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Experimental Studies on Metastases from Irradiated Tumor

Hisao Ito, Naoyuki Shigematsu, Iku Nishiguchi, Toru Kuribayashi,
Kazuhito Toya and Shozo Hashimoto
Department of Radiology, Keio University, School of Medicine

Research Code No. : 407
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This study was carried out to determine the effect of irradiation of the tumor on the development
of lung metastases. SANH, a spontaneous sarcoma, was isotransplanted in the right thighs of C3H
mice which were either locally preirradiated (30 Gy: TBR) or non-irradiated. When the tumors had
grown to 7 mm in diameter, they received 20—30 Gy of electron beams (RTx). The tumor-beari ng legs
were amputated at various tumor sizes, and the incidence of metastasis and number of lung nodules
were compared in each treatment group. The incidences of metastases from 7 mm tumors in mice with
regrowing tumors after RTx (30 Gy) and non-irradiated mice were 28% and 4%, respectively. When
tumors grown in preirradiated legs were removed at 7 mm in diameter, the incidence of metastases
(58%) was also enhanced by preirradiation of the tumor bed. Seven millimeter tumors that were
growing in TBR legs and received RTx (20 Gy) developed a higher incidence (82%) and greater numbers
of metastases than either the RTx or TBR groups. To determine the relationship between the interval
of tumor bearing and development of metastases, tumors were removed at various intervals after
tumor transplantation in 4 groups, namely, non-irradiated, TBR, RTx and TBR with 20 Gy RTx. Lung
metastases came later but increased steeply in mice given either TBR or RTx, compared with non-
irradiated mice. Tumors growing in TBR and receiving RTx (20 Gy) developed many more metastases
than any other group. These results suggest that both TBR and RTx are associated with increased
lung metastases, and regrowing tumors should be removed as soon as possible after irradiation.
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Days after Tumor Transplantation

Fig. 1 Growth of SANH tumor. Mice were given injections of 2-3 X 10° cells into the
right thighs, which were either untreated (OA) or preirradiated with 30Gy single
dose of electron beams 1 day earlier (@aA). When the tumors grew 7mm in
diameter, they were either untreated (O@) or irradiated with 20 (A)-30Gy (A) of
electron beams. Ten mice were used for one growth curve. Bars showed S.E.
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Table 1 Incidence and Number of Lung Nodules in Tumor Bearing Mice

. Incidence No. of lung nodules Days from tumor transpl.
Treatment (%) IrgE.) to sacrifice (M+S.E.)
no Irradiat. 67(12/18) 4.3+1.5 34.8%+0.5
30 Gy Irradiat. 100(16/16) 32.8+£7.3 55.3%1.6

Tumors were irradiated with a single dose of 30Gy, when they grew to 7mm in diameter.
Lung metastases were determined when tumors grew to 20-21mm in diameter.

HAREREE 5528 265



PER A% 154

833
15
O control
n ® 30Gy RTx
<
3 —
§ 10+ /
o
: o
=3
-
©
8 5¢ T
: /
=3
z -
A
0 —e/’g’ﬁ’/ - ir
5 7 9 11 13

Tumor Size (mm)

100 -
9
)
w
(1]
@
8
[+}}
2 50t
kS o——°
[+}]
Q
c
1]
5=
Q i
f /
‘J __O/f 1 1 L
5 7 9 1 13
Fig. 2

The incidence of metastasis and number of lung nodules at each tumor size.

Mice were given injection of 2~3x10°cells into the right thighs. When the tumors
grew to 7mm in diameter, they were either untreated (O) or irradiated with 30Gy
of electron beams (@). The legs with either regrowing tumors after radiotherapy
or non-irradiated tumors were amputated at each tumor size, and the incidence of
metastases and number of lung nodules (M+S.E.) were determined 18 days after
amputation. Fifteen to 25 mice were used for one point.
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Table 2 Incidence and Number of Lung Nodules at Each Tumor Size

Tumor size Incidence No. of lung nodules Days from tumor transpl.
(mm) (%) (:Mig.E.J to amput. (M+S.E.)
1. 30 Gy Preirradiat. (TBR)
5 7(1/15) 0.1+0.1 19.84-0.6
7 58(7/12) 2.6+0.9 23.040.8
9 63(17/27) 2.6%0.6 25.040.9
11 85(23/27) 3.4+0.9 28.0:0.7
2, 30 Gy Treatment (RTx)
3 8(1/12) 0.2+0.2 23.5%0.7
7 26(5/19) 0.7x0.4 29.4%1.0
9 56(18/32) 4.1+1.1 32.5%1.2
11 84(26/31) 10.7+2.7 36.5+1.2
3. 30 Gy Preirradiat. and 20 Gy Treatment (TBR & RTx)
7 82(14/17) 5.5+1.0 35.1+0.6
9 100(26/26) 13.6+1.5 38.4%:0.9
11 100(14/14) 22.4%3.1 42.1+1.3

Preirradiation was delivered 1 day before tumor transplantation.
Tumors were given a single dose of 20-30Gy, when they grew to 7mm in diameter.
In RTx groups, legs with regrowing tumors after RTx were amputated at each tumor

size,

Lung metastases were determined 18 days after leg amputation.
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Fig. 3 Relationship between number of lung nod-
ules and days after tumor transplantation. Mice
were given injection of 2~3x10°cells into the
right thighs, which were either untreated (OA)
or irradiated with 30Gy of electron beams (@A)
1 day earlier. When tumors grew 7mm in diame-
ter, they were either untreated (O@) or irradiat-
ed with 20 (A)-30Gy (&) of electron beams. The
tumor bearing legs were amputated at each inter-
val after tumor transplantation, and number of
lung nodules were counted (M+S.E.) 18 days
after amputation. In non-irradiated control, num-
ber of lung nodules from 20mm tumor without
amputation was shown with the broken line.
Fifteen-24 mice were used for one point. The
incidence of metastasis (%) was also shown.
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Table 3 Incidence and Number of Lung Nodules in Mice Given 12¢Gy Whole

Body Irradiaion

. Incidence No. of lung nodules Days from tumor transpl.
Treatment %) (M*SED fo amput. (M+S.E)
no Irradiat. 47%(7/15) 1.3+£0.7 23.4%+1.1
WBI (12¢Gy) 38%(6/16) 1.1+£0.4 22.0+0.9

Mice were given 12cGy of whole body irradiation, when tumors grew to Tmm in
diameter, and tumor bearing legs were amputated at 12mm in diameter.
Lung metastases were determined 18 days after leg-amputation.
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