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Experimental Investigation of ?°'TICI-
Scintigraphy in Evaluating
Therapeutic Effect of
Hyperthermia

Yoshihiro Nishiyama®, Hitoshi Takashima®,
Yukiko Kawasaki?, Motoomi Ohkawa®,
Masatada Tanabe® and Shoji Kobayashi®

We investigated the usefulness of 201TI-
scintigraphy in the evaluation of therapeutic effect
of hyperthermia. Satoh’s experimental lung cancer
tumors implanted in the right thighs of donryu
rats were treated with hyperthermia using water
bath. Tumors were heated at 44°C or 46 C for
15min.

*01Tl-scintigraphy was obtained before,immedi-
ately after and 24hrs after treatment. Counts ratio
of the tumor to the normal muscle (T/N ratio) was
measured by gamma camera. We examined blood
flow of the tumor, and relative tumor growth rate,
and performed autoradiogram and histopatho-
logical examination of the tumor after ***Tl-scintigraphy.

Immediately after hyperthermia, T/N ratio and
blood flow of the tumor significantly decreased (p<
0.05). Autoradiogram showed that the accumulation
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of *™TICl in the tumor decreased diffusely. Hist-
pathological {inding showed congestion, thrombo-
sis, and swelling of endothelial cells. These results
suggest that the decrease in T/N ratio may be
caused by the vascular damage due to hyperther-
mia.

The T/N ratio recovered 24hrs after hyperther-
mia but was still lower than that for the control.
Autoradiogram showed that *'TICI greatly ac-
cumulated in the viable tumor tissue but was hardly
seen in the necrotic tumor tissue. These results
suggest that the decrease in T/N ratio may be
caused by increase of necrotic areas. The T/N ratio
24hrs after hyperthermia correlated (r=0.83) with
relative tumor growth rate on 7th day after hyper-
thermia and, therefore, can be used as an indicator
of relative tumor growth rate. ** Tl-scintigraphy
can be useful for prediction of therapeutic effect of
hyperthermia.
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Fig. 1 ' Tl-scintigraphy of donryu rat implanted with
Satoh lung cancer

A : small intestine and urinary bladder

B: tumor (tumor size: 15X 14mm)

C: normal muscle
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Fig.2 Relative tumor growth rate curve for unheated

tumor : Tumor heated at 44°C for 15 min, and tumor
heated at 46°C for 15 min : Relative tumor growth rate
was calculated by dividing the tumor volurme on each
day after heating, by that before heating.
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Table 1

[T V'S

(Changes in T/N ratio and blood flow in the

tumor after treatment with hyperthermia

Group n T/N ratio (2:?;;123;;]
Control 10 2.60+1.10 39.1£12.1
44/0 9 1772044 * 1.4£0.3 =
44/24 17 2.37+0.75 35.0+36.9
46/0 12 1.61£0.54 * 59+13.1 *
46/24 10 2.08+0.56 8.5+16.0 *

n: sample number.
44,70 : Immediately after heating at 44°C for 15 min.
44,724 : 24 hours after heating at 44C for 15 min.
46,70 : Immediately after heating at 46°C for 15 min.
46,724 : 24 hours after heating at 44°C for 15 min.
TN ratio : Counts ratio of the tumor to the normal
muscle.

The values are mean+SD.
# P<0.05 as compared to control (Student t-test).
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Fig.3 Relationship between relative tumor growth rate on 7th day after hyperthermia and T,”

N ratio 24hr after hyperthermia : The two parameters have a significant correlation (P <20. 05).

Relative tumor growth rate was calculated by dividing the tumor volume on each day after

heating, by that before heating. T,/ N ratio: Coun
scintigraphy.

TR 6 4E 6 /125 H

ts ratio of the tumor to the normal muscle by
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Table 2 Changes in t/m ratio in the tumor after treatment with hyperthermia

Group n tl/m ratio t2/m ratio mean t/m ratio
Gontrol 7 2.95+2.04 1.73+2.03 2.34+2.05
44/0 1 0.68+0.27 * 0.49+0.28 0.58£0.27 *
44/24 3 1.93+1.63 0.43+0.57 1.17+1.36
46/0 7 1.45%1.14 0.53+0.64 0.994:1.00 *
46/24 6 2.22+1.12 0.57+0.49 1.39+1.19

n: sample number

46°C for 15min.

44,70 : Immediately after heating at 44°C for 15min
44,724 : 24 hours after heating at 44°C for 15min.
46,724 : 24 hours after heating at 44°C for 15min.

46,70 : Immediately after heating at

TI/m ratio: Counts ratio of the peripheral tumor tissue to the normal muscle tissue.
t2,/'m ratio: Counts ratio of the central tumor tissue to the normal muscle tissue.
mean t/m ratio: The mean ratio of t,/m ratio and t2/m ratio

The values are mean+SD.

7.4

5.84

ratio

4,84

t.m
(4]
b

mean
L]
L

2.9

1.8+ L

* P<(.05 as compared to control (Student t-test).

1.8 2.0 3.0

T/N

4.8 5.0 6.8 7.0

ratio

Fig.4 Relationship between T, N ratio and mean t,/m ratio: The
two parameters have a significant correlation (P<0.05). T,/N ratio:
Counts ratio of the tumor to the normal muscle by scintigraphy. t“m
ratio : Counts ratio of the tumor tissue to the normal muscle tissue by

scintilation counter.

N7z (Fig. 8(A)). mMENEMABL AL AL T
wiz (Fig. 8(B)).

46°CHnig 24 RN A — b 723 775 7 Ti
N5 0 A B - M E B b T w72 (Fig.
9). EMEHSFHUR S NIz RS I IEm
i DRI L Twviz (Fig. 10(A)). 1K
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(Fig. 10(B)), HubERo it EIBIER DA R 5
iz,
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Fig. 5 Autoradio
gram and Hematoxy-
'.', !; lin-Eosin  staining of
4 '_“.1..; "unheated tumor :

- *®*  Markedly dense areas
,;'-:i '-_.‘;-\ exist at the periphery
@ . of the tumor.

o e AN
;,:_.3?% i

-

Fig. 6 Histological section of *TICI ac-
%+ cumulated areas of unheated tumor: A lot
hare .

=’ of viable tumor cells can be seen.

Fig. 7 Autoradio-
gram and Hematoxy-
lin-Eosin staining of
tumor immediately
after heating at 46°C.
The accumulation of
2TIC] decreased dif-
fusely

T 646 H25H 81
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Fig.8 Histological section of peripheral ~
zone of tumor immediately after heating at
46°C. (A): Thrombus (arrows) and con-
gestion (arrowheads) were observed. (B): ©
Vascular damage caused by swelling of "
endothelial cells (arrows) was seen.

i : . -
Fig.9 Autoradiogram and Hematoxylin-Eosin staining of tumor 24hr after heating
at 46°C. The accumulation of **TICI returned to the periphery of the tumor.

82 HAESE £54% £7%
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accumuled areas of the tumor after heat-
ing at 46 : (A) The degenerative |
changes appear to return to norma] an

of the unheated tumor (Fig.6). (B): §
There is no swelling of endothelial cells, &
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