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Abstract

Purpose: Relapse remains an unsolved problem for previously radio-treated patients. Our purpose is to evaluate the role of
radio-hyperthermia (RT-HT) in the retreatment of superficial recurrences.

Materials and methods: From 1998 to 2007, 51 patients affected by four histological types (breast recurrences (group A),
melanoma recurrences (group B), head and neck recurrences (group C), and others (group D)) of 76 superficial lesions,
were enrolled at Mauriziano Hospital at the Research Institute of Cancer Care Candiolo (IRCC) in Turin. All patients had
previously undergone RT except 6 patients of group B. The total mean retreatment dose was 31.8 Gy (20—60 Gy), while the
mean of HT sessions was 5 (1 to 8), temperature ranged from 38.5°C (T min) to 44°C (T max).

Results: Acute cutaneous toxicity was 77.6% G1, 22.4% G2, none for G3. Forty-five days later we observed: for group
A 65.9% complete response (CR), 29.5% partial response (PR), 4.5% non-response (NR); for group B 33.3% CR, 25%
PR and 41.7% NR; for group C 40% CR, 13.3% PR, 46.7% NR, for group D 60% CR and 40% NR. 18 months later
group A presented 72.7% local control (LC), 20.5% stable disease (SD) and 6.8% non-control (NC), group B 50%
LC, 16,7% SD and 33.3% NC, group C 33.3% LC, 40% SD and 26.7% NC, group D 40% LC and 60% NC. Early
response, size of lesions <3 cm, T max >42°C and RT doses >40 Gy were predictive outcome factors.

Conclusions: We confirmed that radio-hyperthermia is useful in re-irradiation with a very high patient compliance.

Keywords: re-irradiation, hyperthermia, recurrence, radiotherapy, superficial tumours

Late toxicity, which is one of the aims of clinical
studies, depends on the capacity of tissues to recover
from occult radiation damage, and is probably
related to stem-cell density reduction, too. Skin,

Introduction

There has been an increasing necessity to perform
a second course of radiotherapy on those patients

who develop late recurrences or second primary
tumours, within or close to the previous treatment
portals. In order to make rational clinical choices
precise knowledge on long-term recovery of occult
radiation damage in various organs is required.
The results of various studies [1-3] reveal that
usually acutely responding tissues recover from
radiation injuries within a few months, and therefore
can tolerate another full course of radiation.

mucosas, lung, and the spinal cord do recover from
sub-clinical injury depending on the organ type, the
size of the irradiation fields, the total dose used
during the first course and, to a lesser extent, the
interval between radiation courses [1-8]. Further-
more, several studies have shown that local control
rates of over 30% can be achieved with total curative
doses but are ineffective with lower doses [8].
Consequently, an effective dose in re-irradiation
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is necessary to lessen tissue damage. Previous studies
have shown that hyperthermia is a useful way to
improve local sensibility to common therapies,
such as radiotherapy or chemotherapy. The reason
is the demonstrated biological effects of hyper-
thermia on tissues [9-12]. The mechanism of
action is partly a direct effect on radio-resistant
cells [13-14], and on an indirect effect through
the inhibition of the DNA damage repair mechan-
ism, due to ionizing radiation [15], angiogenesis
[16], DNA replication iz vivo, the protein accretion
of nuclear matrix and other alterations in
the chromatin structure [17-18]. Moreover, radio-
sensitization could also increase tumour oxygenation
as a result of hyperthermia-induced changes in
tumour blood flow [19-20].

The most widely performed form of local
hyperthermia consists of a single length microwave
to obtain the prescribed tumour temperature
between 42°C to 44°C [21]. These effects are
confirmed in several studies, even in phase III,
demonstrating that adjuvant hyperthermia improves
clinical responses to radiotherapy [9-11, 22-27].
Moreover, the best time and way to approach
combined treatment has to be considered, i.e. when
the cost/benefit ratio is favourable to insert
hyperthermia into routine work. The aim of our
study is to evaluate, in a prospectic way, the
feasibility and the efficacy, in terms of local control,
of lower-middle re-irradiation doses associated with
hyperthermia.

Material and methods
Patients and tumour characteristics

From October 1998 to October 2007, 51 patients
affected by 76 histologically confirmed superficial
recurrent or metastatic lesions were enrolled in a
prospectic way at Mauriziano Hospital in Turin and
at the Cancer Research Institute of Candiolo, which
are the reference points for clinical hyperthermia in
the Piedmont region.

The ineligibility criteria were: tumour >4cm
in depth from body surface; Karnofsky Index
Score (KPS) <70; significant cardiovascular
disease; haemorrhagic or thrombotic disorders;
children (<12 years); acute dermatological
disease; reduced thermal sensibility; pregnancy;
large metallic implants; pacemaker and cardioverter
defibrillators.

We treated a heterogeneous group of patients,
mean age 64.2 years (range from 45 to 79)
classified according to the type of tumour: breast
recurrences on chest wall (Group A), melanoma
recurrences (Group B), head and neck recurrences

(Group C), and others, such as sarcomas and
lymphoma (Group D).

All lesion sizes were measured by means
of ultrasound scanner (US) and/or computer tomo-
graphy (CT) scan and/or magnetic resonance
imaging (MRI) obtaining the maximum diameter
(D max in cm) and the depth (in cm).

Patients, tumours and treatment characteristics are
reported in Table 1.

Radiotherapy

All patients had been previously treated with a full
postoperative or radical RT (except 6 patients of
group B who had received surgery and
chemotherapy).

The previous postoperative doses of RT ranged
from 45 to 63 Gy, while radical doses ranged from
66.6 to 70.2Gy. The aim of current combined
treatment was curative for 27.6% of cases and
palliative for the rest (72.4% of cases).

The radiation therapy was performed by CLINAC
VARIAN (Palo Alto, CA) (2100 CD, 600CD) using
electrons (6-12MeV) or Megavoltage photons
(6MV) or Roentgentherapy (200 KVp) by
Therapax USA.

Total prescribed retreatment doses ranged from 20
to 60Gy (mean dose 31.8Gy). The choice of
radiation doses depended on the previous RT
treatment (dose, field and time from previous RT),
the KPS and on patient compliance.

Conventional fractionation (1.8-2 Gy) was gener-
ally practised, while hypofractionation (2.5-5 Gy)
was preferred for melanoma. The irradiation field
encompassed 2-3cm beyond the gross tumour
volume (GTYV). All the lesions treated were divided
into 4 categories according to the RT doses received
(<30 Gy, 30-39 Gy, 40-49 Gy, >50Gy) so as to
evaluate the dose-response relationship.

Hyperthermia

Our patients were treated with the Alba hyperthermia
system, which is a superficial microwave HT system
that operates at 434 MHz/45-75W and has been
already described in other studies [28].

The system is now endowed with a more powerful
generator able to deliver a maximum power of
200W. Other technological implements regarded
some accessories: an ultrasound scanner (HS 2000,
Honda, Japan) and an Oxford Optronix Laser
Doppler Probe Oxylab (Oxford, UK), that were
recently purchased by the centre but are now used
only in selected cases to evaluate their utility in
clinical practice. Moreover, an upgrading of the
operating system and hardware, so as to efficiently
acquire and record images into the patient database
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Table I. Patients and lesions characteristics.

Group A Group B Group C Group D
Number of patients 23 10 14 4
Number of lesions 44 12 15 5
Median age 65 70 70 60
M/f rate 1/22 1/1 1.8/1 3/1
Type of tumour Skin metastasis Malignant melanoma Head and neck Others (sarcomas
and breast recurrences and lymphoma)
recurrences
Localization Chest wall Trunk and limbs Cervical nodes Limbs
Maximum diameter (D max) 0.3-7, median 0.5-8, median 1-4, median 1.5-4
(range, median +/—SD) (cm) 2.34+/—1.5 SD 3.7+/—1.7 SD 1.94/-0.8 SD
Depth (range, median +/—SD) (cm) 0-3.3, median 0.9-4.3 median 1-4.1 median 3.5-4.1
1.74/-0.2 SD 2.3 +/— 1.8 SD 2.14/— 1.8 SD
Previous treatment (% of patients)
- Radiotherapy 100 40 100 100
- Surgery 100 100 64.3 75
Pharmacological therapy 95.6 100 78.6 100
- Chemotherapy 0 100 0 0
- Interferon 60.9 0 0 0
Hormonotherapy 17.4 0 0 0
- Herceptin

Table II. Contact curved microstrip applicators (CCMAs) main features according to the Operative Manual of Alba

Hyperthermia System.

Applicator type Aperture size (cm) EFS (cm?) HC Weight of antenna (kg)
o 7.3x19.8 3.6 x15.8 0.26 0.7
B 14.8 x 14.4 8x11.5 0.32 0.9
r 19.8 x 19.8 11.3x 18 0.34 1.5

EFS: effective field size (area delimited by the line of the area of the level curve corresponding to the isoline with: SAR = SARyax/2); HC:
homogeneity coefficient (ratio between the area corresponding to 75% of SARyax and the area corresponding to 25% of SARyax)-

and to improve data manipulation and management
were introduced.

The HT session was delivered twice a week on
alternate days (Monday/Thursday or Tuesday/
Friday) to reduce thermotolerance, as soon as
possible after irradiation. An average temperature
of 43°C was prescribed to the tumour site for 30 min,
but 5 min more were required to reach the prescribed
temperature, as demonstrated in our previous
experiences [14, 20, 25, 27].

However, since it is not always possible to obtain a
30-min effective session, especially when coupling is
difficult, we decided to double the treatment time in
the future according to the quality assurance guide-
lines for ESHO protocols [28].

The mean of the HT sessions was 5 (range from
1 to 8).

The application was performed by using contact
curved microstrip applicators (CCMAs) [29] which
are curved and rigid applicators able to operate at
434 MHz whose main features are described in
Table II and displayed in Figure 1.

CCMAs are used in the oncological field and
represent a rather effective device to practice super-
ficial and (semi)deep hyperthermia [30-31]. For this
study, alpha, beta or gamma CCMA applicators were
used depending on lesion size and depth. The most
frequently used applicator was the beta type (80.3%),
the alpha type was used in 18.4% of cases and the
gamma type was used in just one patient. The depth
penetration of these applicators has already been
studied [28-29] but the 3-D specific absorption rate
(SAR) distribution, recently evaluated, is reported
for the beta type in Figure 2.

During treatment, a skin cooling system, which is a
water bolus that does not exceed 39°C, is used to
refrigerate the tissues around the target site and
produce a good coupling of impedance and low
reflection with a very low energy loss. Moreover, it
has been demonstrated that the thickness of the bolus
can affect the geometry and depth of the SAR
distribution [32]. Experimental data demonstrates
that the bolus thickness must be included in a range
of 0.5cm-2.5cm when working at 434 MHz.
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Figure 1. CCMA applicators: from left to right the «, 8
and y applicators.
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Figure 2. Experimental normalized distribution of 3D
SAR (in dB) of beta-type antenna, (a) on a parallel plane
1 cm under the bolus; (b) on a perpendicular plane. The
numerical analysis was performed by BEST, a proprietary
FDTD code. Dielectric parameters of various materials
were: Bolus: ¢ (relative dielectric constant) =78, o (S/m)
(electrical conductivity) =0.04; Muscle: £=56.86, o
(S/m) = 0.8; Applicator substrate: ¢ =2.17, 0 (S/m) =0.18.

So, before treatment, a preliminary ‘coupling ses-
sion’ was performed, aimed at reducing the electro-
magnetic reflected power to almost zero.

On the basis of our current experience we plan to
raise temperature bolus in future sessions when the
superficial temperature is lower than prescribed.

The therapy consisted of the release of microwave
power through the applicator and in the monitoring
of temperatures in the target volume (with interstitial
or surface Type-T probes), as well as many other

parameters (direct power, reflected power, lost
power).

The US was directly connected to the system in
order to accurately visualize tumour location and
allow for an appropriate choice of the MW applicator
with the proper penetration depth and effective field
size. Images were acquired and recorded into the
database of each patient. By comparing the images
related to different succeeding treatments in the
same patient, the tumour evolution (necrotic area,
dimension, etc.) was monitored.

Increase in temperature enhances blood perfusion
in the tissues by eliciting physiological responses: for
this reason a local monitoring of perfusion during the
hyperthermic session [33-34] gives useful informa-
tion about the efficiency of heating the target volume.
Subcutaneous monitoring has been performed as
well, since the study of Acker et al. [35], in 1990.

Previous measurements obtained by inserting the
Laser Doppler (LLD) probe in catheters implanted
into the tissue at different depths [20], showed that
the increasing rate of blood perfusion depends on
many parameters, such as temperature increase,
basal local perfusion, the number of treatments, the
occurrence of previous/concomitant radiotherapy
and of concomitant chemotherapy.

After the preliminary self-test and after excluding
any interference between the LD signal and the MW's
emitted from the applicator, the LD signal was
monitored by the LD probe and acquired before
(baseline value) and throughout the treatment with
sample rate =1 s and appeared on a monitor window
in real time (Figure 3).

Thermometry

Temperature was monitored through thermometry
probes Oxford Optronix Ltd that were located on the
skin surface and one of them was implanted on the
centre of the lesion by US guide more frequently,
another one was implanted only when the irregular
anatomy of the lesion and of its position required it.

T min, T avg, and T max were respectively the
means of minimum, average and maximum mea-
sured temperatures recorded by both the superficial
and deep probes used during each treatment course.
Actual measured temperatures detected ranged from
38.5°C (T min) to 44°C (T max) and are reported
for each group in Table III.

Deep thermometric measures were performed in
the first HT session and were repeated only when a
clinical change of dimension in the lesions was noted
during therapies in order to study when the
prescribed temperature was reached and to establish
the parameters of the session. Our results reported
the mean of all measures because of the fewer
number of deep probes. The differences between
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Figure 3. The increase of blood perfusion in a tissue undergoing a power delivery of typically 75 W.

Table III. Hyperthermia treatment, main characteristics.

Group A Group B Group C Group D
Median number of HT sessions 6 7 4 3
Temperatures (°C) (mean and range)
T min 39.7 (39-41) 39 (38.9-41.8) 38.6 (38.5-39.4) 39.1(38.9-39.6)
T max 42 (41.2-44) 42 (41.9-43) 41.6 (41.2-43) 42 (41-43)
T & 41.7 41.1 41 41.2
Duration of HT session in minutes 35 35 35 35
Bolus temperature°C 38 39 39 39

temperatures recorded after implant of probes and
the same temperatures recorded superficially ranged
from —0.5 to —1.2°C which were lower for the
deeper ones.

To evaluate temperature response rate we divided
the various treatments into two groups <42°C of T
max mean and >42°C.

Study endpoints

Patients were evaluated daily during the RT-HT
treatment course, at the first follow-up 6 weeks after
completion of therapy and at 3, 6, 12 and 18 months
thereafter.

The endpoints for this study were to observe local
response to combined RT-HT retreatment based on
initial clinical response of lesions at first follow-up
and definitive response after 18 months. We have
also assessed acute and late toxicity (RTOG/EORTC
scale) of treatment [36—37] according to the World
Health Organization (WHO) [38]. We also recorded
the compliance to therapies by considering the
number of times the patient requested we stop the
treatment. The palliation of pain and other symp-
toms were clinically analysed too.

The parameters of clinical response were complete
response (CR), i.e. the complete clinical disappear-
ance of all measurable disease in the treated field,
partial response (PR), i.e. a 50% or greater decrease

in the product of two orthogonal dimensions of the
measurable lesion or in the sum of the products of
orthogonal diameters of multiple lesions, and lastly
no response (NR). Stable disease (SD) was defined
as <50% decrease in tumour size, and progression
disease (PD) was a 25% or more increase in the size
of one or more measurable lesions. In the long term
follow up we considered local control (LC), non-
control (NC) or progression (P).

Statistical methods

The statistical analysis in this study was done using
statistical software (SPSS for Windows). The actuar-
ial probability of local control was plotted from the
time of initiation of treatment using the Kaplan-
Meier method [39]. We used Cox-regression test for
univariate and multivariate analysis and BED calcu-
lation: E/a =nd (1 + d/«/B) [40] for retreatment.

Results

At our first follow up after 45 days, the residual acute
toxicity and initial response were evaluated. The
definitive results were reported at follow up 18
months later.

A summary of the results is reported in Table IV; it
shows a trend between early and definitive response,
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Table IV. Results per treatment groups.

Groups Follow up at 45 days Follow up at 18 months
Response number of lesions (%) CR PR NR LC SD NC
A-Group 29 (65.9) 13 (29.5) 2 (4.5) 32 (72.7) 9 (20.5) 3 (6.8)
B-Group 4 (33.3) 3 (25) 5 (41.7) 6 (50) 2 (16.7) 4 (33.3)
C-Group 6 (40) 2 (13.3) 7 (46.7) 5 (33.3) 6 (40) 4 (26.7)
D-Group 3 (60) 0 (0) 2 (40) 2 (40) 0 (0) 3 (60)

therefore precocious response could be a prognostic
factor.

The sessions were very well tolerated in most
patients: in fact we observed only three definitive
interruptions of treatment (3.9% of total treatment)
with an unsatisfying response. One of these
patients was a 56-year-old woman from group A
who had stopped RT treatment after 5 fractions
(10Gy) but had continued with HT, because of
the insertion of chemotherapy, due to systemic
progression of the disease. Another patient was a
72-year-old man from Group C affected by neck
nodal recurrence of laryngeal cancer: the treatment
was interrupted at 26 Gy because of the onset of a
cervical fistula and progression of disease. The
third case was a 57-year-old man from group B
who could not tolerate the HT-RT session for
psychological problems after 6 Gy.

A temporary interruption of only a few minutes
was required by 18.4% of treatments during an HT
session. In these cases an uncomfortable position or
more rarely a nuisance from the antenna (related to
the increase of the power in some cases) was
reported; no burning was referred. When the
interruption occurred within the first 15 minutes,
the treatment was entirely repeated; otherwise the
HT session was completed. No relation was found
between the temporary interruption and response to
treatment.

As to thermal injuries, none of our patients
experienced severe, acute reactions. All patients
presented a good symptomatic response. Acute
cutaneous toxicity for combined therapies was for
all groups 77.6% G1, 22.4% G2; none showed G3
toxicity according to EORTC/RTOG scale.

During follow up, acute reaction gradually
reduced, only 3.9% presented residual clinical
evidence (i.e. telangiectasis, hyperchromia) at a
second control, three months later.

We analysed the dose RT-response based on four
dose RT levels as described in the Material and
methods session and results are reported in Table V.
The major gain on local control for every group was
at higher doses. Statistical evaluation of the dose-
response correlation showed a total CR for the RT
treatment <30Gy was 35.7% (the best results
regarded group A which presented 43.8% of CR),

and total LC of 42.9% (56.3% for group A). As to
treatment with doses between 30-39 Gy (39.5% of
treatments) a total CR of 66.7% was found (with
best results obtained by group A, 70% of CR) and
a LC of 70% (78.9% in Group A). The B and C
groups seemed to need higher doses (>40Gy) to
reach CR >50%. Statistical consideration about
temperature data showed no significant results
considering T min and T avg, only T max could
be related to early and late response.
Consequently, the relation between the mean of
T max and response was analysed: these data are
reported in Table VI. The correlation between
temperature >42°C and the response in particular
for group A (which showed 76.5% of CR against
30% for T max <42°C) is evident. This group had
a higher rate of temperature >42°C (probably
because of the better coupling of the antennas).
Moreover, these results were confirmed in every
group, so they represent a prognostic factor.

Also, the size of lesions seems to represent a
prognostic factor for local control. Correlation
between type of treated lesion (A, B, C, D) or
dimension of the lesion and short- and long-term
follow up was studied. The lesions were divided into
two groups by using two different cut-off values,
3 cm and 5 cm. No correlation was observed between
lesion type and both short- or long-term follow up.
On the contrary, a correlation of about 51% was
found only when a cut-off of 3 cm was considered, in
patients who had a lesion smaller than 3 cm and in
those who presented a good response at short-term
follow up.

As to population survival, which was not the
endpoint of our study, at follow up after 18 months
for every group, we observed no significant relation
between response and overall survival.

Discussion

Most patients affected by a recurrent disease had
an extremely poor prognosis, especially if they had
received treatment previously. Few studies have
analysed the association RT+ HT in re-irradiation.
Our study shows how hyperthermia can become a
useful support in difficult conditions especially when
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Table V. Dose RT-response relationship per treatment
groups.

Table VI. The mean of T max-response relationship per
treatment groups.

A-Group

Dose Levels (Gy) <30 30-39 40-49 >50
- N. Lesions (%) 16 (36.4) 19 (43.2) 2 (4.5 7 (15.9)
CR 7(43.8) 14 (73.7) 2 (100) 6 (85.7)
PR 7 (43.8) 5 (26.3) 0 (0) 1 (14.3)
NR 2 (12.4) 0 (0) 0 (0) 0 (0)
LC 9 (56.3) 15 (78.9) 1 (50) 7 (100)
SD 5(31.3) 4 (21.1) 0 (0) 0 (0)
NC 2 (12.4) 0 (0) 1 (50) 0 (0)
B-Group

Dose Levels (Gy) <30 30-39 40-49 >50
- N. Lesions (%) 5 (41.7) 5 (41.7) 2 (16.7) 0 (0)
CR 1 (20) 2 (40) 1 (50) 0 (0)
PR 0 (0) 2 (40) 1 (50) 0 (0)
NR 4 (80) 1 (20) 0 (0) 0 (0)
LC 1 (20) 3 (60) 2(100) 0 (0)
SD 1 (20) 1 (20) 0 (0) 0 (0)
NC 3 (60) 1 (20) 0 (0) 0 (0)
C-Group

Dose Levels (Gy) <30 30-39 40-49 >50
- N. Lesions (%) 5 (33.3) 6 (40) 4 (26.6) 0 (0)
CR 1 (20) 3 (50) 2(50) 0 (0)
PR 1 (20) 0 (0) 1 (25) 0 (0)
NR 3 (60) 3 (50) 125  0(0)
LC 1 (20) 2 (33.3) 2 (50) 0 (0)
SD 1 (20) 3 (50) 2(50) 0 (0)
NC 3 (60) 1 (16.6) 0 (0) 0 (0)
D-Group

Dose Levels (Gy) <30 30-39 40-49 >50
- N. Lesions (%) 2 (40) 3 (60) 0 (0) 0 (0)
CR 1 (50) 1 (33.3) 0 (0) 0 (0)
PR 1 (50) 1(33.3) 0 (0) 0 (0)
NR 0 (0) 1 (33.3) 0 (0) 0 (0)
LC 1 (50) 1(333) 0(0) 0 (0)
SD 0 (0) 0 (0) 0 (0) 0 (0)
NC 1 (50) 2 (66.6) 0 (0) 0 (0)

A-Group

T max (mean) (°C) >42 <42
- N. Lesions (%) 34 (77.3) 10 (22.7)
CR 26 (76.5) 3 (30)
PR 8 (23.5) 5 (50)
NR 0 (0) 2 (20)
LC 28 (82.3) 4 (40)
SD 5 (14.7) 4 (40)
NC 1(2.9) 2 (20)
B-Group

T max (mean) (°C) >42 <42
- N. Lesions (%) 8 (66.6) 4 (33.3)
CR 4 (50) 0 (0)
PR 2 (25) 1 (25)
NR 2 (25) 3 (75)
LC 5 (62.5) 1 (25)
SD 2 (25) 0 (0)
NC 1 (12.5) 3 (75)
C-Group

T max (mean) (°C) >42 <42
- N. Lesions (%) 8 (53.3) 7 (46.6)
CR 5 (62.5) 1(14.3)
PR 1 (12.5) 1 (14.3)
NR 2 (25) 5 (71.4)
LC 5 (62.5) 0 (0)
SD 2 (25) 4 (57.1)
NC 1 (12.5) 3 (42.8)
D-Group

T max (mean) (°C) >42 <42
- N. Lesions (%) 4 (80) 1 (20)
CR 3 (75) 0 (0)
PR 0 (0) 0 (0)
NR 1 (25) 1 (100)
LC 2 (50) 0 (0)
SD 0 (0) 0 (0)
NC 2 (50) 1 (100)

we are not certain of being able to administer the
necessary effective dose. We observed the immediate
efficacy of the combined treatment because most
patients showed a precocious response; conse-
quently, this approach could also be used in patients
with a short life expectancy. Moreover our study
confirms that hyperthermia treatment when per-
formed with modern equipment is a safe method.
The involved organ, the total dose, the fractionation,
the field size, the eventual concomitant therapies, the
time between the treatments, the performance status
and the compliance of the patients has to be
considered to evaluate the tolerance level.
Literature presents few clinical studies, one of the
largest about head and neck re-irradiation presented
by Lee et al. [41] included a total of 654 patients with
recurrent nasopharyngeal carcinoma. It demon-
strated that the extent of local recurrence was the
most important prognostic factor, with 35% of local
control rates for T1 compared with 11% for T3.
Initial and retreatment doses were calculated in

terms of biologically effective dose (BED) using o/
ratios of 10 Gy for tumour control and 2 or 3 Gy for
late normal tissue damage.

Other studies of the head and neck area (approxi-
mately one hundred) [41-43] showed a benefit on
local control between 11% and 59% with or without
the association of brachytherapy, an overall survival
rate from 8% to 24% and late complication from 9%
to 69%.

The association of hyperthermia in head and neck
cancer has not been studied enough yet. Some of the
most important articles [10, 44] showed an increase
of control rate with or without HT between 23% and
32% with an increase of survival from 14% to 53% in
long-term follow-up.

The historical experience of re-irradiation on head
and neck recurrences [45] showed a 36% of overall
local control. At the Radiotherapy Division of Turin
University from 1983 to 1991, 100 head and neck
recurrent lesions (89 patients) were treated. 70 were
submitted to RT-HT treatment, 26 to HT alone and
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4 to chemo-hyperthermia. The overall response rate
was of 32% and the 3-year local control was 22%.
The best results were evidenced in the RT-HT group
with 42% of CR and 48% PR, and 30% LC.
Negative results were obtained when only hyperther-
mia (9% CR) was used. Considering the collateral
effects we had 1% of G3 but 3 patients died of
haemorrhagic complications.

In the present study, the patients did not develop
serious acute events, probably because of the precise
re-evaluation of the previous treatment planning, the
calculation of RT dose based on BED analysis and
lastly the multipoint effective temperature
measurements.

In superficial treatment, skin and connective
tissue, which had previously undergone radiation
treatment, showed an increase in fibrous tissue and a
relative radio-resistance due to lower oxygenation as
well. Some results suggest a low retreatment
tolerance (50-70% BEDt) for acute reactions [1,2];
however, less information is available on late radia-
tion effects. Moreover, modern radiotherapy techni-
ques aim at using higher doses to lower volumes so
that re-irradiation doses can be lower: in this case
radiosensibilization methods, such as hyperthermia
are employed.

The efficacy of radiohyperthermia in superficial
tumours is demonstrated in several articles. With the
introduction of hyperthermia, absolute control rates
increase in the order of 20-30%. Several phase III
studies showed the results of hyperthermia: the
improvement in response rate, local control and
survival. Statistical significance was obtained espe-
cially for recurrent breast cancer, head and neck
cancer, oesophageal cancer and melanoma [9-11,
22-26, 46-48].

The RTOG 8104 showed a total of 307 patients
divided into two arms: radiation alone or radiation
followed by hyperthermia. No significant differences
were noted (CR 30 versus 32% of combined
therapy), but there were subgroups in which there
was a better response: head and neck or breast chest-
wall recurrences and DM <3 cm lesions that were
localized in the breast, trunk and extremities.
Another recent promising study by Jones [22]
showed an increase in response rate in HT arm of
23.8%.

For breast carcinoma several studies in favour of
the association of RT-HT [11, 22, 44] showed a gain
in the response rate between RT alone and RT-HT
from 6% (for large recurrences) to 20%. There is less
evidence that a combined treatment improves overall
survival; however, this is not the endpoint of most
studies.

Radiotherapy can be very effective in the treatment
of breast recurrences: our previous results [8] on 19
patients (28 lesions treated) demonstrated an overall

response rate (ORR) of about 96.4%, the best results
are in the combined treatment (CR 58.8%) com-
pared to radiotherapy (CR 50%) or HT (CR 45.5%)
alone.

As to malignant melanoma, the randomized trial
published by Overgaard [9] on 68 patients with 134
metastatic or recurrent lesions proved the benefit of
combined therapy with an improvement of 27% on
the local control rate. Our results [45] in relation to
combined therapies practised from 1983 to 1994 in
48 patients affected by recurrent primary or meta-
static malignant melanoma showed an overall
response rate of 72%, with CR 36% and a L.C 24%
at 60 months. In head and neck melanoma recur-
rences 9 patients (15 lesions) were compared with a
group of patients treated with RT alone with a 46.5%
CR, 50% PR, and 46.5% NR, 34% LC at 24 months
using combined RT-HT, while 37.5% CR, 50% PR
and 25% LC at 24 months were observed with RT
alone [45].

In particular, from the actual (and the previous)
reports it was proved that local HT, in addition to
low RT doses (mean 31.8 Gy) improves response
rate and local control.

In rare cases (group D) the possibility of using
hyperthermia could help in deciding whether or not
to perform re-irradiation even in the absence of
literature data.

Our observational considerations showed that HT-
RT is an optimal palliative solution and is the
convenient approach in all breast recurrences inde-
pendently of doses (higher doses are preferred) but is
less convenient in other tumours (especially head
and neck) if the effective dose >40 Gy with conven-
tional fractionation cannot be reached.

Our results confirm that it is very important to
achieve high thermal doses, too. So it is evident that
in all groups a significant number of patients received
T max <42°C; moreover, the T-min, which presents
a lack of correlation, is almost equal to our bolus
temperature. So this means that a higher bolus
temperature in future treatments is necessary.
Another way to obtain better results could be by
doubling treatment time, as has been indicated by
several studies and by the ESHO guidelines [28].

The improved systems which can now monitor
some basic physiological parameters (i.e. blood
perfusion), store more parameters of clinical interest,
perform accurate positioning of the applicators on
the lesion by US imaging, could develop a better
clinical management of the treated Ilesions.
Nevertheless, a longer follow up is needed.

At the moment studies are in progress for non-
invasive monitoring of tumour temperature by
scanning the tissue after the preliminary injection of
a thermo-sensitive contrast agent (gas bubbles): the
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procedure has been only tested in in vitro experi-
mental systems [30].

Conclusion

This study confirms that RT-HT treatment is useful
and safe. In fact, patients present a very high
compliance to the treatment and the absence of G3
toxicity has been evidenced. The results of this study
are better than those of our previous studies even if
they are not randomized. This is probably because of
the improvement of both RT and HT techniques.
However, further improvement of these techniques,
especially HT, is favourable. Therefore, we think that
RT-HT combined treatment should be the first
choice in the treatment of superficial recurrences.
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