indications for RHT for STS

3.1.1.  Treatment aims of RHT
All responding centers (n = 11) use RHT for localized STS with 
curative intent (Figure 3). Eight centers also treat the primary 

Figure 1. available treatment modalities for StS patients at all participating 
hyperthermia centers. Figure 2. Quality assurance guidelines used at centers.
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tumor in limited metastatic disease with local curative intent. 
Five centers stated using RHT in palliative STS patients 
as well.

3.1.2.  Indications for RHT: tumor site, location, grading, 
size and resectability
All 11 responding centers use RHT for retroperitoneal as well 
as extremity and trunk wall tumors while 7 centers include 
head and neck tumors (Figure 4(A)). All centers apply RHT in 

high-risk STS (deeply located, G2/G3 and >5cm). However, 
the majority of centers also uses RHT in non-high-risk STS: 
eight centers apply it in superficial STS, six in grade 1 STS 
and eight in tumors ≤5cm in size. The indications for the six 
centers using RHT in grade 1 STS were marginally resectable 
or non-resectable STS (n = 3), in situations where 
function-preserving surgery is challenging (n = 2) and when 
clinical behavior and imaging suggest a high-grade STS (n = 2, 
Figure 4(B)). The difficulty of function-preserving surgery is 
also an indication for RHT among all 8 centers using RHT for 
STS ≤5cm (Figure 4(C)). Additionally, high morbidity in case 
of local recurrence (n = 7) were stated. Two centers name 
other indications (head and neck STS, deep-seated and high 
grade STS etc.). All responding centers (n = 11) apply RHT in 
unresectable STS, whereas 10 centers use it in marginally 
resectable tumors and even less (n = 9) consider RHT when 
the tumor is resectable.

3.1.3.  RHT with CTX: regimen and treatment schedule
All eight centers applying RHT with CTX use doxorubicin and 
ifosfamide and five centers switch to doxorubicin and dacar-
bazine for leiomyosarcomas (Figure 5(A)). One center com-
bines ifosfamide, carboplatin and etoposide in case of disease 
recurrence after previous anthracycline-based CTX and one Figure 3. treatment aims of rHt. rHt: regional hyperthermia.

Figure 4. Indications for rHt overall (a), rHt for low-grade tumors (B) and rHt for tumors ≤5cm in size. G: grade; rHt: regional hyperthermia.
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center combines RHT with trabectedin. Moreover, five centers 
use six or more CTX cycles while three centers give less than 
six cycles (Figure 5(B)). All centers schedule RHT in combina-
tion with CTX twice per cycle within one week and almost all 
centers treat for 60 min at target temperature (except one 
center treating for 31 to < 60 min, Figure 5(C)). Most com-
monly (n = 6), the CTX is administered simultaneously to RHT, 
although two centers also give CTX first then RHT or vice 
versa (Figure 5(D)). Half of all eight centers wait at least 48 h 
between RHT sessions, while one center regularly applies RHT 
on subsequent days and three use both options (Figure 5(E)).

3.1.4.  Timing of RHT + CTX
In this multiple-choice question eight centers stated they 
offer RHT with CTX, five in the preoperative setting and three 
in the postoperative setting. Moreover, five centers also apply 
pre- and postoperative RHT + CTX in the same patient (Figure 
6(A)). The indications for postoperative RHT + CTX were tumor 
size >5cm (n = 5), positive surgical margins (n = 4), high mor-
bidity in case of local recurrence (n = 3) and high-grade his-
tology (n = 2, Figure 6(B)). One center routinely uses pre- and 
postoperative RHT + CTX.

3.1.5.  RHT with RT
Ten centers combine RHT with RT for STS. Nine of them 
preoperatively and one for palliative treatments only 

(Figure 7(A)). For preoperative RHT with RT, all nine centers 
use it for STS of the extremities and trunk wall, while eight 
also apply it for retroperitoneal STS and five for head and 
neck STS (Figure 7(B)). After preoperative RHT with CTX, 
five centers would offer postoperative RHT with RT in cases 
with positive surgical margins (n = 5), high-risk tumors 
(n = 3) and when a pathological response of the preopera-
tive therapy was evident (n = 1, Figure 7(C)). Most centers 
give preoperative RHT twice weekly in combination with 
25–28 RT fractions, to a total number of 10–12 RHT with 
RT sessions. One center combines twice-weekly RHT with 
hypofractionated RT (10 times 3.25 Gy once daily) in two 
weeks to a total number of four RHT sessions. In contrast, 
one center uses RHT once weekly (Figure 7(D)).

3.1.6.  Contraindications for RHT
All 12 centers uniformly withhold RHT treatment when metal 
implants other than small surgical clips are in the region of 
interest (Figure 8). Cardiovascular diseases (e.g., advanced 
heart failure) are considered contraindications in almost all 
centers (n = 11) while one center requires individual case-by-
case evaluation. Similarly, eight centers see thrombosis in the 
region of interest as a contraindication, while one other cen-
ter asks for individual assessments of the thromboembolism 
risks. Furthermore, impaired local wound healing and ulcerat-
ing tumors are considered contraindications at four centers. 
Three centers additionally name other contraindications such 

Figure 5. Chemotherapy and rHt.
Chemotherapy agents combined with rHt (a), total number of chemotherapy cycles concurrent with rHt (B), duration of each rHt with chemotherapy session (C), chemotherapy and 
rHt timing (C) and weekly chemotherapy with rHt schedule (e). all eight centers applying rHt with chemotherapy responded. CtX = chemotherapy; rHt = regional hyperthermia
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as pregnancy, breastfeeding, active infections, claustrophobia 
and large seromas or hematomas.

3.2.  Treatment planning, target temperature and quality 
assurance for RHT

Ten out of 12 centers use imaging for treatment planning, 
while 2 centers do not use imaging (Figure 9(A)). Computed 

tomography (CT) with dedicated RHT positioning is equally 
often used to diagnostic CTs (n = 5). Four centers also inte-
grate diagnostic magnetic resonance imaging (MRI) for the 
treatment planning. Most centers have the BSD-2000 3D sys-
tem (Dr. Sennewald Medizintechnik GmbH, Munich, Germany, 
n = 6). MR-guided hyperthermia with the BSD-2000 3D/MR 
(Dr. Sennewald Medizintechnik GmbH, Munich, Germany) is 
available in three centers and the ALBA 4D system (Med-Logix 

Figure 6. Sequence of rHt and chemotherapy (a) and indications for post-op rHt and chemotherapy (B). rHt: regional hyperthermia.

Figure 7. radiotherapy and rHt. radiotherapy with rHt sequence (a), sites for preoperative radiotherapy with rHt (B), indications for postoperative radiotherapy 
with rHt (C) and number of rHt sessions per week during radiotherapy (D). rHt: regional hyperthermia; rt: radiotherapy.
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srl, Rome, Italy) in two other centers. For superficial hyper-
thermia, two centers use the BSD-500 (Dr. Sennewald 
Medizintechnik GmbH, Munich, Germany) and one the ALBA 
4000 (Med-Logix srl, Rome, Italy, Figure 9(B)). For STS of the 
head and neck region 9 out of 12 centers use superficial 
hyperthermia, 1 uses capacitive hyperthermia and 2 do not 
use superficial hyperthermia for head and neck STS. For ther-
mometry, all 12 centers insert detectors in body orifices (e.g., 
rectal, vaginal) and almost all (n = 11) add skin detectors 
depending on tumor location to measure normal tissue tem-
perature as close to the tumors as possible. Two centers 
directly position intratumoral detectors, whenever possible, 
and three centers with available hybrid systems use MR ther-
mometry (Figure 9(C)). The target temperature for most 

centers is between 42 and 43 °C, although three centers aim 
for 40–42 °C and three other centers accept temperatures up 
to 44 °C (Figure 9(D)). Similarly, most centers (n = 5) accept 
maximum temperatures in the surrounding healthy tissue of 
between 42 and 43 °C, while three centers aim for less than 
40 °C and two accept temperatures of 43–45 °C (Figure 9(E)). 
Nine out of 12 centers monitor the cardiovascular vital signs 
continuously during treatment, while others do it less fre-
quently and 1 center only in symptomatic patients 
(Figure 9(F)).

4.  Discussion 

To our knowledge, this is the first analysis on the clinical 
practice of RHT for STS at 12 large European RHT centers. 
Striking differences were found between centers with regard 
to indications and the question of which STS patients benefit 
from RHT in addition to perioperative RT or CTX. These vari-
ances ultimately reflect the lack of solid, prospectively col-
lected evidence [9]. The low incidence of STS compared to 
other tumor entities such as breast or cervical cancer and the 
rarity of experienced RHT centers to conduct such studies 
certainly contribute to this lack of evidence and the differ-
ences in indication setting presented herein [13,14]. In con-
trast, there is a much higher level of agreement between the 
centers with regard to the planning, technical execution and 
quality assurance of RHT. This reflects the decades of previ-
ous experience with the therapy modality of RHT for tumors Figure 8. Contraindications for rHt. rHt: regional hyperthermia.

Figure 9. rHt planning and settings.
Imaging modalities for rHt planning (a), rHt systems in use (B), methods of thermometry (C), intratumoral target temperature (D), maximum temperature accepted in the surrounding 
healthy tissue (e) and frequency of cardiovascular monitoring during each rHt session (f). Ct: computed tomography; mrI: magnetic resonance imaging; rHt: regional hyperthermia.
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of various locations and extent and the existence of guide-
lines on RHT quality assurance [10,11,15–17].

In the following, a list of controversies and consensuses in 
the treatment of STS with RHT is compiled based on the 
results of the survey conducted herein. This list does not 
claim completeness, but should rather serve as a 
thought-provoking stimulus and a basis for discussion for 
future guidelines and clinical research.

Clinical application and indication for RHT for STS

RHT with CTX
Controversy 1: therapy sequence of RHT-CTX.  Despite the 
evidence from two phase II studies and the subsequent 
EORTC 62961-ESHO 95 study proving the benefits of RHT-
CTX for STS, the widespread availability of this 
combinatorial treatment is scarce and the clinical indication 
setting varies greatly among European sarcoma centers 
[1,3,18,19]. For instance, until the date the present survey 
has been distributed the 4 participating Swiss centers did 
not offer RHT-CTX due to a lack of reimbursement in 
Switzerland which emphasized the missing acceptance or 
lack of awareness of the scientific evidence in the past 
[20]. Recently, the Swiss Hyperthermia Network submitted 
a proposal for reimbursement to the Ministry of Health in 
Switzerland finally achieving a timely restricted 
reimbursement for two years followed by a reevaluation 
of the evidence. In July 2023, the reimbursement for RHT-
CTX has officially been accepted in Switzerland. The phase 
II RHT-95 study used RHT-CTX preoperatively only and 
showed inferior local failure-free survival compared to the 
phase II RHT-91 study, in which RHT-CTX was given both 
pre- and postoperative [18,19]. Still, from eight centers 
using RHT-CTX only one center regularly applies RHT pre- 
and postoperatively. All others either give RHT-CTX pre- or 
postoperatively only or decide based on other criteria 
such as resection margin status and morbidity in case of 
local recurrence. Moreover, more than half of centers also 
apply RHT in oligometastatic or palliative situations, 
probably related to the HyperTET trial even though its 
results were not published yet [21].

Controversy 2: chemotherapeutic agents.  When selecting 
chemotherapeutic agents, centers are guided by the data 
available on CTX alone, instead of the EORTC 62961-ESHO 
95 study regimen. Etoposide for STS treatment has been 
abandoned due to poor efficacy and its leukemogenic 
potential and is therefore not used by any center in 
combination with RHT, despite its application in the EORTC 
62961-ESHO 95 study [1,22,23]. Instead, all centers use 
doxorubicin and ifosfamide for the majority of STS 
subtypes as the combination has proven its superiority to 
histology-tailored regimens in a prospective randomized 
trial [24]. Additionally, preclinical data suggests a strong 
thermos-enhancement for ifosfamide [25]. For 
leiomyosarcomas, however, a large proportion of centers 
uses doxorubicin and dacarbazine due to its improved 

survival compared to doxorubicin and ifosfamide in a 
multicenter propensity-matched retrospective analysis 
[26]. Although preclinical data suggest synergistic cell-
killing effects of dacarbazine combined with RHT, clinical 
data on application for STS is lacking [27].

Controversy 3: RHT for superficial STS.  Similarly, the 
majority of centers use RHT for the treatment of superficial 
STS, i.e., tumors located above the muscle fascia, although 
no data exists specifically for STS. The rationale stems 
from the positive impact of hyperthermia in combination 
with RT for other malignancies such as melanoma and 
various malignancies with metastases to cutaneous or 
subcutaneous locations [28,29]. Moreover, 9 out of 12 
centers use superficial hyperthermia devices (BSD 500, 
ALBA 4000, etc.) for STS of the head and neck region 
(deep or superficially located STS), since common ring 
applicators cannot be used in this location. One safe and 
feasible alternative method specifically designed for the 
use of deep RHT for tumors in the head and neck region 
is the HyPERcollar system [30]. However, currently 
superficial RHT devices are used for possible deeply 
located STS of the head and neck region, an application 
without previous data for this indication which constitutes 
another important controversy point.

Controversy 4: RHT for low-grade STS.  Some centers use 
RHT for G1 tumors with difficult resectability when 
function-preserving surgery is challenging or when the 
clinical behavior and imaging suggests a high-grade 
tumor (suspecting sampling error). RT is an alternative 
option for low-grade STS of the extremities and trunk wall 
and more recent data from the post-hoc STREXIT analysis 
on retroperitoneal STS suggest a benefit in low-grade 
dedifferentiated liposarcoma as well [31,32]. In contrast, 
CTX is not recommended for low-grade tumors [31]. Thus, 
RHT as a therapy enhancer for RT or CTX should generally 
be reserved for RHT with RT, if a low-grade tumor is 
clearly confirmed. Despite this rationale, the role of RHT 
with RT for low-grade STS needs to be investigated in 
clinical studies.

Consensus 1: RHT-CTX for unresectable or marginally 
resectable STS.  In the EORTC 62961-ESHO 95 study, the 
combination of RHT and CTX significantly downsized STS 
compared to CTX alone [1]. Consequently, there is 
consistency among centers to use RHT-CTX for preoperative 
tumor reduction in unresectable and marginally resectable 
STS.

RHT with RT
Controversy 5: synergistic effect of trimodal therapy: 
chemoradiation with RHT.  Ten out of 12 centers regularly 
combine RHT with RT. The most common indications 
among centers are preoperative therapy of extremity and 
trunk wall STS, for which also the largest proportion of 
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prospective evidence with favorable toxicity profiles and 
acceptable oncological outcomes exist [33–36]. Importantly, 
postoperative RT was also used in the EORTC 62961-ESHO 
95 study, and the number of patients were balanced 
among both treatment arms [1]. To what extent the effects 
may have been synergistically enhanced if RT would have 
been given concomitantly to RHT-CTX (doxorubicin, 
ifosfamide and etoposide) is unclear. More recent, 
retrospective data suggests an increased rate of high 
pathological response after preoperative trimodal therapy 
(RHT-RT-CTX) with doxorubicin and ifosfamide [37]. Despite 
its limitations as a retrospective study, pathological 
complete remission after preoperative therapy in STS is an 
important prognostic factor associated with survival and 
therefore warrants further investigation of the trimodal 
therapy [38].

Controversy 6: hypofractionated RT combined with 
RHT.  One center uses preoperative hypofractionated RT 
with RHT twice a week. There is increasing prospective 
clinical data showing promising outcomes with 
hypofractionated preoperative RT for extremity and trunk 
wall STS [39,40]. First results have proven feasibility of a 
moderate hypofractionation (10 × 3.25 Gy) in combination 
with RHT as well [34]. To what extent preoperative RHT 
can enhance hypofractionated RT and possibly have a 
downsizing effect of tumors remains to be elucidated.

Controversy 7: RHT-RT for retroperitoneal 
STS.  Retroperitoneal STS are the second most common 
disease site for which centers apply RHT-RT. For all 
histological subtypes of STS taken together, the 
randomized STRASS study of the EORTC has shown no 
survival advantages by preoperative RT [41]. However, for 
selected subtypes such as G1-G2 dedifferentiated 
liposarcomas and primary well-differentiated liposarcomas, 
the post-hoc propensity-matched STREXIT analyses 
indicate a survival benefit by preoperative RT [32]. 
Additionally, very recent unpublished data from the 
Transatlantic Australasian Retroperitoneal Working Group 
presented in the Society of Surgical Oncology meeting in 
2024 has revealed a benefit of neoadjuvant RT for primary 
well-differentiated liposarcomas of the retroperitoneum. 
This data corroborates the STREXIT analysis until the 
longer follow-up data from the STRASS trial will finally 
elucidate this topic. Until then, adding RHT to RT as a 
therapy-enhancing measure for retroperitoneal G1-G2 
dedifferentiated liposarcomas and primary well-
differentiated liposarcomas appears justifiable, even 
though no prospective data on RHT with RT for 
retroperitoneal STS exists. Another clinically relevant 
indication for the combination of RHT with RT is the 
situation of re-irradiation in local recurrences. The 
synergistic effect of RHT-RT allows a reduction in RT dose 
in re-irradiation and has shown promising results in 
recurrent breast cancer [42–44]. Local recurrences are a 
frequent clinical problem, particularly in some subtypes of 

retroperitoneal STS and is associated with increased 
morbidity [45–47]. Thus, another point of controversy is 
the role of RHT with RT among histological subtypes of 
retroperitoneal STS in light of the STRASS/STREXIT data 
and its potential for re-irradiation.

RHT treatment planning, execution and quality 
assurance

RHT treatment scheduling and contraindications
Consensus 2: twice weekly RHT to adjust for 
thermotolerance.  There is a high degree of uniformity 
among centers about the number of two RHT sessions per 
week and a minimum time interval of 48 h between 
sessions. Although only described preclinically, 
thermotolerance is a widely accepted phenomenon which 
most centers and clinical trials tackle by applying one to 
two RHT sessions weekly [48,49].

Consensus 3: contraindications.  Contraindications as 
mentioned in the guidelines by Bruggmoser et  al. are 
widely accepted among centers [10,11]. All 12 centers 
consider large metal implants as a contraindication with 
reasonable rationale. Moreover, RHT can induce vasodilation 
with subsequent hypotension and tachycardia which may 
be challenging for older, anorectic or frail patients [50]. 
The majority therefore continuously monitors cardiovascular 
vital signs during therapy as recommended [12]. Although 
cardiovascular contraindications are accepted by 11 
centers, a more precise specification is preferable to not 
unnecessarily withhold therapy for patients fit enough for 
RHT. Similarly, the contraindication criteria for thrombosis 
in the target region for RHT need to be defined. According 
to Bruggmoser et  al. thrombosis in the target region 
detected less than 3 months before therapy may constitute 
a contraindication due to the risk of embolism [11].

Consensus 4: imaging for treatment planning.  Except for 
two centers, all others adhere to the guidelines 
recommending pretherapeutic cross-sectional imaging 
such as CT with or without dedicated RHT positioning or 
MRI for treatment planning [11]. Three centers equipped 
with MR-guided hyperthermia devices (BSD-2000 3D/MR) 
use MRI images obtained by the hybrid system for 
treatment planning. A variety of devices, applicators and 
planning software are in use at different centers. While 
the majority uses the BSD-2000 3D, the specific device 
and applicator are chosen based on tumor location and 
patient body size and are all valid alternatives depending 
on the clinical scenario [11,15,51].

Consensus 5: target temperatures and thermometry. Nearly 
all centers agree on the conventional 60 min time at target 
temperature for each session as recommended in the 
guidelines [10,11]. Intratumoral target temperatures of 
40–43 °C are also widely accepted, although three centers 
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also accept up to 44 °C, if delivery to the intratumoral 
region is safely confirmed. Solid underlying preclinical 
data support the synergistic effect of ionizing radiation 
and target temperatures of around 43.5 °C particularly for 
large tumors [8,52–54]. Moreover, higher intratumoral 
temperatures correlate with increased pathological 
response in STS of the lower extremities [55]. Therefore, 
target temperatures around 40–43 °C are implemented in 
the guidelines and complied with by most centers [10–
12]. Most centers agree on thermometry for extremity and 
trunk wall STS with skin detectors or use probes in body 
orifices (rectum, vagina) for thermometry in intraabdominal 
STS [56]. In three centers with available hybrid MR-guided 
hyperthermia devices, MR thermometry is applied 
according to guidelines [11].

Limitations and future perspectives

This study has several limitations. Firstly, the developed and 
distributed questionnaire is not a validated tool for assessing 
quality assurance in RHT but aims to cover essential points in 
clinical indications and technical implementation for STS treat-
ment. Secondly, the generated list does not cover all relevant 
controversies and consensuses. Moreover, the centers surveyed 
represent only a portion of all hyperthermia centers. Still, the 
list of controversies and consensuses provides a basis for 
future guidelines and studies. One controversy described 
herein is currently being tackled: based on promising results 
showing favorable pathological tumor response rates by com-
bined preoperative chemoradiotherapy with RHT, the study 
group around Lindner and Semrau et  al. is planning a multi-
center single-arm trial for marginally or borderline-resectable 
STS of the extremities or trunk wall [37]. Furthermore, to inves-
tigate the synergistic effect of the second line CTX trabectedin 
with RHT compared to trabectedin alone in localized, not 
resectable or metastasized STS progressive under first line 
CTX, the randomized multicenter phase II HyperTET study is 
being conducted and estimated to have completed enroll-
ment by August 2023 [21]. The results are eagerly awaited. 
Based on the STRASS and STREXIT data the EORTC has recently 
launched the STRASS II randomized study comparing preoper-
ative chemotherapy to surgery alone for high-grade dediffer-
entiated liposarcoma and leiomyosarcoma of the 
retroperitoneum [57]. A randomized controlled study combin-
ing the preoperative chemotherapy regimens in the STRASS II 
trial with RHT would finally clarify the position of RHT for ret-
roperitoneal STS and additionally serve as the confirmatory 
study that the sarcoma community requires before RHT can 
be adopted as a standard treatment modality for STS [6].

5.  Conclusion

The EORTC 62691-ESHO-95 trial has shown the survival bene-
fit of combining RHT with perioperative CTX and sequential 
RT [3,18]. Since the first results were published more than a 
decade ago, many innovations have emerged with regard to 
systemic therapies and RT. In European and German guide-
lines, RHT still holds the status of an optional recommenda-
tion [4,5]. The majority of interdisciplinary sarcoma experts 
call for a new, confirmatory study before RHT becomes a 

permanent pillar of STS therapy [6]. As shown in this study, 
there is a high level of disagreement regarding the detailed 
use of RHT for STS patients due to lack of additional evidence. 
There are many controversies that require both, a standard-
ized consensus guideline and innovative clinical trials for RHT 
in STS patients. At the same time, our data has shown that 
the existing guidelines and decades of experience with RHT 
have mostly standardized procedural aspects. The provided 
results may serve as a basis for future guidelines and can 
inform future clinical trials for RHT in STS patients.
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