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Abstract: Background and purpose: The association of hyperthermia with radiotherapy has been shown to be a valid approach
in the treatment of locoregional recurrence of previously irradiated malignant tumors. The purpose of the present study is to
describe the initial experience of the Radiation Oncology Department Julio Teixeira SA (CUF Institute) and the Medical
Oncology Service (Hospital CUF Porto) in the treatment of these lesions, reporting the first cases treated in Portugal with this
therapeutic approach. Material and methods: The authors performed a retrospective analysis of the 18 patients, 16 females and 2
males, with unresectable tumor recurrences, in previously irradiated areas, treated with radiotherapy associated with
hyperthermia between May 2016 and March 2017, totalizing 25 treatments. Breast disease was the most frequent, accounting for
72% of cases. Results: The median follow-up period was 4, 5 months. The complete response rate was 44%. A favorable
response was observed in all treatments, with decrease in pain, bleeding and infection, with and no grade 3 toxicities.
Conclusions: The results are encouraging, with improved quality of life and patient self-esteem with acceptable toxicity. The
combined treatment of hyperthermia and radiotherapy seems to be a valid option in the local control of recurrent unresectable
neoplasms at previously irradiated sites, whose therapeutic options are limited.
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the patient, noticing the visible uncontrolled tumoral growth
with the above-mentioned characteristics, constitutes an
extremely painful living experience, both physically and
psychologically. It is not difficult to understand, therefore,
how challenging these situations can be for clinicians when
facing the limitations of effective therapeutic approaches.

1. Introduction

If not managed, unresectable locoregional recurrences can
cause serious suffering to the affected patients. They are
responsible for severe pain, with bleeding and/or local
infection, in lesions which may vary in appearance. [1, 2]. For
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Radiotherapy, often regarded as the salvation therapy, when
delivered in previously irradiated regions, can lead to an
unacceptable level of local toxicity if effective doses are
preconized [1-4].

The treatment combining radiotherapy (RT) and
hyperthermia (HT) results in a complementary tumoricidal
effect and it has been used to treat these of lesions [3-14].

The TCS 42 System is a non-invasive medical equipment of
local HT that, through the use of its two active electrodes,
emits a radiofrequency of 13.56 MHZ. This allows to raise the
tumoral temperature, focally and selectively (Figures 1 and 2).
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Figure 1. TCS 42 System.

1
it
il
1
A
"
a

| : &
Figure 2. Treatment.

The authors describe the initial experience in Portugal, in
the treatment of locoregional recurrence of malignant tumors,
with the use of radiotherapy (reirradiation) in association with
local hyperthermia, with a special focus on the initial tumoral
response and associated acute toxicities.

2. Material and Methods

A retrospective analysis of 18 patients, 16 females and 2
males, with unresectable recurrent tumors, in previously
irradiated areas, treated with RT associated to HT, in the
period between May 2016 and March 2017, totaling 25
treatments, was performed.

In all cases, an intensity modulated radiation therapy
(IMRT) technique was used and all patients were submitted to
the same treatment regimen (Figure 3).

Figure 3. Radiation therapy treatment planning.

The treatment consisted in delivering a total radiation dose
of 32 Gy, 4 Gy per fraction, totaling 8 fractions, delivered
twice a week (an interval of 3 days between fractions), for 4
weeks, with 6 MV photons. An HT treatment per week with
the duration of 1 hour was added to the RT. The interval
between RT and HT was 30 minutes. The TCS 42 System was
used, emitting a radiofrequency of 13.56 MHz through 2
active electrodes.

Before the RT/HT treatment, 28% of the patients presented
infected lesions and in 12% of them the lesions presented an
active bleeding. Twenty eight % of the patients were
undergoing a systemic treatment (hormonal in 16%, target
therapy in 8% and both in 4%), which was maintained during
RT/HT.

The acute events were assessed against the CTCAE 4.03
scale.

3. Results

The median age at diagnosis was 62 years (range 42-79).
Breast pathology was the most frequent, representing 72% of
all cases, followed by head and neck (12%), gynecological
(8%), brain (4%) and endocrine tumors (4%) (Table 1).

Table 1. Patient and Tumor-related characteristics at the time of combined
treatment

Mean (range) n %
Age (yrs) 62 (42-79)
Interval between initial diagnosis and relapse (months) 50 (80-120)
Interval between initial radiotherapy and re-irradiation 55 (70-128)
(months)

Presence of distant metastasis 9 50
Anatomic site of current recurrence

Breast / Chest wall 11 72
Head and neck 3 12
Vulva 2 8
Brain 1 4
Endocrinic system 1 4
Dose of radiotherapy previously administrated (Gy) 48 (50-60)

The skin reaction varied from grade 1 erythema to moist
desquamation, treated with conservative measures. Some
examples of the treated patients are shown in Figures 4 to 11.
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Figure 4. Before treatment. Figure 8. Before treatment.

Figure 5. Three months later.
Figure 9. Three months later.

Figure 6. Before treatment. Figure 10. Before treatment.

Figure 7. Three months later.

Figure 11. Three months later.
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No grade 3 toxicities were observed. Grade 2
radiodermatitis occurred in 32% of the cases; for the
remaining patients radiodermatitis was grade 1.

Intolerance to hyperthermia was observed in 8% of the
cases, caused by pain and inability to maintain the treatment
position.

There was a complete response in all cases submitted to
systemic therapy. Three patients presented disease progression
outside of the treatment fields, and in one case there was a
recurrent lesion in the irradiated area, 2 months after finalizing
RT/HT.

With an average follow-up period of 4.5 months (range
1-18 months), 44% of the cases had no clinical evidence of
disease and we had a partial response in 56% of the patients
with reduction of pain, bleeding and infection.

4. Discussion

Reirradiating these patients with a radiation dose of 32 Gy,
with concomitant HT, led to a complete response in 44% of the
cases. The same RT scheme, 8 fractions of 4 Gy, without HT
was used in the study RTOG 81-04, which reported a complete
response rate of 26% [4]. The contribution of HT in
combination with RT was confirmed by a randomized study
from the International Collaborative Hyperthermia Group, in
1996 [5]. The J van der Zeel et al study reported a complete
response rate of 71% with the same treatment scheme [1].

Despite the decades of research, there is no consensus yet
about the exact mechanism of cellular death induced by
hyperthermia, but the combination of necrosis induced by heat
and the protein inactivation, like the reparation enzymes, is the
most likely hypothesis [3, 12-18]. The inactivation of these
enzymes, by inhibiting the reparation of sub-lethal damages in
the DNA, boosts one of the key-mechanisms of cellular death
induced by radiation. This HT action mechanism works like a
complementary action to RT. Other HT effects were identified,
such as changes in the tumoral cytoskeleton and in the
membrane structures [3, 6, 7-13].

HT damages the cells and increases the sensitivity to RT as
a function of temperature and duration of the treatment [3,
14-18].

As temperature and duration increases, the cellular death
rate also increases. For short treatments in well vascularized
tissue at a moderate temperature (<42°C), HT may increase
the tumor perfusion, making it more susceptible to RT and
increasing cellular death [2, 3, 11-15].

This effect is further enlarged by the inactivation of
enzymes engaged in aerobic metabolism, reducing the oxygen
consumption and increasing tumoral oxygenation [3, 16-18].

At temperatures above 42°C, tumor revascularization is
damaged, resulting in a reduced blood flow and hypoxia. We
add then another complementary effect of RT and HT, since
the cells sensitivity to ionizing radiation is influenced by its
stage in the cellular cycle [3, 8, 12-16].

The cells in stages GO and S are less sensitive to damage
caused by RT but show higher sensitivity to HT. Hence, HT is
not a simple way of delivering more oxygen to a tumor in

order to boost the RT. Also, it is a much more complex process
involving multiple mechanisms [3, 11-15].

Cancer cells are especially vulnerable to heat. In vivo
studies show that temperatures in the range 40-44°C cause
more selective damages to tumoral cells. One main factor in
the difference between normal cells and tumoral cells in terms
of HT sensitivity can be explained by basic physiological
differences between the vascularization of tumoral and normal
tissue [3, 8, 9].

The vascularization of normal tissues follows an efficient
network of arteries, capillaries and veins, while the blood
vessels of tumoral tissues are arranged in an anarchical way
and are often ineffective and/or insufficient [1, 3, 12-17].

This abnormal vascularization results in a weak tumoral
perfusion, with the creation of hypoxia and limiting the
effectiveness of traditional RT. Other mechanisms that cause
HT to generate a selective cytotoxic effect in tumoral cells
include the induction of apoptosis and the suppression of cells
proliferation of tumor stem cells [1, 2, 13-16].

HT has been showing effectiveness in the treatment of a
wide range of neoplasias, including head and neck, breast,
brain, bladder, cervix, rectum, lung, esophagus, vulva and
vaginal tumors, as well as skin tumors (melanoma and
non-melanoma) and sarcomas [1, 2, 6, 8, 9, 10, 17, 18].

Similarly to other cancer treatments, the tolerance of
normal tissues to HT is also variable and different disease
locations require specific thermic doses. The central nervous
system tissues are particularly sensitive, and may suffer
irreversible damages with treatments longer than 40 minutes
and at temperatures between 42-42.5°C. However, most
normal tissues show little or no permanent damage with
1-hour treatments up to 44°C [1, 3, 10, 11, 14, 18].

Although it has not been established that the local control of
this type of recurrent tumors with the mentioned therapy
association influences the global survival rate, the absence of
symptomatic and visible lesions results in an improvement in
the quality of life for the patients [1, 3, 17, 18].

5. Conclusions

Hyperthermia is one of the hot topics that have been
discussed over decades and must therefore be considered of
general interest.

The basic rationale of the heat to enhance the effect of
radiation is evident.

Over the years, several prospective and randomized studies
have emerged demonstrating a clear benefit of combined HT
and RT for multiple entities, such breast cancer recurrences,
cervix carcinoma or head and neck cancers.

Reirradiation combined with local hyperthermia in the
treatment of recurrent disease is increasingly becoming a
treatment option for these patients, particularly in cases where,
apparently, there are no other valid therapeutic options.

It acquires then a significant importance as another hope in
selected cases, with reassuring results with low doses of
radiotherapy, which is particularly important in these cases,
previously irradiated. The systemic therapy seems to leverage
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the effects of RT combined with HT. We observed a complete
response in all cases submitted to systemic therapy.

At the time of the present analysis, 44% of the cases had no
clinical evidence of disease and we had a partial response in
56% of the patients with reduction of pain, bleeding and
infection.

Add to this the fact that the treatment is well-tolerated and
the toxicity is acceptable, and we can consider this promising
therapeutic approach will tend to be more used, also for its
justified palliation, for improving greatly the quality of life
and the self-esteem of the patients.

Through continuous improvement of HT delivery, planning,
and monitoring techniques, treatment effects may further
improve.

Alonger follow-up period will be required in order to assess
late reactions and the remission duration of these tumors.
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