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Thermography-Controlled, Contact-Free
wIRA-Hyperthermia Combined

with Hypofractionated Radiotherapy
for Large-Sized Lesions of Unresectable,
Locally Recurrent Breast Cancer

M. Notter, A. R. Thomsen, A. L. Grosu, K. Miinch,
and Peter Vaupel

6.1 Introduction

In 75% of all cases of primary breast cancer, tumor tissue is removed by breast-
conserving surgery (BCS) to avoid mastectomy. In standard procedure, BCS is fol-
lowed by adjuvant radiotherapy (RT) using a total dose of 50-60 Gy in order to
eradicate remaining cancer cells and decrease the risk of locoregional recurrence.
Improved approaches for the early detection of breast cancer and surgical techniques
and RT protocols have decreased the median incidence rate of locoregional recur-
rence in high-income countries to 0.6% per year. However, the increasing number of
longtime breast cancer survivors increases the number of patients at risk of develop-
ing a local recurrence later, thereby leading to a median cumulative local recurrence
rate of 6.2% [1]. In subgroups of patients, such as triple-negative breast cancer in
premenopausal patients, cancer recurrence occurs considerably more often and after
a shorter time interval. The first manifestation of locally recurrent breast cancer
(LRBC) after BCS is generally treated by mastectomy, in some cases even by a sec-
ond BCS. The option of a second adjuvant radiotherapy of 50-60 Gy must be
weighed against the risk of severe side effects due to cumulative radiotoxicity.
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If the recurrent tumor cannot completely be removed by mastectomy with an
adequate safety margin or if the pathologist finds cancer cells in the margin of the
removed tissue, then the so-called “microscopic disease” carries a high risk of mac-
roscopic recurrence. Furthermore, locoregional recurrences at the chest wall in the
pre-irradiated area are often irresectable and/or resection would require complicated
surgical procedures that would be associated with major mutilations. Another RT at
a standard dosage, which is required for effective tumor control, must be denied due
to expected unacceptable toxicity for heart, lung, and rib bones. An inflammatory
subgroup of locoregional recurrences, lymphangiosis carcinomatosa, even tends to
recur repeatedly after short time gaps. In these final stages of unresectable locally
recurrent disease in pre-irradiated sites, the ambition for tumor control is often aban-
doned, and patients suffer from a tremendous loss of quality of life caused by uncon-
trolled local tumor growth with symptoms such as pain, constriction, bleeding,
ulceration, and infection. These symptoms also often lead to social isolation.

Mild hyperthermia (HT) as a potent radiosensitizer (Thomsen et al., Chap. 5, this
book) enables a reduced RT dose and toxicity. In combined HT/RT schedules, good
tumor control can be achieved using total re-irradiation doses of 20-39 Gy with
very different fractionation schedules. A systematic review and meta-analysis have
demonstrated the efficacy of combined HT/RT in the treatment of LRBC, with an
especially high benefit for pre-irradiated patients [2]. In most of the published stud-
ies, HT was applied by microwave (MW) devices consisting of a microwave antenna
and a water bolus, which is directly applied to the target region. Superficial HT
using MW can achieve effective hyperthermia temperatures >39 °C up to a depth of
approx. 30-40 mm. However, the MW technique has considerable limitations as the
treatment of large-sized diffuse tumor spread cannot be covered by one applicator,
especially in the case of heterogeneous body contours. With ulcerating lesions, the
applicator contact may be uncomfortable and painful. In addition, the incidence of
thermal skin damage is high [3].

6.2 Patients and Treatments

So far, tumor response and local control have been documented in 280 patients pre-
senting with LRBC in pre-irradiated sites and treated with thermography-controlled,
superficial WIRA-HT. In 2020, an intermediate analysis of the outcome data of 201
patients was published [4]. Since tumor size has been described as being the most
significant prognostic factor [5], the evaluation has been stratified into 4 size classes
of macroscopic disease, ranging from tumors <10 cm (rClass I), up to carcinoma en
cuirasse with extensions to the back (rClass IV, as shown in Fig. 6.1). In addition,
the microscopic disease is classified as rClass 0.

6.2.1 Basic Characteristics of the Patients

In the intermediate analysis, 170 patients presented with macroscopic disease and
31 patients with microscopic disease. Most patients were heavily pretreated and
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rClass 0 rClass | rClass Il

rClass Il rClass IV rClass IV

Fig.6.1 Size classification for locally recurrent breast cancer, as suggested by Notter et al. (modi-
fied from [4])

sent to thermography-controlled wIRA-hyperthermia since no other therapeutic
option remained. All patients had previously received radiotherapy, with 116
patients having received more than 2 systemic chemotherapies. Of the patients with
macroscopic disease, 141 (83%) had large-sized tumors (rClass I[I-1V), 49 of whom
had 2 or more regions to be treated. Poor prognostic factors were prominent in these
patients: 50 patients (25%) presented with triple-negative breast cancer, 115 patients
(57%) presented with inflammatory LRBC (lymphangiosis carcinomatosa), and 70
patients (35%) with ulcerating lesions. More than half of the patients with macro-
scopic disease presented with additional distant metastasis, which is the decisive
factor for limited life expectancy. However, effective control of local tumor growth
is crucial, even for patients with a life expectancy of just a few months, in order to
achieve a satisfying palliative effect, and to improve the quality of life during the
remaining lifetime.

6.2.2 Treatment Schedule

The basic treatment protocol was thermography-controlled, superficial wIRA-
hyperthermia directly followed by hypofractionated re-irradiation of 5 x 4 Gy, once
a week, as introduced by Notter et al. [6]. The total re-irradiation dose of 20 Gy is
the lowest RT dose ever applied in a protocol aiming for effective tumor control.
Since wIRA-HT works with a contact-free energy input, the treatment allows the
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Fig. 6.2 (a—c) Treatment of patients using the Hydrosun®TWHI1500 hyperthermia device
(Hydrosun Medizintechnik, Miillheim, Germany): various positions are supported to meet the
requirements of extended lesions, e.g., carcinoma en cuirasse

patient to stay in a comfortable position (see Fig. 6.2a—c). Automatic control of the
maximum surface temperature between 42 °C and 43 °C achieves effective hyper-
thermic temperatures >39 °C up to a depth of approximately 25 mm (Thomsen
et al.; see Chap. 5) and overheating leading to thermal skin damage can be avoided.
The time interval between HT and RT is <5 min for the transport of the patient from
HT to the RT room and RT delivery.

6.3  Results
6.3.1 Tumor Response and Toxicity

The assessment of a new treatment method is based on the ratio of efficacy and toxic-
ity. High toxicity is especially unacceptable in a therapy with palliative intent. Tumor
response rates are shown in Table 6.1. As expected, rates of complete response (CR)
decrease with increasing tumor size. Correspondingly, rates of partial response (PR)
develop in opposite directions. In patients with large-sized LRBC and distant metas-
tasis, the purely palliative treatment was often deliberately confined to regions where
the tumor caused debilitating symptoms. With an overall clinical response (CR + PR)
of 95% only very few patients experienced no benefit from the treatment.

As shown in Table 6.2, toxicity is extremely low. All grade I acute side effects did
not require any medical intervention and had almost no impact on quality of life.
Radiation dermatitis grade II and scurfs only occurred in 14 patients. Thermal skin
damage (a rather common side effect in microwave hyperthermia [3]) occurred in
only I patient. Hyperpigmentation had only a cosmetic impact and was not relevant
for these patients.

Figure 6.3 (a—d) show an example of a patient with CR (rClass 2), and Figs. 6.4
and 6.5 (a, b) demonstrate patients with PR (rClasses III and IV)

6.3.2 Local Control and Re-Recurrence

In the majority of patients, the local tumor remained controlled during lifetime.
Some patients with a formerly fatal prognosis of local tumor growth, but without
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Table 6.2 Toxicity of water-filtered infrared A hyperthermia (WIRA-HT) and re-irradiation (re-

RT) (modified from [4])

No. of patients
No acute side effects
Acute side effects
— Radiodermatitis grade I
— Radiodermatitis grade 11
— Scurfs
— Hyperpigmentation
— Burn with blistering
No chronic side effects
Chronic side effects
— Grade I: Hyperpigmentation
— Grade II: New telangiectasia

201 (100%)
114 (57%)
87 (43%)
65

4

10

64

1

145 (72%)
56 (28%)
53

7

Fig. 6.3 Treatment response of a patient with extended triple-negative LRBC, rClass II, treated
with combined wIRA-HT and re-RT: (a) before treatment, (b) after 2 x 4 Gy, (c) after 4 x 4 Gy,
and (d) CR 2 months after 5 x 4 Gy

metastasis could even be cured. However, the progressed stage of disease and espe-
cially the characteristics of inflammatory lymphangiosis carcinomatosa are associ-
ated with a high risk of repeat recurrences and new local progression, respectively,
distant metastasis. Local control rates after CR and locally progression-free rates

after PR are shown in Tables 6.3 and 6.4.
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Fig.6.4 Treatment response of a patient with LRBC, rClass III, treated with combined wIRA-HT
and re-RT: (a) before treatment and (b) PR 9 weeks after 5 x 4 Gy

Fig.6.5 Treatment response of a patient with LBRC, rClass IV, treated with combined wIRA-HT
ad re-RT: (a) before treatment, (b) after treatment of anterior left chest wall, infraaxillary region,
and infrascapular region and left supraclavicular region; each volume received 5 x 4 Gy
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The extremely low toxicity of combined thermography-controlled wIRA-HT
and re-RT with a total dose of 20 Gy allows for repeat re-irradiation(s) in case of
repeat recurrence(s). Of the 21 patients presenting with re-recurrences after CR, 19
were treated with the same schedule again. Among these 19 patients, 13 achieved
another CR, and 6 patients had a PR. Repeat re-irradiation was also applied in 24 of
40 patients presenting with new local progression after PR. Two patients achieved a
CR, and 16 patients achieved a PR. In some patients, a formerly desperate situation
could be turned into a sustainable management of tumor control throughout several
subsequent re-recurrences with good quality of life for several years. An example of
this scenario is shown in Fig. 6.6.

The Kaplan—Meier estimates are commonly used for comparing a new therapeu-
tic method with an existing standard therapy in comparative clinical trials.
Unfortunately, the characteristics of unresectable, large-sized LRBC in pre-irradi-
ated regions do not allow for the design of comparative studies since there is no
standard therapy available. Therefore, the comparison of a promising therapeutic
intervention with a non-treatment-responsive best supportive care strategy cannot
be justified ethically [7, 8]. Nevertheless, the Kaplan—Meier estimates can be used
to compare overall survival with respect to tumor size and to the presence of metas-
tasis (Fig. 6.7). As expected, overall survival progressively reduces with increasing
tumor size (Fig. 6.7a). The high mortality in the first 18 months is primarily caused
by death due to metastatic disease. In our analysis, the presence of metastasis has
the most significant impact on overall survival. The upper curve in Fig. 6.7b (includ-
ing all patients) and in Fig. 6.7c (including patients with macroscopic disease)
shows a relevant proportion of long-term survivors. By using combined HT/re-RT
in the treatment of inoperable LRBC in pre-irradiated areas, a curative intent should
not be excluded. Figure 6.7d shows survival of patients with initially microscopic
disease, only very few of whom had distant metastasis.

6.4 Conclusion and Outlook

Combining HT and re-RT at considerably reduced RT doses has shown an excellent
efficacy/toxicity ratio in the treatment of unresectable LRBC in pre-irradiated sites
and offers a new option for patients in formerly desperate situations of uncontrol-
lable tumor growth. Thermography-controlled superficial WIRA-HT is mainly indi-
cated in the treatment of large-sized lesions, lymphangiosis carcinomatosa, and
ulcerated lesions up to a tissue depth of approximately 2.5 cm (Thomsen et al.,
Chap. 5 in this book). Clinical experiences have shown a comparable efficacy in the
treatment of other superficial tumors (e.g., malignant melanoma, skin carcinomas,
radiation-induced angiosarcoma, and Merkel cell carcinoma).

In addition to the described combination with radiotherapy, combined treatment
schedules including chemotherapy and immunotherapy should be considered in
the future.
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March 3, 2013:
before 1st treatment

Sept. 11, 2013:
recurrence
outside / border

March 14, 2016:
new recurrence
inside/outside/border

Nov. 02, 2016:
new recurrence
inside/outside/border

August 13, 2018:
new recurrence
inside/outside/border

March 3, 2019:
new recurrence
inside/outside/border

May 5, 2020: 4

new recurrence
inside/outside/border

-

April 24, 2013:
after 5 x4 Gy + HT
— CR

Nov. 15, 2013:
after 5 x4 Gy + HT
—CR

April 18, 2016:
after 3 x4 Gy + HT
—CR

Dec. 19, 2016:
after 2x 4 Gy + HT
— CR

Sept. 03, 2018:
after2x 4 Gy + HT
— CR

October 22, 2019:
after 3x 4 Gy + HT
— PR

June 6, 2020:
after 2x 4 Gy + HT
— CR

Fig. 6.6 Patient with periodically recurring lymphangiosis carcinomatosa. Before treatment (left
column) and after treatment (right column). Schedule of some treatments was interrupted after 2
or 3 therapeutic sessions due to an independently occurring urinary bladder infection and unavail-

ability of the patient
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Fig.6.7 Kaplan—Meier estimates of overall survival stratified into size classes (a), in patients with
and without metastasis including all patients (b), including only macroscopic disease (c¢), and
including only microscopic disease (d)
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