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CLINICAL AND FUNDAMENTAL RESEARCHES OF RADIATION THERAPY

Yoshinao Abe, Yasushi Mariya and Masahiko Aoki

Abstraet In this paper, present status and prospects of therapeutic radiology in Department of Radiology are
reviewed. The clinical outcomes of head and neck cancers are summarized and radiotherapeutic advantages
of other cancers are described. Since three dimensional conformal radiotherapy, that will be introduced in our
hospital in the near future, will realize the superior dose distribution clinically, we will be able to prescribe
sufficient dose to the tumor target volume with less dose to the surrounding normal tissue. We expect more
effective outcomes of radiation therapy from this methods. Biologically, predictive assays that optimize
cancer treatment are important and proliferative capacity, survival assay of the cancer cells, capacity of the
repair and tumor oxygen status are being studied. Accelerated proliferation during fractions that is observed
clinically is one of the factors of radioresistance. Some strategies to overcome accelerated proliferation are
postulated ; accelerated fractionation, chemotherapy during radiation therapy and heavy ion therapy. We are
also studying accelerated proliferation clinically and experimentally. These works will improve the cancer
treatment more efficiently in the future.
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works were presented recently and are posted on a

L. Introduction home page of our department (http://hippo.med.

Department of Radiology is dedicated to two
major radiological fields ; therapeutic and diagnos-
tic radiology. Diagnostic radiology has engaged in
multimodal imaging diagnosis and intervention.
Therapeutic radiology has focused on cancer treat-
ment. In this paper, recent works in therapeutic
radiology are reviewed.

. II. Clinical Aspects of Radiation Therapy

In the field of radiation therapy, many clinical

Table 1

hirosaki-u.ac.jp/~radio/therapy/). One of the most
frequent diseases treated mainly by radiation ther-
apy is the head and neck cancers. Clinical outcome
of head and neck cancers are summarized in Table
19 which are compatible with the results from
other hospitals® ™.
several therapeutic approaches to the head and

Recently, we are conducting

neck cancers such as accelerated fractionation and
combined treatment with chemotherapy. Espe-
cially, the former is one of the promising methods

Clinical Outcome of the Head and Neck Cancer treated in University Hospital and Affilated Hospitals*

Location of TNM or Number of Five Year Five Year Cause Year of Publications
Cancer Stage Patients Survival Specific Survival (References Number) °

Mesopharyngeal All Stage 48 55 1994 (1)

Stage IT 7 100

Stage 111 20 63

Stage IV 19 37
Hypopharyngeal All Stage 36 31 1992 (4)
Laryngeal T1, T2 54 83 95 1998 (7)

T3NO0-1 23 55 76 in press
Tongue T1, T2 47 93 1997 (2)
Maxillary Sinus: All Stage 50 49 1998 (3)

* Aomori Prefectual Hospital ; S. Watanabe, M.D. (chief Radiologist) and Aomori Rosai Hospital ; K. Kattou, M.D.

(chief Radiologist)
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with biological fundamentals—‘do not miss the
chance for cure by incidental prolongation of over-
all treatment time’—and the results will be reported
soon. An emphasis should be placed on not only the
successful clinical results of head and neck cancers
but the more precise analysis of clinical results
endorsed by biological assays from the biopsy speci-
mens such as labeling index, flow cytometry data,
apoptosis and ploidy. Such biological approaches
are our distinctive feature and will help meaningful
interpretations to the clinical outcomes.

The treatment results of other cancers are
being accumulated. We note here some of the
cancers that are characterized by the need of radia-
tion therapy. Recently, breast conservative therapy
is widely accepted® and demands for radiation ther-
apy are increasing because radiation therapy is the
must. In this treatment, we care about not only
local control but the cosmesis after treatment. We
carefully select the patients dedicated to the boost
therapy.

In US and Europe, prostate cancers are treated
frequently by radiation therapy® but the demands in
Japan are not so high. However, epidemically,
increasing in number of prostate cancer are report-
ed and will lead to the demands of radiotherapy
soon. For this purpose, we are now ready for new
radiotherapy technique so called three dimensional
conformal radiotherapy (3D-CRT) described below.

Although the numbers of lung cancer patients
are increasing for past 20 years, the treatment
results are unchanged. Clinical results except early
stage have been disastrous. However, combined
therapy of chemotherapeutic agents and radiation
to the advanced lung cancer is now attempted and
the results are promising'®!?. Also, small lung
cancers that are medically inoperable, such as em-
physema, cardiovascular or cerebrovascular dis-
eases, will be also treated using 3D-CRT. Usually
these patients are treated by surgery alone but lung
cancer having multiple foci, not rare, and concomi-
tant emphysema are problems for surgery.

Intraoperative radiation therapy (IORT)'? that
is mostly dedicated to treat pancreas cancer is now
ready to start in our hospital with the collabora-
tions of 2nd Department of Surgery and Department
of Anesthesia. With this technique, intractable
tumors especially located déeply in the abdomen are
expected to be treated. '

Evolutionary radiation therapy technique, 3D-

CRT™, are developed and the high voltage machine
compatible with 3D-CRT will be introduced in our
hospital soon and is highly applicable to the routine
clinical use. 3D-CRT is a computer assisted radia-
tion therapy characterized by unique beam distribu-
tion consists of multiple small beams from each
beam angle, finally reaching 5-7 or more beam
angles with multileaf collimator. Many algorithms
and methods for beam deliverying systems have
been developed and attempted. 3D-CRT has an
advantage for focusing dose to the complicated
target volume with possibly lowering dose to the
surrounding normal tissues. Thus, we will be able
to deliver dose to the patients expecting better
tumor control and less occurrence of unfavorable
complications.

Stereotactic radiation therapy' or radio-
surgery*® is a kind of 3D-CRT, only limited to the
brain lesions. The problems of these methods such
as how to deliver beams, immobilize the patients
and prescribe the fraction size and the total dose
were discussed. Also the results of brain lesions
were reported. Especially the former methods
allow us to deliver beams more efficiently to the
tumor volume itself using routinely equipped linear
accelerator with minor modification.

III. Predictive Assays

III-1. Clinical Results and Predictive Assays

Predictive assays consist of many biological
factors of cancer such as repair, repopulation, re-
oxygenation, survival fractions and the nature of
the tumor itself. We dealt with clinical specimen
for measuring ploidy that was compared with the
clinical outcome.

Pioidy, a kind of tumor’s nature, is also related
to the prognosis of the cancer'®'”. Flow cytometric
analysis of DNA ploidy was performed on paraffin
embedded biopsy specimen from 129 patients of the
head and neck cancer. Aneuploid cancer (64/129
cases) had higher incidence of lymph node metasta-
sis, more advanced clinical stages and more
undifferentiated histology of squamous cell carci-
noma than did diploid cancer (65/129 cases). Ploidy
did not correlate with T-factor and radiation
response. Overall survival rate was 31 and 58%
with aneuploid and diploid tumors, respectively, and
the difference was significant (p<0.05). Moreover,
even after achieving complete response, the re-
current rate of aneuploid cancer is much higher



Radiation Therapy S 205

than that of diploid one. These results suggest that
aneuploid cancer has a potential to wide-spread
extension of tumor cells suggesting the possible
need of chemotherapy to improve the prognosis'®.

[I-2. Fundamental Predictive Assays

For evaluation of intrinsic™ radiosensitivity,
micronucleus assay'® has been performed. The
principle of micronucleus assay is as follows ; one
cell cycle with damaged cell induces a micronucleus
at the time of mitosis and micronucleus can be
easily identified by applying cytochalasin B that
does not inhibit the division of nucleus but the
division of cytoplasm. Thus the number of micronu-
cleus induced by irradiation is closely related to the
cell damage. Using three experimental tumor cell
lines from the same origin, clear positive correla-
tion has been obtained between classical colony
assays and number of micronucleus formation after
irradiation?®. This study validated the possible use
of the micronucleus assay to substitute for classical
colony assay. Assays for clinical specimens such as
brain tumors have been undertaken and the results
have not vet been conclusive.

We have attempted to measure labeling index
(LI) of bromo- or iodo-deoxyuridine (Brd- or
IdUrd) and potential doubling time (Tpot). Once
BrdUrd was available commercially for cancers as
a radiosensitizer but can not be used today.
Although, in US and European countries, it is per-
mitted to administer these agents intravenously, we
could not do it. We attempted in vitro labeling®? to
solve this problem. There still had the problem to
apply it for clinical use because of not-easy-handling
methods. For animal study, it is easy to administer
these agents and to obtain LI and Tpot??.

Recently we introduce new methods called
‘comet assay’®® and ‘near-infra-red light assay’ to
assess repair capacity and oxygenation status of the
cancer??, respectively. These methods will help us
to analyze the clinical results more precisely. Such
fundamental researches will lead to much more
successful clinical results of the cancer.

IV. Accelerated Proliferation
during Multiple Fractions

IV-1. Clinical and experimental proofs
Accelerated proliferation, which is thought to
be due to increased number of clonogenic cells

during fractionated irradiations, was assessed by
either clinical results overall treatment time or
animal studies—jejunal colony assay during multi-
ple fractions. This idea was postulated by Withers
et al. in 1988 analysing a lot of world-wide clinical
data obtained from head and neck cancers regard-
ing the total dose to give 509 survival against
overall treatment time®®. They found a bend at
around 3-4 weeks before which 50 Gy is enough to
control 509% of the tumor and after which incre-
ment of 0.6Gy-a-day is necessary to compensate
total dose against prolongation of the overall treat-
ment time. This phenomenon is accounted for
accelerated proliferation. )

Clinical results of the head and neck cancers
showed the worse prognosis is related to the pro-
longed overall treatment. In our analysis, the main
causes of the prolongation are treatment pauses due
to severe acute toxicities, national holidays, break-
down of the external beam machines and planning
delay between initial therapy and boost therapy* ®.

The observation of acute reaction—mucositis—
of laryngeal cancer caused by accelerated fractiona-
tion—shortening of treatment time employing
twice-a-day irradiations—compared with conven-
tional fractionation showed rapid aggravation and
rapid resolution in the group of accelerated
fractionation®®. This is the another example of
dccelerated proliferation found in normal acutely
responding tissue.

Experimental studies were performed mostly in
jejunal basis because jejunum has the most rapidly
cell kinetics in the mammals. Rapid and massive
cell production occurs at the jejunal crypt. A newly
produced cells are experienced several divisions in
the jejunal crypt, then they are moved to the villi,
carried to the top gradually and finally fallen out.
The numbers of cells in the jejunum are stable
because of balance between production and falling
out—self-renewal system. Jejunal crypt is good
model for proliferation of acutely responding tis-
sues and tumor cells®”.

Experimental studies regarding repopulation
during multiple fractions disclosed some novel
knowledge in the jejunum that consist of clonogenic
number, potential doubling time and cell loss (in
preparation). Briefly, in jejunum; immediately after
irradiations of 2Gy once or twice a day induces
proliferation. Comparing once a day treatment,
twice a day treatment showed more rapid growing
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téndency. Tpots obtained from both treatments are
shortened rapidly and the extents of both Tpots are
the same. The cell.loss factor has declined in both
cases and showed more declining in twice a day
case. It is suggested that the more damage, as far
as within the permitted range of self renewal,
induce the more accelerated proliferation. Shorten-
ing of Tpot and reducing cell loss factor is the
possible mechanism of accelerated proliferation
during multiple fractions. The mechanism of ac-
celerated proliferation during fractionation is criti-
cal for the cancer cure.

IV-2. To find the way to overcome

To overcome accelerated proliferation, our -

clinical and fundamental approaches are follow-
ings : accelerated fractionation, concurrent chemo-
therapy at the mid-way of radiation therapy and
high linear energy transfer (LET) radiation
therapy®® such as heavy ion beams (HI-RT). As
described previously, there are some reasons for
prolongation of treatment. To overcome such inevi-
table prolongation, we adopted accelerated
fractionation for the treatment of laryngeal cancer
and the results revealed excellent outcome®. Sec-
ond, to treat stage Il medically inoperable non-
small cell lung cancer, we applied concomitant
chemotherapy at the mid-way of radiation therapy
—it is the time to start accelerated proliferation.
The results were compatible with another phase II
studies and adverse reactions were tolerable??.
This approach to applying chemotherapy is promis-
ing strategy. Third, to confirm possible inhibition of
accelerated proliferation using high LET treatment,
we performed expérimental researches regarding
the effect of multiple fractions of carbon ion beams
on proliferative response to the mouse jejunum?®.
The final goal of these experimental works is to
clarify the rationale for the use of carbon ion beam
to treat the cancer efficiently.

V. Prospects

The goal of the physics and biology of radiation
therapy is to give cell kill effect not only totally on
the tumor but less on tumor surrounding normal
tissues. The physics will help us by the new technol-
ogy of 3D-CRT and HI-RT ; spatial dose distribu-
tion. The biology will help us to clarify the nature
of the cancer and to determine how to fractionate
the beams ; time-dose distribution. Without such

effort, we can not obtain satisfactory outcome of
cancer patients. The patient, who can save, must be
cured and the patient, who can not save so far, must
be cared adequately. Continued efforts to treat such
patients will be fulfilled in the future. )
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