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Abstract

Purpose: The purpose of this review was to explore the literature on the use of hyperthermia (HT) in
advanced breast cancer.

Methods: A literature search was conducted to obtain information from recent trials of HT and/or che-
motherapy (CH) and radiotherapy (RT) for patients with locally recurrent breast carcinoma. Issues con-
cerned with patient compliance and side effects have also been reviewed and future recommendations for
research made.

Results: Results of recent trials have demonstrated promising outcomes for HT and RT in combination,
particularly for recurrent disease to improve local control (LC). There is no evidence, however, to support
a positive effect on overall survival.

Conclusions: Despite positive results HT has not been widely embraced, due to financial and logistical
limitations. Future recommendations include larger, randomised, controlled studies and the development
of temperature mapping to avoid potentially limiting HT blisters.
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INTRODUCTION Without treatment, locally advanced disease
can cause pain, ulceration, bleeding and arm
oedema in as many as 62%>; therefore, investi-
gating new approaches is necessary to improve
quality of life for these patients.

Even after radical treatment local recurrence
occurs in 15—30% of breast cancer patients, giv-
ing a mean 5-year survival of 30—50% for this
group.  Current treatment of locally advanced
breast cancer has a multi-disciplinary approach . .
including surgery, radiotherapy (RT), che- CH has} little effect on LC a'nd 40% st111 recur
motherapy (CH) and hormone therapy. Local with RT. Tumour hypoxia (tl'ssues with limited
control (LC) and survival rates, however, are ©Xygen) also contributes to resistance to RT and
not impressive. CH* as cells require oxygen to respond to these
treatments. This suggests a need for other modal-
ittes and hyperthermia (HT) is a potential
option.
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HT is the application of heat to increase
the tumour temperature, and therefore oxygena-
tion. Breast cancer is an ideal treatment site for this
as lesions are superficial, thus heating is easy
to achieve.”

HT acts as a radiosensitiser, that is, by enhan-
cing the sensitivity of tumour cells to the killing
effects of ionising radiation and CH drugs.” Its
use can be divided into three domains: whole
body, regional and local. For advanced breast
cancer local HT 1is the treatment of choice,
heating the breast only.

In a historical overview, Corry and Armour®
claimed that it is cells in tumours rather than
tumour cells that are sensitised to heat. This dis-
covery has direct clinical impact and explains
why HT alone is not an effective cancer treat-
ment. They also concluded that the target tem-
perature should be 41—42°C rather than the
43°C initially thought effective in early in vivo
experiments. This may explain why initial HT
trials gave disappointing results and unfortu-
nately meant that HT research was slow to be
expanded in the clinical setting.

Aims

The aim of this paper is to provide a critical
evaluation of the literature on the use of HT
in advanced breast cancer. Specifically the
review will:

1. Outline the rationale for HT.

Table 1. Main characteristics of HT trials for advanced breast cancer

2. Identity the feasibility of HT in standard
treatment regimes and its implications on
the patient, department and service.

3. Discuss patient compliance and the impact
on the use of HT.

4. Make recommendations to inform future
practice.

LITERATURE REVIEW

A comprehensive literature search was con-
ducted using the online CINAHL, MEDLINE
and COCHRANE databases, and library mate-
rial to access key journals. See Appendix 1 for
selection criteria. Nineteen articles were
reviewed, twelve of which are clinical trials.
These are summarised in Table 1.

Rationale for the use of HT

It is well known that HT causes and enhances
direct tissue damage, cell killing and inhibits
DNA damage repair. Although cells in the late
S-phase of the cell cycle are most resistant to
ionising radiation, it is here where they are
most sensitive to HT’ and can therefore be
used to potentiate radiation effects.

HT also induces tumour re-oxygenation:
solid tumours have a poor blood supply, making
them anoxic. This means they are radio resistant
and harder to kill, thus increasing the chances of
metastasis, giving a poorer prognosis. As tumour
cells cool slowly when heated, their nutrients

References Study type Sample size Treatment 1 Treatment 2

ICHG, 1996™° PH3 RCT Multicentre 306 CONV RT RT/HT

Sherar et al., 1997 PH3 RCT Multicentre 276 CONV RT RT/HT

Jones et al., 2005%¢ RCT 109 CONV RT RT/HT

Welz et al., 2005° RCT 50 RT/HT (10 therapy) RT/HT (for reccurance)

Kapp et al., 1992’ PH 1/2 89 N/A RT/HT

Li et al., 20042 PH 1/2 73 N/A RT/HT

Feyerabend et al., 2001> PH 1/2 25 N/A RT/HT/CH

Jones et al., 2004’ Prospect trial 18 N/A RT/HT/CH

Hehr et al., 20013 Retro anal 39 N/A RT/HT

Ben-Yosef et al., 2004  Local report 15 N/A RT/HT

Fujimoto et al., 2003'®  Pilot 9 (Pre-operation) N/A Hyperthermic tumour ablation with
post-operation RT

Yokoyama et al., 2005*°  Case report 1 N/A RT/HT

CH, chemotherapy; HT, hyperthermia; ICHG, International Collaborative Hyperthermia Group; N/A, not applicable; RT, radiotherapy; RCT, randomised controlled trial; CONV RT, conventional

radiotherapy.
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and oxygen are cut off and their vascular system
breaks down. The hypoxic area of the tumour
decreases and mean temperature rises will be
greater.” Any hypoxic cells that still exist in
the tumour are in areas of low pH and these

cells are much more sensitive to heat damage

by HT.

The effects of HT are dependent upon tem-
perature, following in vitro experiments,
40—44°C was seen to be cytotoxic for tumour
cells. This means when RT and CH are less
effective HT can add to and enhance their
effects at increased temperatures.® If HT is
delivered too frequently, however, a phenom-
enon known as thermo-tolerance occurs and
the tumour becomes resistant to its cytotoxic
effects. HT treatments are therefore usually
separated by gaps of a week.

HT has been described as the best hypoxic
sensitiser discovered to date and has a powerful

rationale as it lacks the systemic toxicities of
CH.°

HT technique

Generally local HT is applied using microwave,
ultrasound or electromagnetic energy via an
applicator (often a water bolus) placed over
the treatment volume. The energy is distributed

Table 2. Summary of RT/HT protocols use d

throughout the volume and increases the tem-
perature of the tissues and tumour. Thermome-
try is achieved using catheters or probes placed
under the skin, and temperature is controlled
by the power output of the system. Quality
assurance guidelines have been produced
regarding the use of the equipment.”

In the literature, the range of frequencies used
varied, from 210 to 915 MHz. Kapp et al.” found
that the effective heating depths of frequencies
434—915MHz is 1-3 cm, which corresponds
to the soft-tissue thickness of the breast following
mastectomy. This means the tissues at risk
are adequately heated, sparing those underneath
(i.e., lung and heart) and is therefore the desired
range of frequencies to be used. This means that
patients must have had radical surgery for these
treatments to be effective.

Results of studies and critique

Results shown in Table 2 demonstrate an addi-
tive effect of HT combined with RT for locally
recurrent breast cancer. The largest trial by the
International ~ Collaborative ~ Hyperthermia
Group (ICHG)'" showed convincing results in
only one of two phase 3 studies to date. They
concluded that HT was well tolerated without
significantly adding to acute or long-term toxi-
city but their results only confirmed its use with

References  RT dose HT temperature  HT TIME HT No. of HT Pre/post RT CH
(Gy/#) (°C) (min) (frequency/wk) TRT's

10 60/30 43 60 NI 2-8 NI N/A

15 74/37 rad 43 30—60 NI 2-8 NI N/A
30/15 pall

16 66/33 rad 50 1-2h 2 Max 10 NI N/A
30/15 pall

3 60/30 41 60 2 Median 11 Pre N/A

7 42.4/ 42.8 45 2 1-6 NI N/A

12 59.5/30 rad 43.6 30—60  Average 1.5 Average 4.5 30—60min N/A
43 Gy pall post

2 50/25 43 60 1 4 Max 30 min Epirubicin

post Ifosfamide

1 50/25 + 15 Gy  41.5 60 2 10 Max 30 min Taxol
booster post

13 50/25 41 60 2 Median 7 Pre N/A

11 30/15 45 45 Min 2 day gap 2 Max 10 min post N/A

18 50/25 50 min 30 Over 7—14 days 1.4 average  Pre-operation N/A

19 60/30 39.5 40 1 5 NI N/A

CH, chemotherapy; HT, hyperthermia; N/A, not applicable; NI, no information; pall, palliative; RT, radiotherapy.
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Table 3. Main clinical findings

42

References LC (%) CR (%) Side effects Statistical significant results? Other parameters affecting LC
10 41 RT; N/A 11% blisters, Yes, LC (p = 0.007) Lesion size, depth,
59 RT/HT 7% ulcers RT/HT, RT dose, mets
2% RT
15 N/A 41 RT; Not discussed Higher thermal dose Systemic disease, concurrent
61 RT/HT sig with CR, prev RT hormone therapy, initial T stage,
not sig thermal dose
16 N/A 42.3 RT; 46% burns 95% (I Best response if prev irradiated
66.1 RT/HT (68.2% vs. 23.5%)
3 80 N/A 16% grade 3 Prev RT not sig NI
toxicity,
14% blisters
7 68 N/A 45% pain, RCT warranted to Oest rec status, initial T stage, age,
5% blisters confirm value RT dose, time from diag-1st fail
12 N/A 56 40% blisters Prev RT not sig, Tumour type
HT benefit sig
2 80 44 5% skin tox, Marrow tox sig Non-inflam disease did better
40%
marrow tox
1 50 33 5% burn NI NI
13 Median N/A 21% blisters LC (p = 0.09) Tumour resectability, RT dose
53at2y
11 N/A 75 20% major NI (report only) NI
ulceration
18 100 post  N/A Well tolerated Reduction rate sig NI
operation
19 N/A 100 at 33 mo None reported 1 pt only NI

CI, confidence interval; CR, complete response; LC, local control; NI, no information; sig, significant; tox, toxicity; prev, previous; oest rec, oestrogen receptor; diag, dignosis.

palliative RT. Their best results from RT/HT
were seen in patients who had been previously
irradiated, where complete response improved
from 38 to 78%. Their findings were confirmed
by later trials as shown in Table 3.

Despite the important nature of this trial to
produce the largest set of results, this paper has
been highly criticised. First, in combining the
results from five separate trials, a lack of homo-
geneity exists in the patient selection criteria
(tumours with different prognoses, size and
depth). RT schedules also varied in dose per
fraction, fractions per week, overall treatment
time and RT dose. Likewise, there were signif-
icant variations in HT treatments in terms of
equipment frequency (affecting the treatment
depth), different margins, number/duration of
HT treatments and the interval between RT
and HT. Each of these may have affected the
prognosis and demonstrates why results varied
considerably between centres for this trial.

Most studies, however, agreed with the
results of the ICHG trial, although the majority
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made no comparison with RT alone, looking
only at HT/RT in combination. This means
using historic data for results of RT outcomes
from other studies and lack of a control group.
This means it is difficult to estimate the size of
the eftect of HT treatment. The heterogeneity
of patient characteristics, trial variables and mea-
sured end points has also made accurate correla-
tions of these studies impossible. Difficulty arises
in accurately comparing the range of study
designs, such as results from a case study being
compared to an RCT.

The quality of HT treatment is questioned in
the study by Ben-Yosef et al.'' as no accurate
temperature measurements were taken within
the tumour. Similarly in the study by Kapp
et al.,” 98% of the 89 patients had only one or
two HT treatments, therefore can this be
accepted as a treatment regime or was the HT
not making any difterence? The authors felt a
phase 3 study was warranted to confirm its
value. No study proposed an optimum HT
method or regime, and as a result 1s highlighted
as an area for future trial work.
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Several studies compared the response of dif-
ferent histologies amongst those trialled. Li
et al.'? concluded that small, nodular tumours
responded quicker than bulky/diffuse disease,
but tended to recur later within the treatment
field. Feyerabend et al.,> however, concluded
that those with non-inflammatory disease
showed better results.

In each of the studies several other parameters
were identified as significantly affecting LC.
These were tumour size and depth, evidence
of metastasis'’ tumour resectability' oestrogen
receptor status, initial T stage, time from diag-
nosis to first failure,” RT dose.”'*!? The strong
radiation dose relationship, cited by these
authors, attempts to explain some of the varia-
tions found in the range of LC rates reported.
Again, this requires further investigation as
variations were also found concerning median
tollow-up times and total radiation doses.

Triple modality results

Feyerabend et al.? performed the larger of the
tri-modality trials, the principal conclusion that
combination RT/HT and CH is feasible with
acceptable toxicity. The authors failed to con-
firm, however, that the addition of CH was
advantageous over RT/HT alone. The com-
plexity of this type of treatment regime makes
any evidence difficult to interpret and a larger
study would be beneficial in the future.

The second paper' assessing the addition of
CH also agreed it was feasible with reasonable
toxicity although a proportion of these patients
also received hormone therapy, questioning
the validity of the result. In addition, they con-
cluded that re-oxygenation is more relevant for
tumour response than cytotoxic eftect and that
HT induced the re-oxygenation for at least
24 hours. This was, however, temperature
dependent and requires further investigation.

Side effects and patient compliance

Due to the different assessment scales and HT
techniques used in the studies detailed compara-
tive analysis is not possible. It is possible, how-
ever, to highlight some of the main trends.
Several studies considered patient compliance
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or treatment toxicity as secondary end points
and this was, on average, found to be low for
RT/HT regimes in combination. Burns blisters
and ulcers were described as typical HT side
effects.

In the largest trial'” HT was generally well
tolerated, although a small number of patients
had their treatment stopped due to pain. Over-
all 11% developed blisters in the HT/RT group
compared with 2% in the RT only arm,
although different toxicity scales were used to
measure them in each of the centres. This result
can be questioned as comparisons cannot be
made between the severity of skin reactions at
the five centres.

In an older study,” a higher proportion of
patients (45%) noted pain although all com-
pleted their treatment. This was decreased by
lowering the power output, a common method
cited in the literature.”'* Five percent also
developed blisters and they concluded that
pain was a major compromise in achieved HT
temperatures. These results may lose relevance
as it has also been found that advanced HT
technology has dramatically lowered the inci-
dence of pain and blistering® and improved
clinical outcome. This paper noted the fre-
quency of skin burns was higher when using a
radiofrequency capacitive heating technique
(5—16%) compared with a radiative technique
(0—3%). No definite conclusions were drawn
in the literature although others suggested simi-
lar views, a topic for further investigation.

In a more recent study' ' non-invasive thermo-
metry was trialled, despite being a small study
(n = 15), although three patients had problems
with ulceration treatment was very well toler-
ated. Welz et al.” also found HT well tolerated
although 15% had their treatment stopped.
Feyerabend et al.” agreed that skin toxicity was
low, although most experienced mild or moder-
ate discomfort often requiring analgesia. No
patients stopped treatment but many variables
were present in their patient selection and the
sequence and timing of therapy given, making
it difficult to draw wvalid conclusions. Hehr
et al." cited comparable data in terms of patient
compliance. Twenty-one percent had their HT
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stopped due to blisters, and a third of patients
experienced grade 3 toxicity. No radiation reac-
tions caused abandonment of the course.

Some patients may not be able to feel hot spots,
as tissue can become desensitised following sur-
gery,® others may be reluctant to mention unple-
asant sensations or will tolerate higher levels of
pain, knowing the im2portance of complet-
ing treatment. Li et al.'“support this theory as,
although treatment was not suspended in any of
the study sample, two required skin transplants
to close ulceration caused by heating.
Sugarbaker et al.'"* used an anaesthetic skin
gel to alleviate skin pain, combined with a pre-
treatment oral narcotic. Only 2 of the 238
treatments were not completed due to patient
discomfort, demonstrating the effective use of
pain relief to achieve treatment goals. Jones
etal." also found local anaesthesia and Lorazepam
effective as only 5% of the study sample (n = 1)
had treatment stopped.

The literature suggests that local HT is mainly
limited by blisters and patient discomfort. The
risk is related to heating technique used and
can be alleviated by a reduction in power.

Effect of thermal dose

Sherar et al."> conducted a trial considering the
effect of thermal dose. Although data were com-
bined from several centres, using different mea-
surement techniques, overall they concluded
that HT dose was associated with complete
response. Multivariate analysis showed systemic
disease was independent of this, demonstrating
that ‘good’ HT is of direct benefit.

Jones et al.'%lso looked at HT dose in terms
of cumulative equivalent minutes (CEM) for
superficial tumours at several anatomical sites.
They concluded that adjuvant HT with a ther-
mal dose of more than 10 CEM 43°C Ty, con-
terred a significant LC benefit when combined
with RT. A potential flaw is that tumours
were initially assessed for ‘heatability’. Only
those that would achieve the minimum effec-
tive dose were randomised which may have
biased the results.
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DISCUSSION

In recent years, research has shown promising
outcomes for the use of HT as demonstrated
in this literature review. Several limitations and
recommendations have been identified how-
ever, and will be discussed in this section.

Implications of HT on the patient,
department and service

Many reasons are evident for the limited use of
HT. Supplying a department with HT equip-
ment would benefit a relatively small propor-
tion of patients, raising economic issues in
NHS hospitals where budgets are limited. The
technology is not widely available and requires
expert staff’ (including a nurse and a clinician
with knowledge of HT) that would need to
train others.

As a procedure it is labour-intensive in com-
parison to RT, each treatment is time consum-
ing and staft must carefully monitor the patient
while managing the equipment. Second, the
need for a strict time schedule between RT
and HT could be an issue in busy departments,
particularly in times of machine breakdown.

If there 1s a service demand following results
from future clinical trials regional centres may
specialise in HT, allowing for larger randomised
controlled trials to be conducted.

For the patient, there are two main implica-
tions. First with the lack of technology available
they may need to travel away from family to the
centre, which is not ideal. Second, issues con-
cerning patient discomfort and decreasing the
incidence of blistering should be addressed.
Monitoring is vital to ensure the patient copes
with the procedure and that changes can be
made to the HT temperature.

FUTURE RECOMMENDATIONS

The use of thermometry and
temperature mapping

In order to effectively evaluate the quality of
HT, measurement of actual temperature distri-
bution within the tumour is important and will
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allow for better control of HT applications.
Temperature mapping (the production of a
‘treatment plan’ of the heat distribution within
the volume) is also recommended to avoid
potentially limiting HT blisters. The use, there-
fore, of a thermal isoeffect dose would allow trial
data to be more easily compared and allow thor-
ough clinical evaluation of the quality of HT."”

One paper also suggested looking at the
differences between temperature distributions
in tumours previously irradiated and those
not. Another recommended a non-invasive
thermometry method that could be further
investigated.

Larger studies

Low numbers of patients, inadequate control
groups, various treatment parameters and a
lack of homogeneity in patient selection criteria
have led to criticism in many of the published
studies. Prospective, randomised trials should
give information as to which patients will ben-
efit from HT and address its future potential in
the treatment of advanced breast cancer.

Many patients in the published reports also
received adjuvant therapies such as hormone
therapy and CH, therefore, how do we know
that it 1s the HT giving the extra benefit? For
locally advanced breast cancer RT/HT are rarely
used alone in reality. Systemic treatment arms
and a control group should be included in trials
and not all applied multivariate analysis.”'>'®

A large study with positive results may also
improve public awareness of HT, thus increas-
ing acceptance of the modality as a viable treat-
ment technique.

Optimum HT/RT regimes

The literature does not conclude an optimum
HT regime in terms of temperature, number
of treatments or concurrent RT dose. Heating
techniques also vary and, to lower the incidence
of blistering, radiative techniques and tempera-
ture mapping should be used in further trials.
Consideration should also be given to the eftect
of blisters should any of the above variables
need increasing.
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Triple modality studies

Most studies compare only RT/HT although
CH has shown some positive effects and is
worth further investigation. The thermal dose
relationship for thermoradiotherapy and ther-
mochemoradiotherapy may be different and
with a range of CH drugs used in breast cancer
the optimum regime is still unknown.

CONCLUSION

The eftect of HT in advanced breast cancer is
complex, but compared with RT alone HT/
RT can improve LC rates in patients with
recurrent breast cancer and significantly
decrease the risk of local failure. This is particu-
larly relevant for patients who previously
received a radical dose of RT to the breast.
There is no evidence, however, that HT posi-
tively aftects overall survival.

Despite previous problems of patient compli-
ance with HT, some newer heating devices
have shown major decreases in toxicity and
future investigation may further decrease dis-
comfort and blistering. This issue is not signifi-
cant, however, compared with the effects of
uncontrolled local disease and HT ultimately
leads to excellent pain control.

Improvements are still necessary for HT in
breast cancer treatment before it can be of
widespread use. Many papers have shown it to
be potentially beneficial, justifying the need for
standardising methods, technological develop-
ment and temperature mapping for future pro-
gress and 1improved clinical results. Non-
invasive heating methods may also allow for
ease of use.
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APPENDIX 1

Nineteen recent papers on HT were included,
of these four are RCT studies, and three are
phase 1 or 2 studies. All the papers considered
HT and RT in combination and two included
the use of chemotherapy.

Only articles that were related to breast can-
cer and trials published in the last 10 years
were selected for review. Others were consid-
ered with an emphasis on patient compliance
or side effects of HT. Older studies were
excluded due to rapid technological advances
in RT technique and fractionation, thus ques-
tioning their clinical relevance today. Articles
relating to whole body or regional HT and
other malignancies were also excluded.

Keywords used were hyperthermia, hypoxia,
breast cancer, thermoradiation, side effects and
compliance.
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