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ABSTRACT

Microspheres labeled with therapeutic radionucliftesmalignances of liver are widely used
in many countries. The internal radionuclide thgraiges a permanently implanted device,
such as Therasphéreor SIR-Spherds, or a biodegradable device that provides struttura
support for the radionuclide of choice and cauBegumor reduction. Three different types of
material supports have been investigated, i.eddgjmadable polymer-based, glass-based and
resin-based microspheres. Nowadays there is agbrogcerning the labeling of these 3
materials with *®®*Ho being developed at IPEN-CNEN/SP and coordinatsd the
Radiopharmacy Directory®Ho(t;,=26.8h) is a beta minus emitter (f=1.84 MeV), with
right properties for radiotherapy and can be preduwith the low power Brazilian Nuclear
Reactor IEA-R1m. The aim of this work is to deserithe stage of development of this
project. The initial experience used resin-basettaspheres, a cation exchange resin labeled
with **®Ho, it showed the essential characteristics faerlitherapy. Preliminary results of the
preparation of glass-based microspheres labeleld \##o showed that 5% of H®; was
incorporated in araluminosilicate glass, through the process of spfieation by flame,
which produced spherical microspheres with 2QmOparticle size. The preparation of
biodegradable material, polymer-based microsphé&ses,its initial stage and the objective is
to prepare and label witfi*Ho different polymer-based microspheres. These auedbefforts
have been done to offer a national radiotherapeuticiuct for the the Brazilian nuclear
medicine community at fair value and also to offewviable possibility of treatment for
patients affected by liver malignances.

1. INTRODUCTION

The global incidence of hepatocellular carcinomhigh (more than 600.000 cases per year)
and still increasing, even though liver metastds®ge a greater incidence, originating from

other tumors in other organs and drained by théapgein. Commonly, the metastases are
derived from colon rectal cancer, with approximat@he million new cases per year [1]. In

both cases, the only curative treatment is theicalrgesection, depending on the location of
the tumor [2]. Unfortunately, most patients are wpanhdidates for this type of treatment.

Novel options for this type of patients are reqdire

In recent years, micro and nano spheres have béensesely used for therapeutic purposes
in several varieties of diseases. These new mktedee designed to maximize the
bioavailability of conventional drugs with reducside effects. The particulate material used



as vehicle may be based on synthetic or naturaegi@adable polymers, glass, ceramics, etc

3].

Local radionuclide therapy using radioactive miptteres is a promising therapy for non-
operable group of patients suffering from liver igaénces [4]. Two®™Y microspheres
products are currently commerciallly available amdlinical use: glass-based Therasphere
(MDS Nordion, Canada) and resin-based microsphhiesSpherél (SIRteX, Medical Ltd.,
Australia).

The internal radionuclide therapy consists in plgdihe radioactive material near the tumor,
which can delivehigh doses directly to malignant cells, sparinglthgatissues from toxic
effects. The local radiotherapy can be appliedny tamor that is accessible by a vascular
catheter [5]. This technique is particularly apahbte in highly vascularized tumors or those
tumors, which have a dominant vascular arteryltat fisuch as the liver. The liver, due to its
anatomical position, receives all the blood draiffiedn the digestive tract, becoming a
propitious organ to the establishment of cancer [6]

For internal radionuclide therapy in the liver, giee of the microspheres is considered ideal
between 20-5@um to reach the arterioles of the liver completélycatheter in the hepatic
artery introduces the spheres after the adminigtraif vasoactive drugs. The microspheres
can be made of biodegradable polymer, ion excheegles and ceramic (glass) material [4].

This work chosen radionuclide o that is produced by the nuclear reacti&iio (ny)
%H0. Holmium-165 has a natural abundance of 100%remudron capture cross-section of
64 barns®™Ho is ap emitter (E.a=1.84 MeV) with maximum soft-tissue range of 8.4mm
and a half-life of 26.8 hours. In additiofi®Ho also emits gamma photons (0.081 MeV) that
can be imaged with a gamma camera, but are of tmmgh photon yield (5.4%) to result in
limited absorbed radiation dose to surroundingiéss

The production ot°®Ho is feasible in the IEA-R1 Reactor at IPEN-CNER/Because it does
not need high power and high neutron fluxes. Initaaid holmium is a highly paramagnetic
element and suitable for (quantitative) MRI [7].

Nowadays there is a project concerning the labelig3 materials (glass, resin and
biodegradabel polymer) wittf®Ho being developed at IPEN-CNEN/SP and coordinaied
the Radiopharmacy Directory. The aim of this warka describe the stage of development of
this project.

2. MATERIALS AND METHODS
2.1. Glass microspheres

Holmium doped- aluminum silicate glasses were pegpay mixing AbO3, SI0, , MgO, and
Ho,03 using a silica mortar and pestle during 20 mirheédtoxides were also present in the
composition (LuO3, KO and Nb@). The material was then melted in an alumina tlecat
1600C in a crucible type electric furnace. The liquidsaheld at this temperature for 2 hours
and stirred each 30 min by using a silica rod tsues the liquid homogenization and gas
release. The liquid was then cast in a stainless stold at room temperature, and ground by
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using an alumina ball mill. Stainless steel siewese used to obtain particles in the size
range of 20 -5@um.

The glass composition was selected based on theephagram of Fig. 1. Holmium oxide
was added up to%/oto the selected glass composition.
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Figure 1 —-MgO — ALO3- SiO, phase at 1558C-
Courtesy of FactSage

Glass particles with irregular shapes were tramséor to microspheres by using a process
known as ‘spheronization by flame’. The glass ipkes were transformed in microspheres
by exposing them to a hot flame. A torch burningiature of oxygen and petrol liquefied
gas was used for this purpose. The viscosity ofgthss particles gets lower and their shape
becomes spherical. The microspheres were colléctadnetal cylinder. More details can be
found elsewhere [8,9].

The glass microspheres were characterized by éptiteroscopy and by the energy
dispersive spectrometry of X-rays fluorescence XEBhimadzu model 720). The glass
microspheres were also irradiated in a Eppefidoiél (ImL) inside sealed aluminum
containers (7 cm height, 2.1 cm diameter) in setbgibsitions of the nuclear reactor IEA-R1
at IPEN/CNEN-SP. The medium neutron flux was 1.0"%1.s*.cm? for 1 hour.

2.2. Resin microspheres
The cation exchange resin of choice was the SPasegh High Performance. Samples of
high purity HeO3 were irradiated inside sealed aluminum contaigérsm height, 2.1 cm

diameter) in selected positions of the nuclearteed&A-R1 at IPEN/CNEN-SP. The neutron
flux was 1.0x18* n.s*.cm® for 1 hour. The dissolution of HO, occurred in acid medium
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(IN HCI) and the resin maintains its propertiephh 4 to 10, therefore the pH of the target
solution was adjusted to neutral. A small columntaming the resin was assembled and the

"o was percolated though the resin (labeling p)céhe stability tests were performed
with 0.9% saline.

The patrticle size distribution of Sepharose usethis work was determined using a laser
optical equipment (CILAS, 1064).

2.3. Polymer microspheres

Nijsen et al [10] loaded poly (L-lactic) acid microspheres twitolmium, a cold method,
which involves two steps. The first step was theppration of Ho-acetylacetonate.
Acetylacetonate (18.5mL) was dissolved in water8(iD). The pH range was 3.5-4.5.
Ammonium hydroxide was added to the stirring a@sgtonate solution until pH 8.5.
Holmium chloride hexahydrated (10g in 30mL wateBswstirred into this solution and Ho-
AcAc crystals were allowed to form at room temperatfor 24 hours.

The second step was the synthesis of holmium loadespheres. Ho-AcAc complex (19)
and acid lactic (0.5mL) were added to continuowsigred chloroform (12.6mL). Polyvinyl
alcohol (2g) was dissolved in water (100mL) at 40Sdrred (500rpm) the solution was
stirred (500rpm) until the chloroform was evapodat€éhe formed microsperes were washed
sequentially with water, 0.1N HCI and water.

3. RESULTS AND DISCUSSION
3.1. Glass Microspheres
Fig.2 shows the micrograph of microspheres obsepyeah optical microscope. The original

glass particles with irregular shapes become ndwergs with crack free surfaces and no
apparent porosity.

Figure 2 — View of microspheres observed by an
optical microscope.
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The X-rays diffraction patterns have shown halosciwhare characteristic of amorphous
phases and no indication of diffraction peaks toaild be related to crystalline phases.

The final composition of the glass microspheresewdgtermined by the energy dispersive
spectrometry of X-rays fluorescence (EDX Shimadzdeh 720), which indicated that the
amount of HeOz was in the range of 4.9 to 5%, which is very close to the nominal
composition. Besides Mg, Si, and Al, other elemevege also detected such as Fe, and Ti, in
minor amounts.

The activity of ***Ho obtained at the end of the irradiation of Hosglg53mg) with the
neutron flux of 1.1x18n.s.cm? during 1 hour was 891 MBq (24 mCi).

The main impurities of the Ho-glass were identified gamma spectroscopy (HPGe),
performed three days after irradiation, as showerildble 3.

Table 3. Impurities of glass microspheres

Radionuclide Initial Activity (mCi/g) | Impurities (%)| Half life | Ey (keV)
Ly 0.74 (2.73x1(Bq) 21.63 6.7 days | 136.7
17m Ly 9.20x10°(3.40x10Bq) | 0.26 155 days | 129.3
“*Na 9.48x10'(3.51x10Bq) | 0.02 15 hours | 1368.0

The impurity in higher concentration wHSLu, produced by neutron activation of Lu present
in the glass microspheréEhe other impurity?Na, came from the neutron activation of Al,
also present in the glass preparation. The lefghpurities is high, but it can be reduced by
using the microspheres just after the irradiation.

3.2. Resin Microspheres
The activity of ***Ho obtained at the end of the irradiation of,8¢ (100 mg) with the

neutron flux of 1.1x18n.s*.cm? during 1 hour was 60300 MBq (1630mCi). The resafts
the incorporation of®®Ho in the resin and its stability can be seen inld4.

Table 4. Labelling of Sepharose with®*Ho

Resin Sepharos¢
Volume 10mL
Mass of **Ho,0; (mg) 100
% "°*Ho resin 97.2
% "°*Ho loading waste 1.0
% ~°*Ho Saline 0.9%elutions| 1.8
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The result of the labeling was excellent. It isgbke to label 10 mL of resin with 100mg of
Ho,O3;0r 87mg of Ho.

The appropriate particle size of the resin micrespd (20-50m) is an important aspect,
because bigger particles can sediment on the agpiéind smaller can migrate to another
organ [4]. Figure 3 shows the results of the plersize determination of the Sepharose.
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Figure 3. Nominal size distribution of Sepharose

The medium patrticle size is @M, considered ideal for selective delivery of rasltopes to
liver tumor

3.3. Polymer Microspheres

The preparation of crystals of Ho-AcAc was veryeefive. The separation of the crystals was
carried out by the centrifuge and / or Milliporéer Sum and 0.22 micrometers. The drying
was done in the furnace (30°-60°), unlike Nijseralef10] where the Ho-AcAc was dried
under nitrogen gas. The crystals dried at 60 ° € did not lost their integrity during the 48
hours that remained in the furnace. All these ckarrgsulted in an average yield of (39.0 +
11.8)%. The results of yield of the reaction obtdirexperimentally were higher than those
obtained by Mumper et al. [11] (27.7% + 4.9)%. )%.

The preparation of acid lactic-based microspheras not successful, but the first step of the
preparation was very effective. The preliminarygstaf this project is to prepare different
polymer-based microspheres, such as lactic acygplit acid and poly(3-hydroxybutyrate)

polymers and check which of these materials hasb#st performance when labeled with
%H0. Polymer- based microspheres have many advantag@articular their near-plasma
density, biodegradability and biocompatibility [4].

3.4. Irradiation of Holmium Oxide and Glass Microsphere

Table 5 shows the results of simulations performvét different conditions of irradiation in
the reactor.
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Table 5. Activity of ***Ho Produced at IEA-R1 Nuclear Reactor

Irradiation | Neutron Flux Specific Activity Specific Activity Note
Time (h) (n .s'.cm?) Ho,03(Ci/g) Glass microsphres
(Cilg)

1 1.1x16° 0.41 0.02 Experimental Value
(15.17GBqg/9g) (0.89GBg/q)

1 4.0x10° 1.49 0.08 Best neutron flux in
(55.13GBg/q) (3.24 GBa/q) the present

1 7.0 x 16° 2.60 0,15 Highest neutron flux
(96.20GBdg/q) (5.70GBa/q) in the future*

60 4.0 x 16 48.18 2.84 Best conditions in the
(178GBq/q) (1.05 x16GBqg/g) | present

120 4.0 x 16 58.99 3.47 Increasing the
(218GBdg/q) (1.28 x16GBq/q) operation time

120 7.0x 16 102.93 6.08 increasing the neutron
(380GBg/q) (2.24x16 GBq/qg) flux and the operatiory

time*

* |f the nuclear reactor operates at SMW

Although the IEA-R1 nuclear reactor do not operatdhe maximal power (5MW), it is
possible to produce sufficient activity 8fHo for radiotherapeutic dose (5.8GBq) [12] for
patients in both®Ho samples, using the best conditions of the reaatthe current days (60
hours, neutron flux of 4.0x1th.s*cm?).

According to studies by Turnet al [12], the standard dose of microspheres labeligd w
%o for use in humans is 5.8 GBq (157mCi). Accordimghis work, about 0.8 grams of Ho
(***Ho) is retained per gram of resin. Assuming thénéig specific activity obtained (Table
5) in the current conditions of the Nuclear readoA-R1, could label 10mL of resin with
152Ci (~5600GBq) of®®Ho, more than enough for therapeutical applications

3. CONCLUSION
This work showed the results so far of the proganting the preparation of microspheres
labeled with'®*Ho at IPEN-CNEN/SP. The glass and resin based spberes have already
good and promising results and the polymer basgdiis initial stage of development.
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