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ABSTRACT

Purpose: Radiotherapy (RT) in combination with deep regional hyperthermia (HT) after transurethral
removal of bladder tumor (TURBT) can be offered to elderly and frail patients with muscle-invasive
bladder cancer (MIBC).

Methods: In total, 21 patients (mean age 84 years) with unifocal or multifocal MIBC received radiation
to a dose of 48-50 Gy/16-20 fractions with weekly HT. The primary endpoint was the variation in tem-
perature metrics, thermal dose expressed as cumulative equivalent minutes at 43 °C when the meas-
ured temperature is Tgo (CEM43Tg,) and net power applied in target volume per each HT session.
Secondary endpoints were three-year overall survival (OS), disease-free survival (DFS), local progres-
sion-free survival (LPFS) and toxicity.

Results: The temperature metrics, CEM43Too, mean and maximum net power applied did not differ
significantly among the HT sessions of the 21 patients. With a median follow-up of 65 months, 52%
(95% Cl 32-72%) of patients had died 3 years after treatment. The three-year DFS and LPFS rates were
62% (95%CI 41-79%) and 81% (95%Cl 60-92%), respectively. The three-year bladder preservation rate
was 100%. Three out of four patients with local failure received a thermal dose CEM43Ty, below a
median of 2.4 min. The rates of acute and late grade-3 toxicities were 10% and 14%, respectively.
Conclusion: The reproducibility of HT parameters between sessions was high. A moderately high
CEM43Tg, (> 2.4 min) for each HT session seems to be preferable for local control. RT combined with
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HT is a promising organ-preservation therapy for elderly and frail MIBC patients.

1. Introduction

Muscle invasive bladder cancer (MIBC) invades the detrusor
muscle and has a high tendency to spread to lymph nodes
and other organs, rendering it a challenging malignancy
requiring a multidisciplinary approach to treatment [1,2]. The
current standard of care for MIBC is either neoadjuvant
chemotherapy followed by radical cystectomy or trimodality
therapy consisting of transurethral resection of bladder
tumor (TURBT) followed by chemoradiotherapy (CRT) [3,4].
Data from meta-analyses [5,6] and a recent multi-institu-
tional propensity score-matched analysis [4] show that in
well-selected patients with MIBC, bladder-sparing therapy
can offer equal oncological outcomes compared with radical
cystectomy. Based on these study results, there is an increas-
ing interest in bladder preservation treatment strategies,
which could provide patients with a choice of treatments
and improvement of the quality of life, especially for elderly
patients with associated comorbidities who are often

deemed unfit for radical cystectomy [7]. Furthermore, if
patients are given the choice, most patients would prefer a
bladder-sparing technique, as it is considered tolerable due
to its minimal invasiveness and manageable toxicity [8,9].

The BC2001 randomized trial in MIBC patients, which
compared whether CRT would improve locoregional control
of cancer if compared with radiotherapy (RT) alone, showed
that only 11% of patients underwent radical cystectomy after
being treated with neoadjuvant chemotherapy followed by
CRT [10]. Currently, the most effective strategy for bladder-
sparing therapy consists of maximal TURBT followed by CRT
[11] with bladder preservation rates of 79-71% [11]. This
treatment strategy is primarily used for the elderly, frail
patients who are ineligible for radical cystectomy [12].

One limiting issue with regard to bladder preservation is
that patients who are unfit for radical cystectomy are often
also unfit for concurrent chemotherapy. RT alone for such
patients has a limited therapeutic benefit in MIBC [13].
Therefore, deep regional hyperthermia (HT), can be offered
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as a radiosensitizer in combination with RT after TURBT, as
an alternative treatment modality in elderly MIBC patients
[14]. HT is a clinical treatment for cancer which heats tumor
cells to a temperature of 40-43°C for an hour [15]. HT indu-
ces direct cytotoxicity, radiosensitization by various effects
on the microenvironment and tumors cells, as well as
immune modulation when it is used in combination with RT
[16]. The cell lethality induced by HT at temperatures 40—
43°C results from disruptions in cancer cell metabolism,
inhibition of DNA repair, and triggering of cellular apoptotic
pathways [17,18]. Several randomized clinical trials have
demonstrated the effectiveness of HT in combination with
RT for different cancer types [19,20].

To assess treatment quality, temperature is monitored and
recorded during HT sessions using temperature probes,
which may be placed directly or in the vicinity of the target
volume [21]. The temperature metrics are derived from the
recorded temperature data after each HT session to clinically
evaluate the quality of heating in the target volume [22].
The concept of thermal dose, expressed as cumulative
equivalent minutes at 43 °C (CEM43), is also estimated using
the Arrhenius relationship to account for the biological
effects induced by HT in terms of both temperature and
heating duration [23].

In clinical studies, the temperature metrics and thermal
dose CEM43 are reported as mean or median values using
the temperature data across all HT sessions. However, no
clinical analysis has been performed to assess the variation
of temperature and thermal dose CEM43 between HT ses-
sions. In this clinical study, we examined whether the tem-
perature metrics and thermal dose vary significantly between
each HT sessions in MIBC patients treated with RT combined
with HT. Additionally, we report 3-year overall survival (OS),
disease-free survival (DFS), local progression-free survival
(LPFS) evaluated by cystoscopy with or without biopsy and
including acute and late toxicity symptoms following RT and
HT for MIBC.

2. Methods
2.1. Patients

Patients with MIBC treated with TURBT followed by RT in
combination with HT in the Radiation Oncology Center at
Cantonal Hospital Aarau from December 2012 and July 2022
were included in this analysis. The hospital study protocol
was approved by Cantonal Ethics Committee in Aarau,
Switzerland. This study’s research adheres to guidelines of
the Declaration of Helsinki and was approved by the
Institutional Ethics Committee Northwest and Central
Switzerland (protocol code 2023-01512), which granted an
exemption from obtaining individual informed consent. All
data used in this study were treated in accordance with eth-
ical and legal standards to ensure the confidentiality and
rights of the individuals involved. Pilot clinical data without
analysis of hyperthermia parameters were published in
2019 [14].

2.2. Treatment

2.2.1. Radiotherapy

For multifocal bladder tumors, 50Gy in 20 fractions were
delivered over four weeks to the entire empty bladder along
with proximal urethra, prostate and prostatic urethra (in
men). For unifocal tumors, 36 Gy in 12 fractions were deliv-
ered to the partially filled bladder three times a week.
Additionally, a sequential boost to unifocal tumors was deliv-
ered once weekly to a dose of 12 Gy in four fractions.

2.2.2. Deep regional hyperthermia

HT was delivered with a BSD-2000 with Sigma-60 or Sigma-
Eye phased array applicator (BSD Medical Cooperation/
Pyrexar, Salt Lake City, UT, USA) at frequency of 75-120 MHz
in accordance with the European Society of Hyperthermic
Oncology (ESHO) quality guidelines [24,25]. The choice of
applicator was based on the patient’s size and typically, the
Sigma-Eye was used for smaller-sized patients.

A geometric HT treatment plan was generated in the
EcIipseTM treatment planning system version 16.0 (Varian
Medical Systems, Palo Alto, USA) for all patients. A CT scan
with a reference marker was undertaken in the HT treatment
position (patient lying in the treatment hammock). The
importance of the marker in the planning CT for HT is to
define the reference position for the image registration,
treatment planning and repositioning of patient during the
treatment course.

Image registration was performed to use the gross target
volume contoured for the RT treatment plan to generate the
geometric HT plan. The heating target volume and the rectal
probe were also contoured on the co-registered CTs, as
shown in Figure 1. The probes were contoured for bladder
or organs at risk (e.g., rectum and vagina) for each patient as
appropriate, to understand the location of thermometer
measurement points with respect to the planning target

Figure 1. The geometric HT treatment plan.



volume (PTV) and the heating target volume (Figure 1). The
evaluation of temperature in the PTV was evaluated based
on measurement points from the probe inserted in the blad-
der only.

The relative shift in 3D heating volume and the marker in
the registered planning CT for HT was automatically
estimated.

After specifying the location of the tumor relative to the
marker on the planning CT scan, the frequency of the radio-
frequency (RF) field and the power were selected. After a
15-30-min preheating phase, a therapeutic temperature
between 40 and 43°C was applied for one hour. The cath-
eter-guided temperature probes were inserted in the blad-
der, rectum or vagina to read and monitor the temperature
during the HT session. During HT treatment sessions, the
temperature with respect to the position of the temperature
measurement points were monitored for bladder, rectum
and vagina. The objective was to sustain a steady 40-43°C
temperature within the bladder (PTV) for an hour, following
the pre-heating period, while ensuring that the temperature
in the rectum and vagina, whether close or distant to the
PTV, remained below 40°C, respectively. Any hotspots in the
rectum and vagina were managed by phase steering.

The temperature was measured at 10s intervals, starting
before treatment and stopping either immediately or five
minutes after switching off the radiofrequency power.
Thermal mapping was performed every 8 min with a step
size of 1cm and a maximum map length of 18 cm. Patients
were treated with deep regional HT sessions once a week
before RT.

2.3. Outcomes and statistical analysis

The patient-, disease- and treatment-related characteristics at
baseline are summarized by descriptive statistics. The con-
tinuous variables are summarized using mean + standard
deviation or median with a range interval. The categorical
variables are reported as frequency and percentages.

The primary outcomes of this analysis were temperature
metrics, thermal dose expressed at cumulative equivalent
minutes at 43°C when the measured temperature is Tgg
(CEM43Tgo), the mean and maximum net power applied
(Watts, W) in the bladder target volume. The temperature
metrics and thermal dose CEM43Ty, were estimated using a
single temperature-specific measurement point which was
used to represent the tumor temperature data in the bladder
target volume.

The following temperature metrics were estimated for this
analysis:

e T, Tso, Tog are the temperatures achieved in 20%, 50%
and 90% of the temperature-specific measurement point
in the bladder target volume, respectively.

® Trhax Tmeans Tmin are the maximum, mean and minimum
temperatures achieved in the temperature-specific meas-
urement point in the bladder target volume.
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Thermal dose CEM43Ty, was calculated using the concept
and Dewey [23]: CEM43Tg =
0.5 if T>43°C
0.25 if T < 43°C’
duration of one HT treatment session and Tgo (1) is the time-
dependent temperature Tgg measured in °C.

The main research question was “Do temperature metrics
and thermal dose CEMA43Ty, vary significantly per each HT
session?”. The variation of temperature metrics, thermal dose
CEM43Ty, including the mean and maximum net power
applied applied for each HT session were compared using
multiple pairwise paired t-tests. The p-values were adjusted
with the Bonferroni multiple testing correction method.

The secondary outcomes were 3-year OS, DFS, LPFS and
toxicity. The survival endpoints OS, DFS and LPFS were com-
puted using the Kaplan-Meier survival estimator. OS measured
from treatment start to death, DFS from treatment start to
local progression or metastasis, and LPFS to local progression
based on cystoscopy with or without biopsy result or evi-
dence of metastases based on radiological examinations.
Patients still alive at the analysis time were censored at their
last available follow-up data for the respective outcome. The
median follow-up was calculated using the reverse Kaplan-
Meier survival estimator. The relationship between clinical out-
comes and thermal dose CEM43Ty, are descriptively analyzed.
In addition, the acute and late toxicities were evaluated
according to Common Terminology Criteria for Adverse Events
(CTCAE) toxicity scale version 4.0. The acute and late toxicities
are reported using frequency and percentages.

All statistical tests were two-tailed and p-values <0.05
were considered significant. All statistical analyses were per-
formed in R studio (Version 4.0.5, R studio, Inc. Boston) using
the main packages ‘rstatix’, ‘survival’ and ‘binom’.

proposed by Saparto
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3. Results

In total, 21 patients (19 male and two female) with median
age 84 (57-90) years, were enrolled in this analysis. There
were 14 and 7 patients with multifocal and unifocal tumors,
respectively. Histopathologically, all patients had a grade-3
urothelial malignancy. Baseline patient and tumor character-
istics are shown in Table 1.

3.1. Primary outcomes: Variation of temperature
metrics and thermal dose among HT sessions

All patients received the prescribed total radiation dose with-
out unplanned treatment interruptions. One patient had to
interrupt HT treatment due to a urinary tract infection and
received only two HT sessions. The remaining 20 patients
received all HT sessions as planned.

The average of Tag, Tso, Toor Tmaxs Tmeans Tmin €Stimated in
21 patients during their HT treatment course were
41.63+0.14, 41.37+£0.15°C, 40.66+0.16°C, 41.84+0.14°C,
41.29+0.14°C, 40.51£0.15°C, respectively. Among four HT
sessions, none of the temperature metrics (Txo, Tso, Toor Tmaxs
Tmeans Tmin) Varied significantly as shown in Figure 2.
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The mean thermal dose CEM43Ty, was 4.23 £1.12 min. No
significant difference in thermal dose CEM43Ty, among the
four HT sessions was found (supplementary Figure S1). The
average and maximum net power applied during the HT ses-
sions in all patients was 641.92+22.71W and 719.45+30.84
W, respectively. The applied (mean and maximum) power
did not differ significantly among HT sessions (supplemen-
tary Figure S2a and Figure S2b).

For unifocal and multifocal tumors, the temperature met-
rics (T, Tsor Too, Trmaxe Trmeans Tmin), thermal dose CEM43Ty,
maximum and minimum power applied during HT sessions
are summarized in Table 2.

Table 1. Patient and tumor characteristics.

3.2. Secondary outcomes: survival outcomes and
toxicity symptoms

After a median follow up of 65 (95%Cl: 56-74) months, 52%
(95% Cl 32-72%) of patients had died 3years after treatment
(Figure 3a). The median DFS was 22months as shown in
Figure 3b. The 3-year rate of DFS and LPFS were 62% (95%Cl
41-79%) and 81% (95%Cl 60-92%), respectively. The Kaplan
Meier for 3-year LPFS is shown in Figure 3c. In total, four
patients (19%) experienced local progression, two of four
patients underwent a repeat TUR-BT and thereby retained
their bladder. One patient died due to progressive disease,
i.e, local failure and distant metastases. The fourth patient
with local failure underwent bladder neck incision and trans-

Variables urethral prostate resection. Three of four patients who expe-
Age 81+89  rienced a local failure had received a thermal dose CEM43Tg,
Sex below the median of 2.4 min. A trend to increased local con-

Male 19 (90%) . . .

Female 2(10%)  trol was observed in patients who were treated with a ther-
Weight before treatment [kg] 71+32  mal dose CEM43Ty, above the estimated median 2.4 min.
T STt1a9e 2056 The 3-year bladder preservation rate in these patients

™ 17 (81%) was 100%.

1E} 0 (0%) One patient who was diagnosed with distant metastases

0
N ST:Lge 205%) i the spleen and pancreas 15 months after MIBC treatment

NO 19 (90.5%) underwent splenectomy with pancreaticodudenectomy. The

N+ 2(95%)  patient was alive and locally free of cancer in the bladder
M stage . .

Mo 19 (905%) 38months after surgery. Three other patients developed dis-

Mx 2(95%)  tant metastases without local failure. Three of these four
Tumor lesions . .

Unifocal 7 33%) patients who develo.ped metastases were treated with

Multifocal 14 (67%) CEM43Tyg below 2.4 min.

Tumor grading The incidence of acute and late grade 2 toxicity was 29%
0,
63 21.(100%)  5ng 21%, respectively (Table 3). The rates of acute and late
120 ] T50 | | 190
T = — 1 T ns . 1 441 0 ns - 1
™ I a5 ] 44- I ns ] : _ & 1
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1 1
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Figure 2. Temperature metrics (Tyo, Tso, Toor Tmaxs Tmeans Tmin) fOr €ach HT sessions in 21 patients. ns: nonsignficant statistical difference (p-value > 0.05).
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Table 2. Mean and standard deviation (SD) of temperature metrics (Txo, Tso, Too, Tmaxe Tmeans Tmin), thermal dose CEM43Tqq,
mean and maximum power in 7 and 14 patients with unifocal and multifocal muscle invasive bladder cancer patients,
respectively.

Unifocal tumors (n=7) Multifocal tumors (n = 14)
Variables Mean + SD Mean + SD

Ty [°C] 41.47 = 0.97 41.71 £ 049
Tso [°C] 41.18 + 1.04 4147 £ 0.51
Too [°C] 40.42 = 0.96 40.78 £ 0.61
Tmax [°Cl 41.68 + 0.97 41.93 + 0.50
Tmeanl°Cl 41.10 = 0.96 4139 £ 0.50
Temin [°Cl 40.34 + 0.88 40.60 * 0.60
Thermal dose CEM43Ty, [minutes] 466 + 7.71 4,02 + 3.68
Mean Power [W] 618.73 = 130.52 651.74 + 91.53
Maximum Power [W] 682.73 + 168.97 750.35 + 118.65

075

o
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a

Overall survival probability
&
Disease free survival probability
o
&
8

0.25

o
N
a

24 30 36 0 6 12 18 24 30 36

0 6 12 18
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Figure 3. Kaplan Meier Curves representing 3-year a) overall survival, b) disease free survival; c) local progression free survival after post-TURBT HT and RT.
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Table 3. Acute and late toxicity according to CTCAE v.4.0.

Acute toxicity Late toxicity

n=21 n=15
Grade 2 toxicity
Dermatitis 1 (5%) 0
Hematuria 2 (10%) 0
Diarrhea 3 (14%) 0
Abnormal urination frequency with nocturia 0 2 (14%)
Pain in pelvic region 0 1 (7%)
Grade 3 toxicity
Obstipation 1 (5%) 0
Urinary tract infection 1 (5%) 0
Hematuria 0 1 (7%)
Bladder infection 0 1 (7%)

grade 3 toxicity were 10% and 14% (Table 3). The acute
grade 2 toxicities included dermatitis (n=1), hematuria
(h=2) and diarrhea (n=3). The grade 3 acute symptoms
were constipation (n=1) and urinary tract infection (n=1).
Late toxicity data were available for 15 patients. Grade 2
symptoms were: frequent and abnormal urination with noc-
turia (n=2) and pelvic pain (h=1). Grade 3 late toxicity
symptoms included hematuria (n=1) and bladder infec-
tion (n=1).

Patients who experienced grade 3 late toxicities (hema-
turia and bladder infection) were treated with thermal dose
CEM43Ty, of 2.72min (above the median CEMA43Ty, of
24 min) and 2.17 (below the median CEM43Ty, of 2.4min)
minutes, respectively. Moreover, patients with symptoms of
grade 2 late toxicity were all treated with thermal dose
CEM43Ty, lower than 2.4 min.

4. Discussion

This is the first clinical study in patients with MIBC that inves-
tigates the quality of HT and its impact on clinical outcomes.
We investigated whether tumors were heated to the desired
temperature for the recommended time (an hour at 40-
43°C). All 21 patients were treated with a moderately high
thermal dose CEM43Ty,, with median of 2.4 (range: 0.3-14.6)
minutes, indicating that the bladder target volume was
heated at the desired temperature during each weekly HT
session. Pleasingly, the temperature metrics (Too, Tso, Too,
Trnaxr Tmeans Tmin), thermal dose CEM43Tg, mean and max-
imum net power applied in the target (bladder) volume
between HT sessions did not differ significantly, despite the
numerous challenges of effectively heating the bladder tar-
get volume, including heat dissipation, blood flow (perfusion)
and maintaining patient comfort during each HT session.
The three-year OS, DFS, LPFS rates, in MIBC patients
treated to 40-43°C for an hour weekly, were 52% (95%Cl
32-72%), 62% (95%Cl 41-79%) and 81% (95%Cl 60-92%),
respectively. These results are comparable with the prelimin-
ary results reported in 24 elderly MIBC patients treated with
hypofractionated RT (50 Gy/20 fractions) combined with con-
comitant weekly chemotherapy [26]. Due to the intense
chemotherapy treatment regime, 4% of patients experienced
acute grade 3 gastrointestinal or genitourinary toxicities and
17% of patients had acute grade 3 or 4 hematologic toxic-
ities, liver toxicities, or both [26], whereas in our analysis only
two patients (10%) experienced grade 3 toxicity. Thus, MIBC

patients who were treated with CRT experienced higher side
effects and toxicity symptoms in comparison with patients
treated with RT in combination with HT.

Recently, our group reported that patients with various
tumor types treated with combined radio(chemo)therapy
and HT had significantly improved or stable quality of life
scores according to the symptoms and functional scale items
of the EORTC Core Quality of Life questionnaire [27]. The use
of HT in combination with RT does not markedly enhance
acute or late toxicities, when thermal hotspots are continu-
ously monitored and managed during HT sessions [28]. In
this analysis, we showed that no hotspots above 43°C were
recorded at one single specific measurement point in the
bladder.

Various treatment strategies for MIBC without the addition
of chemotherapy have been investigated. Hypofractionated
RT (36 Gy/6 fractions) alone and in combination with an
immune checkpoint inhibitor showed no further improve-
ment of clinical outcomes but considerable toxicity [29,30]
and cannot be recommended. A meta-analysis conducted to
assess which RT schedule is more effective for bladder pres-
ervation in MIBC showed that 55 Gy/20 fractions can be con-
sidered as standard of care when compared to 64 Gy/32
fractions, with regard to locoregional control rates and tox-
icity [31]. The elderly patients with unifocal and multifocal
tumors in our analysis, received 48 Gy/16 fractions or 50 Gy/
20 fractions respectively, which is a lower dose suited to the
very fragile patient cohort with shorter life expectancy.

Monitoring and recording temperature during HT is one
of the main challenges in routine clinical practice and has
hindered the clinical expansion of HT. Not all clinical studies
that investigate the effect of HT report the quality of HT
applied or the temperatures achieved in the region of the
tumor. The process of inserting temperature probes to moni-
tor and record the temperature during HT is considered inva-
sive and uncomfortable, and sometimes the tumor site is
inaccessible for the insertion of such probes. In comparison
to other cancer sites, it is relatively easy to monitor and
measure the temperature in the bladder invasively with a
transurethral probe, which is why we performed the analysis
of temperature metrics and thermal dose in this group of
patients. We excluded bladder cancer patients treated with
HT and CRT because HT is also a recognized sensitizer of sev-
eral chemotherapeutic drugs which could bias the analysis
[32]. Another obstacle to HT is the non-standardized method-
ology for describing the temporal and spatial variance of the
temperature fields. The study by Oleson et al. showed that
Tmin, tumor volume, radiation dose, and heating technique
play significant roles in predicting treatment response for
patients treated with RT in combination with HT [33]. In con-
trast, Leopold et al. reported in patients with soft tissue sar-
comas that the more robust parameters Tog, Tso, and Ty are
better temperature descriptors and predictors of histopatho-
logic outcome than T, and Tax [34]. In our analysis, we
included all the above temperature metrics for the clinical
evaluation of the HT sessions. Due to the relatively small
number of available patients, it was not feasible to develop a
prediction model. Larger patient cohorts are required to



determine which temperature parameters may predict clin-
ical outcomes. The predictive role of thermal dose has been
investigated in a few studies [34-37], but no conclusion has
been drawn regarding the thermal dose that should be
obtained during HT to maximally enhance the effect of RT. A
randomized trial in 122 dogs with sarcomas was designed to
evaluate prospectively the effect of high thermal dose 20-50
CEM43Ty vs low thermal dose 2-5 CEM43Ty, on clinical out-
come. This study showed a significant association between
prescribed thermal dose CEM43Ty, and duration of local
tumor control [38]. The outcomes of this study were reaf-
firmed in a randomized clinical trial in human cancer patients
with superficial tumors which reported a significant differ-
ence in the duration of local control between the patients
who received HT with a high thermal dose (10 CEM43T90)
combined with RT in comparison to RT alone (OR = 2.8,
95%Cl: 1.2-6.3, p=0.02) [39]. Furthermore, a few retrospect-
ive studies have reported that thermal dose, CEMA43, is an
adequate predictor of treatment response and its best prog-
nostic descriptor is CEM43Ty, [34,36,37]. Dinges et al.
reported that CEM43Ty, was significantly associated with
local tumor control for patients with uterine cervix carcino-
mas, treated with RT in combination with HT [40]. Similarly,
Kroesen et al. showed that CEM43Ty, is a predictive factor of
local control in cervix cancer [35]. Recently, a prospective
phase Il study investigating neoadjuvant triplet therapy in
patients with rectal cancer showed that patients with a good
tumor regression had higher values for CEMT43 (7.2 min vs.
4.5min, p=0.012) [41]. The retrospective analysis of thermo-
metric parameters of the prospective study by Harima et al.
[42] showed that >1min CEM43Ty, is the threshold value,
which significantly correlates with treatment response (com-
plete remission and DFS rates). Not only tumor stage, per-
formance status, radiotherapy dose and tumor size but also
CEM43Ty, emerged as significant predictors of the various
oncological outcomes [36].

Two studies reported that a high power applied during
HT results in higher temperatures [43,44]. In contrast, a large
analysis of 444 patients with primary cervical cancer treated
with HT in combination with RT did not find any correlation
between the net power and temperature metrics [45]. In this
analysis, it was also concluded that lower target tempera-
tures are achieved in patients >70kg and such patients are
more challenging to heat adequately [45]. In our analysis,
patients had a mean weight of 71+3.2kg before treatment
and the narrow range may be one of factors behind the
non-significant variation of temperature and power between
HT sessions.

The promise of the bladder-sparing 'RT and HT after
TURBT' combined modality approach in elderly MIBC patients
has also been shown in a large retrospective analysis by the
research group in Erlangen [46]. The favorable clinical out-
comes in our cohort can be explained by the maximal radio-
sensitization achieved by the constant and good quality
heating of the bladder target volume during each HT ses-
sion. We showed that a homogenous temperature was
achieved in the bladder target volume due to non-significant
variation of the temperature metrics, thermal dose and
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applied power during the HT sessions. A homogenous
adequate temperature plays an important role in increasing
efficacy thus leading thus to a high local tumor control.

Based on these results, the use of HT in combination with
RT in MIBC patients, who are unfit for radical cystectomy and
chemotherapy and/or who decline these treatment options,
should be assessed in a larger cohort to evaluate the efficacy
of the treatment and the association of temperature metrics
and thermal dose on clinical outcomes.

5. Conclusion

The present study showed that high quality HT can be
achieved in elderly and frail patients with MIBC and the com-
bined treatment with HT and RT is efficient, with a high and
persistent local control rate during the remaining life span of
these patients.

Ethic statement

The study was conducted according to the guidelines of the Declaration
of Helsinki and approved by the Institutional Ethics Committee
Northwest and Central Switzerland (protocol code 2023-01512).

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

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

ORCID

Adela Ademaj
Dietmar Marder
Oliver Riesterer

http://orcid.org/0000-0001-6568-7198
http://orcid.org/0000-0003-0865-9283
http://orcid.org/0000-0002-9508-0546

Data availability statement

The data that support the findings of this study are available from the
corresponding author, upon reasonable request.

References

[1]  Grossman HB, Natale RB, Tangen CM, et al. Neoadjuvant chemo-
therapy plus cystectomy compared with cystectomy alone for
locally advanced bladder cancer. N Engl J Med. 2003;349(9):859-
866. doi: 10.1056/NEJM0a022148.

[2]  Stein JP, Lieskovsky G, Cote R, et al. Radical cystectomy in the
treatment of invasive bladder cancer: long-term results in 1,054
patients. J Clin Oncol. 2001;19(3):666-675. doi: 10.1200/JC0.2001.
19.3.666.

[31 Zaid HB, Patel SG, Stimson CJ, et al. Trends in the utilization of
neoadjuvant chemotherapy in muscle-invasive bladder cancer:
results from the national cancer database. Urology. 2014;83(1):
75-80. doi: 10.1016/j.urology.2013.07.072.

[4]  Zlotta AR, Ballas LK, Niemierko A, et al. Radical cystectomy versus
trimodality therapy for muscle-invasive bladder cancer: a multi-


https://doi.org/10.1056/NEJMoa022148
https://doi.org/10.1200/JCO.2001.19.3.666
https://doi.org/10.1200/JCO.2001.19.3.666
https://doi.org/10.1016/j.urology.2013.07.072

8 A. ADEMAJ ET AL.

[5]

[6l

[71

(8]

9l

[10]

(1]

[12]

[13]

[14]

[15]

[1e]

[17]

(18]

[19]

[20]

[21]

[22]

institutional propensity score matched and weighted analysis.
Lancet Oncol. 2023;24(6):669-681. doi: 10.1016/51470-
2045(23)00170-5.

Vashistha V, Wang H, Mazzone A, et al. Radical cystectomy com-
pared to combined modality treatment for Muscle-Invasive blad-
der cancer: a systematic review and Meta-Analysis. Int J Radiat
Oncol Biol Phys. 2017;97(5):1002-1020. doi: 10.1016/j.ijrobp.2016.
11.056.

Arcangeli G, Strigari L, Arcangeli S, et al. Radical cystectomy versus
organ-sparing trimodality treatment in muscle-invasive bladder
cancer: a systematic review of clinical trials. Crit Rev Oncol
Hematol. 2015;95(3):387-396. doi: 10.1016/j.critrevonc.2015.04.006.
Martini T, Mayr R, Wehrberger C, et al. Comparison of radical
cystectomy with conservative treatment in geriatric (>80)
patients with muscle-invasive bladder cancer. Int Braz J Urol.
2013;39(5):622-630. doi: 10.1590/51677-5538.1BJU.2013.05.03.
Ploussard G, Daneshmand S, Efstathiou JA, et al. Critical analysis
of bladder sparing with trimodal therapy in muscle-invasive blad-
der cancer: a systematic review. Eur Urol. 2014;66(1):120-137. doi:
10.1016/j.eururo.2014.02.038.

Huddart RA, Hall E, Lewis R, et al. Patient-reported quality of life
outcomes in patients treated for muscle-invasive bladder cancer
with radiotherapy + chemotherapy in the BC2001 phase Il rando-
mised controlled trial. Eur Urol. 2020;77(2):260-268. doi: 10.1016/
j.eururo.2019.11.001.

James ND, Hussain SA, Hall E, et al. Radiotherapy with or without
chemotherapy in muscle-invasive bladder cancer. N Engl J Med.
2012;366(16):1477-1488. doi: 10.1056/NEJMoa1106106.

Mathieu R, Lucca |, Klatte T, et al. Trimodal therapy for invasive
bladder cancer: is it really equal to radical cystectomy? Curr Opin
Urol. 2015;25(5):476-482. doi: 10.1097/MOU.0000000000000203.
Mottet N, Ribal MJ, Boyle H, et al. Management of bladder cancer
in older patients: position paper of a SIOG task force. J Geriatr
Oncol. 2020;11(7):1043-1053. doi: 10.1016/}.jgo.2020.02.001.
Maebayashi T, Ishibashi N, Aizawa T, et al. Radiotherapy for
muscle-invasive bladder cancer in very elderly patients. Anticancer
Res. 2016;36(9):4763-4769. doi: 10.21873/anticanres.11033.

Datta NR, Stutz E, Puric E, et al. A pilot study of radiotherapy and
local hyperthermia in elderly patients With Muscle-Invasive blad-
der cancers unfit for definitive surgery or chemoradiotherapy.
Front Oncol. 2019;9:889. doi: 10.3389/fonc.2019.00889.

Wust P, Hildebrandt B, Sreenivasa G, et al. Hyperthermia in com-
bined treatment of cancer. Lancet Oncol. 2002;3(8):487-497. doi:
10.1016/s1470-2045(02)00818-5.

Horsman MR, Overgaard J. Hyperthermia: a potent enhancer of
radiotherapy. Clin Oncol (R Coll Radiol). 2007;19(6):418-426. doi:
10.1016/j.clon.2007.03.015.

Oei AL, Vriend LEM, Crezee J, et al. Effects of hyperthermia on
DNA repair pathways: one treatment to inhibit them all. Radiat
Oncol. 2015;10(1):165. doi: 10.1186/s13014-015-0462-0.

Oei AL, Kok HP, Oei SB, et al. Molecular and biological rationale
of hyperthermia as radio- and chemosensitizer. Adv Drug Deliv
Rev. 2020;163-164:84-97. doi: 10.1016/j.addr.2020.01.003.

Vernon CC, Hand JW, Field SB, et al. Radiotherapy with or with-
out hyperthermia in the treatment of superficial localized breast
cancer: results from five randomized controlled trials.
International collaborative hyperthermia group. Int J Radiat Oncol
Biol Phys. 1996;35(4):731-744. doi: 10.1016/0360-3016(96)00154-x.
Issels RD, Lindner LH, Wessalowski R, et al. Neo-adjuvant chemother-
apy alone or with regional hyperthermia for localised high-risk soft-
tissue sarcoma: a randomised phase 3 multicentre study. Lancet
Oncol. 2017;18(11):e630-570. doi: 10.1016/51470-2045(10)70071-1.
Dobsicek Trefna H, Crezee J, Schmidt M, et al. Quality assurance
guidelines for superficial hyperthermia clinical trials: Il. Technical
requirements for heating devices. Strahlenther Onkol. 2017;
193(5):351-366. doi: 10.1007/s00066-017-1106-0.

Ademaj A, Veltsista DP, Ghadjar P, et al. Clinical evidence for
thermometric parameters to guide hyperthermia treatment.
Cancers (Basel). 2022;14(3):625. doi: 10.3390/cancers14030625.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

31]

[32]

[33]

[34]

[35]

[36]

371

[38]

[39]

Sapareto SA, Dewey WC. Thermal dose determination in cancer
therapy. Int J Radiat Oncol Biol Phys. 1984;10(6):787-800. doi: 10.
1016/0360-3016(84)90379-1.

Lagendijk JJ, Van Rhoon GC, Hornsleth SN, et al. ESHO quality
assurance guidelines for regional hyperthermia. Int J Hyperthermia.
1998;14(2):125-133. doi: 10.3109/02656739809018219.

Bruggmoser G, Bauchowitz S, Canters R, 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(52):
198-211. doi: 10.1007/s00066-012-0176-2.

Turgeon G-A, Souhami L, Cury FL, et al. Hypofractionated inten-
sity modulated radiation therapy in combined modality treatment
for bladder preservation in elderly patients with invasive bladder
cancer. Int J Radiat Oncol Biol Phys. 2014;88(2):326-331. doi: 10.
1016/j.ijrobp.2013.11.005.

Ademaj A, Puric E, Timm O, et al. Real world analysis of quality of
life and toxicity in cancer patients treated with hyperthermia
combined with radio(chemo)therapy. Cancers (Basel). 2023;15(4):
1241. doi: 10.3390/cancers15041241.

Bakker A, van der Zee J, van Tienhoven G, et al. Temperature and
thermal dose during radiotherapy and hyperthermia for recurrent
breast cancer are related to clinical outcome and thermal toxicity:
a systematic review. Int J Hyperthermia. 2019;36(1):1024-1039.
Hafeez S, McDonald F, Lalondrelle S, et al. Clinical outcomes of
image guided adaptive hypofractionated weekly radiation ther-
apy for bladder cancer in patients unsuitable for radical treat-
ment. Int J Radiat Oncol Biol Phys. 2017;98(1):115-122. doi: 10.
1016/j.ijrobp.2017.01.239.

Tree AC, Jones K, Hafeez S, et al. Dose-limiting urinary toxicity
With pembrolizumab combined With weekly hypofractionated
radiation therapy in bladder cancer. Int J Radiat Oncol Biol Phys.
2018;101(5):1168-1171. doi: 10.1016/j.ijrobp.2018.04.070.
Choudhury A, Porta N, Hall E, et al. Hypofractionated radiother-
apy in locally advanced bladder cancer: an individual patient
data meta-analysis of the BC2001 and BCON trials. Lancet Oncol.
2021;22(2):246-255. doi: 10.1016/51470-2045(20)30607-0.
Ohtsubo T, Saito H, Tanaka N, et al. Enhancement of cisplatin
sensitivity and platinum uptake by 40 degrees C hyperthermia in
resistant cells. Cancer Lett. 1997;119(1):47-52. doi: 10.1016/s0304-
3835(97)00250-4.

Oleson JR, Sim DA, Manning MR, et al. Analysis of prognostic varia-
bles in hyperthermia treatment of 161 patients. Int J Radiat Oncol
Biol Phys. 1984;10(12):2231-2239. doi: 10.1016/0360-3016(84)90228-1.
Leopold KA, Dewhirst M, Samulski T, et al. Relationships among
tumor temperature, treatment time, and histopathological out-
come using preoperative hyperthermia with radiation in soft tis-
sue sarcomas. Int J Radiat Oncol Biol Phys. 1992;22(5):989-998.
doi: 10.1016/0360-3016(92)90798-m.

Kroesen M, Mulder HT, van Holthe JML, et al. The effect of the
time interval Between radiation and hyperthermia on clinical out-
come in 400 locally advanced cervical carcinoma patients. Front
Oncol. 2019;9:134. doi: 10.3389/fonc.2019.00134.

Franckena M, Fatehi D, de Bruijne M, et al. Hyperthermia dose-
effect relationship in 420 patients with cervical cancer treated
with combined radiotherapy and hyperthermia. Eur J Cancer.
2009;45(11):1969-1978. doi: 10.1016/j.ejca.2009.03.009.

Kapp DS, Cox RS. Thermal treatment parameters are most pre-
dictive of outcome in patients with single tumor nodules per
treatment field in recurrent adenocarcinoma of the breast. Int J
Radiat Oncol Biol Phys. 1995;33(4):887-899. doi: 10.1016/0360-
3016(95)00212-4.

Thrall DE, LaRue SM, Yu D, et al. Thermal dose is related to dur-
ation of local control in canine sarcomas treated with thermora-
diotherapy. Clin Cancer Res. 2005;11(14):5206-5214. doi: 10.1158/
1078-0432.CCR-05-0091.

Jones EL, Oleson JR, Prosnitz LR, et al. Randomized trial of hyper-
thermia and radiation for superficial tumors. J Clin Oncol. 2005;
23(13):3079-3085. doi: 10.1200/JC0O.2005.05.520.


https://doi.org/10.1016/S1470-2045(23)00170-5
https://doi.org/10.1016/S1470-2045(23)00170-5
https://doi.org/10.1016/j.ijrobp.2016.11.056
https://doi.org/10.1016/j.ijrobp.2016.11.056
https://doi.org/10.1016/j.critrevonc.2015.04.006
https://doi.org/10.1590/S1677-5538.IBJU.2013.05.03
https://doi.org/10.1016/j.eururo.2014.02.038
https://doi.org/10.1016/j.eururo.2019.11.001
https://doi.org/10.1016/j.eururo.2019.11.001
https://doi.org/10.1056/NEJMoa1106106
https://doi.org/10.1097/MOU.0000000000000203
https://doi.org/10.1016/j.jgo.2020.02.001
https://doi.org/10.21873/anticanres.11033
https://doi.org/10.3389/fonc.2019.00889
https://doi.org/10.1016/s1470-2045(02)00818-5
https://doi.org/10.1016/j.clon.2007.03.015
https://doi.org/10.1186/s13014-015-0462-0
https://doi.org/10.1016/j.addr.2020.01.003
https://doi.org/10.1016/0360-3016(96)00154-x
https://doi.org/10.1016/S1470-2045(10)70071-1
https://doi.org/10.1007/s00066-017-1106-0
https://doi.org/10.3390/cancers14030625
https://doi.org/10.1016/0360-3016(84)90379-1
https://doi.org/10.1016/0360-3016(84)90379-1
https://doi.org/10.3109/02656739809018219
https://doi.org/10.1007/s00066-012-0176-2
https://doi.org/10.1016/j.ijrobp.2013.11.005
https://doi.org/10.1016/j.ijrobp.2013.11.005
https://doi.org/10.3390/cancers15041241
https://doi.org/10.1016/j.ijrobp.2017.01.239
https://doi.org/10.1016/j.ijrobp.2017.01.239
https://doi.org/10.1016/j.ijrobp.2018.04.070
https://doi.org/10.1016/S1470-2045(20)30607-0
https://doi.org/10.1016/s0304-3835(97)00250-4
https://doi.org/10.1016/s0304-3835(97)00250-4
https://doi.org/10.1016/0360-3016(84)90228-1
https://doi.org/10.1016/0360-3016(92)90798-m
https://doi.org/10.3389/fonc.2019.00134
https://doi.org/10.1016/j.ejca.2009.03.009
https://doi.org/10.1016/0360-3016(95)00212-4
https://doi.org/10.1016/0360-3016(95)00212-4
https://doi.org/10.1158/1078-0432.CCR-05-0091
https://doi.org/10.1158/1078-0432.CCR-05-0091
https://doi.org/10.1200/JCO.2005.05.520

[40]

[41]

[42]

[43]

Dinges S, Harder C, Wurm R, et al. Combined treatment of inop-
erable carcinomas of the uterine cervix with radiotherapy and
regional hyperthermia. Results of a phase Il trial. Strahlenther
Onkol. 1998;174(10):517-521. doi: 10.1007/BF03038984.

Gani C, Lamprecht U, Ziegler A, et al. Deep regional hyperthermia
with preoperative radiochemotherapy in locally advanced rectal
cancer, a prospective phase Il trial. Radiother Oncol. 2021;159:
155-160. doi: 10.1016/j.radonc.2021.03.011.

Harima Y, Ohguri T, Imada H, et al. A multicentre randomised
clinical trial of chemoradiotherapy plus hyperthermia versus che-
moradiotherapy alone in patients with locally advanced cervical
cancer. Int J Hyperthermia. 2016;32(7):801-808. doi: 10.1080/
02656736.2016.1213430.

Wust P, Seebass M, et al, et al. Electromagnetic deep heating
technology. In Thermoradiotherapy and thermochemotherapy:

[44]

[45]

[46]

INTERNATIONAL JOURNAL OF HYPERTHERMIA 9

biology, physiology, physics., Seegenschmiedt, M.HEds.; Springer
Berlin Heidelberg: berlin, Heidelberg, 1995; pp. 219-251.

Paulsen KD, Geimer S, Tang J, et al. Optimization of pelvic heating
rate distributions with electromagnetic phased arrays. Int J
Hyperthermia. 1999;15(3):157-186. doi: 10.1080/026567399285701.
Fatehi D, van der Zee J, de Bruijne M, et al. RF-power and tem-
perature data analysis of 444 patients with primary cervical can-
cer: deep hyperthermia using the sigma-60 applicator is
reproducible. Int J Hyperthermia. 2007;23(8):623-643. doi: 10.
1080/02656730701827557.

Merten R, Ott O, Haderlein M, et al. Long-Term experience of che-
moradiotherapy combined with deep regional hyperthermia for
organ preservation in High-Risk bladder cancer (ta, tis, T1, T2).
Oncologist. 2019;24(12):e1341-e50. doi: 10.1634/theoncologist.
2018-0280.


https://doi.org/10.1007/BF03038984
https://doi.org/10.1016/j.radonc.2021.03.011
https://doi.org/10.1080/02656736.2016.1213430
https://doi.org/10.1080/02656736.2016.1213430
https://doi.org/10.1080/026567399285701
https://doi.org/10.1080/02656730701827557
https://doi.org/10.1080/02656730701827557
https://doi.org/10.1634/theoncologist.2018-0280
https://doi.org/10.1634/theoncologist.2018-0280

	Radiotherapy combined with deep regional hyperthermia in elderly and frail patients with muscle-invasive bladder cancer: quality analysis of hyperthermia and impact on clinical results
	Abstract
	Introduction
	Methods
	Patients
	Treatment
	Radiotherapy
	Deep regional hyperthermia

	Outcomes and statistical analysis

	Results
	Primary outcomes: Variation of temperature metrics and thermal dose among HT sessions
	Secondary outcomes: survival outcomes and toxicity symptoms

	Discussion
	Conclusion
	Ethic statement
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	References


