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Introduction

This report presents our clinical experience with *#Cf brachytherapy from March 1974 through
August 1977 on 44 cases, consisting of 14 primary and 30 secondary cases. Secondary cases were
recurrent or residual diseases developing from irradiated andfor surgical scars. In these cases the
success rate of conventional radiotherapy for these sites is considered to be very low because of possible
higher percentage of hypoxic cells present. Four primary cases were also included; one case of
malignant melanoma of the vulva and three cases of well differentiated papillary adenocarcinoma
of the uterine cervix. These histological types are considered to be very radioresistant, their low
radiosensitivity being confirmed in our past experience. These cases were also submitted to clinical trial

in order to study the effectiveness of 2*2Cf irradiation.

Method of Treatment

As alluded to in the first report”, the Cancer Institute Hospital received the first loan of 30 ug of
#52Cf sources from the USAEC in October 1973. Thereafter in March 1977 the second loan of 87 ug
consisting of new types of ***Cf sources was received from the ERDA (presently, Department of Energy,
U.S.A.) (Table 1).

During this period interstitial application of ??Cf needles was mainly made. In some cases,
afterloading cells were also used interstitially by manual afterloading technique in order to reduce the
therapist dose as much as possible.

Three-dimensional dose distribution was calculated by our physicist’s group using a computer,!??

Table 1. *$*Cf medical sources loaned to the Cancer Institute Hogpital (Second loan)
Received: March 1977

Capsule wall 90%, Pt
Active  External 10% Ir  External Source strength  Number

Source type length length r diameter ¥ of Total
mm min I%m c;";;r mm ug nfsec sources ug
Applicator 15,00 23.50 0.30 0.50 2.80 15.662 36.195 3 46.99
tube +0.50 +0.25 +0.012 +0.012 +4-0.05 +5.0% x 108
Short after- 15.00 18.00 10.0 0.16 0.95 0.795 1.838 10 7.95
loading cell +0.50 +0.50 +0.012 +0.012 +0.025 +:5.09%, % 108
Seed 4.00 6.00 0.16 0.80 0.380 0.878 72 27.36
+0.10 4-0.25 +0.012 +4-0.05 +5.0% x 108
Total 85 82.30
Seed assemblies
Active External External Number of
Seed assembly length length diameter Number of seed Total
mm mm mm seeds assemblies ug
3-seed 26 60 1.05 0.38 ugx 3 4 4.56
4-seed 36 70 1.05 0.38 ug x4 4 6.08
5-seed 46 80 1.05 0.38 ug x5 4 7.60
6-seed 56 90 1.05 0.38 ug <6 4 9.12

Assayed: September 27 to December 31, 1976.
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The total delivered dose was calculated individually and determined according to histology, location,

size and conditions of the tumor bed.

Clinical Cases and Results of Treatment

All the cases so far treated are presented in Table 2 with individual clinical course, previous
treatment, method of application, delivered tumor dose, prognosis and tumor response score.

Score system used at the National Institute of Radiological Sciences was employed as shown in
Table 3. The relationships between the local tumor response by early effect score and the number of
cases in each group of the disease is shown in Table 4,

1. Primary cases

Table 3. Radiation effect score for tumor conirol

(A) Early effect score

complete disappearance

regression, less than half of the original size
regression, larger than half size

no shrinkage

increasing in size

Late effect score

complete disappearance with no sign of scar formation
complete disappearance with scar formation
residual but non-growing tumor

residual and slowly growing tumor

rapidly growing recurrent tumor

—
o =Z o e~

Table 4. Summary of local tumor response by early effect score 2 months
after the completion of therapy

Score 4,5 or &

No. of cases assigned Score salvaged by ':'co;ils.‘i!il::)t Total
1 2o0r 3 operation P
Primary cancer
Cervix uteri 3 — —- — 3
252 ]l
Cf only Vulva 1 — - - 1
Esophagus 1 6 —_ -_— 7
Skin 1 — — — 1
252
Sl Lymph node — 1 — — 1
Bronchus e — — 1
Recurrent cancer
Head and neck 13 1 2 il 18
Uterus 2 3 2 - 7
Esophagus —_ 2 — — 2
Skin 1 — 1 —- 2
Rectum 1 —_ — — 1
Total 23 14 5 2 44

#One case died of intercurrent disease soon after the implant (Case 26), and the other case was
treated **Cf prophylacticaly (Case 45)
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Four out of 14 primary cases were treated solely with 2%2Cf (Table 4), and the remaining 10
cases were treated by Linac X-rays or ®Co y-rays supplemented with ?*2Cf boost therapy.

a) Neutron therapy only:

One case of malignant melanoma of the vagina (Case 13 in Table 2 (3)) was controlled by #*2Cf
volume interstitial irradiation of neutron dose of 1440 rad in 6 days. Tumor disappeared completely
but she died of other cause 1.5 years later.

Three cases of well differentiated papillary adenocarcinoma of the cervix uteri (Cases No. 22,
23 and 24 in Table 2 (5)) were also treated with intracavitary application of ?**Cf. A non-cura-
tive neutron dose of 430 rad was given in 6 fractions in 2 months to point A. Two out of 3 cases
responded favorably, resulting in complete local control which lasted for more than 1 year, but
the remaining case (Case 23) was salvaged by surgical removal due to recurrence 5 months later,
probably attributable to low dosage. The dose at point A of Case 22 (T1b) was calculated to be 430
rad, but as the primary focus was small and located at the inner side of point A, the tumor dose was
calculated to be 840 rad based on the dose distribution curve. The dose at point A was used as the tu-
mor dose in Cases 23 and 24 (T3), because the primary tumor extended almost to point A. Case 22
has been in good health and asymptomatic for more than 2 years. It is noteworthy that very marked
histological changes were observed very soon by successive histological examinations (Figs.4and 5).

b) Neutron boost therapy:

Ten out of 14 cases were treated by neutron boost therapy, which consisted of 7 cases of esophogeal
carcinoma, one case out of cervical metastasis of lung carcinoma (Case 8), skin cancer (Case 19), and
bronchial cancer (Case 46), respectively. External irradiation of 5000-7000 rad was given to the
esophagus, followed by additional intracanalicular application of ***Cf for the eradication of the
remaining radioresistant nests. Neutron doses of 60 to 260 rad were given to a point 0.5 cm from
the center of the tube. For esophageal cancer, results more favorable than those of the external X-
irradiated group could not be obtained. Three cases other than esophageal cancer showed favora-
ble local control for 6 months or more than 2 years.

2. Secondary cases

Thirty secondary cases consisted of 18 cases of head and neck cancer, 7 cases of uterine cervix:
cancer, 2 cases of esophageal cancer, 2 cases of skin cancer and 1 case of rectal cancer. They were
considered to be poor candidates for photon heam radiotherapy, because they had underwent previous
operation and/or irradiation. Five out of 18 head and neck cases, including Cases 30 and 34, have
been doing well for more than 1 year, except for Case 45, who has been under observation for less
than | year. Local control was achieved in 7 out of 9 recurrent cancer cases of the tongue and floor
of the mouth for more than 5 months. Local control was also achieved in 1 case of adenoid cystic
carcinoma of the soft palate (Case 36), and in 1 case of malignant melanoma of the ethmoid (Case 34).

Two out of 7 cases of uterine cervix cancer showed early good effect (Score 1) but recurred after 3
and 6 months, respectively. Two cases of esophageal cancer could not be controlled and 1 case of
skin cancer (Case 29) achieved local control but later developed brain necrosis due to cumulative

excessive irradiation. Another skin cancer case (Case 20) received operation hecause of poor local

cffect.
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Local control was achieved in one case of recurrent rectal carcinoma in the perineal region
(Case 4).

3. Quverall resulls:

It is pointed out that good local control of score 1 was achieved in 23 out of 44 cases as summarized
in Table 4.

No significant complication was encountered except in one case (Case 33), which developed deep
uleeration in the mouth floor after irradiation of 710 rad of neutron. This dose was considered not to
be excessive, however.

The relationship between delivered neutron dose ranging from 500 to 2800 rad to the tumor and
local response is shown in Fig. 1. Neutron dose of more than 600 rad was necessary to eradicate the
disease as reported.?®% No severe mucosal damage was observed even when the delivered dose exce-
eded 1500 rad except above one case.

Primary cancer treated o (o] o
by C£-252 only o
e} [e} o o

Recurrent head and - Do 00@ o o
neck cancer ® Oé) ®

o

. [} [ ]

Recurrent uterine
cancer % L] o]
Recurrent cancer
developing in other o] (o] (o}
sites

Neutron dose 600 1000 1400 1800 2200 2600 3000 rad

Fig. 1. Relationship between neutron dose and local tumor response by early effect score.
{ O score 1, (@ score 2-3, @ score 4-3)

Boost therapy cases are excluded.
#One case of unknown delivered dose and one case dying ol other causes are excluded.
##0ne case of unknown delivered dose is excluded.

Case Report

Some of t};e first 10 cases, which had been treated from March 1974 to March 1975, were
presented in detail in the first report.”® The following interesting cases are added from the
remaining 34 cases.

Case 7. N.M., 51 year old female, carcinoma of the tongue, Recurrent case, squamous cell carcinoma

Radium needle implantation was made for the T2NOMO tongue cancer in 1970, which recurred
in September 1974. Operation was refused. Single plane implantation was made for 168 hours in
the left lateral border of the tongue as shown in Fig. 2. Thirteen ?*?Cf needles were used, consisting of 3
needles of 1.75 ug/3.0 cm, 5 needles of 0.86 ug/3.0 cm and 5 needles of 0.87 ug/1.5 cm. Dose distribu-
tion is shown in Fig. 2. A neutron dose of more than 1800 rad was delivered to the tumor. Severe
mucositis which was observed is considered to be due to relatively high dose and large volume
irradiation, but no ulceration developed. The patient has been in good health without any symptoms
for more than 3 years.
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MOTOWAKA NOBU 7 = X PLANE, Y= 0,00 Ch

€ NEUT. ) MAG.® 1,0
KKK KKK -acl
LECTLRABALT 18 r %h
R
K
KK.11D T1HH GG GEGGGHIY /":l rad/h
KEJITHGEE CODDNGE £4 %
®X ) IHG ELT TELLT LK
' DK

k1031 efc |yaenidotoby
©IITIGERC \ BEIRRECL
K JIIIHGIGC eeee
KK LIIH i

KKK JDIIIETED WlHedsH 1010k
LIS LB ARNARAR] BERANNNNELL
HEKEKJIIIPIIDIRRKN
EEKKKE KKK

SYHBOL A [} C ] E [ H I
RADSH 20,00 15.00 10,00 8.00 4,00 5,00 4.00 3.00

Fig. 2. Case 7. Recurrent tongue cancer. A: Before *Cf treatment., Recurrent foci were seen
spreading from the anterior to posterior border of the left lateral portion of the tongue. B: 14
days after removal of *?Cf needles. Marked mucositis was observed. C: One year after treatment.
Tongue is cured completely and is soft and smooth. D: Positioning film of the **Cf needling.
E: Areal dose distribution on the X-Z plane.
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Fig. 3. Case 22.
(frontal and lateral) and areal dose distributi
#2Cf sources.

Primary uterine cervix cancer with papillary adenocarcinoma.

Positioning  films
on on X-Y plane of the intracavitary application of

Case 8. T.A., 58 year old male, carcinoma of the lung, TINOMIb, Primary case, squamous

cell carcinoma.

The patient complained of cough and right supraclavicular mass measuring 4 3x 3 cm in size

in September 1974. Chest X-ray showed right

hilar mass. External X-irradiation of 6000 rad in 7
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Fig. 4. Case 22, (same patient as described in Fig.3) Papillary adenocarcinoma of the uterine cervix.
4.a: Prior to ***Cf treatment (H.E. x500). 4.b: Two days after the Ist session of **2Cf intracavi-
tary irradiation for 24 hrs. Almost no change was observed. 4.c: Two days after the 3rd session
of the treatment. No cancer cells could be seen.

Fig. 5. Case 23. Primary uterine cervix cancer with papillotubular adenocarcinoma. 5. a: Prior to
#2Cf treatment. 5. b: Seven days after the 2nd session of ***Cf intracavitary irradiation for 24 hrs.
Marked radiation effect with tiny degenerative cancer foci can be seen. (Figs. 4 and 5 were pro-
vided by the courtesy of Drs. Masubuchi and Kubo, Department of Gynecology, Cancer Institute

Hospital)

weeks was given to the primary and supraclavicular tumor. Double plane implantation of 2%2Cf
needles (0.82 ug/3.0 cm x5, 0.84 ug/1.5 cmx 3) was made in November 1974, because of the poor
effect of X-irradiation to the supraclavicular mass. Calculated neutron dose of 500 rad was given in
68 hours. The tumor decreased in size and severe neuralgic pain radiating to the right upper ex-

tremity disappeared. The patient has been well without symptoms for more than 2 years and 9 months.
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Case 22. F.Y., 65 year old female, TIbNXMO, Primary case, carcinoma of the uterine cervix.

#22Cf sources were applied intracavitarily in November 1975 as shown in Fig. 3. As no standard
sources were available, ***C[ needles were bundled to make 3 sources; 1 tandem source consisted of
9.7 ug of **Cf and 2 corpostat consisted of 1.65 ug of ?%*Cf, respectively. Calculated dose distrib-
ution shown in Fig. 3 was delivered for 144 hours/6F/6 weeks. External X-irradiation of 4500 rad
was delivered to the parametrium using a center splitter. A remarkable response was observed
histologically as shown in Fig. 4., The patient has been well for more than 2 years. Another example

(Case 23) of marked histological effectiveness is shown in Fig. 5.

Discussion

As shown in Table 4, it should be noted that score 1 response was achieved in all 4 radioresistant
cases primarily treated by **Cf only, which consisted of one case of malignant melanoma and 3 cases
of well defferenciated papillary adenocarcinoma of uterine cervix. In the boost therapy group, score 1
response was obtained in I out of 7 cases of esophageal cancer and in 1 of 3 cases of other cancers.

In the recurrent cases, score 1 response was obtained in 13 out of 18 cases of head and neck
cancer including the cases of tongue cancer, in 2 out of 7 cases of uterine cancer, in none of 2 cases of
esophageal cancer, in one of 2 cases of skin cancer and in one case of rectal cancer (Table 4).

In total, good local control corresponding to score 1 was achieved in 23 out of 44 cases. In 2
cases it was impossible to score, because one had received surgery prior to application and the other
died of intercurrent disease shortly after the treatment.

Intracavitary boost irradiation for esophageal cancer has been unsuccessful, because of the advanced
stage of these cases exceeding the indications for this modality of irradiation.

It is concluded that favorable results can be expected in most cases of head and neck cancer,
malignant melanoma (primary) and adenocarcinoma of the uterine cervix, which are radioresistant
cancers. Interstitial application for tongue and mouth base cancers, either primary or secondary, is
consisdered to be promising, because of the higher control rate and lesser injury to the mandibular
bones with no evidence of necrosis, due to lesser neutron absorption than X-ray. Among our cases
no case of bony necrosis has been encountered sofar. No unusual skin reactions or severe delayed
changes has been reported by the American or Europeang group.?4%%

The optimum neutron dose and clinically useful values of RBE remain to be determined in the
future for various histological types and local clinical conditions using a larger number of cases,® 59
Tentatively, an RBE value of 6 was adopted in this study.

The foregoing observations were obtained under phase I study between March 1974 and August
1977, and further detailed clinical observation and randmized trial are considered necessary in the
future. We feel in view of the overall results that 2*2Cf brachytherapy is as good as or considerably
better than ***Ra therapy with higher therapeutic advantage,

In 1977, we disigned and constructed a remote afterloading machine so that these sources
could be handled safely.” This remotely controlled afterloading machine is provided with three
channels connected to **?Cf tubes for intracavitary use in the uterine cervix. Furthermore, each of

the three channels can be used individually according to varying conditions, permitting intracavitary
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irradiation for eradicating residual tumors inside the esophagus or bronchus following external ir-
radiation. The details of the machine were reported by Dr. Onai et al”?. Two cases were treated
with the use of this machine as shown in Table 2 (5) (Cases 44 and 48). Clinical experience
with 252Cf seed assemblies for manual afterloading will be described in the next report.

Summary

This report summarizes our clinical experience at the Cancer Institute Hospital from March 1974
to August 1977 with the use of small sources of Californium-252 on 44 cases consisting of 14 primary
and 30 secondary cases. Radioresistant tumors of recurrent tumors developing from irradiated and/or
operated scars were submitted to this therapy. Cf-252 needles, seeds and tubes were used as implants,
surface molds and intracavitary application for various sites and conditions, either singly or combined
with X-ray or °Co v rays. The results can be summarized as follows.

1. Good local control corresponding to score value of 1 was achieved in 23 out of 44 cases,
which indicates that further continued clinical trial will be encouraging.

2. Most cases of head and neck cancer, skin cancer, malignant melanoma, papillary adenocar-
cinoma of the uterine cervix cancer have responded favorably to neutron dose of over 600 rad. On the
contrary, carcinoma of the esophagus unfortunately responded poorly to intracavitary boost therapy.
This will need further clinical investigation.

3. No severe side effect has been observed sofar, suggesting a higher therapeutic advantage than

22 ﬁRa.
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