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Simple Summary: Hyperthermia (HT) is a clinical treatment modality that is used in combination
with radiotherapy (RT) and/or chemotherapy (CT) in cancer patients to enhance the effect of ionizing
radiation and chemotherapeutic drugs without worsening toxicity. Yet there is very little clinical
evidence about the quality of life (QoL) after combination treatments, including HT, despite the fact
that QoL has gained increasing importance in assessing the side effects of oncological therapies. In this
retrospective study, the QoL of patients treated with HT in combination with radio(chemo)therapy
(RCT) with curative or palliative intent was assessed by the EORTC QLQ-C30 questionnaire. The
results of this analysis suggested that the combination of RCT and HT stabilizes or improves QoL for
a clinically relevant time period after treatment.

Abstract: Hyperthermia (HT) in combination with radio(chemo)therapy (RCT) is a well-established
cancer treatment strategy. This report analyses the quality of life (QoL), toxicity and survival outcomes
in patients with different tumor entities who received HT in combination with RCT. The primary
endpoint of this study was the assessment of QoL scale items 3 and 12 months after treatment in
patients who were treated with palliative intent and curative intent, respectively. The secondary
endpoints of this study were acute toxicities, 1-year overall survival (OS), and local progression-
free survival (LPFS). Patients treated with curative intent experienced significant improvement
in emotional functioning (EF), social functioning (SF), financial difficulties (FI) and insomnia (SL)
12 months after treatment. Patients had significantly improved FI and pain (PA) three months after
palliative treatment. Acute toxicity of grade 3 or more was 26% during treatment and 4% after three
months. The 1-year OS rates were 90% (95% CI: 79-96%) and 44% (95% CI: 31-59%) for patients
treated with curative and palliative RCT combined with HT, respectively. Moreover, the 1-year LPFS
rates were 94% (95% CI: 84-98%) for patients treated with curative intent and 64% (95% CI: 50-77%)
for palliative patients. In summary, combined RCT and HT stabilized or improved QoL scale items
for both curative and palliative indications.

Keywords: superficial hyperthermia; deep regional hyperthermia; radiochemotherapy; quality of
life; toxicity symptoms; curative intent; palliative intent

1. Introduction

Hyperthermia (HT) is a cancer treatment modality that aims to heat cancer cells to
40-43 °C, thereby inducing cytotoxic effects and sensitizing the cells for radiotherapy (RT)
and chemotherapy (CT) [1,2]. Several randomized clinical studies showed that the addition
of HT to RT and/or CT improves clinical outcomes for different cancer entities treated with
palliative or curative treatment intention without inducing significant side effects [3-7].
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Depending on the cancer entity and the treatment site, HT treatment is delivered using
a superficial or a deep regional HT device. The specifications, characteristics, performance
and limitations of superficial and deep regional HT techniques have been summarized in
detail elsewhere [8-10]. During the cancer treatment course, HT is delivered before or after
RT once or twice per week, separated by at least 72 h due to the thermotolerance effect,
which renders cancers insensitive to heat [11]. High temperatures achieved during HT
sessions are reported to be associated with improved clinical outcomes [12-14]. However,
temperature was reported not to correlate with an increase in acute side effects and skin
toxicity in patients treated with superficial HT [15]. A retrospective study revealed no
significant difference in the incidence of acute or late grade III toxicity between patients who
achieved low or high temperatures with HT [16,17]. The clinical analysis showed that the
only symptomatic toxicity that tended to associate with HT was pain during treatment [13].
Overall, no significant acute or late grade III toxicities were reported to be induced by
HT [18-21].

Health-related quality of life (QoL) is an important prognostic factor in patients with
cancer [22,23]. Although there is substantial clinical evidence that HT improves clinical
outcomes when combined with RT or CT, there is still little knowledge about the effects of
HT on the QoL of cancer patients when integrated into curative and palliative treatment
concepts. Some of the few available QoL data analyses were reported from prospective
phase II studies in advanced rectal cancer, bladder cancer and biochemically recurrent
prostate cancer treated with deep HT [24-26]. These analyses show good QoL; however,
the results should be interpreted with caution because the analyses were either reported in
very small sample sizes or in cancer-free patients only.

This study aims to extend our knowledge in cancer patients treated with curative
or palliative radio(chemo)therapy (RCT) combined with HT by evaluating QoL using
the European Organization for Research and Treatment of Cancer (EORTC) QLQ-C30
questionnaire at different time points after treatment under real-world conditions. The
term “real-world conditions” refers to a patient cohort where all patients treated with
hyperthermia in our center were prospectively included, and data were routinely collected
from a variety of sources. The benefits and limitations of real-world analyses in comparison
to randomized clinical trials have been summarized elsewhere [27]. To complement the
findings, acute toxicity symptoms and 1-year OS and LPFS were also analyzed.

2. Materials and Methods
2.1. Study Design and Population

This was a retrospective, single-center analysis of cancer patients treated with RCT
combined with superficial HT or deep regional HT in the Radiation Oncology Center at
Cantonal Hospital Aarau between April 2018 and October 2021. The inclusion criteria for
this analysis were patients who received superficial or deep regional HT (>2 HT sessions)
combined with external photon beam RT and who returned the QoL questionnaires before
treatment, immediately after treatment, at 3 and 12 months after treatment.

2.2. Hyperthermia Treatment

Superficial and deep regional HT were performed according to European Society for
Hyperthermic Oncology (ESHO) guidelines [9,28]. For all patients treated with superficial
and deep regional HT, the temperature metrics, such as average temperature achieved in
measurement points (Tavg) and maximum temperature achieved at measurement points
(Tmax), were assessed. In addition, thermal dose CEM43 was calculated, including the
time interval between the start of HT sessions and RT treatment.

2.2.1. Superficial Hyperthermia Treatment

Superficial HT was administered using a BSD 500 applicator (BSD Medical Coopera-
tion/Pyrexar, Salt Lake City, UT, USA) at a frequency of 915 MHz. Depending on the size
of the superficial cancer, a surface applicator with 3, 8 or 24 spiral antennas covering diam-
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eters of 9 cm, 12 cm or an area of 24 x 20 cm? was selected. The temperature probes were
placed between the skin and the water bolus (filled with deionized water) to monitor the
temperature on the surface of the target. After a 15-30 min preheating phase, a therapeutic
temperature between 40 and 43 °C was applied for one hour. Patients received superficial
HT sessions once or twice per week with a median time interval of 14 (range: 6-87) min
before RT.

2.2.2. Deep Regional Hyperthermia Treatment

For the treatment of deeply seated cancers, a deep regional HT technique was applied
using the BSD 2000/3D system combined with the Sigma-60 or Sigma-Eye phased array
applicator (BSD Medical Cooperation/Pyrexar, Salt Lake City, UT, USA) at the frequency
range of 75-120 MHz. The Sigma-60 and Sigma-Eye are annular phased array applicators
that are comprised of a clear plastic shell, eight radiating dipoles, and a bolus membrane.
The difference between Sigma-60 and Sigma-Eye applicators is the shape of the applicators’
plastic shell, as Sigma-60 and Sigma-Eye applicators have cylindrical and elliptical shapes,
respectively. The choice of applicators was based on the patient’s size. Typically, the
Sigma-Eye was used for smaller-sized patients.

For thermometry, temperature probes were placed in the rectum or bladder or vagina
(for female patients) and on the anal margin. The temperature was measured at 10-s inter-
vals, starting before treatment and stopping immediately or five minutes after switching
off the radiofrequency power. Thermal mapping was performed every 5 min with a step
size of 1 cm and a maximum map length of 18 cm. After a 15-30 min preheating phase, a
therapeutic temperature between 40 and 43 °C was applied for one hour. Patients were
treated with deep regional HT sessions once or twice per week with a median time interval
of 16 (range: 11-83) min before RT.

2.3. Electronic Patient Records

The hospital information system KISIM (CISTEC) and oncology information system
ARIA (Varian Medical Systems) were used to extract general patient data (age, sex, Karnof-
sky performance index (KPI) before treatment), disease characteristics (type and TNM
staging of primary tumors, treatment site, and recurrence disease status). Additionally,
we extracted detailed treatment specifications such as RT treatment parameters (RT total
dose, RT dose per fraction, and boost RT dose (if delivered)), HT treatment parameters
(total number of HT sessions, time interval between HT and RT, temperature metrics, and
CEM43). It was also documented for all patients whether they received CT in combination
with HT and RT. The toxicity symptoms and clinical outcomes were evaluated based on
medical follow-up reports 3 months and 12 months after treatment.

2.4. QoL Assessment and Secondary Outcomes

QoL was assessed by the EORTC QLQ-C30 questionnaire [29]. The QLQ-C30 com-
prises one Global Health Status scale, five functioning scales and nine symptom scales, as
shown in Figure 1.

The scoring procedures were conducted as previously described by averaging items
within three scales and transforming mean scores linearly [30]. A high score on the Global
Health Status and functional scales represents better function. In the symptom scales,
however, a higher score reflects a higher level of symptom burden. All patients were
asked to complete the EORTC QLQ-C30 before treatment, after treatment (last day of HT),
and after 3 and 12 months of follow-up. The outcome measure of this study was any
change in QoL before and 12 months after curative treatment and any change in QoL before
and 3 months after palliative treatment. Additionally, these outcomes at 12 months after
treatment with curative intent and at 3 months after treatment with palliative intent were
compared with the reference population of the EORTC QLQ-30 cohort [31].
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Figure 1. The items of the EORTC QLQ-C30 scale.

The acute toxicity symptoms were also collected from medical reports for each individ-
ual patient during treatment and three months after treatment. The toxicity symptoms were
evaluated using the Common Terminology Criteria for Adverse Events (CTCAE) version
4.0. Additional secondary outcomes were overall survival (OS) and local progression-free
survival (LPFS). LPFS was calculated between the start of the last fraction of RT and the
first of the following events: locoregional or metastatic recurrence from any cause, whereas
OS was defined as the time period between the last fraction of RT and the date of death
from any cause. Events were censored if the information on time to event was not available
due to loss to follow-up or if the outcome event did not occur before one year.

2.5. Statistical Analysis

All clinical and treatment data were recorded in Microsoft Excel (version 16.0). De-
scriptive statistics were calculated for all variables under study. Statistical differences
between continuous factors for different groups of patients were assessed using the Stu-
dent’s t-test and Mann—-Whitney U test after testing the normal distribution of the data. The
primary outcome of the QoL analysis was the Global Health Status score, and the secondary
outcomes were functional and symptom scale items. The missing data were excluded from
the analysis, and the comparison of EORTC QLQ-C30 items scores between two different
time points was performed in the same group of patients. The survival outcomes were
analyzed using the Kaplan-Meier method. A p-value of <0.05 was considered statistically
significant. All statistical analyses were conducted using R programming (version 4.1)
with the following main libraries: tidyr, ggplot2, tidyverse, ggthemes, survival, survminer,
and dplyr.

3. Results
3.1. Patient and Treatment Characteristics

A total of 97 patients with different tumor entities and treated either with curative
(n = 45) or palliative (n = 52) RCT and HT in a single institution from April 2018 to
October 2021 were included in this retrospective analysis. With regard to the treatment
modality, 51% (49/97) and 49% (48/97) of patients were treated with superficial or deep
HT, respectively. A small group of patients (15%) also received CT in combination with RT
and deep HT. Baseline patient, disease, and treatment characteristics are shown in Table 1.
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Table 1. Patient, disease, and treatment characteristics.

Variables

Palliative Intent Treatment,

Curative Intent Treatment,

n (%) n (%)
Sex
Male 25 (44) 17 (33)
Female 20 (56) 35 (67)
Median age at treatment start ¥ 66 (37-92) 66 (28-84)
KPS prior to treatment
100 14 (31) 25 (48)
90 7 (16) 6(12)
<80 14 (31) 5(10)
n.a. 10 (22) 16 (30)
Primary tumor histology
Breast cancer 11 (25) 22 (42)
Lung cancer 5(11) 0(0)
Bladder cancer 2(4) 7 (13)
Anal cancer 4(9) 2(4)
Rectal cancer 409 6 (11)
Melanoma 6 (13) 0(0)
Sarcoma 1(2) 5(10)
Pancreas cancer 0(0) 5(10)
Prostate cancer 5(11) 2 (4)
Other 7 (16) * 3(6) **
Recurrent cancer 25 (56) 32 (62)
RT prescribed total dose (Gy) * 38 (+£10) 50 (£6)
RT dose per fraction (Gy) * 2.5 (£0.5) 1.9 (£0.2)
Number of RT fractions 16 (£7) 24 (44)
Duration of RT + HT (days) * 25 (+13) 35 (+8)
HT techniques
Superficial HT 22 (49) 27 (52)
Deep regional HT 23 (51) 25 (48)
Time interval between RT and
HT (minutes) 15 (7-80) 14 (6-83)
n.a. 3(7) 7 (13)
Total HT sessions 5 (3-11) 5 (4-11)
Temperature metrics (°C)
Tavg * 39.9 (£0.7) 40.3 (£0.6)
Tmax 40.5 (£0.8) 40.9 (£0.6)
na. 11 (32) 10 (19)
Thermal dose CEM43 * 1.7 (£1.5) 2.8 (+2.2)
n.a. 11 (32) 10 (19)
Chemotherapy
Superficial HT 0(0) 0(0)
Deep regional HT 14) 14 (27)

*: median (range); *: mean (+ standard deviation); n.a.: not available; *: cervical (n = 1), gastroesophageal cancer
(n =1), liver cancer (n = 2), parotid glad (1 = 1), renal cell carcinoma (n = 1), thyroid (n = 1); **: bone cancer (n = 1),
cervical cancer (1 = 1), hypopharyngeal cancer (n = 1).

3.2. Subjective Assessment of EORTC QLQ-C30
3.2.1. Global Health Status

All patients who completed the EORTC QLQ-C30 questionnaire before treatment were
included. The completion compliance after treatment was 95% (92/97) immediately after
treatment, 81% (75/93) after 3 months, and 68% (49/72) after 12 months. At 12 months
after treatment, 10% (5/52) of patients who received curative treatment had died. Only
one of these five patients was treated with superficial HT, and the other four patients were
treated with deep regional HT. In total, 56% (25/45) of patients who were treated with
palliative intent had died at 12 months. At three months after palliative treatment, 36%
(16/45) of patients had already died, all having been treated with superficial HT. In total,
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32 patients who received curative RCT with HT returned the EORTC QLQ-C30 question-
naire before treatment and also twelve months after treatment. The Global Health Status
difference between these patients before and 12 months after treatment was not significant
(74.99 £ 18.56 vs. 78.64 + 15.69, p-value = 0.399), as shown in Figure 2. Similar results were
obtained for the Global Health Status of 31 out of 45 patients who answered the Global
Health status scale items and received palliative treatment before and three months after
treatment (Figure 2, 59.94 £ 19.88 vs. 66.39 £ 21.02, p-value = 0.219). If patients treated
with deep or superficial HT were analyzed separately, no difference in mean Global Health
Status was found either before or at 3 or 12 months after treatment.
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Figure 2. The global health status scores of (a) 32 patients treated with curative RCT and HT before
and 12 months after treatment (74.99 + 18.56 vs. 78.64 + 15.69, p-value = 0.245) and (b) 31 patients
treated with palliative RCT and HT before and three months after treatment (59.94 £ 19.88 vs.
66.39 £ 21.02, p-value = 0.227). The asterisks (*) represent the mean values; ns: non-significant with
p-value > 0.05.

The mean Global Health Status score at baseline was higher for patients treated with
curative intent than the EORTC general cancer population (75 & 15.7 vs. 61.3 & 24.2,
p = 0.009). At 12 months after treatment, the relatively high mean Global Health Status
score could be maintained in 32 patients treated with curative RCT and HT compared
with the EORTC general cancer population (78.64 & 18.56 vs. 61.3 &+ 24.2, p = 0.002). No
significant difference was found for the Global Health Status of 31 patients who received
palliative treatment three months after treatment (66.39 £ 21.02 vs. 61.3 + 24.2, p = 0.379)
when compared with baseline and the EORTC reference population.

3.2.2. Functional Scales

There were 32 patients treated with curative RCT and HT who returned the QoL at
baseline and 12 months after treatment. Among the five functional scales, EF and SF items
were significantly improved 12 months after treatment in patients treated with curative
RCT and HT (Figure 3). The mean scores of the EF functional scale before and 12 months
after treatment were 76.73 & 21.91 and 90.36 + 13.57, respectively (p = 0.0003), and the SF
functional scales were 83.33 = 20.73 vs. 94.79 £ 11.54, respectively (p = 0.008). None of the
functional scale items was significantly improved or worsened for 30 patients treated with
palliative RCT and HT, who did return the questionnaire after three months.
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Figure 3. The functional scale scores of 32 patients treated with curative RCT and HT before and 12 months after treatment for: CF (87.50 £ 16.93 vs. 91.14 £ 16.38,
p-value = 0.23), EF (76.73 & 21.91 vs. 90.36 £ 13.57, p-value = 0.003),PF2 (90.83 £ 11.57 vs. 91.04 £ 12.51, p-value = 0.9), RF2 (83.85 & 21.37 vs. 88.54 & 19.13, p-value = 0.36),
and SF (83.33 £ 20.73 vs. 94.79 £ 11.54, p = 0.008). The asterisks (*) represent the mean values; ns: non-significant with p-value > 0.05; **: significant with p-value < 0.01.
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The subgroup analysis of different HT techniques showed that if the patients were
treated with curative RT and superficial HT, the functional scale SF was significantly
improved 12 months after treatment (85.96 £ 20.98 vs. 97.36 = 8.35, p = 0.048) (Supplemental
Figure S1). Moreover, at 12 months, the subgroup of patients who received curative RCT
and deep regional HT showed improvement in CF (92.30 £ 11.01 vs. 100 £ 0.0, p = 0.017)
and EF (69.87 £ 23.20 vs. 91.66 £ 12.72, p = 0. 008) functional item scores (Supplemental
Figure S2). None of the functional scale items were significantly higher or lower for patients
who received palliative RCT in combination with superficial and deep regional HT.

The functional scale items of 32 patients who received curative RCT combined with
HT were compared with the EORTC general population. None of the functional scale
mean scores for patients treated with curative RCT, except PF2 at baseline, were signifi-
cantly different in comparison with the EORTC general cancer population. All functional
scale items, except CF, were significantly improved 12 months after curative treatment
(Supplemental Table S1). However, no difference in functional scale items was found be-
tween the EORTC general population and 30 patients treated with palliative RCT combined
with HT before treatment and three months after treatment (Supplemental Table S2).

3.2.3. Symptoms Scales

The nine items of the symptoms scale were evaluated for patients treated with curative
and palliative RCT and HT.

The change in symptom scale scores before treatment and 12 months after treatment
for patients who received curative RCT and HT was not significant, except for FI (p = 0.04)
and SL (p = 0.01) (Figure 4). The analysis showed non-significant improvements in AP, CO,
DI, DY, FA, NV, and PA symptom scale items (Figure 4). Patients who received palliative
treatment had a modest decrease in the mean scores of the following symptom scale items
after three months: CO, DI, FA, and SL and a significant reduction of FI (20 & 25.67 vs.
10 £ 23.41, p = 0.04) and PA (45 £ 33.37 vs. 24.44 + 25.04, p = 0.01), as shown in Figure 5. The
AP, DY, and NV were symptom scale items that did not differ significantly from baseline
three months after treatment, as illustrated in Figure 5.

There were no major differences in terms of symptom scale items prior to and
12 months after treatment for patients who received curative treatment using superfi-
cial and deep regional HT, respectively. Patients who received curative RCT in combination
with deep HT had significant improvement only in the FI (17.94 & 22 vs. 2.56 £ 9.24,
p =0.03) and SL (30.76 & 25.31 vs. 7.69 £ 19.97, p = 0.01) functional scales (Supplemental
Figure S3). Moreover, the subgroup analysis performed in patients treated with palliative
intent using superficial and deep regional HT also revealed no significant differences.

The symptom scale items of patients who received curative and palliative RCT com-
bined with HT were compared with the EORTC general population. The comparison of
mean scores at baseline (before treatment) in 32 and 30 patients treated with curative and
palliative RCT combined with HT showed no significant difference with the EORTC general
population. The symptom scale items such as AP, CO, FA, FI, NV, and SL were significantly
improved 12 months after treatment (Supplemental Table S3). Positive outcomes were
obtained after comparing the EORTC general population and 30 patients treated with
palliative RCT combined with HT three months after treatment (Supplemental Table 54).
With the exception of FA, the mean scores of other items were slightly lower than those of
the EORTC general population, as shown in Supplemental Table S4.

3.3. Acute Toxicity Analysis

The summary of acute toxicity symptoms according to CTCAE (version 4.0) for patients
treated with curative and palliative RCT and HT are summarized in Tables 2 and 3, respectively.

The available medical records of 51 out of 52 patients treated with curative RCT
in combination with HT indicated 88% grade 1, 44% grade 2 and 22% grade 3 toxicity
symptoms during treatment (Table 2). During the HT sessions, one patient reported
nausea/vomiting after anesthesia when inserting the temperature probe and tiredness after
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treatment. Additionally, another patient experienced stronger pain during HT. At three
months after treatment, toxicity information for only 45 out of 52 patients treated with
curative intent was available from the medical records. These reports showed that this
group of patients had 23% grade 1, 2% grade 2 and 4% grade 3 symptoms (Table 2).
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Figure 4. The symptom scale scores of 32 patients treated with curative RCT and HT before and
12 months after treatment for: AP (8.33 £ 16.93 vs. 4.16 + 14.04, p-value = 0.19), CO (15.62 £ 20.71 vs.
11.45 + 23.35, p-value = 0.23), DI (9.37 & 20.71 vs. 10.41 & 23.09, p-value = 0.85), DY (11.45 &+ 21.76 vs.
14.58 & 26.69, p-value = 0.74), FA (25.69 & 22.12 vs. 19.79 & 19.49, p-value = 0.31), FI (20 + 25.67 vs.
10 & 23.41, p-value = 0.04), NV (3.12 & 9.87 vs. 0.52 £ 2.94, p-value = 0.17), PA (14.58 & 17.83 vs. 15.1
1 4 20.89, p-value = 0.84), and SL (28.12 & 26.92 vs. 12.50 £ 20.31, p-value = 0.01). The asterisks (*)
represent the mean values; ns: non-significant with p-value > 0.05; *: significant with p-value < 0.05.
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Figure 5. The symptom scale scores of 30 patients treated with palliative RCT and HT before
and three months after treatment for: AP (22.22 £ 31.96 vs. 23.33 £ 32.92, p-value = 0.94), CO
(23.33 £ 29.23 vs. 16.66 £ 28.71, p-value = 0.31), DI (21.11 £ 29.23 vs. 17.77 & 29.98, p-value = 0.39),
DY (15.55 & 20.96 vs. 18.88 + 24.26, p-value = 0.63), FA (34.44 £ 23.94 vs. 33.33 & 24.41, p-value
=0.86), FI (20 £ 25.67 vs. 10 £ 23.41, p-value = 0.04), NV (12.22 £ 23.13 vs. 13.33 + 23.73, p-value
=0.92), PA (45 + 33.37 vs. 24.44 £ 25.04, p-value = 0.01), and SL (35.55 & 31.48 vs. 24.44 + 31.48,
p-value = 0.14). The asterisks (*) represent the mean values; ns: non-significant with p-value > 0.05;
*: significant with p-value < 0.05.

The acute toxicities were documented during the treatment and three months thereafter
for 42 and 29 palliative patients, respectively (Table 3). During the treatment with RCT
and HT, patients with palliative treatment intent had 85% grade 1, 14% grade 2 and 4%
grade 3 toxicity symptoms (Table 3). Two patients reported an immediate and transient
increase in pain during deep regional HT due to the lengthy duration of treatment (60 min).
After three months, 29 patients treated with palliative intent had 44% grade 1, 7% grade
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2, and none had grade 3 symptoms, as summarized in Table 3. After three months, only
one patient had grade 4 toxicity, which was the development of hydronephrosis probably
unrelated to HT.

Table 2. Acute toxicities of patients treated with curative intent.

Toxicity Grade 1 Grade 2 Grade 3
n (%) n (%) n (%)
Dermatitis 7 (14) 7 (14) 3 (6)
Mucositis 0 0 1(2)
Skin reaction(s) 7 (14) 6 (12) 4(8)
Diarrhoea 8 (16) 2(4) 2(4)
Urinary incontinence/
. urinary retention/ 4(8) 0 0
During Nocturia
treatment, Dysuria 3(6) 1(2) 0
n=>51 Pyelonephritis 0 1(2) 0
Nausea 1(2) 1(2) 0
Vomiting 1(2) 0 0
Constipation 0 2 (4) 0
Pain 1(2) 0 1(2)
Tiredness/fatigue 11 (22) 2 (4) 0
Appetite loss 1(2) 0 0
Skin reaction(s) 4(9) 0 0
Diarrhoea 3(6) 0 0
Three months Urmgry mcotnt1rtl.ence / 2 @) 0 0
fter treatment Hrmaty rerention
a 45 ¢ Dysphagia 1(2) 0 0
n= Nausea 0 0 1(2)
Pain 1(2) 1(2) 0
Vomiting 0 0 1(2)
Table 3. Acute toxicities of patients treated with palliative intent.
Toxicity Grade 1 Grade 2 Grade 3
n (%) n (%) n (%)
Dermatitis 409) 3(7) 0
Skin reaction(s) 4(9) 5(11) 0
Hepatitis 0 1(2) 1(2)
During Urinary incontinence/
treatment urinary retention 51 0 0
n=42 Diarrhoea 7 (16) 0 1(2)
Dysphasia 1(2) 0 0
Pain 7 (17) 0 0
Tiredness/fatigue 9 (21) 1(2) 0
Dermatitis 1(3) 0 0
Skin reaction(s) 3(10) 0 0
Three months Diarrhoea 2(7) 0 0
after treatment Urinary incontinence/
n=29 . . 4 (14) 0 0
urinary retention
Pain 3 (10) 2(7) 0

3.4. Survival Outcomes
The 1-year OS rates for all patients treated with curative and palliative RCT combined
with HT were 90% (95% CI: 79-96%) and 44% (95% CI: 31-59%), respectively (Figure 6).
For patients treated with superficial HT, the 1-year OS rates were 96% (95% CI:
82-99%) and 30% (95% CI: 13-48%) for patients treated with curative and palliative in-
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tent, respectively. Patients treated with regional deep HT had 1-year OS rates of 84%
(95% CI: 65-94%) and 65% (95% CI: 45-81%) in patients with curative and palliative

intent, respectively.
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Figure 6. One-year OS probability of all patients treated with palliative and curative RCT combined

with HT.

The 1-year LPFS rates were 94% (95% CI: 84-98%) and 64% (95% CI: 50-77%) for all
patients treated with curative and palliative RCT and HT, respectively, as shown in Figure 7.
For patients treated with either curative or palliative RT and superficial HT, the 1-year
LPFS rates were 100% (95% CI: 88-100%) and 77% (95% CI: 57-90%), respectively. These
rates for patients treated with curative and palliative RCT and deep HT were 88% (95% CI:

70-96%) and 52% (95% CI: 33-71%), respectively.
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Figure 7. One-year LPFS probability of all patients treated with palliative and curative ra-

dio(chemo)therapy combined with HT.
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4. Discussion

This retrospective analysis provides real-world evidence regarding QoL in a popu-
lation of cancer patients with different tumor entities treated with curative or palliative
RCT combined with HT in a single institution. To the best of our knowledge, this is the
first study to comprehensively analyze QoL using the EORTC QLQ-C30 questionnaire RCT
in a real-world patient cohort. The analysis shows that the Global Health Status was not
influenced by the combined treatment for both patient populations treated with curative
or palliative intent. However, patients treated with curative RCT and HT experienced
significant improvement in functional scales EF (p = 0.0003), SF (p = 0.02), FI (p = 0.04) and
SL (p = 0.01) 12 months after treatment. In palliative patients, the symptom scale items FI
(p = 0.04) and PA (p = 0.01) were significantly improved three months after palliative
RCT and HT. Moreover, none of the other functional and symptoms scale items showed a
tendency to worsen for patients treated with curative or palliative intention.

The subgroup analyses of different HT techniques showed that the mean value of
the Global Health Status scale items did not significantly vary in patients who received
curative treatment with RCT, including superficial or deep regional HT. Similar findings
were obtained for the patients who were treated with palliative treatment with superficial
or deep regional HT. With regard to functional scale items, patients treated with curative RT
and superficial HT had a significantly increased mean SF value (p = 0.04), whereas patients
treated with deep regional HT had significantly increased mean scores for CF (p = 0.01) and
EF (p = 0.008). Patients who received curative RCT in combination with deep regional HT
had significant improvements only in FI (p = 0.03) and SL (p = 0.01) symptom scale items.

The EORTC research group developed a widely used Patient-Reported Outcome
Measures (PROMs) that assesses the quality of life of patients with cancer, known as
EORTC QLQ-C30 [29]. Although the EORTC QLQ-C30 questionnaire is used as an out-
come measurement in many cancer clinical trials and observational studies, its use in daily
clinical practice has not been widely implemented. Jacobsen et al. concluded that the
perceived barriers to incorporating QoL clinical routine assessments are inexperience with
QoL assessment, skepticism about the sensitivity and specificity of QoL instruments, and
logistic barriers [32]. In particular, the number and timing of QoL assessments, including
the handling of missing data during the follow-up of patients, are major methodologic
issues in the assessment of QoL endpoint [32]. Because the combination of hyperther-
mia and radiotherapy is usually offered to patients with very advanced cancers based
on individual decisions and with rather outdated clinical trials, we decided to prospec-
tively collect QoL data in all patients treated with either superficial or deep hyperthermia
in our center.

Previous studies have demonstrated that patients treated with HT in combination
with RCT generally have a good QoL [24-26]. However, these QoL analyses were only
performed in small subgroups of patient cohorts. Gani et al. [24] reported that patients
with locally advanced rectal cancer treated with RCT in combination with deep HT had
significantly higher scores for the PF2 functional scale item (p = 0.02) and lower scores for
the SF functional scale item (p < 0.0001) in comparison with the EORTC general popula-
tion. Similarly, our analysis shows that patients treated with curative RCT in combination
with HT, of which 12% (n = 6) were patients with rectal cancer, had not only signifi-
cantly improved PF2 (p = 0.003) but also EF (p = 0.0003) and RF2 (p = 0.009) 12 months
after treatment when compared with the EORTC general population. In the study of
Gani et al. [24], the symptom scale items DI (p < 0.0001) and CO (p = 0.001) were worse
for rectal cancer patients compared with the EORTC general population. In contrast, our
real-world analysis of patients treated with curative intent showed significantly better,
i.e., lower mean AP (p = 0.006), CO (p = 0.01), FA (p = 0.01), FI (p = 0.006), NV (p = 0.01)
and SL (p = 0.009) scores. Additionally, the results of a planned interim analysis in patients
with biochemically recurrent prostate cancer, who were treated with salvage RT and deep
regional HT after prostatectomy, showed that there were no significant differences three
months after treatment in any of the EORTC QLQ-C30 questionnaire items [25]. Similar
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results were obtained for patients with muscle-invasive bladder cancer who received RCT
combined with regional deep HT after 12 months of follow-up [26]. The gastrointestinal
quality of life index (GIQLI) questionnaire, which was specifically developed to measure
QoL in patients suffering from malignant and benign diseases of the gastrointestinal tract
and which correlates well with the EORTC QLQ-C30 [33,34], was used in patients with
advanced rectal cancer who were treated with neoadjuvant RCT with or without HT [35].
In the latter study, no statistically significant differences in the global GIQLI index were
reported between patients treated with neoadjuvant RCT with and without HT at any time
point [35].

Our results confirm previous studies showing that HT does not substantially increase
toxicity when combined with RCT in cancer patients if the temperature is controlled and
kept below certain limits [3,14,36,37]. A prospective clinical study showed that if the
maximum temperature achieved is greater than 45 °C, the rate of acute complications
increases [38]. Similarly, a retrospective study showed that the incidence of acute skin reac-
tions for patients treated with superficial HT combined with RT is significantly increased
when the temperature applied exceeds 43 °C [39]. Additionally, the number of thermometry
sensors and depth of treatment volume were associated with acute toxicity induced by HT
in recurrent breast cancer [40]. Furthermore, a randomized study analysis showed that
only 2.2% of 182 pelvic cancer patients treated with regional deep HT in combination with
RT had grade III-IV acute toxicity [41]. Contrary to these results, Engin et al. showed that
temperature parameters and acute skin reactions were not correlated in patients with su-
perficial cancers [42]. Tilly et al. reported that T90, defined as ‘temperature achieved in 90%
of the measured points”, and maximum temperature were not reported to correlate with
acute or late toxicity [17]. Based on the above-mentioned studies, temperature monitoring
during HT sessions to avoid any ‘hotspots” above 43 °C is mandatory to avoid unnecessary
skin toxicity [17,38,39]. The only and rare toxicity-related symptoms reported by patients
during HT were pain, tiredness and nausea/vomiting due to the positioning and insertion
of temperature measurement probes.

As expected, patients treated with curative intent had higher 1-year OS rates in
comparison with patients treated with palliative intent. The palliative treatment was
intended to achieve adequate pain and symptom control during a life expectancy of usually
only a few months. Consequently, a clinically relevant time point of three months after
treatment was chosen for the QoL assessment for this group of patients. It has been
shown that patients with different cancer diagnoses and stages treated with RT only may
experience a deterioration in QoL, which recover a month after RT [43]. Our results are
in line with this and indicate that treatment including HT does not lead to a sustained
impairment in QoL for palliative patients.

The main limitations of this study are the retrospective data analysis of patients with a
high variability of tumor sites. In addition, not all patients returned the QoL questionnaires
during follow-up, leading to variability in the number of patients that could be included in
the analysis at different time points after treatment. At 12 months after treatment, there
were 72 patients alive, and 49 out of 72 returned the QoL. This might introduce an upward
bias in the analysis of patients treated with curative intent. The main strength of this study
is that it is a real-world analysis of QoL in all patients treated with RCT in combination
with HT in one institution and during a defined period. Thus far, no published study has
systematically focused on such a real-world patient population to investigate whether HT
might induce side effects that adversely affect the QoL of cancer patients. We propose
that integrating the collection of short- and long-term patient QoL data into the clinical
treatment workflow would help to evaluate the short- and long-term effects of HT in
specific groups of cancer patients.

5. Conclusions

The use of superficial or deep regional HT in combination with RCT is a treatment
strategy to improve outcomes and relieve the symptoms and, thus, to reduce the suffering
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caused by cancer. In this retrospective analysis, we observed that the Global Health Status
of cancer patients could be maintained after palliative or curative treatment with RCT in
combination with HT. Moreover, a significant improvement of functional scale items EF
(p = 0.0003), SF (p = 0.02), FI (p = 0.04) and SL (p = 0.01) 12 months after treatment was
found in patients treated with curative intent in this analysis. The symptom scale items FI
(p = 0.04) and PA(p = 0.01) were the only QoL parameters that were significantly improved
three months after treatment in patients RCT treated with palliative intent. None of the
EORTC QLQ-C30 scale items showed significant worsening of QoL. Further research
is required to better understand the QoL of patients who received HT when combined
with RCT.
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Figure S2: The functional scale scores of 13 patients treated with curative RCT and deep regional
HT before and twelve months after treatment; Figure S3: The symptom scale scores of 13 patients
treated with curative RCT and deep regional HT before and after treatment; Table S1: A comparison
of functional scale items of patients treated with curative RCT in combination with HT 12 months
after treatment and the EORTC general population; Table S2: A comparison of functional scale items
of patients treated with palliative RCT in combination with HT three months after treatment and
EORTC general population; Table S3: A comparison of symptom scale items of patients treated
with curative RCT in combination with HT twelve months after treatment and the EORTC general
population; Table S4: A comparison of functional scale items of patients treated with palliative RCT
in combination with HT three months after treatment and the EORTC general population.

Author Contributions: Conceptualization, A.A. and O.R.; methodology, A.A. and O.R.; formal
analysis, A.A. and O.R; investigation, A.A.; data curation, A.A., E.P. and O.T.; writing—original draft
preparation, A.A. and O.R,; writing—review and editing, A.A, OR,,S.R.,,E.P, D.K, DM, O.T.,, TK.
and R.A.H.; visualization, A.A.; supervision, O.R. All authors have read and agreed to the published
version of the manuscript.

Funding: This research has received support from the European Union’s Horizon 2020 research and
innovation programme under the Marie Sktfodowska-Curie (MSCA-ITN) grant “Hyperboost” project,
no. 955625.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee Nordwest—und Zentralschweiz of Switzerland
(protocol code 2021-01022, 1 July 2021).

Informed Consent Statement: Informed consent was obtained from subjects involved in the study.
Patients who declined the use of their data were excluded from the analysis.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy and ethical reasons.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Waust, P.,; Hildebrandt, B.; Sreenivasa, G.; Rau, B.; Gellermann, J.; Riess, H.; Felix, R.; Schlag, PM. Hyperthermia in combined
treatment of cancer. Lancet Oncol. 2002, 3, 487-497. [CrossRef] [PubMed]

2. Oei, A.; Kok, H; Oei, S.; Horsman, M.; Stalpers, L.; Franken, N.; Crezee, ]. Molecular and biological rationale of hyperthermia as
radio- and chemosensitizer. Adv. Drug Deliv. Rev. 2020, 163, 84-97. [CrossRef] [PubMed]

3. Jones, E.L,; Oleson, J.R.; Prosnitz, L.R.; Samulski, T.V.; Vujaskovic, Z.; Yu, D.; Sanders, L.L.; Dewhirst, M.W. Randomized Trial of
Hyperthermia and Radiation for Superficial Tumors. J. Clin. Oncol. 2005, 23, 3079-3085. [CrossRef] [PubMed]

4. Overgaard, J.; Gonzalez, D.G.; Hulshof, M.C.C.H.; Arcangeli, G.; Dahl, O.; Mella, O.; Bentzen, S.M. Hyperthermia as an adjuvant
to radiation therapy of recurrent or metastatic malignant melanoma. A multicentre randomized trial by the European Society for
Hyperthermic Oncology. Int. . Hyperth. 1996, 12, 3-20. [CrossRef]

5. ICH Group; Vernon, C.C.; Hand, ].W.; Field, S.B.; Machin, D.; Whaley, ].B.; van der Zee, ].; van Putten, W.L.; van Rhoon, G.C.;

van Dijk, ].D.; et al. Radiotherapy with or without hyperthermia in the treatment of superficial localized breast cancer: Results


https://www.mdpi.com/article/10.3390/cancers15041241/s1
http://doi.org/10.1016/S1470-2045(02)00818-5
http://www.ncbi.nlm.nih.gov/pubmed/12147435
http://doi.org/10.1016/j.addr.2020.01.003
http://www.ncbi.nlm.nih.gov/pubmed/31982475
http://doi.org/10.1200/JCO.2005.05.520
http://www.ncbi.nlm.nih.gov/pubmed/15860867
http://doi.org/10.3109/02656739609023685

Cancers 2023, 15,1241 16 of 17

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

from five randomized controlled trials. International Collaborative Hyperthermia Group. Int. J. Radiat. Oncol. Biol. Phys. 1996,
35,731-744. [CrossRef]

Chi, M.-S,; Yang, K.-L.; Chang, Y.-C.; Ko, H.-L.; Lin, Y.-H.; Huang, S.-C.; Huang, Y.-Y.; Liao, K.-W.; Kondo, M.; Chi, K.-H.
Comparing the Effectiveness of Combined External Beam Radiation and Hyperthermia Versus External Beam Radiation Alone in
Treating Patients With Painful Bony Metastases: A Phase 3 Prospective, Randomized, Controlled Trial. Int. J. Radiat. Oncol. 2018,
100, 78-87. [CrossRef]

Issels, R.D.; Lindner, L.H.; Verweij, J.; Wust, P; Reichardt, P.; Schem, B.-C.; Abdel-Rahman, S.; Daugaard, S.; Salat, C.; Wendtner,
C.-M,; et al. Neo-adjuvant chemotherapy alone or with regional hyperthermia for localised high-risk soft-tissue sarcoma: A
randomised phase 3 multicentre study. Lancet Oncol. 2010, 11, 561-570. [CrossRef]

Paulides, M.M.; Dobsicek Trefna, H.; Curto, S.; Rodrigues, D.B. Recent technological advancements in radiofrequency- and
microwave-mediated hyperthermia for enhancing drug delivery. Adv. Drug Deliv. Rev. 2020, 163164, 3-18. [CrossRef]
Bruggmoser, G.; Bauchowitz, S.; Canters, R.; Crezee, H.; Ehmann, M.; Gellermann, J.; Lamprecht, U.; Lomax, N.; Messmer, M.B.;
Ott, O,; et al. Guideline for the clinical application, documentation and analysis of clinical studies for regional deep hyperthermia:
Quality management in regional deep hyperthermia. Strahlenther. Onkol. 2012, 188 (Suppl. 2), 198-211. [CrossRef]

Kok, H.P; Crezee, J. A comparison of the heating characteristics of capacitive and radiative superficial hyperthermia. Int. J.
Hyperth. 2017, 33, 378-386. [CrossRef]

Kamura, T.; Nielsen, O.S.; Overgaard, J.; Andersen, A.H. Development of thermotolerance during fractionated hyperthermia in a
solid tumor in vivo. Cancer Res. 1982, 42, 1744-1748.

Gabriele, P; Orecchia, R.; Amichetti, M.; Valdagni, R. Hyperthermia and radiation therapy for inoperable or recurrent parotid
carcinoma. A phase I/1I study. Cancer 1995, 75, 908-913. [CrossRef]

Masunaga, S.I.; Hiraoka, M.; Akuta, K.; Nishimura, Y.; Nagata, Y.; Jo, S.; Takahashi, M.; Abe, M.; Terachi, T.; Oishi, K.; et al.
Phase I/1I trial of preoperative thermoradiotherapy in the treatment of urinary bladder cancer. Int. . Hyperth. 1994, 10, 31-40.
[CrossRef]

Bakker, A.; Valverde, C.P.T.; van Tienhoven, G.; Kolff, M.W.; Kok, H.P.; Slotman, B.J.; Konings, I.R.; Oei, A.L.; Oldenburg, H.S.;
Rutgers, E.J.; et al. Post-operative re-irradiation with hyperthermia in locoregional breast cancer recurrence: Temperature matters.
Radiother. Oncol. 2022, 167, 149-157. [CrossRef]

Amichetti, M.; Graiff, C.; Fellin, G.; Pani, G.; Bolner, A.; Maluta, S.; Valdagni, R. Cisplatin, hyperthermia, and radiation (trimodal
therapy) in patients with locally advanced head and neck tumors: A phase I-II study. Int. |. Radiat. Oncol. Biol. Phys. 1993,
26, 801-807. [CrossRef]

Kroesen, M.; Mulder, H.T.; Van Holthe, ] M.L.; Aangeenbrug, A.A.; Mens, ] WM.; Van Doorn, H.C.; Paulides, M.M.; Oomen-de
Hoop, E.; Vernhout, R.M.; Lutgens, L.C.; et al. The Effect of the Time Interval Between Radiation and Hyperthermia on Clinical
Outcome in 400 Locally Advanced Cervical Carcinoma Patients. Front. Oncol. 2019, 9, 134. [CrossRef]

Tilly, W.; Gellermann, J.; Graf, R.; Hildebrandt, B.; Weissbach, L.; Budach, V.; Felix, R.; Wust, P. Regional Hyperthermia in
Conjunction with Definitive Radiotherapy against Recurrent or Locally Advanced Prostate Cancer T3 pNO MO. Strahlenther.
Onkol. 2005, 181, 35-41. [CrossRef]

Maluta, S.; Dall’Oglio, S.; Romano, M.; Marciai, N.; Pioli, F; Giri, M.G.; Benecchi, PL.; Comunale, L.; Porcaro, A.B. Conformal
radiotherapy plus local hyperthermia in patients affected by locally advanced high risk prostate cancer: Preliminary results of a
prospective phase II study. Int. ]. Hyperth. 2007, 23, 451-456. [CrossRef]

Dinges, S.; Harder, C.; Wurm, R.; Buchali, A.; Blohmer, J.; Gellermann, J.; Wust, P.; Randow, H.; Budach, V. Combined treatment of
inoperable carcinomas of the uterine cervix with radiotherapy and regional hyperthermia. Strahlenther. Onkol. 1998, 174, 517-521.
[CrossRef]

Secord, A.A.; Jones, E.L.; Hahn, C.A.; Petros, W.P,; Yu, D.; Havrilesky, L.J.; Soper, ].T.; Berchuck, A.; Spasojevic, I.; Clarke-Pearson,
D.L.; et al. Phase I/II trial of intravenous Doxil®and whole abdomen hyperthermia in patients with refractory ovarian cancer. Int.
J. Hyperth. 2005, 21, 333-347. [CrossRef]

Harima, Y.; Ohguri, T.; Imada, H.; Sakurai, H.; Ohno, T.; Hiraki, Y.; Tuji, K.; Tanaka, M.; Terashima, H. A multicentre randomised
clinical trial of chemoradiotherapy plus hyperthermia versus chemoradiotherapy alone in patients with locally advanced cervical
cancer. Int. . Hyperth. 2016, 32, 801-808. [CrossRef] [PubMed]

Coates, A.; Porzsolt, F.; Osoba, D. Quality of life in oncology practice: Prognostic value of EORTC QLQ-C30 scores in patients
with advanced malignancy. Eur. |. Cancer 1997, 33, 1025-1030. [CrossRef] [PubMed]

Gotay, C.C.; Kawamoto, C.T.; Bottomley, A.; Efficace, F. The Prognostic Significance of Patient-Reported Outcomes in Cancer
Clinical Trials. J. Clin. Oncol. 2008, 26, 1355-1363. [CrossRef] [PubMed]

Gani, C.; Lamprecht, U.; Ziegler, A.; Moll, M.; Gellermann, J.; Heinrich, V.; Wenz, S.; Fend, F.; Konigsrainer, A.; Bitzer, M.; et al.
Deep regional hyperthermia with preoperative radiochemotherapy in locally advanced rectal cancer, a prospective phase II trial.
Radiother. Oncol. 2021, 159, 155-160. [CrossRef]

Beck, M.; Ghadjar, P.; Mehrhof, F; Zips, D.; Paulsen, F; Wegener, D.; Burock, S.; Kaul, D.; Stromberger, C.; Nadobny, J.; et al.
Salvage-Radiation Therapy and Regional Hyperthermia for Biochemically Recurrent Prostate Cancer after Radical Prostatectomy
(Results of the Planned Interim Analysis). Cancers 2021, 13, 1133. [CrossRef]


http://doi.org/10.1016/0360-3016(96)00154-x
http://doi.org/10.1016/j.ijrobp.2017.09.030
http://doi.org/10.1016/S1470-2045(10)70071-1
http://doi.org/10.1016/j.addr.2020.03.004
http://doi.org/10.1007/s00066-012-0176-2
http://doi.org/10.1080/02656736.2016.1268726
http://doi.org/10.1002/1097-0142(19950215)75:4&lt;908::AID-CNCR2820750403&gt;3.0.CO;2-Z
http://doi.org/10.3109/02656739409009329
http://doi.org/10.1016/j.radonc.2021.12.036
http://doi.org/10.1016/0360-3016(93)90495-H
http://doi.org/10.3389/fonc.2019.00134
http://doi.org/10.1007/s00066-005-1296-8
http://doi.org/10.1080/02656730701553260
http://doi.org/10.1007/BF03038984
http://doi.org/10.1080/02656730500110155
http://doi.org/10.1080/02656736.2016.1213430
http://www.ncbi.nlm.nih.gov/pubmed/27418208
http://doi.org/10.1016/S0959-8049(97)00049-X
http://www.ncbi.nlm.nih.gov/pubmed/9376182
http://doi.org/10.1200/JCO.2007.13.3439
http://www.ncbi.nlm.nih.gov/pubmed/18227528
http://doi.org/10.1016/j.radonc.2021.03.011
http://doi.org/10.3390/cancers13051133

Cancers 2023, 15,1241 17 of 17

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Riesterer, O.; Ademaj, A.; Puric, E.; Eberle, B.; Beck, M.; Gomez, S.; Marder, D.; Oberacker, E.; Rogers, S.; Hélg, R.A ; et al.
Tetramodal therapy with transurethral resection followed by chemoradiation in combination with hyperthermia for muscle-
invasive bladder cancer: Early results of a multicenter phase IIB study. Int. J. Hyperth. 2022, 39, 1078-1087. [CrossRef]
Maissenhaelter, B.E.; Woolmore, A.L.; Schlag, P.M. Real-world evidence research based on big data: Motivation-challenges-success
factors. Onkologe 2018, 24, 91-98. [CrossRef]

Dobsicek Trefnd, H.; Schmidt, M.; van Rhoon, G.C.; Kok, H.P.; Gordeyev, S.S.; Lamprecht, U.; Marder, D.; Nadobny, J.; Ghadjar, P;
Abdel-Rahman, S.; et al. Quality assurance guidelines for interstitial hyperthermia. Int. J. Hyperth. 2019, 36, 276-293. [CrossRef]
Aaronson, N.K.; Ahmedzai, S.; Bergman, B.; Bullinger, M.; Cull, A.; Duez, N.J.; Filiberti, A.; Flechtner, H.; Fleishman, S.B.; De
Haes, J.C.J.M.; et al. The European Organization for Research and Treatment of Cancer QLQ-C30: A Quality-of-Life Instrument
for Use in International Clinical Trials in Oncology. J. Natl. Cancer Inst. 1993, 85, 365-376. [CrossRef]

Fayers, P.; Aaronson, N.K,; Bjordal, K.; Grenvold, M.; Curran, D.; Bottomley, A. EORTC QLQ-C30 Scoring Manual; European
Organisation for Research and Treatment of Cancer: Brussels, Belgium, 2001.

Scott, N.W.; Fayers, P.; Aaronson, N.K.; Bottomley, A.; de Graeff, A.; Groenvold, M.; Gundy, C.; Koller, M.; Petersen, M.A.;
Sprangers, M.A.; et al. EORTC QLQ-C30 Reference Values Manual, 2nd ed.; EORTC Quality of Life Group: Brussels, Belgium, 2008;
p- 427.

Jacobsen, P.B.; Davis, K.; Cella, D. Assessing quality of life in research and clinical practice. Oncology 2002, 16, 133-139.
Eypasch, E.; Wood-Dauphinée, S.; Williams, ].I; Ure, B.; Neugebauer, E.; Troidl, H. The Gastrointestinal Quality of Life Index. A
clinical index for measuring patient status in gastroenterologic surgery. Der Chir. 1993, 64, 264-274.

Schwenk, W.; Neudecker, J.; Haase, O.; Raue, W.; Strohm, T. Comparison of EORTC Quality of Life Core Questionnaire (EORTC-
QLQ-C30) and Gastrointestinal Quality of Life Index (GIQLI) in patients undergoing elective colorectal cancer resection. Int. J.
Color. Dis. 2004, 19, 554-560. [CrossRef]

Schulze, T.; Wust, P.; Gellermann, J.; Hildebrandt, B.; Riess, H.; Felix, R.; Rau, B. Influence of neoadjuvant radiochemotherapy
combined with hyperthermia on the quality of life in rectum cancer patients. Int. J. Hyperth. 2006, 22, 301-318. [CrossRef]
Harima, Y.; Nagata, K.; Harima, K.; Ostapenko, V.V.; Tanaka, Y.; Sawada, S. A randomized clinical trial of radiation therapy
versus thermoradiotherapy in stage IIIB cervical carcinoma. Int. . Hyperth. 2009, 25, 338-343. [CrossRef]

Ott, O.; Gani, C.; Lindner, L.; Schmidt, M.; Lamprecht, U.; Abdel-Rahman, S.; Hinke, A.; Weissmann, T.; Hartmann, A;
Issels, R.; et al. Neoadjuvant Chemoradiation Combined with Regional Hyperthermia in Locally Advanced or Recurrent Rectal
Cancer. Cancers 2021, 13, 1279. [CrossRef]

Seegenschmiedt, H.M.; Karlsson, U.L.; Sauer, R.; Brady, L.W.; Herbst, M.; Amendola, B.E.; Markoe, A.M.; Fisher, S.A.; Micaily, B.
Superficial chest wall recurrences of breast cancer: Prognostic treatment factors for combined radiation therapy and hyperthermia.
Radiology 1989, 173, 551-558. [CrossRef]

Linthorst, M.; Baaijens, M.; Wiggenraad, R.; Creutzberg, C.; Ghidey, W.; van Rhoon, G.C.; van der Zee, J. Local control rate after
the combination of re-irradiation and hyperthermia for irresectable recurrent breast cancer: Results in 248 patients. Radiother.
Oncol. 2015, 117, 217-222. [CrossRef]

Linthorst, M.; van Geel, A.N.; Baaijens, M.; Ameziane, A.; Ghidey, W.; van Rhoon, G.C.; van der Zee, J. Re-irradiation and
hyperthermia after surgery for recurrent breast cancer. Radiother. Oncol. 2013, 109, 188-193. [CrossRef]

Van der Zee, J.; Gonzalez, D.; van Rhoon, G.C.; van Dijk, ].D.; van Putten, W.L.; Hart, A.A. Comparison of radiotherapy alone
with radiotherapy plus hyperthermia in locally advanced pelvic tumours: A prospective, randomised, multicentre trial. Dutch
Deep Hyperthermia Group. Lancet 2000, 355, 1119-1125. [CrossRef]

Engin, K.; Tupchong, L.; Moylan, D.].; Alexander, G.A.; Waterman, EM.; Komarnicky, L.; Nerlinger, R.E.; Leeper, D.B. Randomized
trial of one versus two adjuvant hyperthermia treatments per week in patients with superficial tumours. Int. . Hyperth. 1993,
9, 327-340. [CrossRef]

Yucel, B.; Akkas, E.A.; Okur, Y.; Eren, A.A.; Eren, M.F,; Karapnar, H.; Babacan, N.A.; Kilickap, S. The impact of radiotherapy on
quality of life for cancer patients: A longitudinal study. Support. Care Cancer 2014, 22, 2479-2487. [CrossRef] [PubMed]

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


http://doi.org/10.1080/02656736.2022.2109763
http://doi.org/10.1007/s00761-018-0358-3
http://doi.org/10.1080/02656736.2018.1564155
http://doi.org/10.1093/jnci/85.5.365
http://doi.org/10.1007/s00384-004-0609-1
http://doi.org/10.1080/02656730600665504
http://doi.org/10.1080/02656730903092018
http://doi.org/10.3390/cancers13061279
http://doi.org/10.1148/radiology.173.2.2477869
http://doi.org/10.1016/j.radonc.2015.04.019
http://doi.org/10.1016/j.radonc.2013.05.010
http://doi.org/10.1016/S0140-6736(00)02059-6
http://doi.org/10.3109/02656739309005034
http://doi.org/10.1007/s00520-014-2235-y
http://www.ncbi.nlm.nih.gov/pubmed/24728584

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Hyperthermia Treatment 
	Superficial Hyperthermia Treatment 
	Deep Regional Hyperthermia Treatment 

	Electronic Patient Records 
	QoL Assessment and Secondary Outcomes 
	Statistical Analysis 

	Results 
	Patient and Treatment Characteristics 
	Subjective Assessment of EORTC QLQ-C30 
	Global Health Status 
	Functional Scales 
	Symptoms Scales 

	Acute Toxicity Analysis 
	Survival Outcomes 

	Discussion 
	Conclusions 
	References

