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Introduction

Radiation therapy for malignant tumor has made a great progress in recent years. In our clinic,

we have also performed radiation therapy using x-rays, radium, v-rays of Co-60 and electron beam by 18

MeV betatron with good results.

.
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Many studies have been made to enhance the radiation effect using chemical agents such as anticancer
drug and radiosensitizerD12192020 Some reports have proved the enhanced radiation response by
adequate administration of chemotherapeutic agents, while other reports have denied effectiveness
of these technique. According to these papers, the materials, combination program and criterion
of treatment efficacy seemed to have differed greatly in these reports. The study should require clinical
cases to be selected at random from the same group of neoplastic diseases to be compared with the
other method, and it has been found even histologically similar malignant neoplasma often show diverse
response to irradiation and combined therapy.

It is hardly possible clinically, therefore, to obtain strictly identical materials in this sense.

The purpose of this investigation was to determine whether combined therapy would improve the
radiation effect, and to find the effective regimen for such jeint therapy.

The chemotherapeutic agents used in this study were: namely, Mitomycin C (MTC), Hg-hematopor-
phyrin (MH) and Toyomycin (TM), the products of Japan.

The expected effects of combined therapy on the malignant tumor are:

1. The combined therapy causes greater destruction of the cancer tissue and affords more in‘ense
regression of the tumor than those in the single method. The parameter of this effects may be the rate
of regression®M®118),

2. The anticancer drugs exert systemic effect and expected to work on the main lesion and also on
the undetected metastases, while radiation offers limited local effect. The parameter of this effects may
be the prolongation of survival time?20728), )

Survival time and objective regression of tumor must be used as a parameter of combined effect and
to avoid inaccuracy of using subjective symptomatic improvement as the measurement!?,

One of the problems awaiting solution is the determination of the most effective method of combi-
nation therapy—Simultaneous administration, and chemotherapy before and after radiation therapy.

To confirm the combined clinical effect, the laboratory studies must be carried out®220,

Anticancer Drugs Employed

Following three chemotherapuetic drugs were used for the combination therapy in this study.

Mitomycin C (MTC) was discovered by Dr. T. Hata in 19561029, It is the violet crystal which
is obtained from streptomyces caespitosus and is composed of the three anticancer groups such as quinone,
urethane and ethyleneimine group (Fig. 1).

It has been histologically confirmed that MTC is possessed of power to destroying the cancer cells
by means of the degeneration of chromatin within the nucleus; biochemically, it inhibits the cellular
fission of the cancer cells by preventing the biosynthesis of desoxyribose nucleic acid.

It seems to be the most available and the representive anticancer drug used in Japan!®1926
because of its strong anticancer action, although MTC often produces the leukopenia and bleeding ten-
dency as a side reaction!®,

Hg-hematoporphyrin (MH) is a kind of sodium salt of hematoporphyrin mercury which has also

been discovered in Japan in 1954, which is powder presenting dark brownish color. The chemical struc-

ture is shown in the figure (Fig. 2).

Hg-hematoporphyrin inhibits the growth of tumors of the experimental animal as a results of

— 17 —
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Fig. 3. Scintigram revealed a concentra-

Fig. 1. Chemical siructure tian of **Hg-MH in the tumor of the

of MTC. : Fig. 2. Chemical structure of MH. left thigh.
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the depressing action to the desoxyribonuclease and ribonuclease especially to desoxyribonuclease.
Hg-hematoporphyrin competes the decreasing action of toxohomone to the hepatic catalase?,

It was though that neoplastic tissue have an affinity for metalloporphyrin®. The specific affinity
of 203Hg-MH to the experimental tumor has been discovered during this study.

Five rats with subcutaneous experimental Yoshida sarcoma were given 10 uCi of 208Hg-hemato-
porphyrin intravenously, and they were scanned at 24 hours. The solid tumor in the subcutaneous
tissue of the rats which was developed experimentally by transplantation of the ascites cells of the Yoshida
sarcorna have given positive spot by scanning in all cases (Fig. 3). On the scintigram, highly accumulat-
ed radioactive substance could be detected in the tumor site in the left thigh. The each organ prepar-
ed and count per minute per gram of each tissue was counted using the well-type scintillation counter.
It has been demonstrated that tumor had received far more radioactive strength than the other tissues.
An average 2%Hg-hematoporphyrin uptake ratio of each organ obtained from five rats is shown in table
(Table 1).

The specific affinity of 203Hg-hematoporphyrin to the experimental tumor has also been ascertained

on AH 130 solid ascites hepatoma bearing rats (Table 2).

Table. 1 Distribution of **Hg-Hematoporphyrin Table. 2 Distribution of ?*Hg-Hematoporphyrin
in Yoshida Sarcoma bearing Rat after 24 hrs in AH 130 Solid Ascites Hepatoma bearing Rat
i.v. (Mean + S.D. of § rats) after 24 hrs i.v. (Mean + S.D. of § rats)

" Spleen 33.0+ 2.8c.p.m Kidney 13.1+ 1.3c.p.m
Tumor 25.5+ 9.7 Liver 9.1+ 0.4
Kidney 23.54+ 3.4 Spleen 5.1-++ 0.6
Liver 16.5411.7 Tumor 5.0-F 0.2
Muscle 11.0+ 4.6 | Lung 3.0-k 0.3

Muscle 0.4+ 0.2

— 18 —



FRFI424E T 250 409

Toyomycin (TM) is the chromomycin A, which is discovered in 1951 in Japan and extracted from
culture media of streptomyces griseus. Toyomycin is supplied as a yellowish crystalloid powder and the
chemical formula is not yet determined. Toyomycin produces the cellular destruction of the cancer
causing appearance of PAS granules. Biochemically, Toyomycin can slightly decrease the cellular respira- |

tion and glycolysis in the cancer tissue and prevents the uptake of P-32 into DNA and RNA!,

Experimental Study

In order to confirm whether the effect of this combination therapy has been successful or not, the
following experiment were attempted.

A model experiment to evaluate the combined effects were carried out on the solid subcutaneous
Yoshida sarcoma similar to human malignant neoplasma. )

The animals: These animals used in this study were female adult inbred rats of the pure strain
Donryu obtained from Nippon Rat Co.. The animals weighing 150 to 200 gm. were placed in cages under
air condition. Synthetic diet and drinking water were supplied ad lib.

Tumors: These animals were inoculated subcutaneously in the thigh with Yoshida sarcoma ascitic
fluid containing approximately fifty thousand cells. When the transplanted tumor had grown up to the
size of 15 % 15 mm in the nodule diameter on the seventh day after inoculation, they were sacrificed for the
observation.

‘The animals were divided according to the treatment schedule into four groups. The second and
third groups consist of fifteen rats each which were divided into three subgroups of five rats each, and other
two groups consist of five rats each. The first group received radiation alone. The subgroups of the
second group were administered of the anticancer drugs- MTC, MH and TM-alone. The subgroups of
the third group were given the combined radiation and anticancer drugs as above. The fourth one served
as the control. With the first group, single radiation dosage of 600 roentgens was given. The radiation
factors were: 180 KV, 20 mA, 30 cm T.S.D., 0.9 mmCu, 0.5 mmAl Filter. The animals were shielded by
adequate lead box prevented from unnecessary exposure.  The tumor bearing leg only was exposed in the
x-rays. Rats of each subgroups of the second group were given 0.1 rag of MTC, 1.25 mg of MH or 0.025
mg of TM intraperitoneally respectively. An intraperitoneal injection of these chemotherapeutics was
given 30 minutes before the x-ray irradiation on the third group.

Serial measurements of tumor diameter were taken daily during the course of the experiment,

The results of treatments have been based on the size of respective tumor by comparing with its
size before the treatment. The size of tumor before therapy was expressed as equivalent to one hundred.

Serial change in the tumor size of the four groups are shown in the treatment and reaction chart,
Relative tumor volurne plotted against time in days. Radiation with MTC group shows the most remark-
able regression.

Although the value has increased from 100 to 296 afier 4 days in the control group, those of radiation
group decreased from 100 to 54, and those MTC group decreased to 37. When MTC was combined,
with radiation therapy, its values decreased to 21. This method was found to be most effective, and the
rate of regression of the group treated by this method shows significant difference to the group treated by
radiation alone (Fig. 4).

In the group of MH alone, the value increased to 211, which means that there is slight inhibiting

— 19 —
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Fig. 4. Effects of combination therapy of MTC Fig. 5. Effects of combination therapy of MH
and radiation on the growth of solid Yoshida and radiation on the growth of solid Yoshida
sarcoma. sarcoma.
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Fig. 6. Effects of combination therapy of TM and radiation
on the growth of solid Yoshida sarcoma.
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effect to the tumor growth comparing the control. However in the group of combination therapy with
radiation its value decreased to 25. This method increased the therapeutic effect (Fig. 5).

However, in the group of TM which was not so effective on the tumor growth as MTC and MH,
the value of TM alone increased to 165 showing inhibition of g':rowth compared to control. No augmented
effect could be gained on the combination of radiation and TM (Fig. 6)..

It can be concluded if the indication of the combination thereapy has been adequately selected, the

better results will be obtained in comparison with the single use of MTC, MH or radiation therapy.
Clinical Study

Treatment Plan
The treatment plans for the study of the combinaion therapy were:
Plan I. One full course of chemotherapy was first administered then, followed by the course of
radiation therapy, hence, chemotherapeutic management should be completed first.

“Plan II. A course of radiation thepray was to be given simultaneously with the course of chemo-
therapy from the first day of the therapy, that is, two types of treatment were combined. simultaneo-
usly.

Plan III. The patient was given a course of radiation therapy, which was supplemented by the course:

of chemical treatment, that is, the course of chemotherapy to be carried out after complete irradiation.

— 20 —



FRFI429E T H25H 411

The other special plan has been adopted on the some cases of the malignant lymphoma.

Treatment Technique

The principal standard technique for this therapy are as follows:

1) The tumor was irradiated mainly with telecobalt unit (source: 2,000 Ci, source turaor distance 30
or 40 cm). The radiation employed in the some cases was electron beam of betatron(18 MeV). Tumor
dose of 4,500 to 6,000 R delivered in 3 to 4 weeks,

2) MTC was administered intravenously 2 mg every day, or 4 mg every other day, and from 40 to
60 mg of total dose.

3) MH was given by intravenous injection of 25 mg daily and 500--1,000 mg totally.

4) TM was injected intravenously 0.5 mg daily and 10 mg totally for 20 days.

Evaluation of Effects

The effects of the therapy were evaluated objetively either by direct measurement of palpable nodules
or by x-ray findings.

The results of the therapy were classified into three groups.

1) Remarkable imporvement: signifies complete disappearance or marked regression with absorption
of the tumors to more than three fourth.

2) Improvement: signifies apparent shrinking of the tumor less than three quarters.

The effective cases include both first and second group.

3) No improvement cases were which demonstrated no effect. The effects of growth inhibition
was not included.

The effects were estimated at the end of therapy on completely treated tumor size comparing to
the size of the tumor before treatment.

The some other observations made on the cases of malignant lymphoma and pulmonary carcinoma.

Cases Treated with Combination Therapy
Following cases with cancers and sarcomas were treated with combined radiation with the ariti-
cancer drugs. One hundred and seventy five patients in this series received combined radiation and
MTC, 99 patients received combined radiation and MH, while 22 patients received combination of radi-
ation and TM. The other remaining 105 cases were treated with combined radiation and other drugs
such as Nitromin, Thio TEPA, Actinomycin D and cyclophosphamide. Forty six patients were admini-
stered of combined radiation and two or more of the above mentioned aticancer drugs. Table 3 sum-

marizes the cases treated with the therapy combined.

Combination Therapy of Radiation and MTC

Efficacy of the combined therapy with radiation and MTC is observed in 175 cases, covering various
diseases are summarized in table 4.

Of 175 patients, 125 patients with an average age of 53.5 years had cancers,while 50 patients with
an average of 40.6 years had sarcomas. The most case were with lung cancer and malignant lym-
phoma. One hundred and five patients were male and 70 were female with an average age of 51.1
years and 48.3 years.

The percentage of effectiveness with the combination therapy were studied.
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Table. 3 Summary of Cases of Table. 4 Summary of Cases of Combination of Radiation and
Combination Therapy of Rad- MTC Therapy
iation Therapy and Anticanc-
er Drugs TOTAL 175
. No. of Lung cancer . 42
Anticancer drug cases Carcinoma of head and neck 25
Mitomycin C 175 Cancer | Fostoperative recurrence of breast cancer 15
X Postoperative recurrence of gastric cancer 12
§ onoporphyrincty f 43 125 Carcinoma of alimentary tract except stomach 6
Toyoraycin 99 Postoperative recurrence of malignant struma i}
Other miscellaneous cancer 20
Thio TEPA 85 Reticulosarcoma 21
| Lymphsarcoma. i
Other miscellaneous 20 Sarcoma| Hodgkin’s disease 6
Combination of two 50 Osteogenic sarcoma 5
or more drugs - Postoperative recurrence of seminoma 4
TOTAL 447 Other miscellaneous | 7
Table. 5 Effects of Combination Therapy of Table. 6 Effects of Combination Therapy of
Radiation and MTC on Various Carcinomas Radiation and MTC
and Sarcomas i
TOTAL 68 cases
Remark-
ably im- | Improved | Ineffective Both therapy effective 32 (47.1%)
) ]_Jro".red Radiation effective, MTC ineflective[11 (16.29)
Craoma | aotae | @i | catuse) Radiation ineffective, MTC effective 0 (_ 0%)
Sarcoma 15 17 B Neither therapy effective 25 (36.8%)
37 cases (40.5%) (46.09%) (13.5%)

Twenty one cases (30.09;) out of 70 cases of various carcinomas and 15 (40.59,) out of 37 cases of vari-
ous sarcomas showed remarkable improvement. And 22 (31.49%,) cases with carcinomas and 17 (46.0%,)
cases with sarcomas showed improvement. As a summary, 75 (70.19,) cases with various malignant neo-
plasma showed effective response to the combination therapy (Table 5).

Following study was made to judge whether radiation or MTC are actually working in the regres-
sion of tumor. The cases with two or more tumors were selected. The individual effects of the both
therapy were able to be judged on the lesion in which the both therapy were not given jointly.

Thirty two (47.1%) out of 68 cases responded both to radiation and to MTC therapy. Eleven
(16.2%) cases showed effective response to radiation therapy, but with MTC no effect could be seen.
Out of cases unresponsive to the radiation therapy, none showed sings of reaction to the MTC therapy.
Twenty five (36.8%,) cases have failed to show the therapeutic effect (Table 6).

From these results, it can be stated that the cases showing good response to the MTC therapy are
also proved to be effective to the radiation therapy, while, some cases less reactive to MTC showed some
response to radiation therapy.

Therefore, MTC should not be given to the cases in which radiation therapy is found to be
least effective.

Three out of 9 cases (33.39;,) of the plan I group, 48 out of 60 cases (80.0%,) of the plan II group and
24 out of 38 cases (63.2%,) of the plan III group showed improvement. The second group, i.e. the simul-
taneous combination therapy seems to be the most effective method in the three treatment plans.

— 2
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Table. 7 Effects of combination therapy of ©~ ~ ~ Table. 8 Effects of combination therapy on
radiation and MTC : carcinoma and sarcoma

Remark- '

ably Improved | Ineffective Effective | Ineffective

improved
_ | Plan I 1 1 b5 (Tle) ) ]

Ss;c;- Plan 11 7 17 10 (29%) Carcinoma | 70 cases (43 (61.49%) |27 (38.6%)
PlanIIT 13 4 2 (419)

Plan I 0 1 1 (502) Sarcoma 37 cases (32 (86.5%) | 5 (13.5%)
Sarcoma| Plan Il 12 12 2 (8%)
PlanIll] 3 4 2 (229%)

In the case of cancer, 2 out of 7 cases (28.6%) of the plan I, 24 out of 34 cases (70.6%) of the plan II
and 17 out of 29 cases (58.6%) of the plan III group showed improvement. In the case of sarcoma,
1 out of 2 cases (50.0%) of the plan I, 24 out of 26 cases (92.3%) of the plan II and 7 out of 9 cases
(77.8%)of the plan IIT group showed improvement. In the both groups of cancer and sarcoma, the plan
IT has proved to be the most reliable method (Table 7).

Forty three cases (61.4%,) out of 70 cases with carcinomas and 32 (86.5%,) out of 37 cases with sar-
comas were amenable to the combination therapy. It is observed that this regimen has shown stronger
influence against the sarcomas than the carcinomas (Table 8).

The effectivity of the combined therapy on the malignant lymphoma and the pulmonary carcinoma
were observed. The radiation therapy as well as MTC therapy seemed to be quite effective for the malig-
nant lymphomas, however, the lung cancer showed least reactivity to the both treatments.

In the cases of the malignant lymphoma, 1 out of 2 cases (509%) of the plan I, 14 out of 16 cases
(87.5%) of the plan IT and 4 out of 6 cases (66.7%) of the plan III group showed improvement. In the
cases of lung cancer, none out of 4 cases (0%) of the plan I, 13 out of 18 cases (72.2%) of the plan II, 2 out

Table. 9 Effects of combination therapy of rad- Table. 10 Effects of combination therapy on
iation and MT'C on the malignant lymphoma primary and metastatic lesions
and the pulmonary carcinoma ]
Remark- | Effective |Ineffective
ably Im%m' Ineffective
improved | “¢ Primary | 23 (54%5) | 20
Malignant Mlan 1 2 MRS Carcinoma | .
lymphoma Plan J 7 7T 12 (2%) | Metastatic | 20 (749) 7
Plan J[ 2 2 | 2(33%)
Plan | 0 0 | 4(100%) Primary | 17 (77%) 5
Carcivomy| Plan 1| 4 9 5@y | | e 15(100%) | 0
Plan J[ 2 0 16 (75%) |

of 8 cases (25%) of the plan III group showed improvement. Thus, the excellence of plan II therapy in
the treatment of malignant lymphoma and lung cancer have been reasonably demonstrated (Table 9).

In the case of primary lesions, 23 out of 43 cases (53.5%,) of carcinoma and 17 out of 22 cases (77.3%,)
of sarcoma reacted to the combined method. In the case of metastatic lesions, 20 out of 27 cases (74.1%)
of carcinoma and all cases of sarcoma have exhibited the signs of effect. The metastatic lesions are

appear to be more susceptible to the combined management than the primary tumors (Table 10).

o=
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Observations on Lung Cancer -

s
Far

Comparative studies on the resutls of combination therapy and those obtained previously by radiation

exclusively have been made in a non-random series of patients with pulmonary carcinoma.

shown the relative clinical similarity.

Table. 11 Cases of Pulmonary Carcinoma

Some clinical data of these two groups are described in Table 11, suggesting that the two groups have

Table. 12 Histology of Pulmonary Carcinoma

W WATE W4E

r Treatment plan No. of cases
Clinical data iCombinationi Ra gli::li:n Type of carc. G 3 I::IE:I = |]R azﬁioar_:;o 5
i Sex il 29 230 Squamous cell carc. 2 49
| Female 10 61 .
A Average 59.9 58.9 Undifferentiated carc. 4 65
Range 38177 25—T9
I i 0 1 1 Adenocarc. 1 56
I | 0 22 . .
Stage 5 T = Alveolar cell care. 0 3
| v 26 180

The diagnosis of pulmonary carcinoma was established by x-ray findings, scalene or supraclavicular
lymphnode biopsy, cytology of expectorated sputum, bronchial abrasion, bronchoscopy, bronchogram and
angiogram of bronchial arteries.

The histology of tumors were summarized in Table 12,

Table 13 demonstrates the objective response to the radiation therapy with and without MTC therapy.

There are no significant differences in the percent regression of lung cancer in both therapy.

Table. 13 Regression of tumor shadow in lung Table. 14 Survival rate of pulmonary carcinoma

o cancer | Cmtnhl:i::’l‘;ion Radiation alone
Improved Total | '
e otal cases | I'st stage ( 0case) ( Ocase)
l 24.5+ 5.4 months
Telecobalt alone |77 (75.5%) 102 i Ind stage ( Ocase) (13 cases)
[ 17.54+ 7.1 months| 17.14+ 2.0 months
Combination of _| I Ko (10 cases) (44 cases)
telecobalt and MTC 1° (73.1%) 26 | [Vth stage 5.1+ 3.7months| 6.2+ 0.5 months
S | ! ! [ (20 cases) ( 140 cases)

Mean survival time, mean =+ S.E.

An analysis of the long term resulis were judged by the mean survival tire after the first day of the

course of the therapy.

The mean survival of 17.5 months with a standard error of 4 7.1 months after combination of radiation

and MTC were obtained in 10 cases of third stage.

the shortest was 9 months.

The longest survival in this group was 6 months, and

Mean survival with S.E. was 17.142.0 in the 44 cases of third stage treated by radiation alone.

The longest in this group was 16 years and 4 months, and the shortest was only a few days.
Mean survival with S.E. of fourth stage was 5.143.7 and 6.2--0.5 months in the 20 cases treated by

— 24 —
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combination therapy and in the 140 cases treated by radiation alone.

Mean survival with S.E. was 24.54-5.4 in the 13 cases of second stage treated by radiation alone
(Table 14).

There is no significant increase in the survival time of patients with lung cancer of third and fourth

stage after combination therapy of radiation and MTC.

Observations on Malignant Lymphoma

In the trial of intravenous administration of MTC in the patients with malignant lymphoma deve-
loped of multiple metastatic involvement of the lymphnodes, one group of lymphnodes metastasis has
received the simultaneous radiation therapy.

The following case reports demonstrate the application of this therapeutic method.

Case 1. K.M. Sixty-eight years old woman, was admitted in December, 2, 1960, with bilateral
lymphadenopathy of the cervical, axillar and inguinal lymphnodes. The excision of the inguinal lymph-
node revealed a pathologic diagnosis of reticulosarcoma. MTC were administered intravenously at daily
dose of 2 mg throughout the course of the therapy combined with joint telecobalt irradiation to the right
axillar tumors. This right axillar tumors were treated by combination of radiation and MTC, which
eventually disappeared after 3,600 R of tumor dose had been irradiated. The left axillar and inguinal
tumors treated with MTC alone had remained showing reduction of its size to approximately three fourth
of the original size. Following additional irradiation to the remaining tumors in the left axilla, the tumors
had disappeared.

Case 2. A 31 year old man was admitted in October, 10, 1964. He had underwent a surgery for
Hodgkin’s disease in 1961, but complaining with insidious growth of multiple subcutaneous tumors.
Biopsy of one node revealed a metastatic recurrence of Hodgkin’s disease. Four milligrams of MTC
was intravenously administered every other day. The right anterior chest tumor received cobalt-60 v-ray
treatment, for other tumors MTC alone were given, and the left flank tumor was measured as a control.
Daily measurement of the tumors were taken. With the therapy, tumor mass began to show regression
from 43.4 ¢cm? to 17.7 cm? (40.8%,) in its size which was no more difference than the control tumer (from
304 cm? to 14.4 cm?, 47.49%,).

Case 3. A 66 year old man was hospitalized in June, 6, 1964, with reticulosarcoma disseminated
throughout the body. The biopsy of one node proved its histology. Two milligrams of MTC were
administered daily intravenously. From the outset of the MTC therapy, telecurie therapy to the left
anterior chest wall was tried, resulting in marked shrinking and absorption from 12 c¢m? to 4.7 cm? (39.2
%)- The one of other tumor not receiving telecurie therapy, for example, tumor of the left thigh become
smaller in its size from 3.1 em? to 2.5 cm? (80.6%,), apparently demonstrating superiority over a therapy
confined to MTC in the tumor regressing effects, thus the combined effect was well proved.

As shown in these cases, 7 cases with multiple foci of the malignnt lymphoma were irradiated locally
to one lesion, and M'TC were administered throughout the course of radiation therapy. The effects of the
combination therapy could be estimated on one irradiated lesion, while, the effects of MT'C were observed
on the other lesions. The following results were obtained as shown in Table 15. In the lesions treated
with combined radiation and MTC, 6 out of 7 lesions (85.7%,) showed remarkable improvement, and the

other one showed improvement. In the lesions treated with MTC alone, none showed remarkable im-

— 95 —
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Table. 15 Effects of combination therapy of radiation and MTC
on the malignant lymphoma
Rﬁ:ﬂ;:g 'ael:l[y Improved Ineffective
i}%&ltaneous combination of rad, & & letlona 1 lesion 0
MTC alone 0 4 3
Radiation after MTC 3 4 0

provement, 4 out of 7 lesions (57.1%,) showed improvement. By means of additional telecobalt therapy
to remaining tumors, 3 out of 7 lesions (42.99%,) showed remarkable improvement, and the other lesions
(57.1%) showed. improvement,

It was concluded that the combination therapy had been more effective than the single therapy of
MTC or radiation therapy, so that the joint therapy appears to be worth trying in the clinical manage-

ment of the malignant lymphoma.

Side Effects

The side effects of combined therapy of radiation with MTC on the blood counts were found more
often than the side effects of the each therapy. The chief toxic reaction of M'TC is damage to the hemato-
poietic organs. The leukopenic and anemic reactions of the radiation were added to this untoward. effects.
The augumented side reactions on combination therapy have been frequently encountered in the poorly
nourished and weak patients. The cases which are sensitive to the radiation with reduced leucocyte
count are equally sensitive to MTC therapy. The leukopenia was observed more frequently in the com-
bined therapy than in the radiation therapy alone. The thrombocytopenia and bleeding tendency also

appeared two to three tirnes more frequently than in the straight radiation therapy (Table 16).

Table. 17 Side Effects of Combination Therapy
on Leucocyte and Thrombocyte Count

Table. 16 Side Effects on Blood Count

Combination| Radiation
therapy alone SomBination] o
Anemia 8/BT cases | 2/34 cases (Jogle::;;:on Ragll;?tfn
(11.9%) (15.9%) ~ 7,000 10 cases T cases;
Leukopenia 36%:;;7 %) 15&’2‘2_1 %) 6,000~ 1 T
= ' 5,000~ 2 1
.| 23/67 5/34 !
Thrombocytopenia (34.39) (14.79%) Leuco- 4,000~ 2 3
. 5/67 2/34 cyte 3,000~ 3 0
Bleeding tendency
CT.5%)1 ¢ 6.05%) 2,000~ 1 1
Table. 18 Side Effects of Combination Th- 1,000~ 0 g
erapy on Liver Function TOTAL 19 19
~ 110,000 7 12
B.S.F. test > 7.5%/30min.| 1/54 | 1.8% 110,000~ 3 3
Serum Cobal 3.4~ | 3/30 [10.0 Th s : :
erurn Cobalt test ~R 3.4~ B 0% Throm- ;
booyte | 70,000~ 3 7
Serumn protein < 6.1g/l 2/63 | 3.2% 50,000~ 2 0
30,000~ 1 0
Urine urobilinogen increased 971 |12.79 TOTAL 19 19

T -
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More severe leukopenia and thrombocytopenia have been observed in the combined therapy than in
exclusive radiation therapy (Table 17). One of the lung cancers had an attack of panhematopenia follow-
ing such therapy, and died from subcutaneous, bronchial and intestinal bleedings. All other cases were
able to tolerate the full course of the joint therapy despite the occurrence of undesirable side reactions under
adequate treatment.

Liver function test were carried out on the day of admission and the day one week after the termin-
ation of the course of the combination therapy (Table 18). The liver function test remained unchanged

and no significant liver impairraent was observed.

Combination Therapy of Radiation and MH

Ninety nine patients have received radiation treatment with MH.

The combined therapy of radiation and MH was given to the patients in poor condition who were
suffering from advanced malignant neoplasms of inoperable type and because of its less side reaction.
It is believed that MH have less destructive power against the tumor than MTC, and exerts lesser side
effects to the hematopoietic system. The patient who were weak received combined MH and radiation,
and those who presented better condition were put on radiation and MTC.

Ninety nine cases were treated with radiation and MH jointly (Table 19). The primary lung cancer

constituted the major cases, while the second were postoperative recurrence of gastric cancer.

Table. 19 Cases treated with combination th- Table. 20 Effects of combination therapy
erapy of radiation and MH of radiation and MH
TOTAL 9 Effective Ineffective
Pulmonary carcinoma 23
Carcinoma of head and neck| 18 ’ | 5 R
Postoperative recurrence of 15 Plan I 2 (50%) 2 (509)
gastric carcinoma
: 8 Oesophageal carcinoma 5
Garcincma, Postoperative recurrence of = Plan II 16 (B495) 9 (369)
87 breast carcinoma i
| Carcinoma of colon 3
| Malignant struma 5 Plan III 2 (209) 8 (80%)
| Carcinoma of rectum 3
‘| Miscellaneous b
| Lymphsarcoma 3
Sarcoma | Post‘ope.-rative recurrence of 3
| seminoma
12 | Reticulosarcoma 2
| Miscellaneous 4

The effects of combination therapy of radiation and MH were observed in 39 cases. Two out of 4
cases (509%,) of plan I group, 16 cut of 25 cases (649,) of the plan II group and 2 out of 10 cases (20%) of
plan III group showed improvement. There is no relationship between the treatment plan and its effects,

as in combination therapy of radiation and MTC (Table 20).

Combination Therapy of Radiation and TM
There was no difference in the response between the patients who received combined radiation and.
TM and those who received radiation alone. No increased rate of regression was observed with the radia-

tion and TM treatment. These results were in just accord with the results of experimental animal tumor.
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Limit of the Combination Therapy

The method and the route of administration of respective treatment could be adapted freely in cornbi-
nation therapy. But combined method offers somewhat narrow sphere of activity, because therapy
requires strict simultaneous treatment schedule.

Skin reaction in combined therapy were the same as in the straight radiation treatment. Although
severe damage of the hematopoietic organs might occur in such regimen but the adequate measures
such as whole blood transfusion would be possible to forestall the disturbance. Unavoidable therapeutic
effect might influence with terminal aggravation of the general condition.

While, the therapy is essentially a palliative, and not of radical measure, and from the rate of regression

and prolongation of survival times, the combination therapy should not be a dependable dramatic remedy.

Discussion

Certain therapeutic benefits obtained through the combination therapy of radiation and chemothe-
rapy have been reported. Various workers reported the cmobined effect on the experimental tumor
828,20, Others pointed out the usefulness of such method on the hasis of clinical experience. There are
few studies on the subject both on the experimentl and clinical aspects. It is important that for the treat-
ment of malignancies, combined method of therapy should be tried. There are considerable differences
in the effects between experimental and clinical results. The effects of combination therapy observed in
the clinical study has not been so remarkable as in experimental studies. It has been shown that combin~
ed effect of radiation and MTC seemed to exert on the regression of solid Yoshida sarcoma, which may be
due to the synergistic action. The same regressive effect could not be obtained however, when combin-
ation of radiation with TM.

If following factors have been met clinically, the combined. therapy woud be most effective. It has
been demonstrated that:

1) Greater rate and larger percentage of regression obtained than the radiation alone,

2) Longer survival time would be longer than radiation alone.

3) Size of sample enough for statistic test.

4) Marked differences of the terapeutic effects statistically.

5) Therapeutic technique is less complicated.

6) Broadness of its anticancer spectrum.

7) Less serious side effect.

For effectiveness of cancer therapy the above are the criteria to be adhered to prove clinical value.

It has been clearly demonstrated that radiation therapy and MTC therapy must be administered
simultaneously in combination therapy. The MTC therapy should be administered to the case, those res-
ponsive to the radiation therapy. Itseemed possible that combined radiation and M'TC might cause more
severe damage to malignant lymphoma than the MTC therapy?13,1”, It may be that combination of
radiation and MTC do not produce the prolongation of survival time and elevation on rate of
regression of lung cancer. It may possible that both oxygen and MTC in combination with radiation

therapy might have a marked effect on cancer without increased systemic reactions.

Summary

1) Studies on the effects of the combination therapy of radiation and the anticancer drugs (Mitomycin
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C. Hg-Hematoporphyrin and Toyomycin) were reported.

2) There was a remarkable improvement in the regression of solid subcutaneous Yoshida sarcoma
receiving the combined therapy of radiation and a anticancer drugs (MTC, MH).

3) One hundred and seventy five patients with several carcinomas and sarcornas were treated with
combined radiation and MTC in order to observe the enhanced effects of such combination. Ninety nine
patients were treated with combined radiation and MH. One hundred and seventy three patients were
treated jointly with radiation and other drugs.

4) In 107 cases, sirnultaneous combination of radiation and MTC are more effective than the effects
in separate administration.

5) In 7 cases with malignant lymphoma, the effects of combined therapy of radiation and MTC
seemed to be greater than the straight MTC therapy.

6) In 128 cases with lung cancer, combined therapy exerted similar effect as the straight radiation
therapy.

This study failed to demonstrate a prolongation of survival time in patients with lung cancer with
an addition of MTC to radiation therapy.

7) More severe damage on the hematopoietic organs were observed in the combined therapy of radia-
tion and MTC than the exclusive radiation method, however, side effects do not interfere the administra-
tion of full therapeutic dosage.

8) Augumented effects by means of combined radiation and MH were not observed clinically.
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