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Abstract

The Cancer Institute Hospital received a loan of 30 pg of Californium-252 small sources from the
ERDA in October 1973 under the 252Cf Market Evaluation Program, consisting of 15 needles and 6
afterloading cells of 1-2 pg of 22Cf,

Ten secondary cases, who had recurrent or residual diseases developing from irradiated andjor
operation scars of the tongue and various sites of the body, were treated by 2%?Cf needling or by surface
moulds. Neutron doses to the target volume varied from 500 to 2800 rads for an average of 1300 rads.

The overall initial results have been generally favorable and encouraging and good local tumor
control could be obtained in most of the cases, but the follow-up period has been too short to permit final
evaluation. The selection of clinically useful value of RBE and the establishment of a methed for effec-

tive and safe handling of 2%2Cf small sources should be studied in the future.
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Introduction

In recent years, the challenge against cancers, heretofore considered radioresistant, has been made
chiefly by two methods using unique radiobiological characteristics of high LET radiations in the field
of radiology. The first method is the external irradiation of fast neutrons produced by particle accele-
rators such as cyclotrons, and the second one is the interstitial or intracavitary irradiation by the use of
fast neutrons emitted from 22Cf small sources, as have been done with gamma rays from ?2Ra and 9*Ir,

The Cancer Institute Hospital received the first loan of 30 ug of #52Cf sources from the ERDA (former
USAEC) in October 1973 under the 252Cf Market Evaluation Program®. They consisted of 15 needles
and 6 afterloading cells of 1-2 ug of 252Cf (Table 1). The first year was devoted to the arrangement of
the therapy room and various types of equipment necessary for safe handling on the part of the hospital

personnel and to dosimetry for radiotherapy and radiation protection®.#.4,

Table 1. Cf-252 small sources loaned to the Cancer Institute Hospital from the ERDA
(October, 1973)

Capsulé wall

thickness

?Ctiwc h _9—0% =5 E Ejitrilf]::tl' Intensit

ength Lengt v 1ame I r
Source type (m%n} {mgn) 1(?:% ?;rr(;r) (mm) —“;:g:__ﬁ}s_ec Number
Needle, 2.4 30.00 40.00 0.15 0.30 1.65 2.505 5.800 5

+0.50 -+0.50 +0.012 40.012 +0.025 +5.0%,  x10¢
Needle, 1.2L 30.00 40.00 0.15 0.30 1.65 1.223 2.834 5

+0.50 +0.50 +0.012 40.012 +0.025 +5.0%  x10¢
Needle, 1.28 15.00 26.00 0.15 0.30 1.65 1.256  2.910 5

+0.50 -+0.50 +0.012 +0.012 --0.025 +5.0%  x10¢
Short after- 15.00 18.00 0.10 0.15 0.99 1.032  2.391 6

loading cell 1.0 +0.50 +0.50 4+0.012  4-0.012 4+0.025 +5.0% x10°

Between March 1974 and March 1975, 252Cf sources have been used as implants or surface meoulds
applied to superficial accessible tumors in ten patients. Selected patients had recurrent or residual
diseases developing from irradiated and/or operation scars. The success rate of radiotherapy is lower
for these sites because of the higher percentage of hypoxic cells present. The overall initial results have

been generally favorable and encouraging in this early period of study and will be reported here.

Purpose
The final purpose of this study is to evaluate the potential advantages of **Cf small sources over
226Ra or 192Ir for brachytherapy, and to determine whether any significant improvement in therapeutic
results could be observed. The difference in indications will be corapared with those of external irradia-
tion of fast neutrons produced by cyclotrons, including the use of booster therapy of 252Cf small sources

combined with other modalities of radiotherapy when indicated.

Average Therapist Dose
The dose received by the therapist, while directly loading and unloading #52Cf sources, should be

carefully checked, because the RBE value of high LET radiations increases sharply with decrease in dose
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a) Body shild. b) Bedside shield: Water 20 Implantation is made with the eyes shielded with

cm in thickness reduces the neutron dose equi- a “Lucite” plate 10 cm in thickness. This redu-
valent rates by about a factor of 10. ) Eye ces the neutron dose by about a factor of 3.
shield: “Lucite” block 2012 cm in size and 10 Fig. 2. The use of eye and bedside shields
cm in thickness reduces the neutron dose equi- during ***Cf implantation,

valent rates by about a factor of 3.
Fig. 1. Various kinds of equipment for
radiation protection.

rate. This is especially true when the radiation hazards to the eye (radiation cataract) is taken into
account. Accordingly, 22Cf small sources should be handled very carefully in the therapy room, where
various kinds of equipment necessary for safe handling are well provided® (Fig. 1, 2).

The *32Cf gamma ray dose received by the therapist to his head (eye), breast, abdomen, back, lower
lumber region, and fingers was measured with CaSO,: Tm or BeO thermoluminescent dosimeters. These
dosimeters are insensitive to neutrons. The product of the measured gamma ray dose and the measured
ratio of neutron dose equivalent to gamma ray dose behind the bedside shield or eye shield was used as
the estimated neutron dose equivalent.

With the therapist standing behind the bedside shield and eye shield while directly loading interstitial
implants, the average total dose equivalent (neutron-gamma) to his head region was 4.3 mrem/pg 252Cf
implanted (Fig. 3). During the early stage, the numberof patients treated was limited to 5 or 6 cases a
month, this being the number which could be implanted safely by one therapist within the legally per-
missible dose.  The use of afterloading technique can reduce the dose equivalent to the therapist by about
a factor of 2 or 3, by eliminating source handling in sterilization procedures, in needle threading, and in
the surgical procedures. Incidentally, the average dose to the head region of the therapist while directly
loading interstitial radium implants without shielding was 3 mR/mg ?26Ra implanted, excluding the

dose exposed during the needle threading®.

Clinical Cases and Method of Treatment
First ten patients, treated before March, 1975, were secondary cases, who had recurrent or resi-
dual diseases developing from irradiated and/or operation scars (Table 2). They consisted of four cases
of tongue cancer and six other patients, who had cancer developing from the larynx, hypopharynx,

floor of the mouth, uterine cervix and rectum, respectively,
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Fig. 3. Average dose equivalent received by therapist while loading ***Cf sources.

Eight patients were treated by plane or volume implants lasting from 4 to 8 days. The other two
patients were treated by surface moulds. The implantation technique was similar to that for ?26Ra im-
plants.

A formula for computer calculation of the three-dimensional isodose distribution around a 232Cf
source has been developed and applied for each individual case. The three-dimensional isodose dis-
tribution around the implants was calculated in rads for both neutron and gamma rays. Next, the
biological equivalent dose was calculated corresponding to RBE values of 3, 5 and 7. This dose per-
mitted a closer comparison with the response of tumor and contiguous normal tissues. Neutron doses
to the tumor varied from 500 to 2800 rads, for an average of 1300 rads.

Case 1. T.N., male, aged 64 years, carcinoma of the tongue, T3NOMO.

Histology: Squamous cell carcinoma.

He was first seen in February, 1972, with cancer of the left border of the tongue at another hospital,

where the telecobalt external irradiation of 5400 rads in 9 weeks (at interval of 3.5 weeks) was given.
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He was referred to our hospital on March 22 for radium implantation. He had a residual tumor, meas-
uring 1 X 4 cm in size and extending from the left lateral border to the base of the tongue, which formed
a shallow ulceration in the middle. A single plane radium implant (2 mgx 2, 1 mgx 4) was made de-
livering a dose of 4500 rads in 6 days, with an additional implantation of radon seeds (1 mCix4) into
the base of the tongue 2 and 3 months later, respectively.

On September 5, partial glossectomy was performed to eradicate the remaining fumor extending

into the base of the tongue with partial removal of the floor of the mouth and left anterior faucial arch.

a) Local findings of tongue cancer prior to im- b) Local findings after removal of **Cf sources.

plantation. A mass 1x4cm in size was palpa- Severe epithelitis developed at the site of implan-

ted on the left tongue margin tation, but this epithelitis disappeared about one
i - g argin.

year later together with the tumor. The course
thereafter for 1-1.5 years has been favorable.

1Ih

I “ Q.IIIIII

¢) Verification X-ray film of implanted **Cf needles. Left is AP X-ray film and right is
lateral X-ray film. A total of 10 needles (effective length of 3 cm) of 1.2 pg and 6 short
needles (effective length of 1.5 ¢cm).

Fig. 4. Case 1, 64-old- male, carcinoma of the tongue.
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rates plus biological equivalent dose rates with varying RBE’s (3, 5 and 7).

Fig. 5. Dose distributions for interstitial **Cf implants (Case 1).

On December 12, recurrence developed again along the operated scar extending to the anterolateral
part of the tongue, and the second plane radium implantation (1 mg x5, 2 mg % 5) was made for 5 days
without success, unfortunately.

On March 25, 1973, a volume implantation of Cf-252 needles (1.01 pgx 5, 0.99 pg < 5) was made
covering the site of marginal recurrence along the left border of the tongue (Fig. 4a, b, ¢). A tumor dose
of 5,000 or 10,000 rem in 5 days was given with the value of RBE of Cf-252 neutrons assumed to be 3 or
6 (Fig. 5).

The local lesion was found to be well controlled without ulceration in May, 1975,

Case 6. A.T., female, aged 59 years, carcinoma of the floor of the mouth, TINOMO.

Histology: Sguamous cell carcinoma.

Past history showed that she had a single plain radium implant for tongue cancer of the left anterior

border of the tongue in 1955, followed by left radical neck dissection in 1956. She continued in good
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condition until she noticed a 1.0x 1.0 em hard, deeply infiltrating tumor at the left anterior part of the
floor of the mouth (TINOMO, squamous cell carcinoma). This is considered to be a double or radiation-
induced cancer.

The tumor was irradiated externally by 12 MeV electron beams for a total tumor dose of 3360 rads
in 5 weeks, followed 2 months later by extended surgical removal of the remaining tumor including the
anterior one-third of the floor of the mouth and accompanying muscles and partial resection of the jaw,
which was partly reconstructed by a deltoid-pectral flap. The specimen showed a 12x 9 mm lesion.

On September 25, a small carcinomatous granulation measuring 0.5 cm in diameter was noticed at
the posterior margin of the operation-scar. A single plane Cf-252 implant (0.9 pgx 5, 1.8 pgx 1) was
made, delivering a tumor dose of 8000 (16000) rem in 8 days, postulating the value of RBE of C£252
neutrons to be 3 (or 6). The accompanying mucositis was not severe and disappeared 2 months later.

More than 6 months later in May 1975, she appeared to be in good condition. Mucositis which de-
veloped was severe and remained for about a year, but underlying tumor infiltration disappeared gradually

and no evidence of disease was found in May, 1975.

Results and Discussion

In three patients (Cases 1, 2 and 7), early response has progressed to severe mucositis or slight ulcera-
tion which persisted for more than 4 and 6 months, respectively. Fortunately, no untoward late gross
ulcerated lesions suggestive of overexposure have been encountered.

Two patients (Cases 2 and 4) died at 4 and 6 months, respectively, with generalized metastasis, but
with good control in the 252Cf implanted area.

In one patient (Case 9), a direct comparison of the early skin response was made between 25:Cf and
#6Ra implants. An RBE value of about 6 was assumed for 252Cf implants lasting 8 days.

The foregoing clinical findings may be summarized as follows® 7,8,

I. Overall initial results for radioresistant tumors were generally favorable and encouraging, but
the follow-up period was too short to permit final evaluation.

2. The selection of clinical useful values of RBE should be determined on a larger number of cases
and under varying local conditions.

3. We expect to establish a method for effective and safe handling of 252Cf small sources to reduce
the therapist dose. The use of afterloading cell assemblies supplied by the ERDA and remotely con=
trolled afterloading apparatus should be considered®.10,

In both the United States” and England!?, the early trials 22Cf brachytherapy have demonstr-
ated encouraging results than those of low LET radiation for radioresistant or recurrent tumors. The
search for true indications for #2Cf brachytherapy is considered to be an interesting and challenging
problem for the future, and it should be mentioned that a randomized controlled trials have been co-
mmenced under a 3-year program in the United States!®,

This work was supported in part by the U.S. Energy Administration Research and Development
under Contract AT (38-1)-739 and by Grants-in-Aid for Cancer Research from the Ministry of Educ-
ation, Science and Culture, and from the Ministry of Health and Welfare, Japan, which are grat-

efully acknowledged.
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