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Abstract-The effect of hyperthenia on the microcirculation of a human colon tumour growing 
in a ‘sandwich’ observation chamber in immune-suppressed rats was investigated. Evaluation of 
the effect was based on microscopic observation, measurement of the relative Jlow rate of the blood 
in the capillaries of the tumour and photographic recording. The results indicated that moderate 
hyperthewnia (3 h at 42.5%) has a destrrutive effect on the microcirculation of the tumour, 
followed the next day by severe necrosis. These results indicate that this human colon carcinoma 
xenograft has-for the endpoints that were investigated-a heat sensitivity that is comparable 
with rodent tumours. 

INTRODUCTION 
HYPERTHERMIA is a rapidly developing treatment 
modality for the control of malignant tumours. 
Besides being intrinsically cytotoxic it also potenti- 
ates the effects ofradiation and chemotherapy [l-6]. 
The effect of hyperthermia on cells in vitro under 
standard conditions seems to be less pronounced 
than in the in vivo situation in tumours. This is 
generally explained by environmental factors such 
as low pH, poor supply of nutrients and low oxygen 
tension in the tumour tissue [7-l 11. This knowledge 
is based on numerous studies involving animal and 
human tumours, both in vivo and in vitro. 

One of the proposed future applications of hyper- 
thermia is the treatment of human gastrointestinal 
tumours, which are fairly resistant to both radio- 
therapy or chemotherapy. The question then arises 
whether human gastrointestinal tumours will be 
sufficiently sensitive to hyperthermia. The appear- 
ance of genetically immune-deficient hosts (both 
nude mice and nude rats) had made it possible to 
investigate the effects ofa given treatment on human 
tumours under more or less comparable biological 
conditions as xenografts. However, the nude species 
are rather expensive, not always readily available 
and difficult to handle because of their susceptibility 
to infection. These animal models have been 
employed as hosts for tumour xenografts [ 12-l 51. 
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The purpose of the present work was to obtain 
information on the effect of hyperthermia on the 
microcirculation aspect of a human colon carcinoma 
growing in a sandwich observation chamber in 
immune suppressed rats. The results indicate a 
satisfactory thermal sensitivity. 

MATERIALS AND METHODS 
Fourteen-week-old female WAG/Rij rats were 

used. The tumour used in these experiments was a 
human colon carcinoma designated XColF. This 
tumour is histologically characterized as a well to 
moderately differentiated mutinous adenocarci- 
noma. The 3rd to the 5th passage of this tumour 
growing in male BALB/c nude mice was used. 

Small fragments of the XColF tumour were 
implanted in ‘sandwich’ chambers. The latter con- 
sist of a skin flap of the rat in which a part of the 
subcutis is enclosed between a mica base plate 
and a glass coverslip. This yields an observation 
chamber with a clear, intact microcirculatory bed. 
The development of the tumour and its typical 
vascular bed can be followed during its growth. In 
the present investigations this is an advantage, 
as the tumour microcirculation can be evaluated 
continuously during a hyperthermia experiment. 
The details of the chamber design and surgical 
technique have been published elsewhere [16]. In 
this system its thickness is limited to about 200 pm. 
In order to keep the tumour close to the body 
temperature, after tumour transplantation the rats 
were individually housed in a warm cabinet 
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Fig. 1. The effect of heat on the microcirculation stoppage in the main Fig. 2. The effect of heat on the relative erythrocyte velocity in selected 
tumour masf of a human colon carcinoma xenograft (Xc01 F) in ‘sandwich’ capillaries in a human colon carcinoma xenograjl (Xc01 F) The average 

observation chambers (n = 21). velocity at time 0 was 428 pm/set, (n = IO). Bars indicate S. EM. 

(33.5”C, 40% humidity) and received acidified 
water and processed food ad libitum. 

The rats were treated with Sandimmune@ (cyclo- 
sporin A) to induce a state of immune suppression 
permitting the growth of human xenografts. Begin- 
ning on the day of tumour transplantation the rats 
were injected daily with a dose of 10 mg/kg i.m. 
(1 ml/kg). The last injection was given on the day 
of hyperthermic treatment. 

Before treatment the animals were anaesthetized 
with Hypnorm@ (Philips Duphar) at 1 ml/kg i.p. 
and the tumour bearing skin flap was inserted 
into an isolated perspex box in which heating was 
performed using warm air [23. Twenty-one tumour- 
bearing rats were treated with a constant tempera- 
ture of 42.5 f O.l”C and an exposure time of 
180 min. 

In 10 animals a single, centrally located capillary 
in the tumour was selected for erythrocytic velocity 
measurements during treatment [ 171. Because of 
the limited thickness of the tumour it was possible 
to (a) measure the velocity of the blood microcircul- 
ation in the tumour by microscopic means during 
heat treatment; (b) to record the time to produce 
stoppage of the microcirculation flow (ST) in the 
entire tumour vascular system as another para- 
meter. The recording of such changes in the tumour, 
including the development of necrosis, was made by 
visual observation (every 15 min) and photography 
(every hour). 

RESULTS 

The effects of heat treatment at 42.5”C for 3 h 
on the microcirculation are depicted in Fig. 1. The 
dotted line shows the numbers of tumours with 
intact microcirculation observed at 15 min intervals 
during treatment. A time/effect curve (solid line) 
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Fig. 3. Schematic diagram of the observed time ranges for several events 
taking place in the microcirculation of the xenografted human colon 
carcinoma XCo 1 F in ‘sandwich’ chambers during a hyperthermic treatment 

at 42.5”C for 3 h. 

was fitted to the data points using the Weibull 
distribution model [18]. The STY,,, i.e. the time 

required to induce microcirculation stoppage in 
50% of these XColF tumours, was 118 min (95% 
confidence limits 107-l 37 min). 

Figure 2 demonstrates the effect of heat exposure 
on the average erythrocyte velocity in a number 
of centrally located capillaries. After a temporary 
increase, the erythrocyte velocity decreased and 
approached zero values after 3 h. This is in accord- 
ance with the observations demonstrated in Fig. 1. 

The effects of hyperthermia on several circulation 
parameters during 3 h treatment are summarized 
in Fig. 3. First an improvement of the circulation 
was observed followed after 30 min by vasoconstric- 
tion and a slowdown ofthe circulation. This resulted 
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in a circulation stop in the centre of the tumour after 
75-90 min. After 120 min a complete stoppage was 
obtained throughout the tumour except for its outer 
rim. 

somewhat more thermosensitive than two different 
rat tumours treated in exactly the same way. The 
ST50 values (3 h at 42.5” C) are: 

DI!XXJSSION 
The growth curve of the XColF xenograft in 

‘sandwich’ chambers of immune-suppressed WAG/ 
Rij rats shows a proliferative phase up to 12 days 
after tumour transplantation (volume-doubling 
time from 6 days), followed by a plateau phase. The 
hyperthermic treatment was carried out between 
day 9 and day 12, when the tumour had reached a 
diameter of 3-4 mm. 

XColF (human coloncarcinoma) : 118 min (this paper) 
BAI 112 (rat rhabdomyosarcoma) : 152 min [20] 
RMA (rat mammary carcinoma) : 190 min (unpublished data). 

The behaviour of the human XColF tumour 
during heat exposure was not much different from 
that we observed with the rhabdomyosarcoma 
BAl112 [2, 17, 19, 201. After an initial increase 
the red blood cell velocity gradually slowed down. 
A circulation stop in the centre of the tumour was 
rapidly followed by a complete stop of the tumour 
microcirculation. A similar observation was made 
by Kallinowski et al. [2 11, who reported that hyper- 
thermic treatment causes a distinct reduction of the 
tumour blood flow in human mammary carcinoma 
xenografts in nude rats. Although the mechanisms 
underlying the hyperthermia-induced vascular 
stasis have not yet been fully elucidated [22] it 
is likely that heat-induced pH changes play an 
important role, next to haemodynamic changes 
[22]. Olch et al. [23] observed a reduction of tumour 
blood flow in patients during hyperthermic treat- 
ment. The blood flow in some experimental 
tumours, like the Walker 256 carcinoma, however, 
did not change during a 1 h treatment at 43°C or 
45°C as compared to untreated tumours, but 3 h 
after the 45°C treatment the blood flow appeared 
to be less than that in control tumours [24]. It is 
noteworthy that the damage to the human XColF 
tumour vasculature during a hyperthermic treat- 
ment of 3 h at 42.5% was irreversible and that the 
next day a necrosis had developed in much the same 
way as seen in the rhabdomyosarcoma BAl 112. 

This may indicate that there may be differences in 
thermal sensitivity, as measured with this endpoint, 
that are related to the tumour type, regardless of 
the fact that the vascular bed of all the tumours is 
of rat origin. But even within a group of human 
colon cancers the response to hyperthermia as meas- 
ured by growth delay is not uniform 1251 and the 
same applies to a group of human melanomas 

[5, 111. 
From histological and microscopical investi- 

gations it has been reported that, in general, xeno- 
grafts have very much the same properties as the 
patient tumour [ 11, 12, 13,26,27] and the question 
arises as to whether the results of experiments with 
human tumours as xenografts are relevant to the 
treatment of tumours in patients. Bailey et al. [28] 
concluded that xenografts are of not very much 
practical use for patient drug-sensitivity testing, 
since patients with rapidly growing tumours died 
before the results of the test were known and more- 
over sometimes the take rate of xenografts was very 
low. On the other hand Giovanella et al. [29] and 
Steel et al. [ 141 supported the use of xenografts as a 
model for treatment of human tumours especially 
with respect to chemotherapy, be it on a non- 
individual basis. With this in mind, one may infer 
from the present experiments that it may be worth- 
while to further investigate clinically the potential 
therapeutic benefits of adding hyperthermia as a 
treatment modality for human colon carcinoma. 

The human colon carcinoma XColF appears 
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