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Summary Both experimental and clinical research have shown that hyperthermia (HT) gives valuable additional effects when applied in
combination with radiotherapy (RT). The purpose of this study was evaluation of results in patients with recurrent breast cancer, treated at the
Daniel den Hoed Cancer Center (DHCC) with reirradiation (re-RT; eight fractions of 4 Gy twice weekly) combined with HT. All 134 patients for
whom such treatment was planned were included in the analysis. The complete response rate in 119 patients with macroscopic tumour was
71%. Including the 15 patients with microscopic disease, the local control rate was 73%. The median duration of local control was 32 months,
and toxicity was acceptable. The complete response (CR) rate was higher, and the toxicity was less with the later developed 433-MHz HT
technique compared with the 2450-MHz technique used initially. With this relatively well-tolerated treatment, palliation by local tumour control
of a worthwhile duration is achieved in the majority of patients. The technique used for hyperthermia appeared to influence the achieved
results. The value of HT in addition to this re-RT schedule has been confirmed by a prospective randomized trial in a similar patient group. In
The Netherlands, this combined treatment is offered as standard to patients with breast cancer recurring in previously irradiated areas.
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Table 1 Patient and tumour characteristics in relation to treatment technique

433 MHz n = 107 2450 MHz n = 27

Median (range) s.d.a Patients Median (range) s.d.a Patients

Disease-free interval from start of first
treatment to first relapse (months) 23 (1–158) 27 15 (2–168) 25

Number of previously given kinds of chemotherapy
0 57 9
1 33 13
2 or 3 17 5

Number of previously given kinds of hormonal therapy
0 54 10
1 23 8
≥2 30 9

Number of previous surgical procedures at the same
location

0 7 1
1 49 16
≥2 51 10

Dose of radiotherapy given previously (Gy) 45 (20–66) 6 45 (15–58) 10
Macroscopic tumour

≤3 cm 38 11
>3 cm 57 13

Ulcerating tumour 24 6

Tumour histology: grade of differentiation
Good 1 0
Moderate 18 1
Poor 53 12
Undifferentiated 14 7
Unknown 21 7

Number of lesions
Single 42 9
2 19 8
3–9 or more 46 10

Haemoglobin at time of treatment (mmol l–1) 8.3 0.7 8.3 0.7

Tumour outside treatment volume 41 10

Macroscopic tumours only:
Tumour volume (cm3) 11 (1–868) 166 6 (1–777) 39
Tumour maximum diameter (cm) 4.9 (5–300) 6.0 4.7 (6–175) 4.8

Maximum depth (cm) 2.0 (1–9) 1.6 2.0 (1–5) 0.7

Continuation of hormonal therapy during local
treatment 15 5

as.d., standard deviation.
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Table 2 Treatment characteristics

n Range Median (s.d.a)

Total re-RT dose
<32 (12–28) Gy 4
=32 Gy 129
=36 Gy 1

Size of radiation field (cm2) 30–875 248 (184)

Size of hyperthermia field (cm2) 64–800 300 (155)

Number of HT applicator set-ups
1 101
2 7
3 2
4 2

Received eight HT treatments 123

Total duration of all HT treatments (min) 480 (55)

Number of thermometry points [median (range)]: 433 MHz 2450 MHz
In tumour tissue 5.4 (1–20) 2.6 (1–10)
In normal tissue 13.9 (1–44) 2.9 (1–11)

HT dose parameters [median (s.d.a)]: 433 MHz 2450 MHz
Tmaxmaxmean in tumour (°C) 43.4 (1.3) 42.2 (1.4)
T90best in tumour (°C) 40.1 (1.2) 40.6 (1.7)
Tmaxmaxmean in normal tissue (°C) 43.8 (1.0) 42.2 (1.2)
T90best in normal tissue (°C) 39.2 (1.1) 39.9 (1.2)
Tumour tissue T90 >40°C (min) 61 (118) 118 (137)
Normal tissue T90 >40°C (min) 0 (55) 48 (101)

as.d., standard deviation.
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Table 3 Parameters included in the evaluation of prognostic factors

Chemotherapy Former chemotherapy: yes or no

Hormonal therapy Former hormonal therapy: yes or no

Former local treatment Two classes: either a maximum of one surgical treatment plus RT, or two or more surgical treatments plus RT

RT dose Total (cumulative) dose of previously applied RT; continuous variable, or classes ≤42, >42–46 and ≥46 Gy

Number of lesions Number of tumour lesions within the treatment volume; classes 1, 2 and ≥3

Log tumour volume Logarithm of volume of (largest) tumour lesion in mm3; continuous variable, or classes ≤2, 2–4 and ≥4

Tumour maximum diameter Maximum diameter of (largest) tumour lesion; in two classes ≤3 and >3 cm

Tmaxmaxmean in tumour Continuous variable, or classes ≤42.5, >42.5–43.5 and ≥43.5°C

T90best in tumour Continuous variable, or classes ≤39.6, >39.6–40.6, and >40.6°C

Tmaxmaxmean in normal tissue Continuous variable, or classes ≤43.3, >43.3–44.3, and >44.3°C

T90best in normal tissue Continuous variable, or classes ≤38.8, >38.8–39.5 and >39.5°C

HT technique Two classes: 433 MHz and 2450 MHz

Table 4 Complete tumour response and acute toxicity in relation to
treatment technique

433 MHz 2450 MHz
technique technique
n = 107 (%) n = 27 (%)

Complete response (macroscopic disease only) 74 58
Max. tumour diameter ≤3 cm 87 91
Max. tumour diameter >3 cm 65 31

Local control (microscopic disease included) 76 63

Burns
No or first degree 71 33
Second degree 19 56
Third degree 7 11
Subcutaneous 3 0

Erythema
None–mild 65 59
Moderate–marked 35 41

Moist desquamation 12 7

For both techniques, the difference in CR rate between small and larger
tumours is significant (P = 0.017 for the 433-MHz technique and P = 0.003
for the 2450-MHz technique). The difference in CR rate between the two
techniques is significant for the large tumours (P = 0.024).
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Figure 1 Duration of local control in relation to technique used for delivery
of hyperthermia: 2450 MHz or 433 MHz. Actuarial local control rates at 1 and
2 years are 44% and 33% for 2450 MHz and 54% and 47% for 433 MHz
respectively (log-rank test P = 0.05)

Figure 2 Duration of local tumour control in relation to tumour size:
maximum tumour diameter ≤3 cm compared with >3 cm. Actuarial local
control rates at 1 and 2 years are 69% and 57% for smaller tumours and
36% and 33% for larger tumours respectively (log-rank test P = 0.0001)
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