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Neoadjuvant chemotherapy plus radiation versus chemotherapy plus regional
hyperthermia in high-grade soft tissue sarcomas: a retrospective comparison
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Anne Fl€orckend, Annegret Kunitzd and Pirus Ghadjara

aDepartment of Radiation Oncology, Charit�e Universit€atsmedizin Berlin, Berlin, Germany; bBerlin Insitute of Health (BIH), Berlin, Germany;
cDepartment of Surgery, Charit�e Universit€atsmedizin Berlin, Berlin, Germany; dDepartment of Hematology, Oncology, and
Tumorimmunology, Charit�e Universit€atsmedizin Berlin, Berlin, Germany; eCharit�e Universit€atsmedizin Berlin, Institute of Pathology,
Berlin, Germany

ABSTRACT
Purpose: Localized adult high-grade soft tissue sarcomas (STS) usually require multimodality treatment
including surgery, radiotherapy, chemotherapy and hyperthermia. If maximal preoperative tumor-
shrinkage is envisaged, neoadjuvant chemotherapyþ radiation (CRT) is often applied, however at the
expense of relatively high toxicities and increased postoperative complication rates. This study aims to
compare preoperative CRT with neoadjuvant chemotherapyþ regional hyperthermia (HCT) regarding
histopathological response, toxicity and outcome.
Methods: In this retrospective analysis, 61 consecutive high-grade STS patients treated between 2009
and 2016 were included. All patients were treated within a prospective treatment protocol. 28 patients
received neoadjuvant CRT 33 patients HCT. CRT consisted of four cycles doxorubicin/ifosfamide and
two cycles ifosfamide concomitant to 50.4 Gray external beam radiotherapy. HCT consisted of 4–6
cycles doxorubicin/ifosfamide with deep regional hyperthermia administered bi-weekly during each
cycle. Association of treatment modality with overall survival (OS), local control (LC) and freedom from
distant metastases (FFDM) was evaluated by Kaplan–Meier and log-rank analyses.
Results: The overall patient characteristics were well balanced. Histopathological tumor response did
not differ significantly between both groups (p¼ .67), neither did higher-grade toxicities during neoad-
juvant treatment. Wound dehiscence (p¼ .018) and surgical hospital re-admissions (p< .001) were
both significantly more frequent in the CRT group. Two-year OS, LC and FFDM rates of all patients
were 93, 85 and 71% with no significant differences between CRT and HCT.
Conclusion: Compared to CRT, HCT seems equally efficient and appears to bear less surgical complica-
tions. Interpretation should be cautious due to the low number of patients and the retrospective
nature of this study.
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Introduction

High-grade soft tissue sarcomas (STS) represent a rare and
heterogeneous group of diseases, including more than 70
histological distinct tumor entities. Despite recent advances
in treatment, the long-term outcome remains unsatisfactory.
Although aggressive multimodal treatment approaches have
been established, disease-related deaths occur in around
50% of patients [1]. The mainstay of curation is radical sur-
gery. After limb-sparing/non mutilating surgery additional
radiotherapy is usually indicated, based on the practice
changing study from Rosenberg and colleagues [2]. Even
with modern surgical approaches radiotherapy significantly
decreases the risk of local recurrences. A small prospective
study and a large contemporary population based analysis
on adjuvant external beam radiotherapy emphasise the

important role of radiotherapy [3,4]. Historically, radiotherapy
was limited to STS of the extremities. Due to the improved
sparing of organs at risk by modern radiation techniques, it
is increasingly and efficiently used in other tumor locations
particularly retroperitoneal sarcomas [5,6].

The role of chemotherapy for the neoadjuvant or adjuvant
treatment of high-grade STS is not well defined by phase 3
evidence. Nevertheless, chemotherapy regimens as doxorubi-
cin/ifosfamide had shown considerable response rates in a
palliative setting [7]. For curative intent, a meta-analysis
revealed a significant, however moderate, reduction of local
as well as distant failures with consecutive improved overall
survival (OS) for doxorubicin/ifosfamide based adjuvant
chemotherapy [8]. A randomized Italian study compared
adjuvant doxorubicin and ifosfamide to no adjuvant
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chemotherapy. The trial was prematurely closed due to a
substantial OS benefit in the chemotherapy arm [9].
Therefore, the use of doxorubicin and ifosfamide combined
with radiotherapy seems to be a promising and relatively
well-tolerable approach, that is currently investigated by the
German IAWS1/2 study [10]. Even with older chemotherapy
regimens, high-grade STS seem to benefit from perioperative
chemotherapy in respect of metastases free and OS [11].
Chemotherapy can be integrated in a neoadjuvant approach,
sometimes additionally combined with radiotherapy if the
goal of neoadjuvant treatment is a maximal local effect such
as tumor shrinkage [12,13]. However STS require relatively
high doses of chemotherapy. Therefore, the combination of
chemo- and radiotherapy (CRT) can be associated with con-
siderable acute side effects. Additionally, increased postoper-
ative morbidity has been described after CRT [14]. As an
alternative mean to increase local efficacy of chemotherapy,
regional hyperthermia can be used as a chemosensitizer in
combination with neoadjuvant chemotherapy (HCT). The
addition of regional hyperthermia in conjunction with neoad-
juvant chemotherapy was shown to be superior compared to
neoadjuvant chemotherapy alone in a multicenter Phase-3
trial [15]. In this trial, chemotherapy consisted of four cycles
neoadjuvant and four cycles adjuvant etoposide, ifosfamide
and doxorubicin. Regional hyperthermia was performed on
days 1 and 4 of each cycle. The addition of either chemo-
therapy or/and hyperthermia to neoadjuvant radiotherapy
seems to be feasible and potentially associated with favor-
able patient outcome compared to radiotherapy alone in a
small retrospective cohort of patients [16].

In medically fit patients without severe co-morbidities,
neoadjuvant CRT can be applied with tolerable toxicity and
promising OS rates. Albeit this approach is not based on
randomized trials and chemotherapy regimens used for CRT
differ considerably [17]. Careful selection of patients seems
to be an important issue as this approach can lead to severe
toxicities. The RTOG 9514 trial which combined neoadjuvant
polychemotherapy consisting of modified mesna, doxorubi-
cin, ifosfamide and dacarbazine and split course radiotherapy
to a total dose of 44Gy reported a rate of 83% grade 4
toxicities and 5% grade 5 toxicities [18].

No comparison between neoadjuvant CRT and HCT have
been published so far. Neoadjuvant HCT may be associated
with less pronounced side effects and surgical complications.
Additionally it bears the advantage to individually tailor
adjuvant (radio-)therapy based on the pathological response
to HCT (regarding dose, topographical distribution of boost
dose and potentially omission of radiotherapy in carefully
selected patients). We therefore retrospectively evaluated
histopathological response and patient outcome after
preoperative CRT and HCT.

Materials and methods

Patients

This is a retrospective analysis of consecutive high-grade STS
patients treated between September 2009 and December
2016 at our institution. All treatment decisions were based on

the votes of an interdisciplinary tumor board including sur-
geons, oncologists, radiation oncologists, pathologists and
radiologists specialized in the treatment of sarcomas. Inclusion
criteria for this analysis were: Histologically confirmed high-
grade STS undergoing neoadjuvant multimodality treatment
(CRT or HCT), exclusion criteria were concomitant use of all
three modalities (chemotherapy, hyperthermia and radiother-
apy) or medically unfit patients, initially not planned to receive
duplet chemotherapy or with palliative treatment intent or
evidence of distant metastases. Figure 1 shows a CONSORT
diagram of all screened and analysed patients. Until
September 2014, the routinely prescribed treatment for all
consecutive patients was neoadjuvant CRT. Starting October
2014, due to the availability of a regional hyperthermia device,
in-house practice was changed and all patients with high-risk
STSs received neoadjuvant HCT without concomitant radio-
therapy. Both CRT and HCT were performed according to a
standardized treatment protocol (for details see below).

All patients had histological confirmed high-grade STS and
were defined as FNCLCC (F�ed�eration Nationale des Centres de
Lutte Contre le Cancer) grades 2 or 3, diameter larger than 5cm
and deep seated. Staging included a computed tomography
(CT) scan of the thorax and abdomen and magnetic resonance
imaging (MRI) of the tumor region. If distant metastases were
suspected, additional 18F-fluorodesoxyglcuose (FDG) positron
emission tomography (PET) was performed and/or biopsies of
suspected distant lesions were taken. During neoadjuvant treat-
ment, re-staging CT or MRI was commonly performed after the
second or third and the fifth cycle of chemotherapy.

Chemotherapy plus radiation and chemotherapy plus
regional hyperthermia

Chemotherapy and radiation in both groups (CRT and HCT) fol-
lowed the german IAWS protocol [10] on duplet neoadjuvant
chemo(radio-) therapy containing doxorubicin and ifosfamide,
except for the additional use of regional hyperthermia on days
1 and 3 in the HCT group. The combination of ifosfamide with
radiotherapy is similar like in the recently published Phase-III
trial from Palassini and colleagues [19]. If doxorubicin/ifosfamide
could not be administered due to patient�s general health con-
dition, restricted kidney function, age or patient’s refusal, either
epirubicinþ ifosfamide or doxorubicinþdacarbazine was given.

Chemotherapy plus radiation: The CRT protocol consisted
of six cycles chemotherapy: three cycles duplet therapy with
doxorubicin 60mg per m2 body surface on day 1 and ifosfa-
mide 3000mg per m2 body surface on days 1, 2 and 3. After
completion of the third cycle, radiotherapy was initiated with
two cycles of concomitant ifosfamide 3000mg on days 1 and
2. After completion of radiotherapy, the sixth cycle full dose
duplet chemotherapy (doxorubicin and ifosfamide) was
administered. Concomitant radiotherapy was applied as
intensity modulated radiotherapy using either a volumetric
arc approach or helical tomotherapy. Planning target volume
(PTV) comprised the gross tumor volume (GTV) as defined by
planning CT and fused pre-therapeutic MRI and additional
safety margins of at least 3 cm accounting for microscopic
tumor spread (clinical target volume¼CTV) and accelerator-
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dependent additional safety margins of 0.2–1.0 cm. Single
dose was 1.8 Gy given each workday to a total dose of
50.4 Gy. Preoperative as well as postoperative delineation of
treatment volumes was according to published recommen-
dations [20].

Chemotherapy plus regional hyperthermia (HCT): Regional
hyperthermia was applied using a BSD-2000 hyperthermia sys-
tem and specific applicators according to tumor localization
(Pyrexar Medical, formerly BSD Medical Corporation, Salt Lake
City, UT). After a 30min warming up period, 60min therapeutic
hyperthermia with a target temperature of 42 �C within the
PTV was given. Thermometry was performed in surrounding
tissues, depending on tumor location. Chemotherapy consisted
of 4–6 cycles of the same duplet therapy used in CRT, i.e.,
doxorubicin 60mg per m2 body surface on day 1 and ifosfa-
mide 3000mg per m2 body surface on days 1, 2 and 3.
Hyperthermia was usually performed at days 1 and 3 of
chemotherapy with ifosfamide application during or immediate
after regional hyperthermia. Figure 2 depicts the treatment
schedule of both regimes. Regional hyperthermia and thermal
mapping of surrounding tissues were done according to the
ESHO guidelines for quality and safety assurance [21,22].

Response evaluation, side effects, surgery and follow up

Toxicity was scored at least weekly during concomitant CRT
and HCT. The toxicity scoring was based on Common
Terminology Criteria for Adverse Events (CTCAE), version 4.0.

Re-hospitalization due to surgical complications within
3months after surgery was also assessed. Radiographic
response was assessed according to RECIST-criteria after four
cycles of chemotherapy. For histopathological response
evaluation, the Salzer–Kuntschik regression score was used.
This score defines complete pathological remission without
microscopic tumor cells as grade 1 and completely vital
tumors without any sign of regression as grade 6 [23]. This
score was originally used for osteosarcomas but also showed
a prognostic impact in STSs in a recent publication [24].
Resection status was defined as follows: Complete resection
(R0) in case of clear pathological margins of at least 10mm,
close margin in case of 1–9mm, R1 in case of 0mm, and R2
if macroscopic residual tumor remained incompletely
resected [25,26]. Follow-up examinations were commonly
performed every three to six months, usually including a clin-
ical examination and laboratory evaluation, MRI of the former
tumor region and CT of the thorax/upper abdomen.

Statistical analysis

Categorical tumor and patient characteristics were compared
between both treatment arms by chi-squared tests.
Differences in continuous parameters were evaluated by
Mann–Whitney U tests. The follow up endpoints were OS,
local control (LC) and freedom from distant metastases
(FFDM). All endpoints were calculated from the first day of
neoadjuvant treatment to the date of event or censoring,

66 consecu�ve pa�ents with neoadjuvant
treatment for so� �ssue sarcomas

36 pa�ents undergoing Chemo-
therapy + Regional Hyperthermia

2 pa�ents excluded
due to addi�onal use
of hyperthermia

30 pa�ents undergoing
Chemotherapy + Radia�on

3 pa�ents excluded
due single agent
chemotherapy

28 pa�ents analyzed 33 pa�ents analyzed

28 pa�ents
included

31 pa�ents
included

2 pa�ents excluded: 
1 pa�ent deceased before surgery
1 pa�ent with incomplete data

27 pa�ents analyzed 32 pa�ents analyzed

1 pa�ent lost 
to follow up

1 pa�ent lost 
to follow up

Histological
response
evalua�on

Follow up
informa�on

Figure 1. Flow diagram of the study design showing all 66 consecutive patients with neoadjuvant treatment for soft tissue sarcomas and displaying exclusion cri-
teria for the respective endpoints: Histological response evaluation and follow up information.
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tumor progression during neoadjuvant therapy impeding
radical surgery was accounted as local failure. Corresponding
survival curves were estimated by the Kaplan–Meier method.
All calculations were performed by SPSS 24 software (IBM
Corporation, Armonk, NY). For all analyses, two-sided tests
were applied and p values< .05 were considered statistically
significant.

Results

61 patients were evaluable for analysis. 28 patients received
neoadjuvant CRT and 33 patients neoadjuvant HCT. Median
patient age was 54 (18–72) years. Patient characteristics did
not differ significantly between both treatment groups:
Patient age, maximal pretherapeutic tumor diameter, Ki-67
proliferation index, gender, histological subtype and tumor
location were well-balanced between both groups, although
patients in the CRT group presented more grade 3 tumors
compared to the HCT group (p¼ .032) and a trend for higher
patient age was observed in the HCT group (p¼ .09). Twenty
patients in the CRT group presented extremity, six patients
trunk and two patients abdominal/retroperitoneal location.
The corresponding numbers were 23, 1 and 9 (extremnity,
trunk, abdominal/retroperitoneal) for HCT patients. Only the
number of applied cycles of chemotherapy was significantly
different, with all CRT patients receiving six cycles and 15 of
33 HCT patients receiving <6 cycles (mostly 5 cycles).
Additionally HCT was more often prescribed to patients with
locally recurrent disease (7 of 33), compared to only 1 of 28
patients in the CRT group. Table 1 shows patient and tumor
characteristics for both treatment arms and statistical com-
parisons between both groups.

Acute radiation induced side effects were all�grade 2
(according to CTCAE): With radiation dermatitis being the
most frequently reported side effect (>grade 1 in 14 of 28
patients). In the HCT group except discomfort during treat-
ment no acute adverse events were reported. Most severe
side effects observed during neoadjuvant treatment (CRT
and HCT) were attributable to chemotherapy. Besides
thrombocytopenia and leukocytopenia, three patients pre-
sented transient psychosis. Two patients in the HCT arm

developed severe septic complications after the first cycle of
chemotherapy, one developing multiple organ failure with
fatal outcome. Regarding late toxicities> grade 2: one
patient in the CRT group developed severe wound complica-
tions requiring amputation during follow-up. Two patients in
the HCT group developed chronic kidney disease grade 4
requiring dialysis, not topographically related to regional
hyperthermia (one patient with extremity and one patient
with retroperitoneal localization).

About 27 of the CRT and 31 of the HCT patients under-
went radical surgery. Histopathological response did not
show a statistically significant difference between both treat-
ment arms (p¼ .67), Figure 3 depicts tumor regression scores
after both treatment modalities. Resection margin status was
not significantly different between HCT and CRT. Surgical
complication rates were more pronounced in the CRT group.
Wound dehiscence was the most frequently observed side
effect after CRT and significantly more frequent compared to
neoadjuvant HCT (p¼ .018). Hospital readmissions due to
surgical complications were more often observed after CRT
(p< .001). One CRT patient died from subsequent uncontrol-
lable wound dehiscence and infection. Table 2 summarises
surgical outcomes. One patient died after three cycles HCT
due to septic multiple organ failure. Most patients in the
HCT group received adjuvant radiation therapy to 60–66Gy,
except if radiation was not feasible due to organs at risk.
Additionally, three patients with complete pathologic remis-
sion after HCT did not receive adjuvant radiation—mostly
due to patient�s preference/refusal.

Median follow-up time was 33months (range: 15
–93months) in the CRT group and 18months (range:
11–35months) in the HCT group. One patient in each group
did not undergo radical surgery as initially planned due to
local progressive disease, these patients were accounted as
local failure. The 2-year OS, LC and FFDM rates of all patients
were 93, 85 and 71%. OS, LC and FFDM did not differ signifi-
cantly between both neoadjuvant treatment approaches
(p values: .86 for OS, .96 for LC and .81 for FFDM). Figure 4
depicts Kaplan–Meier estimates for all evaluated endpoints
according to neoadjuvant treatment. Additionally neither
radiographic response assessment after preoperative therapy
(PR versus SD versus PD, p¼ .44) nor histopathological tumor

RT

Biopsy & Staging

A

I I I

A

I I I

A

I I I I I I I

A

I I I

Re-
Staging

A

I I I

A

I I I

A

I I I

A

I I I

A

I I I

A

I I I

Surgery

H
T

H
T

H
T

H
T

H
T

H
T

H
T

H
T

H
T

H
T

H
T

H
T

1 2 3 4 5 6

October 2014–
December 2016

September 2009 –
September 2014

Cycles

Figure 2. Preoperative treatment schedule. Chemotherapy cycles were usually repeated every three weeks. A: 60mg Doxorubicin per m2 body surface; I: 3000mg
Ifosfamid per m2 body surface; RT: radiotherapy; HT: regional hyperthermia.

INTERNATIONAL JOURNAL OF HYPERTHERMIA 317



regression (binarized for less or equal/higher 10% vital cells,
p¼ .267) were significantly associated with improved LC
(Supplementary Figure 1). Radiographic response did not cor-
relate with histopathological regression (r¼ 0.17, p¼ .20).

Discussion

In this retrospective analysis of patients with high-grade STS,
we observed very promising results for both neoadjuvant
treatment modalities: CRT and HCT. Although limited by its
retrospective design and the low number of patients, it is
important to note that both approaches may have different
strengths and weaknesses, which should be considered for
future individualized treatment approaches. While neither
radiographic nor histopathological regression scores did
show a statistically significant difference between both treat-
ment approaches and rates of complete resections did not
differ, surgical complications seem to be more prevalent after
CRT. Although these complications mostly resolved without

major sequelae, the rate of hospital re-admissions was
significantly higher after CRT compared to HCT. An increased
incidence of wound complications after preoperative irradi-
ation has been described in a randomized trial, comparing
pre- and post-operative radiotherapy [27,28]. However as
irreversible long-term side effects tend to be higher after
postoperative irradiation [29,30], preoperative radiotherapy is
commonly recommended for the majority of STS patients
within the USA. However if further treatment intensification
is envisaged, e.g. by the additional use of chemotherapy, this
could be limited by the high rate of wound complication
rates after CRT. Since treatment was non-randomized, the
observed difference could be due to selection biases.
However, although not significantly, patients tended to be
older in the HCT group, additionally prescription of CRT was
more restricted to medically very fit patients due to concerns
about toxicity. The more restrictive use of CRT compared to
HCT is reflected by the increased number of treated patients
per year since the establishment of HCT. Additionally a

Table 1. Patient and tumor characteristics.

Chemotherapy plus
radiation (n¼ 28)

Chemotherapy plus regional
hyperthermia (n¼ 33) p-value

Gender .31
Female 12 10
Male 16 23

Age median (range) 48 (20–67) 55 (18–72) .09
Tumor site .19
Thigh 15 12
Lower leg 3 6
Arm/axilla 2 2
Popliteal space 0 2
Foot 0 1
Back 1 0
Sacral 1 1
Inguinal 3 0
Mediastinum 1 0
Retroperitoneum 1 6
Upper abdomen 1 3

Tumor diameter in cm median (range) 10 (5–28) 11 (5–35) .61
Diameter 5–10 cm 13 13
Diameter >10 cm 15 20
Ki67 proliferation Median (range) 30 (10-80) 25 (5-80) .45
Grade (FNCLCC)
Grade 2 8 19 .032
Grade 3 20 14

Presentation .04
Primary 27 26
Recurrent 1 7

Histology .18
NOS 7 4
Liposarcoma 3 13
Synovial sarcoma 5 2
Myxofibrosarcoma 5 6
Malignant peripheral nerve sheath tumor 2 1
Angiosarcoma 2 2
Leiomyosarcoma 3 2
Clear cell sarcoma 1 0
Fibrosarcoma 0 2
Chordoma 0 1

Chemotherapy regime .15
Doxorubicinþ ifosfamide 27 30
Epirubicinþ ifosfamide 1 0
Doxorubicinþ dacarbazine 0 3

Chemotherapy cycles <.001
6 28 18
5 0 8
4 0 2
<4 0 5

Bold indicates significant values.
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significantly higher amount of patients received a reduced
number of chemotherapy cycles in the HCT group, while all
CRT patients received full six cycles of chemotherapy.

Another limitation is the differing time of treatment
between both groups. An improvement in OS for STS has
been described during the last decades [31]. Additionally,
CRT patients have a longer follow-up compared to HCT
patients. However both groups were relatively homoge-
neously treated according to a prospective chemotherapy
protocol. Furthermore the investigated period of time is rela-
tively short and can be regarded to reflect contemporary

treatment. Neither surgical nor radiation techniques have
changed in our institution during that period. All patients
received intensity modulated radiotherapy (either as CRT or
as adjuvant radiation after HCT). The follow-up results have
to be interpreted with caution, as the time of follow-up is
too short to detect all potential treatment failures, especially
in the HCT group. However, it is astonishing that the local
failure rate during the first 2 years seems comparable
between both groups, since patients in the HCT group were
more often treated for recurrent disease or with retroperiton-
eal located disease, both factors known for increased risk for

6.5%

25.8%

22.6%

19.4%

3.2%

22.6%21.4%

21.4%

21.4%

10.7%

25.0% 6
5
4
3
2
1

Regression score

Chemotherapy + Radiation (n = 28) Chemotherapy + Regional 
Hyperthermia (n = 31)

14,3%

46,4%

39,3%
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PR

RECIST

9,7%

41,9%

48,4%

(a)

(b)

Figure 3. Radiographic (a) and Histopathological (b) response evaluation after neoadjuvant chemotherapy plus radiation or chemotherapy plus regional hyperther-
mia. PR: partial remission; SD: stable disease; PD: progressive disease. Histopathological tumor regression is evaluated by the Salzer-Kuntschik regression score. For
the detailed score, see methods.

Table 2. Surgical outcome according to neoadjuvant treatment.

Chemotherapy plus
radiation (n¼ 28)

Chemotherapy plus regional
hyperthermia (n¼ 32) p-value

Resection margin .59
0 13 14
Close margina 13 11
1 1 4
2 1 1
n.a. 0 2

Dehiscence� grade 1 .02
No 15 24
Yes 13 5
n.a. 0 3
Readmission due to surgical complications 14 2 <.001

Bold indicates significant values.
n.a.: no data available.
a<10mm.
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local recurrence [32–34]. Additionally three patients with
complete remission after HCT did not undergo planned adju-
vant radiotherapy and did not present local recurrence so
far. Our findings support that both neoadjuvant approaches
are equally effective. No significant differences in the resec-
tion margins were observed between HCT and CRT. We note
that the resection status is considered as crucial prognostic
factor associated with improved OS in a population based
analysis [35].

While the important role of radiotherapy in STS is sup-
ported by various randomized controlled trials, much less
evidence is available for the use of chemotherapy or about
the optimal combination and timing of chemo- and radio-
therapy. The results of the ISG-STS 1001 trial suggest that
neoadjuvant chemotherapy alone with ifosfamide and
anthracyclines offers an advantage in terms of disease free

survival, although in that study the treatment was not com-
pared to omission of adjuvant chemotherapy, but to histo-
logically tailored regimes [36]. Preoperative radiotherapy is
supported by a recent database analysis [6], however the
indication for preoperative CRT is more controversial [37].
The use of neoadjuvant HCT and additional adjuvant chemo-
therapy and radiotherapy was shown to be highly effective
and improved OS compared to the normothermic application
of neoadjuvant chemotherapy in a multicenter phase-3 trial
[38]. The use of pre-operative chemotherapy plus regional
hyperthermia and individually tailored adjuvant radiation in
case of unsatisfactory tumor regression or close margin
resection seems to be a promising approach that potentially
avoids the high toxicity of neoadjuvant CRT and potentially
further reduces toxicity of adjuvant radiotherapy in patients
with excellent tumor responses. Contrary to the phase-3 trial
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etoposide was not administered in this cohort of patients.
While earlier studies included etoposide in neoadjuvant
regimes, pre-clinical data suggest that the additional benefit
of adding etoposide to a multimodal therapy regime includ-
ing hyperthermia is only small [39,40].

One caveat of additional hyperthermia is a potential
increase of toxicity, that could be another reason for the
reduction of chemotherapy cycles observed in our study. The
EORTC-ESHO phase-3 study reported an increased rate of
thrombocytopenia and leucopoenia in the HCT arm com-
pared to chemotherapy only [15]. This effect was not
observed in our cohort of patients, which may be due to the
retrospective evaluation of toxicity, which is an important
limitation to this study. However two patients in the HCT
group developed chronic kidney disease compared to none
in the RCT group. Unfortunately data on late renal toxicity in
adults after ifosfamide is sparse in general, and even less is
known for STS patients, as randomized trials did not report
long-term toxicity [7,9,41]. Although Issels and colleagues did
not report an increase of nephrotoxicity when using hyper-
thermia, preclinical data suggest that hyperthermia could
potentially increase renal toxicity [42]. The low numerical
incidence of chronic kidney disease and the missing
correlation with tumor localization preclude a conclusive
attribution to the concomitant use of hyperthermia,
especially as patients in this group were slightly older.
Future trials on hyperthermia should nevertheless closely
monitor renal function.

The optimal timing of perioperative chemo- and radio-
therapy remains unclear. Both neo- or adjuvant concepts or
combinations showed similar efficacy [43]. When comparing
the pathological tumor response with other published data,
HCT achieved a (nearly) complete response rate of 45.2%,
defined as less than 10% vital tumor cells after neoadjuvant
treatment. This rate compares favorable to more invasive
treatment approaches like isolated limb perfusion with tumor
necrosis factor a and melphalan with nearly complete
response rates between 17 and 47% [44]. Histopathological
treatment results after HCT or CRT in our study are compar-
able to studies investigating CRT: Kraybill et al. [18] reported
a rate of 27% complete pathological response, DeLaney et al.
[45] reported a complete response rate of only 8% (4 of 48
patients). Surgical wound complications after RCT reported
here are relatively high, but similar to those reported by
Look Hong, that described a rate of 47% [17]. It has to be
noted that complete pathological response after HCT in our
study was favourable compared to the data published by
Schlemmer and colleagues, who only reported a complete
remission in 5% of patients (one pathological complete
remission and one clinical w/o consecutive surgery).
Furthermore histopathological response after neoadjuvant
treatment, measured by tumor necrosis, may not always cor-
relate with patient outcome [46]. However other means of
response evaluation, especially radiological re-staging
during or shortly after neoadjuvant treatment, are even less
reliable. Re-Staging does neither seem to correlate with
histopathological response nor with outcome after preopera-
tive HCT or radiotherapy [47–49]. Therefore histological

evaluation can still be regarded as the gold standard for
response evaluation.

Taken together our data indicate, although limited by the
small sample size and retrospective nature, that neoadjuvant
HCT can potentially achieve similar local effectiveness com-
pared to neoadjuvant CRT but probably leads to less postop-
erative morbidity. In addition, HCT bears the advantage to
potentially further increase local treatment efforts by the
additional use of adjuvant or additional preoperative
radiotherapy.
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