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The S'fatus of Low Dose Rate and Future of
High Dose Rate C{-252 Brachytherapy

Mark J, Rivard, Jacek O. Wicrzbicki, Frank Van den Heuvel, Paul J. Chuba, James Fontanesi,
Rodger C. Martin, Robert R. McMahan, and Richard G. Haire

Abstract

This work describes the current status of the U.S. low dose rate (LDR) Cf-252 brachytherapy program. The
efforts undextaken towards development of a high dose rate (HDR) remotely afterloaded Cf-252 source, which can
accommodate 1 mg or greater Cf-252, are also described. This HDR effort is a collsboration between Oak Ridge
National Laboratery (ORNL), commercial remote afterloader manufacturers, the Gershenson Radiation Oncology
Ceuter (ROC), and Waync State University. To achieve this goal, several advances in isotope chemistry and source
preparation at ORNL must be achieved o yield & specific material source loading of 2 1 mg Cf-252 per mm’®.
Development work with both radioactive and non-radicactive stand-ins for Cf-252 have indicated the feasibility of
fabricating such sources. As a result, the decreased catheter diameter and computer controlled source placement will
permit additional sites (e.g brain, breast, prostate, lung, parotid, etc. ) to be trested effectively with Cf-252 sources.

Additiongl work at the Radiochemical Engineering apd Development Center (REDC) remains in source
fabrication, sfterioader modification, and safe design. The current LDR Cf-252 Treatment Suite at the ROC i3 shielded
and licensed to bold vp to 1 mg of C£-252. This was designed to maintain curmilative persoanc] exposure, both external
to the room and in direct isotope hendling, at less than 20 uSv / hr. However, cumulative exposurce may be greatly
decreased if a Cf-252 HDR unit is employed which would eliminate direct isotope handling and decreasc treatment
times from ~ 3 hours to an expected range of 3 to 15 minutes. Such a Cf-252 HDR source will also demonstrate
improved dose distributions over our current LDR treatments due to the ability to step the point-like source throughout
the target volumre and weight the dwell time accordingly. Preliminsry Monte Carlo studies of HDR Cf-252 neutron dose
distributions have shown lower anisotropy than an HDR Ir-192 of identical dimensions. Thus, photon and ncutron
brachytherapy may finally be compared for the first time in the HDR regime. Finally, additional modalitics such as
neutron capture therapy may be possible given the incressed neutran flux with respect to elimination times of current

capture agcnt drugs. '
1. INTRODUCTION TO Cf-252

In . 950, the element califirnium (Cf) was first created at the Berkeley Crocker Laboratory in Californis
throngh bombardment of helitm nnclei onto 8 Cm-242 target [1]. While the product was identified as Cf-247, C£-252
was pot creatéd until the MIKE thermonpclear test in 1952 [2). However, macroscopic amounts of Cf-252 were first
made in 1958 at the Idaho National Engineering Laboratory through successive ncttron captures by a Pu-239 target.
Latcr, 8 large-scale effort was undeytaken by the Savannsh River Laboratory (SRL) to evaluate the market potential of
Cf-252 as a compact and long lived source of peutrons. While Cf was discovered in the remnants of extragalectic
supernova explosians, the first sale of mg quantities occurred in 1971 for activation analyses on specimens retrieved
from the moon [3]. Through the generous dopations by the 1).S. Department of Energy (DoE), various labs have been
abie to accurately determine the half-life, neutron and photcr: energy spectra, and chemical properties of Cf-252. Since
1973, most of the Cf-252 supply for the western world has been produced at Oak Ridge National Laborstory (ORNL) in
the High Flux Isotope Reactor and recovered at the Radiochemical Engineering Development Center {4).

Due to its high yield of neutron emissions and relatively loag half-life (2.64S years), Cf-252 is the most useful
neutron emitter out of gll the ~ 3000 radionuclides {S]. Though Md-260 and C£-254 have higher rates of spontaneous
fission, and thus increased neutrop yield, their half-lives are prohibitively short considering the necessary steps for
medical source fabrication. Though Cf-252 mainly decays (96.9%) through alpha emission to Cm-248 relcasing He gas,
3.1 % of C£ 252 decays arc by spontaneous fiszion. Through this decay channel, 3.768 neutrons per fiasion are relcased
for a total neutron yield of 2.31434 x 10" peutrous per gram-second, and a Watt fission neutron encrgy spectrum with a
most probable neutron energy of 0.7 MeV. Though this energy regime is similar to that from 3 nuclear reacior, Cf-252
affords the oppartunity for a compact and easily shieldable neutron source for both research and clinical applications.

C£-252 was first suggested for clinical applications by Schiea and Stoddard in 1965 [6]. To explore this
opportunity, manually afterloaded sources were fabricated at SRL, and designed similarly to the popularly used radium
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needles of the time. Since tben, applicator tobe (AT) sources have been used successfully for over 25 years in the field
of radiation therapy [S]. The AT source geometry has a Cf-252 active length of 15 mm, is doubly encapsulated in
Pt-10 wt3% Ir tobes, is 23 mm long, snd 2.8 mm diameter. As only 3.1% of Cf-252 decsys produce neutrons, and slmost
four neutrons arc made in this event, 8 departure from the conventional tmeasares of source strength (curies or
Becquerel) is made. In practice throughout the world, Cf-252 source strength is measured in mass (g or ug) of C£-252
present  Though a Cf source is chemically pure of transactinides, it typically contains up to 85% atom Cf-252 where the
radiological impact of Cf-249 through C£-251 is typically negligible for the application at hand.

- 2. BACKGROUND

At the ROC, the current maximum loading that is licensed for AT type Cf-252 sources is 33 ug. Asof
September 15, 1997, there are twelve sources of 8 pg each, and new sources (33 ug each) are expected before February
1998. Thus dosc rate may vary csusing treatment times to range from 30 mimites to over three hours. Treatment
plmngnanmﬂypufmmedmthmmplmvsmndemﬁmdthrmghhmdcdadm In Michigan, Drs. Jim
Fontanesi and Paul Chuba heve treated thirty patients, with tumors being of both high and low grade sarcomas;
pmmbeddoesbsvemgedﬂm4w9N-GymmlN-Gyﬁmmdekvuedmwaday Though patients have beea
treated at the ROC with Cf-252 for just two years, Drs. Yosh Maruyama and Jacek Wierzbicki have treated over 1000
patients at the University of Keatucky before coming to Michigan in 1993. To our knowledge, these clinics have besn
the anly places in the western world in which neutron brachytherapy was available.

' has AT sources oa Joan from the U.S. DaoE, 2 cost analysis of a proposed Cf-252 HDR source, st
a rate of $55,000 / mg, shows it to be competitive against Ir-192, the cutrent HDR photon source. A Cf-252 HDR
source would last five years, while Ir-192 is replaced four times-a year at $35,000 per year. Including $40,000 for
routine C£-252 HDR fabrication costs and shipping equates 1o a savings of $16,000 per year for a high LET source.

3. DESCRIPTION

3.1 RADIATION DOSIMETRY AND RADIOBIOLOGY OF C£252

C£-252 emits both photons and eutrans of varied energy which interact with human tissue in different
manners. Though neutron energies.as high as 20 MeV from *°Cf have been observed, the neutron energy spectrum
peaks at 0.7 MeV and falls off rapidly at both higher and lower energies for an unmoderated Cf-252 source in air [7).
These peutrons interact through inelastic scattering with hydrogen nnclei, and are readily thermalized in vivo. As these
neutrons reach equilibria, they are mainly captured by hydrogen (0.33 barns) in the ‘H(n, y = 2.225 MeV)*H reaction,
and with nitrogen (1.83 bams) in ““N(n,p)"‘C [8]. While the atom percent of nitrogen in human tissue is low when
compared to that of hydrogen, the energy deposition from the proton causes high linear energy transfer (LET) which has
been shown to be more effective at cell killing than photens [9].

For a **Cf source within a medium of water or tissue, the neutron energy spectrum changes as a function of
distence. Since the kerma factors of clements H, C, N and O are strong functions of the incident neutron energy, the rate
and manner of dose depasition changes for increasing distances from the source 2s the neutrons are increasingly
moderated. At distances of greater than 5 cm, the fast neutron component is grestly diminished, leaving thermalized
neutrons 1o interact with the [velocity]? cross-sections of H, C, N, and O. Here, the (n,p) reaction on nitrogen and the
elastic reactions on hydrogen are much less likely.

The prompt photons from alphe decay and Cm-248 relaxation are of high enexgy, and react via pair production
and the Compton effect. Other photons emitted through decay of the spontapeous fission produxcts are generally of much
lower energy, are attenuated to a grester extent by the PUlIr encapsulation, and resct via the Compton effect and
photoelectric effect. While roughly one third of the radistion dose (Gray) at I cm is due to photon emissions, their effect
is minimized when the relative biological effectiveness (RBE) of the neutrons is considered. Though RBE is a function
of many factors, 8 value of 6 for low dose rate (I N-Gy/hr) irradiation with Cf-252 neutrons has been adopted for various
tumor sites, As the neutron RBE as a function of dose rate varies-anly slightly, the RBE is considered fixed for a given
treatment distance (e.g. ¥ am) for the entire ussble life time of the sources (~ S years). For HDR (Gy / minute) neutron
brachytberapy, the RBE is expected to decrease to about three. While this may seem disadvantageous at first, the
therapeutic gain due to the differences in RBE of bealthy versus canccrous tissue increases at increasing distances which
may offer improved local coatrol at the pesiphery of the target volume.

The dose distributions about Cf~252 sources may be measured and calculated by a number of ways. Monte
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CrlomodelmgdCfZSZwaﬁapafamedbyKnshnaswmym 1971, and later confmed experimentally in 1972
using paired chambers (10]. Later, mesdvmcedmemofmdemt\cn and modeling using foil activation

mmmucmmmmxmwsmmmmmﬁMmam
Deutron spectra and near-source dats {S]. With the constant advances in computer processing power, it is expected that
C£-252 treatment planning will shift from treatment planning look up tables of along-away dose data to eventual full
physics Monte Carlo modeling of in vive patient dosimetry.

4. RESULTS

4.1 C1-252 SOURCE CALIBRATION PROCEDURES AT ORNL

4.L1 C1-252 Source Streagth Assay at NIST

C£-252 sources were calibrated by camparing their strength to that of the National Institute of Standards and
Teckmology (NIST) primary Ra-Be photo-acutron standard source, NBS-1, whose emission rate has been absolutely
determined. Its emission rete was 1.239 x ]0¢ neutrons per second on December 1993 with an assigned uncertainty of
+ 0.85%. The neutron emission rate of the submitted source was then determined.

4.1.2 Experimental Methods at NIST
‘.‘ v

Camparison of souree strengths were made by activating s manganese sulfate bath and continuously counting
the induced, saturated manganese-56 activity with 8 scintillation counter. The Cf-252 source to be assayed was located
in & small Teflon cgvity at the centerof 4 1.2 m diameter spherical bath. The purpose of the cavity was to reduce
thermal neutron sbsorption of the source. The manganese sulfate was circulsted to the sciptillation counter, which is
located in a shielded stainless-stee] beaker. The following comrections have been applied: 0.63% for fast neutron capture
by oxygen and sulfur in the bath, 0.19% for fast snd thermal neutron capture by fluorine in the Teflon source holder,
0.05% for escape from the bath, 0.15% for therrual neutron absoeption in the source, and 0.95% for other neutron
capture reactions in the encapsulation materials.
4.1.3 C£-252 Source Streagth Assay at the REDC

The Cf-252 assay wes made by inserting sources rangmg from 10 pg to 60 mg info the center aof a polyethylene
moderstor and measiring the resulting thermalized neutrons with fission detectors. Three Westinghouse type WL-
6376A fission detectors, located in the polyethylene moderstor, were used in the current mode; fission detectors are

relatively effective in discriminating against photon radistion from Cf-252 sources. The detectors were 5.24 cm in
diameter and 29.69 cm Jong with a neutron-sensitive length of 15.24 cm. The detector cutput current was measured

with a digital picoammeter. s
4.14 Background Determination.

The procedure for background determination at building 7930 of ORNL’s REDC follows:
. Select the source holder insert to fit the fype of source being assayed.

» Clear all known neutron sources and contamination out of Cell C, or move them to
the He-Jeak testing station to achieve the minimmum picoammeter reading.

. Install the source holder in the Final Assay System (FAS) moderator.

. Aﬁerﬂxesystanh&sstabiﬁzed,typicnlly,20mim@s,.obmindevenreudings\dngthepicommem.
and record them on the data run sheet under BKG.

Circle the median valve, that is, the value for which there are 5 pumbers Jarger and S munbers smaller.
Use the median valuc i further computations.
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4.1.5 Picoammeter Standardization

Transfer the reference source designated on the data sheet into Cell C, Workstation 6. Place the reference
source in the FAS moderatar. Note, in order to optimize the peak picoammeter reading, it may be necessary to adjust, or
re-position the source within the FAS moderator. Allow the readings to stabilize (~20 min.), then record the eleven
values on the data sheet in the column REF. SOURCE. Agsin, circle the median value. Perform the calculations
indicated on the data sheet to determine the calibration constant of the FAS. This value should be within the Limits
indicated on the data sheet. Possible reasons for variation include changes in ambient conditions (tempersture, pressure)
both in the moderator and in the electronics, extraneous peutron moderating or absorbing materials within the source
bolder region, contamination of the source holder, a change in the inventory of neutron sources in Cell C or possibly Cell
G between the time the background was measured and the reference source was measured.

4.1.6 Remeasurement ofBackgrogld

Ihcbxkgvmddeummmmmimaeumbbebewhbukgmmhumam
to movement of high activity sources in neighboring Cell G, for instance, or if more than 8 hours elspsed between
meammtsufﬂ:erefammmdﬂzm:mm

4.1.7 Test SoImMumrment nd Methodology

TheteamweuthmmmndbyhnsfmmgnfmmatheCdXG the storage pool, or a shipping contziner.

All fabrication and inspection procedures should be complete, including sinesr test of surface activity. Then, the proper
source holder is selected, the test source is placed into the source holder, and then the source holder asscmbly is moved

into the FAS moderator. After the FAS stabilizes, record eleven cunrent readings from the picoamumeter on the data run
sheet in the column 7EST SOURCE. Again, the median value is chosen and circled. Calculations indicated on the data

heﬂmpafmﬁbdﬂwmm&mmmm@mdmcdﬁzm These calculations use the
following data:

F ‘Fraction Cf-252 neutrons (with respect to all Cf isotopes)
NCR  Neutron Count Rite.(n/s)

BKG Background, median

REF Reference source, median

TEST =  Test source, median

The following equations are used in détermination of Cf-252 mass content for the test sources.

Stendardization: \ [REF-BKG]/NCR = (1) [uA-sec/neutrons]
Neutron Emission Rate: [ TEST - BKG]1/(1) = (2) [neutrons per second]
C£-252 Source St!mgﬂlw [2)xF]/231434x10° = pgCf252

4.2 NOVEL FABRICATION TECHNIQUES AT ORNL

In the 1970s Savannsh River Laboratory (SRL) developed several Cf-252 medical sources with the most
saccessful being the AT source shown in Figure 1. Note the presence of three core wires used to distribute Cf-252
uniformly among many AT sources. In the 19803 ORNL took over the Cf-252 Sales / Loan program. The need to make
replacement AT sources and develop techniques to be able to febricate HDR sources for brachytherspy research and
treatment has been the subject of rescarch at REDC for the past several years. Building on techniques developed at
_SRL and experience gained at the REDC, ORNL will soon complete the fabrication of repiacement AT sources to be
loaned to WSU. Some of the techniques used to fabricale the new AT sources and the initial fabrication results are

described below.
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BODKIN EYELET,
SEE NOTE 8
{0.025" [.6mm}i

(51° [23.1mm])

ACTIVE REGION
(.59" [15.0mm])

11" [2.86mm]

Figure 1. Cf-252 Applicator Tube (AT) Asscrably

4 — Ovuter Capsule
7 = Inner Capsule
8 ~ SRL Core Wire(s)

Development of the care wire containing the Cf-252 was the first obstacle. Techniques and equipment used to
fabricste source wires at SRL were not compatible with the REDC hot cells. Cf-252 ceramic-metal (cermet) wire for
industrial sourees is routinely rolled in & square wire jewelry rolling mill, Rolling to the size needed for AT fabrication
was accomplished by continuing to roll the wire through the smallest groves in the rolling mill, never before attempted,
with frequent annealing intervals to provide structural integrity. A melt of palladivm and Cf-252 oxide produced a pellct
calculated to give ~30 pg Cf-252 in a length of 15 mm when rolled to the required size. This produced a modificd
square wire, 0.91 mm across the flats which was pulled through a 1.22 mm round die such that it fit inside the inner
capsule. It is noteworthy that the finished wire was 0.38 m long when rolled, making it the longest wire ever rolled at
the REDC.

The core wire was sectioned in a specially fabricated ppeumatic precision wire cutter, and the wire picces
measured for length and assayed for Cf-252 mass as presented in Table 1. The wires, which were 15.0 +0.25 oun in
length, were considered for encapsulation with ane core wire per AT source. The goal was to supply WSU with 12 to
16 replacement sources of 30 pug each The severa] short wires resuited from kinks in handling the wire in the hot cell,
The inner and outer capsules were both febricated from a PUIr-10% mass alloy. As of this writing, the inner capsule
cans have been fabricated and are ready for primary encapsulation. The outer capsules are still being machined. Both
capsules will be sesled by TIG welding after insertion of 8 plug to preveut gaseous expansion. A description of the
source / encapsulation geometry, as well as its neutron dosimetry can be found in Rivard et al. located within these
Prooceedings [11].

Expuignegpwmmﬂmhﬁh&mﬁmwmmhmlmmmoyﬁbﬁuﬁmwm
provide the background required to fabricate care wire for 8 HDR C{-252 source that can be remotely afterloaded.
Advances in radiochemigtry techniques and yields have demonstrated the initial goal of 1 mg C£-252 per mm’ to be
feasible. However, it is expected that & proto-type HDR source of 0.3 to 0.4 mg will be made in light of safety issues.
These HDR fabrication efforts will be undertaken in collabaretion with WSU and commercial remote afterloader
manufacturers following successtul fabrication and shipment of the aforementioned ORNL AT sources to WSU.
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Teble 1
Wire # pg of C£:252 0 012393 Lengh (men)
PD-CF-1242 2859 1521
FDCF-1343 91 15.09
PDCF-1234 3262 1521
PD-CF-123-5 32.46 15.1¢
PD-CF-1246 3246 15.16
PDCF-1247 32.63 15.16
PD-CF-1248 3098 15.09
PD-CF-124.9 3134 15.09
PD-CF-124-10 3187 1521
PD-CP-124-11 3197 15.54
PD<CF:124-12 3024 18.11
PD-CF-12413 2971 147
PD-CF-124-14 3177 1514
PDCF-124-1$ 2827 1138
PDCR-124-16 3059 15.06
PD-CF-124-17 1942 9380
FD-CE-124-18 1970 1067
FD-CF-124-19 2857 15.14
PD-CF-124-20 227 1138
PD-CF-124-21 2325 13.26
PD-CF-124-22 2841 15.14
PD-CF-124-3 %9 15.14
PD-CF-124-24 2723 15.04

4.3 RADIOCHEMISTRY TECHNIQUES FOR Cf-252 SOURCE FABRICATION
Neutron therapy has demonstrated incressed efficacy for certain cancers as compared with standard photon

radiotherapy. Although there are many manners in which to provide neutron therapy, use of Cf-252 has been found to be
very promising. For optimization of C£-252 neutron brachytherapy, sources which provide higher dose rates are desired
that can be used in automated after-loader devices, to minimize unnccessary doses to both the patient and medical
personnel. To acquire this capability it was necessary to prepare special Cf-252 sources, which in tum demanded that
certain material science issues be addressed and resolved. One of the important issues concerned the Cf cermet matrix
wsed for the sources. The matrix had to be stable, be able to be shaped and formed by remote metallurgical techniques
in hot cells, and have a high specific Cf-252 content. One of the most promising matrices, based on considering scveral
different factors, was a Cf-Pd matrix and / or compound. This has boen successtully used for preparing lower yield Cf
sources (e.g. ~ 1 % mass Cf). The challenge was to increase the Cf loading to pechaps 20% mass Cf to achicve specific

source strengths of 1 mg Cf-252 per fomy’.
In pursuing this challenge, a series of preparation techniques together with testing of their mechanical properties

wu'emedoutw:ﬂnhn:hnmde-?dmmmwba’ethehmhamdcwasueduaehemxcalannd-mforszsz Thesc
studies considered the phase behavior known for lanthanide Pd materials. It was evident that a mejor component in
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these preparations would be MPd, (M = lanthanide or Cf); excess Pd or M could also be present, depeading on the atom
percent of the metal and Pd. .It was presumed that composites of MPd, and the noble metal Pd would be preferred for
making the sources 50 as to. adequately contain the Cf, as well as provide useful mechanical properties. These
mechenical properties, and preparstion of these materials, was then pursued for the limiting case of fitting & single Cf-
252 core wire into ag HDR capsule. - Those investigations have shown a pon-sheathed core wire of Pd-MPd, may be
fabﬁwed(swnged)mmmdmeMumﬁmwhﬂemmmem-mmghoﬁmng-ZS?.pa-mm’.
here Tb was the M stand-in for Cf

Mmmofthcdmm&umcmmdmprrepmg&mmmhweva the chemical
properties of Cf preseats two major difficulties. One is the necessity for preparing Cf metal, which is very difficult
considering the small mass scales desired, the limited amounts of scarce and coatly C£-252 ($55,000 / mg), and that all
operations must be performed remotely in a bot cell. The second major concern is the high volatility of Cf metal, which
would bring about high [osses and preclude melting the Cf and the Pd doe to vaporization. The most sttractive route
based on these facts ia the geperation of such Cf-Pd alloys via the resction of Cf oxide with Pd under reducing
atmospheres. The thenmodynamic stability of the Pd compound formed drives this reaction, end the reaction is known to
occur with lanthanide and actinide oxides and many of the platinide metals. This approach for preparing Ci-Pd alloys is
particularly attractive as it avoids the necessity of first preparing the Cf metal, and uses Cf (II) oxide which is readily
prepared. This epproach has the drawback that it is often difficult to avoid residual amounts of oxide (e¢.g. difficult to
achieve total redugfion). However, small amounts of Cf axide may be tolerated, and not be detrimental to the products,
if exccss Pd metal is present (e.g. formation of a Pd-CfPd, matrix with some oxide inclusions) We have investigated the
formation and properties of lanthanide-Pd interinetallics by both this oxide reduction process and by arc melting the
elements. Arc melted products employed lanthanide metals having lower vapor pressares such as Gd, but this method
still had to contend with the volstilization of Pd For oxide preparations, other lanthanide oxides were employed. The
preferred lanthanide in this case was Tb, as its oxide system and oxide behavior is very similar to that of the Cf oxides.

In one set of experiments involving arc melting of Gd-Pd mixtures, six compositions were prepared and the
products were evaluated. This evalustion included both x-ray diffraction anslyses to ascertain the phases present and
metallurgical structural testing to determine the mechanical propertics of the alloy. From these studies at ORNL, it was
determined that composites were formed which contsined, Gd + GdPd,, GdPd,. or Pd + GdPd,, It was further
determined that GdPd, by itself was too brittle and hard to be satisfactory for the end product, and that the best materials
Tor formation of sources were Pd-rich GdPd, composites. The optimum behavior was observed when the GdPd, mole
percentage was below 20 %, or 25% Cf mass equivalent.

In the majority of the Tb-Pd alloy preparations via oxide reduction, the presence of residual Tb oxide was
observed  These reductions were performed using & veriety of atmospheres (principally 4% hydrogen-argon) and
tempereture cycles up to 1500°C for periods of up to 40 hours. Most of these operations avoided intermediate grinding
and re-hesting steps, as these would be particularly difficult and would lead to high Cf losses in hot-cell environments.
However, satisfactory Tb-Pd composites could be prepared via this non-lsbor intensive route for the Pd-rich composites,
and this was chosen to be the preferred preparative route for making Cf-Pd alloy materials for future Cf-252 HDR
source development.

4.4 HDR UNIT DEVELOPMENT

There are a number of reasons o strive for fabrication of smaller Cf-252 sources with increased specific source
strength. These current AT sources are quite large, 23 mm Joag, 2.8 mm dismeter, and the choice of clinical sites with
which it can be successfully treated is limited. In addition to these physical limitations, personne] exposure has been an
additional concern. Onrr clinic has adopted the practice of rediation oncology physicians loading the catheters while
medical physicists unload at the end of each fraction. Patients are monitored remotely via caineras, moaitors, and

itercoms. In the past two years, whole body personnel exposure from Cf-252 has been kept below 3 mSv, while
exposure to the hands as measured by neutron seasitive film within & wrist worn detector has been under 25 mSv. Here,

a quality factor of 20 was used to correlate neutron exposure to dosc equivalence. Of course with the advent of C£-252
HDR brechytherapy and adequate safe design, personnel exposure is expected to fall to only a fraction of that received
currently throngh menusl afterloading techniques.

" A collaboration of ORNL, WSU, the ROC, and commercial HDR mantifacturers aim to develop an HDR remote
afterioeder which can sccommodate a high activity (= 1 mg) €f-252 source. To achieve this, advances in radiochemustry

atORNLmuslandamees&mgthmmofl mg Cf-252 per mm’ for insertion into the source capsule. This has
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recently been shown to be possible {12]. Thus, the decreased catheter diameter and computer controlied source
placement will permit additional gites such as brain, breast, prostate, fung, and parotid to be effectively treated.

Work gow lies in aftcrloader source and electronics modification, as well as safe design. Our current C£-252
Treatment Suite is shielded and licensed such that up to 1 mg of Cf~252 may be present. This was devised 80 that
personnel exposure external to the room was less than 20 uSv/hr. However, this exposure rate may be greatly
decreased should the Cf-252 HDR unit be placed in & similar radiological vault as our Ir-192 HDR 1mit. As trestment
times are expected to range from 3-15 minutes with a 2 1 mg C§-252 source, this location may be reasonsble considering
available facilities and realistic patient loads.

A Cf£-252 HDR somree would also demonstrate itnproved dose distributions due to the ability to step the source
throughout the target volune snd weight the time sccordingly. Preliminary Monte Carlo studies of Cf-252 HDR source
neutron dose distributions have shown lower anisotropy for a Ir-192 HDR source of 4 mm in length. Thus photon and
neutron brachytherapy may finally be compared for the first time in the HDR regime.

Finelly, with the increased ncutron flux, additional mnodalities such as neutron capture therapy may also be possible
with the increased neutron flux ad considering the elimination times of current capture agent drugs. As the kerma values
for all incident radiations and reaction products are known, calculative modeling using MCNP, may provide accurate
and timely dosimetric dats cn a per patient basis.

5, CONCLUSIONS

£
Results preséntied berein summarize the current status of C£-252 AT source development, novel calibration and
fabrication techniques, and demonstrate the feasibility of a Cf-252 HDR source to permit widespread use of neutron
radiotherspy. Should a Cf-252 HDR proto-type be manufactured, cost-effective high LET radiation could then be
availsble to a greater number of patients with malignancies which demand cnissions sach as from Cf-252 for successful

treatment,
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