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Introduction

Mild hyperthermia has been known to enhance the response of tumors to radiotherapy or
chemotherapy by increasing tumor blood flow, thereby increasing tumor oxygenation or drug
delivery. The purpose of this study was to assess the changes in temperature and blood flow
in human cervical cancer in response to regional heating with modulated electro-
hyperthermia (mEHT).

Methods
The pelvic area of 20 patients with cervical carcinoma was heated with meEHT. The peri-tumor
temperature was measured using an internal organ temperature probe. The tumor blood
flow was measured using 3D color Doppler ultrasound by determining the peak systolic
velocity/end-diastolic velocity ratio (S/D ratio) and the resistance index (RI) within blood
vessels.

Results

The mean peri-tumor temperature was 36.7 * 0.2°C before heating and increased to 38.5
0.8°C at the end of heating for 60 min. upon heating for 30 and 60 min, respectively, and was
37.1% 0.3°C at 30 min after heating. The S/D ratio was 1.65 * 0.20 at baseline, 140 * 0.13 and
1.22 * 0.09 upon heating for 30 and 60 min, respectively, and 140 * 0.16 at 30 min after
heating. The Rl was 0.40 * 0.12 before heating, 0.29 = 0.11 and 0.19 * 0.06 upon heating for
30 and 60 min, respectively, and 0.30 £ 0.10 at 30 min after heating. The marked declines in
Rl and S/D values strongly demonstrated that heating significantly increased tumor blood
perfusion.

Conclusion

Regional heating of the pelvic area with mEHT significantly increased the peri-tumor
temperature and improved the blood flow in cervical cancer. This is the first demonstration
that the blood flow in cervical cancer is increased by regional hyperthermia. Such increases
in temperature and blood flow may account for the clinical observations that hyperthermia
improves the response of cervical cancer to radiotherapy or chemotherapy.
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INTRODUCTION

Mild hyperthermia has been known to enhance the

of tumors to radi or
by increasing tumor blood-flow, thereby increasing
tumor oxygenation or drug delivery. The purpose of
this study was to assess the changes in temperature
and blood-flow in human cervical cancer in response
to regional heating with modulated electro-
hyperthermia (mEHT).

METHOD

The pelvic area of 20 patients with cervical
carcinoma was heated with mEHT. The peri-tumor
temperature was measured using an internal organ
temperature probe. The tumor blood-flow was
measured using transvaginal 3D color Doppler
ultrasound by determining the peak systolic
velocity/end-diastolic velocity ratio (S/D ratio) and
the resistance index (RI) within blood vessels.

Regional hyperthermia was performed using an
mEHT device (EHY-2000, Oncotherm GmbH,
Troisdorf, Germany). We have previously used this
device to elucidate the effect of regional heating on
the pharmacokinetics of an orally administered drug.
Patients were placed in a supine position on a
couch, and a 30-cm diameter circular electrode was
lightly coupled to the pelvic area. All patients
underwent two-dimensional simulation to measure
the size of the tumour. The pelvic area was heated
at 80 W for the first 10 min, 120 W over the next 10
min and 150 W for the remaining treatment time (40
min).

The measurement points of the study
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Baseline characteristics of patients (N'.20)
assigned to treatment
Characteristics Number of patients (N = 20)
Age (years)
Range 30-81
Median 505
ECOG performance status
1 12 (60%)
2 8 (40%)
Presentation of tumour
Exophytic 14 (70%)
Endophytic 6 (30%)
Size of tumour (cm)
Horizontal x
Range 24-100
Median 505
Vertical y
Range 2080
Median 415
Depth 2
Range 29-80
Median 450
Stage
Iib 10 (50%)
Ina 2 (10%)
b 6 (30%)
Iva 1(5%)
IVb 1(5%)
Pathology
Adenocarcinoma 6 (30%)
Squamous cell carcinoma 13 (65%)
Carcinosarcoma 1(5%)
Haemoglobin (g/dl)
Range 64-132
Median 1041
Mild anaemia® (11.0-12.9) 6 (30%)
Moderate anaemia® (8.0-10.9) 10 (50%)

Severe anaemia® (<8) 2 (10%)

Non-anaemia (>13) 2 (10%)
Haematocrit (%)
Range 19.0-380
Median 3135
CA 199 (U/ml)
Range 11-338
Median 7.89
CA 125 (U/mi)
Range 55-1116
Median 4545

*WHO dassification.

RESULTS

increased tumor blood perfusion.

The main values of starting characteristics divided into subgroups to show
the cohort properties of the treated population.

The mean peri-tumor temperature was 36.7 + 0.2°C before heating and increased to 38.5 + 0.8°C at the end of heating for 60 min upon heating for 30 and 60
min, respectively, and was 37.1 + 0.3°C at 30 min after heating. The S/D ratio was 1.65 + 0.20 at baseline, 1.40 + 0.13 and 1.22 + 0.09 upon heating for 30
and 60 min, respectively, and 1.40 + 0.16 at 30 min after heating. The Rl was 0.40 + 0.12 before heating, 0.29 + 0.11 and 0.19 + 0.06 upon heating for 30 and
60 min, respectively, and 0.30 + 0.10 at 30 min after heating. The marked declines in Rl and S/D values strongly demonstrated that heating significantly

Doppler patient at
baseline (A), 30 min into the heating procedure (B), 60 min into the
heating procedure (C), and at 30 min after the heating procedure (D).

A

Mass size <5 cm (n=11) Mass sze >Scm (0=9) pale
Rlindex 384007 04220015 065
SDrtio 1341017 1652021 088
Peiitumour temperature () 3658016 36574024 o2
SUVmax 1552253 0
Haemogobin (g/d) 97213 00027
Haematocrit (%) 9 276235 00021
A 125 (Ummi) 774186 4592315 088
CA 199 Uim) 73564 124581 004
8
SUvmax <10 (n=14) WVmax 10 (1=6) pvakie
Rlindex 03520069 04022013 on
510 atio 1682019 013
Per umour temperature ('C) 3671089 02
Umac 14554472
Haemogiobin (g/d) 15517 007
Haematocrit (%) 34256 007
A 125 (Umi) 122194 045
CA 199 (Uim) 80285 on
<
Tumour nature Endoplytic (=€) Tumour nature Brophytic (=14 p vakie
Helods 9 Peri-tumour temperatures were measured at 30 min before
i O r 16383 Jsa58 " hyperthermia (baseline), at 30 min and 60 min during the
T amon wmptrare () bt fasen o hyperthermia procedure, and at 30 min after hyperthermia.
Hotmogiobin (g/d0 aEis PRy o The peri-tumour temperatures of all patients are shown.
Haematoct (%) 26153 29345 019
A 125 (Umi) Q9:212 082289 08
CA 199 (Um) 94182 95281 083
" w0
Squamous cell ardnoma 0 =13)  Nonsquamous cell carcinoma (n=7)  p value
Rlindex 0372007 04520017 02
5/D o 1644020 1672020 on
Peittumour temperature () 3674024 3662097 087 £
SUvmax 1218420 1361475 034 2 3
Haemoglobin (g/d) 107214 99214 02 i
Haematocrit (%) 3124410 27448 045 3
CA 125 (Um) P2:28 97223 038 :
€A 199 Wim) 69448 1422106 o013
Signéficant deviations were observed caly in haemoglobin and hsematocrit concentrations by mass and by SUVmax o
subdwsions
Changes in the peri-tumour temperature, SID ratio and Rl index in cervical tumours
Baseline 30min 60min +30min p value®
Peri-tumour 36.67£0.22 37474045*** (220 £1.10%) 3846084 (4.91£201%) 37.13£033% (1.26 £ 0.86%) <0.0001
temperature ("C)
(n=20)
S/D ratio (n=20) 140£013%*% (-1495£521%)  122+0.09*** (-2509+811%)  1.40+0.16*** (-14.75£832%)
Rl index (n=20) 0.29£0.11** (-2767£19.00%)  0.19+006*** (-51.8413.14%)  030+0.10* (-2481 £ 10.58%)

Mean £ 5D.
“Repeated measures ANOVA,

Comparison with baseline: *p< 005, **p <001 and

The peri-tumour temperatures, $/D ratios and Rl indexes in
squamous cell carcinoma (sqoc) and non-squamous. cell
carcinoma (non-sqce)

including the cooling period

Conclusion

The measured values of the temperature

Regional heating of the pelvic area with mEHT
first demonstration that the blood-flow in cervical cancer is increased by regional hyperthermia. Such i

Pathology
Parameter/time point _Sqcc (n=13) Non-sqec (n=7)  p value®
Pert-tumour temperature (°C)
Baseline 36674024 36664020 0429
30 3753044 37364047
& 38394079 38604097
+30 3715031 37074038
5D ratio
Baseline 1644020 1674020 05327
30 1394013 141015
6 1244008 120£010
+30 1384015 143£019
Rl index
Baseline 0374007 0454017 00439
30 0294007 029+017
) 019005 0194008
30 0284006 033£015
Mean £ 5D

*Repeated measures ANOVA (pathology x parameter interaction p values).

All changes measured in the study were significant and the values are characteristic of the heating process.

'p <0001 (Bonferroni-corrected p values).

Average results in the various points of the
nts

Alindex

60 min +30min

The increase in peri-tumour temperature, excluding the cooling period, was negatively related to

the Ri and S/D by R2 0.999 (A) and R2 0.972 (B), respectively, and positively related to blood flow
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