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Abstract There is only marginal improvement in outcome of
treating pancreatic cancer in the last two decades. Time to
open up and have a fresh look at complementary adjuvant
treatment options. Hyperthermia may be one such option.
Hyperthermic intraperitoneal chemotherapy (HIPEC) pre-
dominantly as a intrasurgical procedure has already proved
its justification. Non-invasive loco regional hyperthermia as
complement to either chemo or radiation has not yet reached a
comparable status of evidence. However the potential to even-
tually grow into such evidence is already clearly observable.
This review presents the various methodologies available for
hyperthermia, covers the initial clinical data that has been
published and gives an outlook to what can be expected in
the next 2-3 years to come. Hyperthermia has the potential to
significantly prolong life expectancies and this while main-
taining a satisfying quality of life!

Keywords Hyperthermia - Pancreatic cancer - Adjuvant heat
treatment - Palliative pain reduction

Introduction

Pancreatic tumor is still a fatal diagnosis for most patients.
Surgery is considered the only cure, provided the disease is in
its early phase. However, the majority of newly diagnosed
patients are already in advanced stages deemed to be
unresectable. These patients have a mean average life expec-
tancy of 67 months after the first diagnosis.
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Standard therapy currently is chemotherapy using
gemcitabine, eventually administered in combination with
erlotinib Trials some years ago indicated the superiority of
gemcitabine over other cytostatics [1]. But, combination che-
motherapy could not improve the results with gemcitabine
monotherapy [2]. Recently, however, a multi-agent regimen
seems to indicate a superiority (11.1 months) over
gemcitabine solo (6.8 months at best) with regard to overall
survival expectancy [3]. Since these are recent developments,
for the purpose of evaluating the adjuvant use of hyperther-
mia, most data compare against gemcitabine solo treatment or
a gemcitabine/radiation scheme.

Survival expectations, nevertheless, have not been consid-
erably enhanced in the last decade. Pancreatic tumors still
remain a rapidly progressing disease with a very limited life
expectancy. Thus there remains the need to screen and criti-
cally evaluate adjuvant treatment options according to mainly
two criteria: 1. Potential to prolong overall survival, and 2.
Potential to achieve or maintain a satisfying niveau in quality
of life.

Hyperthermia as an adjuvant treatment option has the
potential to meet these two criteria with the expectation of
an attractive ratio in survival gain/marginal additional side
effects. Clinical practice today certainly does not live up to
this potential.

About Hyperthermia Techniques and Methodologies

There exist quite a variety of different heating methods and
technologies. Those relevant for pancreatic treatments will be
categorized and described in due course, and briefly evaluated
to their current status in the clinical practice.

A first categorization would be to differentiate between
loco-regional heating and whole body heating.
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I. Whole body heating is achieved by two principles:

» the patient is placed under water-filtered infrared
lamps, enwrapped and heated up (classical method)

» the patient is put in hot water bath (up to 44 °C),
administered sedation and a cardio/intense care team
is designated to supervise the treatment (innovative
Russian origin method: Heatheal).

Even though there exist some data [4], whole body hyper-
thermia for pancreatic cancer treatment is even before its seed
phase.

II. Loco-regional hyperthermia is regarded as the main
treatment option.
Here again it is useful to differentiate between the
varied methods available:

e superficial heating (intraoperative)
* interstitial/intraluminal heating
* non invasive deep regional heating

Intraoperative Superficial Heating

Though the idea of a direct heating in the intraoperative phase
may sound promising, it is very rarely performed. Criticism
20 years ago was regarding the apparent inability to sufficient-
ly generate surface heat [5]. A Greek group published prom-
ising data about unresectable palliative cases with a scheme of
multi-schedule chemotherapy combined with radiation
(45 Gy) plus a single session of hyperthermia during bypass
surgery [6]. Hyperthermia was applied at 433 Mhz frequency
which is basically suitable to efficiently heat the surface area.
Their finding significantly noted that in the arm including
hyperthermia, there was reduction in pain and improvement
in the quality of life. Clinical results are summarized in
Table 1.

Interstitial/Intraluminal Heating/HIPEC

Interstitial heating is, again, a rather rare treatment option even
to this day. Nakagawa (1996) reports about successfully ap-
plying selective thermocoagulation in unresectable tumors
aiming at 50 °C in the region of interest (abt 2 cm®) and
40 °C in the neighboring area [7]. The results, however, are
merely case-based and no trial has been performed.

An important role, however, can be attributed to the hyper-
thermic intraperitoneal chemotherapy (HIPEC) mostly in
combination with cytoreductive surgery. Thermo-enhanced
cytostatic solutions are not only restricted to large open ab-
dominal surgeries but also performed post-operative as follow
up. There is a strong rational for applying HIPAC,
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intraoperable and postoperative as follow up. Sugerbaker
et al. note: “The exposure of peritoneal surfaces to intraperi-
toneal gemcitabine is approximately 200-500 times the expo-
sure that occurs within the plasma” [8]. While there is wide
evidence to show the superiority of HIPEC treatment over
conventional methods in the management of peritoneal sur-
face malignancies of colonic origin [9], specifically on pan-
creatic cancer, no trials have yet been published for this
method. Mi et al. [10] conducted a thorough meta analysis
of intraoperative HIPEC for advanced gastric cancers, includ-
ing 16 randomized trials involving 1.906 patients. The authors
summarize: “Compared with surgery alone, combination ther-
apy (surgery plus IHIC) was associated with a significant
improvement in survival rate at 1 year (hazard ratio (HR)=
2.99; 95 % confidence interval (CI)=2.21 to 4.05;
»<0.00001), 2 years (HR=2.43; 95 %CI=1.81 to 3.26;
p<0.00001), 3 years (HR=2.63; 95 %CI=2.17 to 3.20;
p<0.00001), 5 years (HR=2.49; 95 %CI=1.97 to 3.14;
p<0.00001), and 9 years (HR=2.14; 95 %CI=1.38 to 3.32;
p=0.0007)” [10]. Intraoperable HIPEC, as the authors elabo-
rate further, was not associated with higher risks but increased
the incidence of abdominal pain (RR=21.46; 95 %CI=5.24 to
87.78; p<0.00001). Given the extensive meta-analysis of
these authors, this method of hyperthermia shall not be eval-
uated further.

Last but not least is the novel approach of using ferrobased
nanoparticle that are injected into the tumor region and then, at
later occasions, heated by applying an alternating magnetic
field. There are a few initial explorative cases applied in
pancreatic cancer. The method, however, started out with
glioma and prostate cancer (Magforce).

Non-invasive Deep Regional Heating

Non-invasive deep region heating is the other clinically rele-
vant heating method. During discussions about hyperthermia
in pancreatic cancers, it is this category that is usually referred
to. There are basically two technologies available today for
heating in the temperature range of 39-44 °C. These are: A.
radiative, so called antenna systems, and B. capacitative sys-
tems (Fig. 1). In addition, there exists focused ultrasound
(HIFU) as a method of non-invasive ablative heating usually
combined with an MRI for location control and temperature
measurements. Focused ultrasound is a novel treatment and
for pancreatic treatment still in nascent stage, and since it is
basically a surgical substituting technique and currently not
applied for adjuvant heating, it will not be covered in this
context (however see [11-13]).

The frequencies applied range from 8 to 24 Mhz; basically
the lower a frequency the better its ability to penetrate into the
depth of water-dominant structures such as the human body.
Thus 20 Mhz ceteris paribus reach deeper than 100 Mhz; often
systems use 13.56 Mhz since this is an open frequency-range
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- radiative

Fig. 1 Radiative and capacitative techniques for non-invasive loco-re-
gional heating. Reference: Fig drawn from Kadota Fund 2004 clinical
group consensus: van der Zee et al. [14]. a In radiative heating, usually an
array of transmitting antennas are placed around the body. Each antenna
can be controlled separately in power and phase. This in principal enables
to maximize the impact to the desired region of interest. Such systems
usually work in the range of 100 Mhz with up to 12 radiating antennas in
a circular array. While the control over the impact is a main advantage of
antenna systems, a disadvantage lies in the complexity of interferences
and reflections within a heterogeneous tissue body, eventually resulting in
undesirable so-called hot spots. For stretching this technology to reach
sufficient temperatures, a real-time temperature monitoring is considered
advantageous. Now there are some institutions worldwide which have set
up a specifically dedicated MRI to this task of monitoring temperatures
real-time in the heating process. b Capacitative systems in contrast are
much simpler. There exist two electrodes and the patient’s body is placed
in-between, serving as dielectric medium. Heat is generated by move-
ments on the molecular level. Water molecules are dipoles; electrically
unbalanced O-molecules bind electrons stronger than the H-molecules.
Thus the O-side is electrically negative and turns itself towards the
positive electrode. If charge at the electrodes is changed rapidly (in case
of 13 Mhz, 13 million changes per second) then this water molecule
rotates rapidly. In a connected array with others this causes friction which
in turn generates the heat

which does not require a Faraday cage for shielding, thus
cutting down cost.

Limitations

There are limitations to a successful sufficient heating. This
applies more or less to all non-invasive methods. One restric-
tion is getting the heat impact into the region of interest.
Pancreas is located in the center of the body; the task is to
avoid neighboring tissues closer to the surface from absorbing
too much of the energy which eventually may stress the
patient’s tolerance limits to a sufficient energy impact. Thus
adipose patients have a disadvantage since much of the energy
applied is absorbed in the fat. For pancreatic region, however,
this is less relevant than in the lower abdominal area. Bone
marrow is a sensitive tissue for electromagnetic field impacts,
and pain in the lower rip arches and sternum often act as
bottleneck to desirable energy inputs. There are procedural
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measures though, to overcome such restrictions to a great
extent.

Vascular perfusion is the second main restriction. Heat im-
pact is lead away by the blood flow and new blood flowing in
actually cools the tissue near by the large vessels. Since perfu-
sion in tumor tissues is highly irregular, so too is this effect, and
may yield very different results from one heating session to
another. Kandel et al. used dynamic volume CT to track the
whole organ perfusion of the pancreas in 30 patients. They
reported a selective effect in favor of hyperthermia, observing
the perfusion in pancreatic carcinomas to be significantly lower
than that of normal pancreatic tissue (P<0.001) [15].

The problem manifests thus far since direct temperature
measurements for quality control are difficult to obtain in this
region. So in most cases, heating is performed without tem-
perature feedback as a quality safeguard to efficacy. The
justification may be weak but has its argument: against all
odds of deep location and perfusion the clinical results dem-
onstrate a clear advantage of applying hyperthermia. Thus, the
effect must be something more than negligible. This indicates
the potential that is largely unexploited, but needs to be refined
in order to optimize the heating procedures and eventually
start measuring intraduodenal temperatures. Intratumoral and
intraluminal temperatures that were compared in the pelvic
area [16] suggest such a surrogate to be fairly accurate.

Adding Hyperthermia as an Adjuvant Treatment Option
in Pancreatic Cancer Patients: Rational and Protocols

One biological rational in favor of hyperthermia lies in the
observation that malignant tumor cells may have a lower
sensitivity to thermal stress than normal cells [17]. Further,
cancerous cells in general seem to have higher ionization, thus
are more susceptible to electromagnetic heating. It could be
shown that an increased energy deposition occurred in a
pancreatic tumor tissue compared to a normal pancreatic
tissue [18]. Thus there exists a higher selectivity of tumor
cells to the heating effect. The fact that pancreatic tumors are
comparatively hypovasculated facilitates further heating up
effects.

With local heating in the region of interest, blood flow
increases, interstitial pressure reduces and vessel permeability
increases slightly through warmth expansion. All these effects
facilitate a better inflow of the cytostatica into the region of
interest.

Heat is stress to cells; they react by synthesizing heat shock
proteins. The ones to remain in the cell protect this cell from
further stress influences. This is the reason why hyperthermia
sessions should not be given in close proximity; there should
at least be one alternate day in between. However, the ones
exposed at the outer cell membrane act as stimuli to the body’s
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immune system. Research indicates that a hyperthermia ses-
sion in a combined regimen with gemcitabine would have best
effects in 24 h time gap to the infusion either before or after
[19]. On other cytostatica such as cisplatin best effect seems in
timely proximity to the infusion [20].

There is no evidence until now to show that moderate
hyperthermia (up to 42 °C) has a beneficial effect as a solo
treatment. However, research on the immunological side of
hyperthermia has become a new field to emerge, with inter-
esting observations and findings such as hyperthermia induc-
ing a protein -calrecitulin—which in the early phase of heating
seems to be expressed on cell membrane of tumorous cells
acting as eat-me signal to the body’s immune system [21].

Hyperthermia in Combination to Radiation

Many regimens in treating pancreatic tumors rely as well on
radiation. Hyperthermia generally is regarded as a potent
enhancer to the effects of radiation. There is a good summary
available for these preclinical and clinical data [22]. The
rational is built on four points: A. the role of hyperthermia to
increase oxygenation in the region of interest, B. the role of
heat-stress to inhibit the cells DNA repair mechanism, thus
fixing radiations DNA damage, C. the complementary effect
to prolongates G2 cell cycle arrest which is radiation sensitive.
And finally, D. further effects that include enhancing the
immune stimulation that radiation induced necrotic cells offer
to antigen presenting cells and dendritic cells [23].

Hyperthermia and Pain Reduction in Pancreatic Cancer
Patients

In the palliative phase, often a dose reduction of opiates is
feasible to last for up to 5 days after a (non-aggressive)
hyperthermia session. Hager [24] and Mueller-Huebenthal
[25] mention the finding of pain reduction after hyperthermia
in their pancreatic trials. Sridhar refers to a small study in
applying hyperthermia in gastric tumors where 8 of 10 pa-
tients at the end of 6 weeks had more than 80 % pain reduction
and were off the analgesics [26].

Outlook

Promising research currently involves nanoparticle with con-
trolled release and thermosensitive lipides with encapsulated
cytostatica. While doxorubicin was among the first drugs to be
tested in this way, others like cisplatin and gemcitabine follow
[27-29]. Lipidal strcutures can be designed in a
thermosensitive manner that release only at predesigned
thresholds (e.g. 38.5 °C). The rational is that a systemic
infusion can be targeted to a region of interest in locally
heating up the specific tissue environment. For treatment of

pancreatic tumors, this however has not yet reached clinical
relevance.

Review of Clinical Data

The main methodologies of pancreatic-related hyperthermia
nowadays are hyperthermic intraperitoneal chemotherapy
(HIPEC) and the non-invasive loco-regional deep region
heating. As mentioned earlier, for HIPEC, the best reference
is to the meta-analysis of advanced gastric tumors by Mi et al.
[10]. This section now concentrates on non-invasive loco-
regional deep region heating.

The trials available show a wide variety of regimens with
different cytostatica, different dosages, including and exclud-
ing radiation and naturally the same variety in the way hyper-
thermia was applied. This is typical of a field that has not yet
reached a consensus and still is in an experimental phase.
However, the clinical benefit is quite evident despite these
variations. For trials, we have screened the Pubmed and
Cochraine database, and the presentations in oncological hy-
perthermia conferences for the last 5 years that we are aware
of. The trials found on non-invasive regional heating shall be
briefly characterized.

The German Study I (Hager et al. 2006) [24]

The authors present a single arm prospective study on ad-
vanced surgically not totally resectable pancreatic cancer with
a complex treatment regimen involving enzyme-therapy, anti-
hormonal therapy (tamoxifen, flutamid, LH-RH-Analoga),
immune-modulating agents, differentiating agents (high-dose
vitamin A-E-palmitate, alpha-hydroxycalciferol, coumarines),
endogenous hyperpyrexia with a mixed bacterial vaccine and
hyperthermia. Those patients in progress under this regimen
were treated with 5-FU; Mitomycin C and alpha-Interferon,
again in combination with hyperthermia.

Median overall survival was 10.8 months with a S-year
survival rate of 9 % (usually lesser than 2 %). Especially
notable, as the authors add: “Most patients experienced par-
tially excellent improvement in quality of life (gain of appetite
and weight, pain relief, improvement in general condition)”.
For hyperthermia, the study is of limited value since, owing to
the rather exotic regimen, its results are not causally traceable
to any single treatment component.

The Chinese Trial (Zhang et al. 2008) [30]
This trial in advanced pancreatic cancers compared radiation
administered by gamma knife (3—4.5 Gy; 8-11 fractions) as

solo treatment versus an adjuvant thermo-chemotherapy ad-
ministrating tegafur (0.5-1.0 g) and calcium folinate (CF,
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0.2 g) for 4-6 times or—and this is unfortunately not specified
in more detail—gemcitabine (0.6—1.0 g/m2) on days 1 and 8
and cisplatin (DDP) (20-30 mg/m2) on days 1-3, repeated
every 28 days for 3—6 cycles. Hyperthermia was given twice a
week for 1 h in six fractions seemingly on the day of infusion.

One-year overall survival (OS) in thermo-chemo combina-
tion group was 51.2 % compared to 45.2 % for radiotherapy
solo group and 2-year OS was 26.5 % in combination group
versus 17.6 % for radiation solo group. The authors report that
no serious complications such as perforation, bleeding or high
fever has been observed neither in treatment phase nor in the
follow up. It is obvious to critically annotate that the treatment
arm included two added procedures (chemotherapy plus hy-
perthermia) instead of one.

German Study II (Mueller-Huebenthal 2010) [25]

This retrospective study included 25 patients with locally
advanced (5 pat.) or metastatic (20 pat.) adenocarcinoma of
the pancreas. All patients received gemcitabine-based stan-
dard chemotherapy combined with a loco-regional session of
hyperthermia of 1 h duration twice a week. The ECOG
performance status varied between 0 and 1.

The median overall survival showed 12.2 months (versus
expected 6—7 months). Three patients showed complete re-
sponse (CR), seven patients partial response (PR), one patient
is still alive (updated 2014). Thus cancer control (CR+PR+
SD) was 65 % and 1 year survival 51 % (versus expected
25 %). Negative side effects due to adding hyperthermia have
not been found. Though not systematically documented, there
was the observation of pain reduction in some patients.

The Italian Trial (Maluta et al. 2011) [31]

Underlying is a combination treatment of radiation (from
30 Gy/10 fractions to 66 Gy/33 fractions) with chemotherapy
(CT). CT consisted of gemcitabine alone or in association with
either oxaliplatin, cisplatin or 5-FU. Hyperthermia was deliv-
ered twice a week on days of radiation. Median OS was
15 months compared to 11 months in control group (p=
0.025). Hyperthermia, the authors add, did not increase tox-
icity of chemo/radiation therapy. Criticism to this trial refers to
a heterogeneous regimen of various chemotherapeutica.

The Japanese Trial (Ishikawa et al. 2012) [32]

Patients were administered gemcitabine 1,000 mg/m2 on days
1, 8 and 15 every 4 weeks. Loco-regional hyperthermia
(capacitative system) was delivered once per week, a day
preceding the gemcitabine infusion. Median Overall Survical
(OS) was 8 months, but for locally advanced pancreatic case
patients, it was 17.7 months and for pancreatic metastatic
cases, 5.2 months. The response rate (partial response (PR))
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plus stable disease (SD) was reported to be 61 %. Thus the
results were clearly superior to what would have been expect-
ed in a gemcitabine chemotherapy.

German Study II (Tschoep-Lechner et al. 2013) [33]

This retrospective study starts out as a second line therapy
after gemcitabine failure. Patients received gemcitabine
1,000 mg/m2 on day 1 combined with cisplatin 25 mg/m2
combined with non invasive loco-regional radiative heating
on day 2 and 4, biweekly for 4 months. Median time to second
progression was 4.3 months (95 %CI: 1.2-7.4) and median
OS 12.9 months (95 %CI: 9.9-15.9). The disease control rate
of patients with available CT scans was 50 %.

The ESHO HEAT Phase III Trial (Hyperthermia European
Adjuvant Trial)—2014 Open Recruitment

Even though this is an ongoing trial in an early stage, thus no
results available, it still should be mentioned as this would be the
first large-scale, randomized trial for hyperthermia in pancreatic
cancer treatment. Control arm assumes gemcitabine solo treat-
ment versus intensified therapy including gemcitabine
(1,000 mg/m2 on days 1 and 15 g4w), cisplatin (25 mg/m2 on
days 2, 16 g4w) plus loco-regional hyperthermia (1 h on days 2,
16 g4w) with RO/R1 resected pancreatic patients.

The variety of the trial designs summarized in Table 1 is quite
diverse. And still, across 2,287 patients, there is clear evidence
of the survival benefit of adding hyperthermia to whatever
regimen it was compared with! Even leaving the intrasurgical
methods out of consideration, we have consistent evidence over
6 trials including 247 patients. To observe the potential of pain
reduction in the studies mentioned was mostly not the prime
objective; future trials should keep an open perspective to this
issue as it has the potential to yield promising evidence.

Conclusion

Even though the currently existing data is heterogeneous and
in parts methodologically criticizable, still it indicates a clear
advantage of adjuvant hyperthermia in prolonging overall
survival. Apart from incidences of abdominal pain in the
HIPEC method, quality of life is even improved by adding
hyperthermia.

Expectations are that the ongoing European prospective
randomized phase III HEAT trial will yield valuable insight.
Though this treatment option is still rather novel and the trials
mentioned use different treatment schema, despite all the
variations, they all show clear beneficial results indicating
the potential that lies in hyperthermia as an additional adjuvant
and palliative treatment option.
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