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Introduction:

The thermal dose achieved in the clinic often remains too low due to the incidence of treat-
ment limiting hot spots, which are difficult to avoid intuitively due to the large number of
degrees of freedom (amplitudes and phases) of the heating device. To improve hyperthermia
treatments of oesophagus carcinoma patients with the 70 MHz AMC-4 waveguide system we
performed Hyperthermia Treatment Planning (HTP) with high resolution temperature based
optimisation. With this optimisation we obtain Amplitude(A) and Phase(P) settings for the
antennas for optimal rumour heating (> 43 °C) while preventing hot spots in normal tissue
(< 42 °C) and maintaining the spinal cord temperature below 40 °C to prevent neurotoxicity.

Methods:

We used HTP software developed at the department of radiotherapy of the University Medi-
cal Center Utrecht. The planning is based on a CT scan of the patient in treatment position
(i.e. prone position) on a water bolus and mattresses. The tumour, heart, aorta and spinal cord
were outlined manually by a physician. The rest of the dataset was automatically segmented
into muscle, fat, bone, lung and air. We performed temperature based optimisation1 at a reso-
lution of 2x2x5 mm3. Clinical experience has led to standard power ratios for the top, bottom,
left and right antenna of 1:3:3:3. The top antenna, which is closest to the spinal cord, delivers
less power to prevent neurological toxicity. Phase settings are clinically optimised by maxi-
mizing the E-field, measured at the tumour site.
Tumour, systemic and spinal cord temperature are continuously monitored using multi sensor
thermocouple probes. At the start of every treatment we performed AT-measurements2 apply-
ing a 30 sec power pulse of 800 W. For 16 patients in 43 treatments we applied 3 different
settings:

I. Calculated: The numerically optimised A/P settings
II. Clinical: The clinically optimised A/P settings

III. Mixed: The numerically optimised A settings with the clinically optimised P settings.

The ratio AT0CS / ATcord of ATOCS at the oesophageal tumour and ATcord near the spinal cord
provides a criterion for tumour heating efficiency. To obtain more insight in the value of
treatment planning and the predictive value of the initial AT for the Steady State Tempera-
tures (SST) we studied for 28 patients the relation between:

• The extent of the temperature rise in the oesophagus and near the spinal cord after a 30
sec. power pulse and the A/P settings of the different antennas.

• The AT due to the initial power pulse with clinical settings and the achieved SST.

_ Results:

i The results of the AT-rncasufemeirts-^re-shown-in^tabte-tr With the mixed A/P settings the
highest absolute AT's were achieved, while the ratio was not much different from the other
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two configurations. This implies that with these settings the same rumour heating can be ob-
tained with less applied power, resulting in more efficient heating. The fact that the combined
numerical A/clinical P settings resulted in the highest absolute temperature rises in the oe-
sophagus might be due to the difference in patient positioning between the planning and the
actual treatment, since the location of the SAR focus in the tumour is constructed mainly by
phase steering.

ATocs / ATCord

A T 0 C S

AT c o rd

Calculated A/P (I)
1.310.09

0.36 ± 0.02 °C
0.29 ± 0.02 °C

Clinical A/P (II) -
1.7 ±0.15
0.38 ± 0.03 °C
0.23 ± 0.02 °C

hMixed A/P (III)
1.5 ±0.12
0.48 ± 0.04 °C
0.33 ± 0.02 °C

Table 1: Results of AT-measurements performed with calculated, clinical and mixed
_--• settings averaged over 43 treatments (mean ± SEM).

The temperature rise near the spinal cord depends mainly on the power of the top an-
tenna. The correlation coefficient was R=0.37, which was considerably higher than the
correlation with the powers or phases of the other antennas.
The temperature rise in the oesophagus depends mainly on the power of the top and bot-
tom antenna together. The correlation coefficient was only R=0.12 but this was still more
than 2 times higher than the correlation with the power of the left and right antenna.

The relation between the temperature rise due to
a power pulse of 30 seconds and the achieved
steady state temperature was more or less linear,
implying a higher T90 and T50 when a higher AT
was measured at the beginning of the treatment
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Figure 1: Relation between AT and steady state temperatures.
Discussion:

Numerically optimised amplitudes combined with clinically optimised phases per session
may improve the efficiency of hyperthermia treatments of oesophagus carcinoma patients.
The same tumour heating with less applied power is favourable since it results in a reduction
of systemic stress and possibly fewer hot spots. The AT's near the spinal cord and in the oe-
sophagus depend mainly on the power of the top antenna and on the power of the top and bot-
tom antenna together, respectively. Steady state temperatures are linearly dependent on the
initial temperature rise.
In conclusion, we can use HTP to improve hyperthermia treatments by more efficient tumour
heating.
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