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Counterpoint: Hyperthermia with Radiation
Therapy for Chest Wall Recurrences

Beryl McCormick, MD, New York, New York

The synergy between HT and RT effects on malig-
nant tissues has been recognized for more than 80 years.
Perez et al.1 note a report published in 1935 by Warren,2

combining heat and x-ray therapy. They also describe the
excitement about combining HT and RT that began in
the 1970s but add in the 1987 edition of this classic RT
textbook that, “the clinical use of heat has been ham-
pered by a lack of adequate equipment to deliver effec-
tive heat in deep-seated lesions and of thermometry
techniques that provide reliable information on heat dis-
tribution in target tissues.”1

A recent review article on HT almost 2 decades later
states that, “to reach temperatures clearly above the sys-
temic temperature of 37.5°C in a defined target is a tech-
nical challenge and still under development.”3 In addition,
the authors note “a precondition for better reproducibil-
ity and therapy safety is non-invasive thermometry.” In
comments specific to recurrent breast cancers, the same
review notes that the published trials “confirm proof of
principle” but “unfortunately showed a beneficial effect
only for small lesions owing to unsatisfactory quality
assurance.”3

In other words, the rationale for combining heat and
RT in locally advanced breast cancers and other tumors
is clear. However, despite significant research efforts in
multiple studies over the past 25 years, convincing results
for adopting this therapy as standard care are still lack-
ing. This author’s reasons for viewing the data this way in-
clude 1) lack of high level clinical evidence from large
phase III trials; 2) unresolved technical issues of heat de-
livery, temperature required, and optimal timing with the
RT; and 3) quality assurance issues with thermometry.

Clinical Trials
The Radiation Therapy Oncology Group conducted the
first prospective, randomized, phase III trial comparing RT
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Abstract
The 2007 National Comprehensive Cancer Network Breast Cancer
Clinical Practice Guidelines in Oncology include a consideration for
hyperthermia (HT) and radiation for women with recurrent locore-
gional advanced breast cancers after first-line surgery or radiation
failed. Although HT in this setting has been used for several decades,
recent reports are few. This article reviews the data from several re-
cent studies, selected because they included at least 100 patients.
Unresolved issues of radiation dose, optimal temperature and tim-
ing of HT, and quality assurance problems with thermometry are
apparent from these studies. Although clearly an effective treat-
ment option in this clinical scenario, more research on HT and radi-
ation is needed before this treatment combination can be considered
standard care. (JNCCN 2007;5:345–348)

The clinical scenario of a woman with recurrent breast
cancer in the chest wall is familiar to clinicians who care
for these patients. Often, this is the only site of disease,
and local surgery, radiation (RT), and the most active
breast cancer systemic agents have been used already as
treatment options. The 2007 National Comprehensive
Cancer Network (NCCN) Breast Cancer Clinical
Practice Guidelines in Oncology include the use of hy-
perthermia (HT) with reirradiation as an option for these
patients. This article discusses the data supporting this rec-
ommendation and discusses how it compared with the
usual standards used in formatting the guidelines. 
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with RT plus HT in treating primarily recurrent breast
cancers in addition to some other primary sites.4 The
patients randomized to the HT arm showed no treat-
ment advantage, and the cooperative group did not
pursue the subject further. However, the subset of tu-
mors 3 cm or less was noted to have a higher response
rate with the addition of heat. The final report was pub-
lished in 1989.  

Within the past 10 years, 5 randomized studies were
reported that compared RT and heat with RT alone for
treating breast cancers. These studies were combined un-
der the umbrella of the International Collaborative
Hyperthermia Group (ICHG).5 A similar randomized
study from Duke University Medical Center was also
published, in which 63% of enrolled patients had breast
cancer.6 Two large, nonrandomized studies combining
RT and HT in women with recurrent breast cancer
were also reported in the same period.7,8 Table 1 sum-
marizes some of the key characteristics in these trials.

As shown in Table 1, the number of patients stud-
ied is small, with fewer than 400 women with breast
cancer included in the 6 randomized trials (only 63%
of patients had breast cancer in the trial by Jones 
et al.6). Focusing specifically on the breast cancer pa-
tients who underwent re-treatment after an initial
course of RT, the number of women is approximately
160. These numbers certainly do not meet the crite-
ria for evidence of efficacy from large phase III trials.

Second, with the exception of the Jones et al.6

and van der Zee et al.8 trials, the RT dose per fraction,
timing, and total doses vary significantly among trials.
(The table was simplified to include only dose infor-

mation for women who were re-treated.) Across the
trials, a similar observation can be made about the
prescription goals for the HT portion of treatment.
Thus, in terms of deriving practical clinical informa-
tion, these data have no unifying theme. 

Focusing on clinical end points, none of the stud-
ies showed any survival advantage for the addition of HT.
Given that the study population all had stage IV dis-
ease, this result is as expected. Local control until death
is a more appropriate end-point. For local control, the
advantage of adding HT to the treatment for all patients
in the Jones et al.6 study, both pretreated and not pre-
treated, was statistically significant (P = .02). The ab-
stract states that, “previously irradiated patients had the
greatest incremental gain in complete response: 23.5%
in the no-HT arm versus 68.2% in the HT arm.”6

Duration of local control was not stated, and the median
survival period seems to be approximately 12 months.

The complete response (CR) rate for all patients
in the ICHG is 41% for those in the RT arm, and 59%
for those in the RT/HT arm (odds ratio, 2.3). Of pa-
tients in the RT/HT arm who experienced CR, 17%
experienced further local failure. The 95% confidence
intervals of the different trials in the group contained
the pooled odds ratio for CR, although 3 of 5 studies
did not show an advantage for the addition of HT in
terms of local control. For patients with previously ir-
radiated lesions treated with palliative RT doses, as
per the trial plan, the CR rate was 57% in the RT/HT
arm compared with 31% in the RT-only arm, result-
ing in an odds ratio of 4.7. Median survival of the en-
tire study group was 18 months.5
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Table 1 Clinical Hyperthermia Trials with 100 Patients Minimum Size, 1996–2005.
Dose/Timing/ Temperature/ % CR/No 

Study Randomized N Pts % Retreatment Total Dose Over Time % CR/HT HT

van der Zee No 134 100% 4 Gy/q2w/32 Gy 43–44°C/1 h* 71% N/A
et al.8 2 Gy/q1d or 

4 Gy/q2w to 

Lee et al.7 No 151 51% 30–40 Gy 43°C/45 min† 39% N/A

Jones et al.6 Yes 108‡ 36% 2 Gy/q1d/ 43°C/10 CEM 68% 24%
30–66 Gy but max 2 h§

Vernon et al.5 Yes 306 40% Varied over From 42.5°C/30 min 46% 41%
5 subgroups to 43°C/60 min

Abbreviations: CEM, cumulative equivalent minutes; CR, complete response; HT, hyperthermia therapy; RT, radiation therapy.
*Given after each RT treatment.
†Given once or twice per week.
‡63% breast cancer. 
§Given twice per week.
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The 2 non-randomized studies reported end re-
sults in different ways. Lee et al.7 reported a 39% CR
rate at the completion of therapy, describing rates as
“similar for previously irradiated and unirradiated tu-
mors.” At maximum response, CR rates of 63% were
observed, but the study does not clarify whether this
rate was the same for the 2 patient subsets. A multi-
variate analysis found just 2 factors related to local
control: initial specific absorption rate (SAR; see next
section) and the number of HT sessions. The median
survival for patients in the Lee et al.7 study was 11
months. 

In comparison, the van der Zee et al.8 study re-
treated all patients, and the 71% CR rate was maxi-
mum response, observed twice with an interval of at
least 4 weeks between assessments. Of women exper-
iencing a CR, 35% experienced another in-field re-
growth of the tumor. The median survival period was
21 months.8

Although, in the studies that provided data any
advantage of local control for the HT group remained
apparent over that achieved by RT only, the overall
median survival of patients was generally measured in
months, not years, thus limiting long-term evaluation
of the response durability. 

Technical Issues
Some tumors are simply not heatable, as researchers
at Duke Medical Center state in response to a letter
in Clinical Cancer Research regarding their HT trial on
canine sarcomas. This can be for 2 reasons: a) tech-
nical issues resulting in inadequate energy disposition,
or b) physiologic characteristics of the tumor that pre-
vent deposited energy from being absorbed locally, i.e.
high perfusion.9

The technical parameters listed in the human tri-
als on Table 1 show clearly that no consensus exists
regarding RT dose and fractionation or optimal tem-
perature, duration, and frequency of HT. The recent
review article by Wust et al.3 refers to the 43°C
“dogma” as being abandoned and notes several stud-
ies showing effective treatment with lower tempera-
tures. The introduction to the Collaborative
Randomized Trial states that “the optimum HT regi-
men with regard to temperature or number of treat-
ments is not known.”5

In addition, no consensus seems to exist regard-
ing key terms for expressing the heat dose. For

example, Lee et al.7 compared the SAR with tumor
depth and surface. SAR data were highly correla-
tive with local control in this study. van der Zee 
et al.8 used Tmaxmax and T90 to define their most
useful heat parameters.8 Jones et al.6 tested a thermal
dose parameter called “cumulative equivalent min-
utes” (CEM) at 43°C for 90% of measured points.
The 5 trials in the Collaborative Study also used
various measures.6

Quality Assurance/Thermometry
In all of the clinical trials discussed, thermometry was
performed using an invasive catheter system in which
catheters or needles are placed in the target tumor to be
heated. Fiberoptic thermometers or high-resistivity ther-
mistor sensors are placed within the probes. In the more
sophisticated systems, the probes are moved mechani-
cally in a stepwise fashion for automated mapping of
temperature over the target volume. For repeated HT ses-
sions, the catheters are often left in place. Although not
clearly documented in the articles reviewed here, the
Duke group acknowledges that “indwelling thermome-
try catheters may lead to complications.”9

The review by Wust et al.3 states that “a precon-
dition for better reproducibility and therapy safety is
non-invasive thermometry.” This article then discusses
a research effort underway at Duke Medical Center
to integrate HT in a tunnel-like magnetic resonance
tomography unit designed to monitor HT. In the same
letter, the researchers state, “issues associated with in-
vasive thermometry are the rationale behind our ef-
forts to develop and perfect magnetic resonance
thermometry methods. Having accurate noninvasive
thermometry as a standard part of clinical hyperther-
mia must be the goal.”9

Conclusions
HT is definitely a modality that will be used in the
future of oncology. Although the discussion is beyond
the scope of this article, innovative clinical trials
combining HT, chemotherapy, and RT are underway
in several centers. A Japanese group is using intra-ar-
terial infusion with heat and RT,10 and a German group
is studying nanoparticle heating.11

However, the author’s current conclusions are that
this technology suffers from a lack of standardization re-
garding RT dose and fraction, heating temperature goals,
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schedules and duration of time, and difficulties in mon-
itoring the temperature of the target or thermometry.

Given the small number of women with recurrent
breast cancer in completed and published trials and the
unresolved technical and quality assurance issues, the
author believes that HT and RT for recurrent breast
cancer should only be attempted at larger, more expe-
rienced centers such as Duke Medical Center, where
these issues are recognized and continue to be researched.
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