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Histopathological changes in the transplanted mammary carcinoma of C3H/He mice were
studied at various post-treatment intervals after heating at 41 to 45°C and heat (44°C) plus
radiation (10, 20, 30Gy).

The characteristic findings in tumors after heating were vasodilatation, hemorrhage, clump-
ing of destroyed nuclei and necrosis. These changes were pronounced after heating at higher than
44°C. When tumors were heated at 44 and 45°C, 84 and 88% of tumor tissues were replaced by
neerotized debris, respectively, while only 15 to 22% for tumors which were heated at 43°C or
lower.

The tumor response to heat varied according to the tumor components. Remarkable changes
were observed in the core of tumor, moderate in tumor tissues surrounding by blood vessels and
slight in the periphery of the tumor. These variations in the tissue response to heat may be caused
by differences in the microenvironment such as pH or blood flow. The histological changes in
tumor tissues occurred shortly after heating, but the proliferation of cells were: observed 3 days
after heating at below 43°C in the periphery and tumor tissues surrounding by blood vessels.

The histopathological changes of the tumor were observed until the 3rd day in the group
treated by heat alone, while such changes were still noted 14days after heating when heat was
combined with radiation, Three to 14 days after treatment, the maximum thickness of viahle cell
layers in the tumor periphery was significantly less in the heat plus radiation group than in the
heat alone group, and this finding became more prominent as radiation dose increased.

These results indicate that heat plus radiation caused more remarkable histopathological
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changes than heat alone, and that tumor cells in the periphery which were negligibly affected by
heat alone, may be killed by high doses of radiation which was combined with hyperthermia.
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Table 1 Grading system of histopathological
change of tumor (Shimosato et al.)

Grade 0. No change of tumor cells and no destruction
of tumor structures,

Characteristic changes are noted in turnor
cells but tumor structures have not been
destroyed (there is no defect in tumor nests
resulted from lysis of individual tumor
cells).

In addition to characteristic cellular
changes, tumor structures have been des-
troyed as a result of disappearance of tumor
cells. However, variable number of "“Viable
cells” still remain.

Grade I,

Grade II,

Destruction of tumor siruciures is of mild
degree, i.e, “viable tumor cells” are fre-
quently observed.

b. Destruction of tumor structures is of severe
degree, that is, "viable tumor cells" are few
in number,

o

Grade Ill, Markedly altered, presumably no-viable
tumor cells are present singly or in small
clusters and "viable cells” are hardly seen.

Grade IV, No turnor cells remain in any of sections

(local cure)

a, Extensive areas of coagulation necrosis are
present.

b. Granulation tissue with or without small foci
of necrosis including keratotic debris
remains,

¢, Only cicatrix is observed.

2. RRILHFEABELNOET
AKBICAVA C3H/He = v * BRRELES

Thermocouple probe

— r water bath temperature ( £ 0.05) I
O 450 = ] AAMAANMAAAAMAN
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5 448 |- 17
= v % :Ié ZA\(8)
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Q. 448 |- éﬂf / CA)
2 ¥ 1Y
€ eSSV
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| ] |
periphery center periphery é",
(A (8) te) 3y
\ -

Position in tumor

Fig. 1 Temperature measurement in tumor. The maximum tumor temperature
was 0.3°C lower than water bath, and the difference between intratumor temper-
atures was within 0.2°C. Bars represent standard deviations of the mean.
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Fig. 2 A section of untreated transplanted mammary carcinoma. Two blood
vessels with endothelial cells (1) are seen in the tumor tissue (a). The stroma
tissues are seen in Fig. 2-(h).(H.E., X100, X160)

Fig. 3 Sections one day after heating (44°C, 45min). Dilated blood vessels (a)
and hemorrhage (b) were noted in the tumor center. But, the undestroyed blood
vessels (1) were observed in the tumor periphery (c). The pyknotic change of
fibroblasts in the connective tissue was observed (d) (H.E., 100, X100, X33, %
160).
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L, EEEmedBmE (1) mEHLE, B
IR D Bhish T (Fig. 3-¢). —7F,
RS TIBRREE R THERRNS BB LR
% (Fig. 3-d). 3 HHofFRMLABE(LE Fig.

Fig. 4 A section 3days after heating (44T, 4RI, EEDORKBSRIELVWEREYRLT
45min). Most of the tumor tissue was replaced by WEBD, EEoTESIIAEEER (1) Mtk
massive necrosis, and viable cells were seen only BELTWS, -0k x0BEERLEOMEAES

in the iph <) (H.E., X2). . [ .
i thepeaphery (<D1¢ ) % Fig. 5-a 1R L= 2%, IR 25 M 12 B -

Fig. 5 Sections 3 days after heating (44°C, 45min). Condensation of destroyed
nuclei (1) was noted in the tumor center (a), and viable tumor cells («-) were
found in the periphery of the tumor (b) and the adjacent area to the blood
vessels (c) (H.E., x100, xX16, x100).
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Fig. 6 Fourteen days after heat plus radiation
(44°C/45min, 30Gy). A section showed a very thin
layer of viable tumor cells in the periphery adja-
cent to normal muscle (H.E., *100).
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Heating ( 45min. )

Fig. 7 Change in percent area of necrosis occupy-
ing the entire tumor section in relaiton to the
time after heating. Bars and symbols represent
standard errors of the mean and significant
difference between untreated and treated groups,
respectively. *: p<0.05 **:p<0.001
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Fig. 8 Histopathological changes after heating in the center and periphery of
the tumor, and the tumor tissue surrounded by blood vessels. The estimation
was made according to Shimosato’s grading system 12).
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Fig. 9 Histepathological changes after heat (44°C, 45min) plus radiation in the
center and periphery of the tumor, and the tumor tissue surrounded by blood

vessels.
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Maximum thickness of viable cell layers
in the periphery of tumor

Fig. 10 The variation of maximum thickness of
viable cell layers in the periphery of tumor after
heat (44°C, 45min) plus radiation. Bars and sym-
bols represent standard errors of the mean and
significant difference between heat alone and
heat plus radiation groups, respectively. *: p<<
0.05 p<0.001
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