WEESF BRo& & 243 % K & MmO R

Study on the effects of intercellular radiosensitivity
P—?ME@Y%E uncertainty using a biophysical model in radiotherapy
(BHEBRBRICBT 3EMWETT VIC XA MEERHERBR S ®D
R S ORBTEYTBHE) |

NEEE

Radiotherapy has developed as primary treatment options for cancer
along with surgery and chemotherapy. Recenffy, more than half of all ca
ncer patients have receiving radiation therapy during their course of illne
ss. Theoretical studies based on the in vitro experiments in radiobiology
have contributed to the development of radiotherapy‘

However, few of these still have led to. demonstrable clinical gains.

In macroscopic viewpoint, it can be clear that the surviving cells
would decrease by a certain amount of radiation dose. In contrast, it

is challenging that in microscopic viewpoint, no one still predict which
cell die or survive by radiation. These uncertain phenomena would be
needed a much more robust and relevant parameter to assess radiation
effect stochastically since any cell that retains proliferative-capacity can
cause failure to cancer treatment. ‘

In this thesis, we investigate lthe distribution of uncertainty of cell
survival due to radiation and application of treatment planning. Firstly,
we evaluated the distribution of uncertainty of cell survival due to
radiation and assessed the predictions of tumour response using three
different in vitro experimental cell cultures with EMT6/KU moﬁse
mammafy tumour cells. We then discuésed the relationship between in
vitro radiosensitizing activities. with etanidazole (ETZ) and uncertainties
in characteristics of cell survival using radiobiological parameters.
Sécondary, we assessed the usefulness of TCP/NTCP model and stochastic
biological model applying for Gaussian distribution as the intercellular
uncertainty of tumour in the treatment planning.

The result from a fundamental study using EMT6 cells showed that the
o parameters (mean = SD) were 0.257 + 0.188 Gy'', 0.078 = 0.080 Gy,
and 0.182 £ 0.116 Gy! in normoxic cell, hypoxic cell, and hypoxic cell
plus ETZ cultures, respectively. The B parameters (mean + SD) were
0.0159 £ 0.0208 Gy'2, 0.0076 = 0.0113 Gy2, and 0.0062 = 0.0077 Gy2,




respectively. The Dso parameters (mean £ SD) were 3.2 + 2.5 Gy, 6.4 +
2.7 Gy, and 3.7 + 1.4 Gy, respectively. The a and Dss values were
significantly different between the normoxic cell culture and hypoxic. cell
culture (p < 0.01), respeétively. The use of radiosensitizers under the
hypoxic conditions improved radiosensitivity.

"The result from an application study using the treatment planning
showed that TCP values mostly depended on the BED)y (i.e. irradiated
dose to the volume of tumor), which contributed to the cell killing of
thé tumour directly. While, NTCP values mostly depended on the BED;
(i.e. irradiated dose tol the volume of normal tis‘sues), which contributed
to the cell killing or cell repairing of the normal tissues directly as to
the o/f ratio. Our data have suggested that the optimal fractionation
protocol in the treatment of prostate cancer relates to the wvalue and .
uncertainties of biological parameters such as o/f ratio, y and Dso,
respectively. Also, it is indicated that the contributions to the variation
of TCP were much higher with the uncertainties of Dso rather than that
of ofp ratio and v. However, our study did not mention the .factors of
ﬁncertainties related to radioresistance such as i’adiatioh-ihduced

bystander effect, the environment of cell circumstances of hypoxia, cancer
| stem cell and so on. Several clinical studies suggested that
hypofractionated protocels would have benefit for low «/f ratio tumor
such as prostate cancer treatment with capable of reducing normal tissue
complication, Qur data suggested that these uncertainty effects would be
relatively small in conventional fractionated protocol with 74-78Gy/35-39fr
or 75.6-81Gy/45fr. However, in the case of a hypofractionated protocol s
uch as 40Gy/5fr, the effects would be slightly greater in both TCP and
NTCP. From these results, the increase of total radiation dose, as well as
precise determination of thesé biological parameters, would minimize
these impacts. In addition, our data and several studies showed that
hypofractionated schedule treatments with uncertainties of biological
parameters might increase normal tissue complications unnecessaril);.
Theretfore, the challenges to apply these uncertainties for the biological

model of various clinical protocols are further studies.
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