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ABSTRACT

The prostate cancer, which is the second causeathdy cancer in men, overcome only by lung caiscar
public health problem in Brazil. Brachytherapy mang the possible available treatments for prostateer, in
which small seeds containing lodine-125 radioisetape implanted into the prostate gland. The seadists of

a titanium sealed capsule with 0.8 mm external diemand 4.5 mm length, containing a central silvee
with adsorbed lodine-125. The Plasma Arc WeldingWh is one of the viable techniques for sealinggess.
The equipment used in this technique is less cdkty in other processes, such as, Laser Beam ngeldi
(LBW). The main purpose of this work was the depelent of an encapsulation method using PAW. The
development of this work has presented the follgwphases: cutting and cleaning titanium tube, detetion

of the welding parameters, development of a titantube holding device for PAW, sealed sources watilioh
according to ISO 2919 - Sealed Radioactive Sourcdseneral Requirements and Classification, and
metallographic assays. The developed proceduree#d dine-125 seeds using PAW has shown high
efficiency, satisfying all the established requiests of ISO 2919. The results obtained in this weilk give

the possibility to establish a routine productiaogess according to the orientations presentecsolution
RDC 17 - Good Manufacturing Practices to Medicaldects defined by the ANVISA - National Agency of
Sanitary Surveillance.

1. INTRODUCTION

The use of permanent implants of lodine-125 seeds grostate cancer treatment has
increased with the introduction of new products aedhnological advances. The seed
implants provide a less aggressive type of radraghethan surgical procedures. A certain
amount of seed is implanted in the patient usinign@ needle through the skin into the

prostate. A large dose of radiation is releaseq anlthe prostate where the tumor is, not
affecting healthy organs nearby. The techniquerathytherapy requires an application that
varies between 80 and 120 seeds per patient [1].

The advantages of radioactive seeds implants aepteservation of healthy tissues and
organs near the prostate, the low rate of impoteand incontinence compared to



conventional treatments, such as radical prostatgctand external beam radiotherapy
(teletherapy) [2,3].

The seeds are implanted during a non-surgical proee Small seeds are injected directly
into the prostate, between the rectum and scrotising a fine needle through the skin [4,5].
A large dose of radiation is released only in tin@dr, as lodine-125 has a half-life of 59.6
days and its radiation, a low average energy (29) kbat is slightly penetrating, thus
preserving the surrounding tissue [6,7].

The seed consists of a titanium sealed tube (bipatible material for the human body)

measuring 0.8 mm external diameter, 0.05 mm watktiess and 4.5 mm in length,

containing a silver wire with lodine-125 adsorbdthe silver wire measures 0.5mm in
diameter and 3 mm in length, as illustrated in Eighe sealing of the titanium tube is made,
at both ends, by welding process using electriqiarthis case PAW) or laser beam [8]. The
typical seed activity is 0.5 mCi, assuming a maximuariation oft 5% in the same batch.
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Figure 1.Schematic drawing of the lodine-125 seed.

One of the lodine-125 seed production stages iditéa@ium tube sealing by welding to be
held at both ends, so as to allow classificatiothefseeds as sealed sources, attending to the
stringent tests set out in relevant standardizadgenording to the international standard ISO
2919 — Radiation protection - Sealed Radioactiver&s — General Requirements and
Classificatior]9].

This sealing should be watertight, free from cradiding the lodine-125 adsorbed onto
silver wire to escape and spread through the huodp.

The seed applicators require the completion ok#aing is as spherical as possible, to avoid
lock when loading of seeds.

The laser beam and plasma arc welding are viablentgues for sealing lodine-125 seeds.

The plasma arc technique has a lower cost thaprdeess using the laser beam technique for
lodine-125 seeds routine production.
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The term plasma arc is used to describe a famijyr@fesses using a constricted arc. Plasma
arc processes are used for welding, cutting andingsa (with metallic or ceramic
powder) [10].

2. METHODOLOGY
2.1.Materials

The material used in the experiments of welding #ealed sources was titanium,
commercially pure grade 2 (CP GR2 Titanium), maciufieed by Accellent Endoscopy;
presented in the form of a tube with outer diameseging from 0.790 to 0.808 mm and
thickness of wall ranging from 0.043 to 0.058 mmi ateter in length.

2.2.Methods
2.2.1.Material cutting and cleaning

The titanium tubes were cut with the aid of a agftmachine Buehler LTD, model Isomet
11-1180 Low Speed Saw, using an aluminum oxide, @stuers 357CA. After cutting, the

tubes faces were sanded with sandpaper 400 andasegl, for a period of one hour, in a
mixture of 8 mL of distilled water and 2 mL of nealtdetergent Merck Extran MA 02, in

ultrasonic cleaning equipment UNIQUE USC1450. Afteis procedure, the tubes were
washed in 10 mL of distilled water and placed foyira.

2.2.2.Welding equipment

It was used in the experiments for sealing theitita tubes ends a plasma welding machine
Secheron Soudure SA, model Plasmafix 50E, maximumert 50 A, pilot arc maximum
current 5 A. The welds were made in direct cur@®t), plasma arc with a 90° angle in
relation to the tube face.

2.2.3.Motorized linear stages

It was used for positioning the titanium tubes he sealing experiments a XY translation
stage Syncro, with travel 500 mm x 500 mm, 2 steppa&ors, 25 pm positioning accuracy,
2 controllers for stepper motors and a motion adrsoftware.

2.2.4.Titanium tube sealing devices

2.2.4.1.Device No. 1

A first device was developed for sealing smallniten tubes ends. It was set on the XY
translation stage.

The device consisted of a copper bar measuring®8 19 mm x 5.5 mm. This device had

42 holes with 0.9 mm in diameter and 10 mm equadist21 holes with 5.5 mm depth, for

sealing the first side of the tube and 21 holeh Wit mm depth for the second seal. The
device base was made of structural aluminum meas@50 mm x 19 mm x 5.5 mm. Device

No. 1 is showed in Fig. 2 and 3.
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Figure 2.Device No. 1 schematic drawing.

Figure 3.Sealing device No. 1.

2.2.4.2 Device No. 2

A second device was developed for sealing smalitiim tubes ends. It was set on the device
No. 1.

This device consists of a brass plate split in tmeasuring 18 mm x 18 mm x 9.5 mm and a
micrometer accurate to 0.01 mm.

The titanium tube was positioned on the device Nbetween two brass plates. Micrometer
was used to adjust extra titanium tube length, lvinas necessary for sealing. Titanium tube
was used itself as extra material to eliminaterteed of using filler metal (cap) for sealing

the seed. The brass plates were fixed mechangalater and screws.

Fig. 4 and 5 illustrate device No. 2 for sealing titanium tube.
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Figure 5.Device No. 2 schematic drawing.

2.2.5.Welding parameters determination
Sealing experiments of titanium tubes were conduetéh the two devices described in

items 2.2.4.1 and 2.2.4.2 to determine the weldpagameters for lodine-125 seeds
preparation.
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The following parameters were evaluated on theperaxents:

» Plasma arc current;

* Pilot arc current;

* Arctime;

» Constriction nozzle diameter;

» Standoff - Distance from outer face of the constrgcnozzle and the workpiecg];
» Plasma arc gas flow rate (ultra pure argon gas);

» Protection gas flow rate (commercial argon gasj; an

» Extra titanium tube length for sealing.

2.2.6.Sealing experiments

2.2.6.1.Experiments with device No. 1

The titanium tube was put in the device No. 1 hole tube was positioned under the nozzle
constriction of the plasma torch with pilot arcrted off by the XY translation stage. It was
set the welding parameters as mentioned in itend.2.2

With the pilot arc turned on, it was switched oa #utomatic welding of the PAW machine.
After sealing one side, the tube placed in theaeMo. 1 was inverted, so that the other side
of the tube was positioned as in the beginnindnefexperiment.

A silver wire was put inside the titanium tube anhavas fired again the automatic welding
switch.

2.2.6.2 Experiments with device No. 2

A titanium tube was put in the split brass platetee Using a micrometer it was adjusted the
extra titanium tube height. The tube was fixedhwy plates through screws.

With the pilot arc turned off, using the XY transtas stage, the tube was centralized with
the nozzle constriction axis of the plasma torchey were set the welding parameters as
mentioned in item 2.2.5.

With the pilot arc turned on, it was switched oa #utomatic welding of the PAW machine.

After sealing one side, the tube placed in theaeMo. 2 was inverted, so that the other side
of the tube was positioned as in the beginnindnefexperiment.

Using a micrometer it was adjusted the differeritaetitanium tube height.

A silver wire was put inside the titanium tube ah@as fired again the automatic welding
switch.

Tab. 1 presents the parameters used in the expeemith the sealing devices Nb.and 2
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Table 1. Plasma Arc Welding (PAW) parameters.

Parameters Device No. 1| Device No.2
Plasma arc current (A) 1-45 05-2
Pilot arc current (A) 2 2
Arc time (Ss) 0.5-0.7 0.2-0.6
Constriction nozzle diameter (mm) 0.8-1.2 1-1.2
Standoff (mm) 51 4.6
Plasma arc gas flow rate (L/min) 0.1-0.3 0.13- 0.
Protection gas flow rate (L/min) 8-10 8-10
Extra titanium tube length for sealing No. 1 (mm) -27 1-2
Extra titanium tube length for sealing No. 2 (mm) .500.7 1-2

2.2.7.Classification and identification of the lodine-125seeds according to ISO 2919

The classification of sealed sources accordingst0 2919 - Radiation protection - Sealed
Radioactive Sources - General Requirements andsifitagion is oriented towards the
application of the product, requiring performanaefeatures that prevent the radioactive
material leak. The sealed sources must be subniittegioups of thermal and mechanical
tests with different levels of severity, dependiog the performance required for your
application.

2.2.8.Metallographic testing

The metallographic tests, although not requirel$@ 2919, was conducted in order to check
the metal welding from the point of view of its wstture, trying to relate it to the
manufacturing process, in order to explain or priethieir behavior to final application. The
test was performed using an optical microscoper@graph test or micrography). These tests
were done on material sections, polished and eteltbdappropriate reagents.

It was analyzed the whole aspect of the workpiecatenal, such as, homogeneity,

distribution, nature, amounts of certain impuritigsl the manufacturing process, in order to
ensure that after sealing there would not be cracksorosity in the weld region. The tests
were conducted on seeds with silver wire, withadlioactive material adsorbed (dummy).

It was used a cold mounting kit with acrylic resiletalotest, in preparing the samples. This
mounting kit allows the samples preparation for atiegraphic tests, because it facilitates
handling of small parts, prevents the samples widbes tear the sandpaper or polishing
cloth, which influences the sample surface finish.

The seed was positioned to be embedded in the pesiter, leaving a space of, at least,
5 mm between the seed and mold wall, so that iddduthis space with the resin.

In a Pyrex Becker were placed two measures of iacrgkin powder and mixed with a
measure of catalyst.
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Carefully, acrylic resin was poured into the emteztidhold to fill it. It waited for a period
longer than 25 minutes at room temperature forélsen polymerization occurred. After this
time the piece embedded in acrylic resin was etdchfrom the mold.

Sandpaper 320, 600 and 800 were used until abeumnttidle of the samples in a polisher
Fortel PLF, 250 rpm.

Mechanical polishing was performed using a feltiegmated with diamond paste grain of 6
pm size. The lubricant used was a mixture of giycesith alcohol (10% glycerin and 90%

alcohol). Mechanical polishing was performed foprximately 15 minutes in a polishing

machine Panambra SD-10, 300 rpm.

The chemical attack was carried out by shakingpibleshed surface submerged in reactive
solution in a small bowl for 10 s, approximatelyftek the attack, the attacked surface was
immediately washed with soap and water and thetyiagiwas performed, first by passing a

small cotton swab moistened with alcohol and thgt af hot air at the surface.

The reactive solution used was composed by:

e 10 mL of 40% hydrofluoric acid;
« 10 mL of 65% nitric acid; and
* 30 mL of lactic acid.
3. RESULTS

3.1. Material Cutting and Cleaning

After cutting operation of the titanium tube it wasted excess burrs caused by cutting disk,
illustrated in Fig. 6.

It was necessary to finish the titanium tube endk W00 sandpaper to eliminate the burrs
produced by the cutting disk.

In Fig. 7 it can be observed the absence of burdstlae desired finish on the titanium tube
end for the lodine-125 seeds manufacture.
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Figure 6.Titanium tube with burrs after Figure 7. Titanium tube end after sanding
cutting operation. process.

The seeds have millimetric dimensions, which coogé significantly the samples handling
and settings during the tests. Due to that, it tabkut 900 trials to optimize the sealing
welding parameters and determine the design of tthee fixation device for seeds
manufacturing.

3.2. Titanium Tube Sealing Devices
3.2.1.Selling device No. 1

The selling device No. 1 has been developed fodwgl 21 seeds per production cycle.

However, some difficulties were found during thals with this device. The failure occurred

trying to open the plasma arc, due to bad electi@act between the titanium tube and the
sealing device, promoting color changes on titaniube by a longer exposition of the pilot

arc, as shown in Fig. 8.

In Fig. 9 can be observed a failure on the titaniube sealing by PAW, with partial melting,
due to the variation of tube length.

The selling device No. fhad two different thicknesses. One with 5.5 mmglesi to seal the
first titanium tube side and the other with 4.5 rfansealing the second tube end. Variation
on the titanium tube lengths for these both situegtiwas responsible for the failure showed
in Fig. 9.
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D O
Figure 8.Plasma arc opening failure on Figure 9.Seal failure on titanium tube
titanium tube. by PAW.

In Fig. 10 it can be observed an excess of metaléiterial on the titanium tube side due to a
high current (4 A) used to try to solve the prokdenf bad electric contact between the
titanium tube and the sealing device. This excestenal is solidified in the region where the

melt came into contact with the copper of the weddievice.

Although described in literature about a bigger stability it can be seen in Fig. 11 an
asymmetry in the titanium tube welding due to datdn of the plasma arc at the time of
sealing [11,12].

Approximately, 250 tests were performed with thalisg device No. 1. As this device had
several problems for sealing the titanium tub&yas decided to develop a new device to try
to eliminate the problems described in item 3.2.1.

3 ’ i |h - B 3
Figure 10.Over-current plasma arc on Figure 11.Asymmetric weld on titanium
titanium tube side. tube end.
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3.2.2.Device No. 2

The device No. 2 has been developed with the parpbsveld one seed at a time, fixed by
split plates and presenting the ability of adjugtaxtra titanium tube length.

Using a fixation system by split plates, the diifty of opening the plasma arc was
eliminated, since the tube is trapped betweenwvioeplates, with four electric contact points.
It is a different conception of the selling devide. 1, in which the titanium tube stayed loose
in the copper bar hole. Another difficulty was ssdvwith a micrometer adjustment on the
selling device No. 2, allowing the extra titaniuabé¢ length fine-tuning used for sealing the
tube ends.

The ultra pure argon gas flow from the plasma archt can cause turbulence in the liquid
weld pool. The gas flow rate recommended in thediurevaries from 0.25 to 5 L/min, but
the flow rate indicated in the welding machine nmanaries from 0.1 to 0.3 L/mifi3,14].
Fig. 12 illustrates a sealed tube using a gas 86®.3 L/min, producing an internal pressure
and causing an increase in diameter on the weldnego correct this problem the gas flow
was reduced to the minimum value (0.1 L/min), aoated on the machine manual.

Improving the fixation system, providing a goodottie contact between the titanium tube
and the plasma arc machine, and also using a Riitds flow rate, it was possible to
improve the weld region finish. It can be seenim E3 a sealed titanium tube with a better
finish and little variation on the weld symmetry.

To eliminate the variation on the weld symmetrye da the plasma arc oscillation, it was
used a nozzle constriction with larger diamete2 (hm) than the titanium tube diameter (0.8
mm).

Figure 12.Titanium tube sealing with Figure 13.Titanium tube sealing with an
incorrect gas flow rate. asymmetric weld region.

In Fig. 14 and 15 are shown the titanium tubessgalising a plasma arc nozzle constriction
with 1.2 mm in diameter. They also illustrate laght?5 seeds that were sealed using the
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final plasma arc welding parameters, which weresm®red optimized on the welding tests,
presented in Tab. 2.

adjusted welding parameters (first end). adjusted welding parameters (second
end).

It can be seen in Tab. 2 a variation of length anameters “Extra titanium tube length for
sealing No. 1” and “Extra titanium tube length s@aling No. 2”, which occurred due to the
pressure formed inside the titanium tube on thers#d®AW, with the need to reduce the
amount of metallic material to be melted.

Table 2. Final Plasma Arc Welding (PAW) parameters.

Parameters Value/Range
Titanium tube length (mm) 6.90 - 6.97
Plasma arc current (A) 0.85
Pilot arc constant current (A) 2
Arc time (s) 0.3
Constriction nozzle diameter (mm) 1.2
Standoff (mm) 4.6
Plasma arc gas flow rate (L/min) 0.1
Protection gas flow rate (L/min) 10
Extra titanium tube length for sealing No. 1 (mm) 91
Extra titanium tube length for sealing No. 2 (mm) 31
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3.3.Final length of the lodine-125 Seeds

In Fig. 16 it can be verified that the variationfieh occurred in the final length of the
lodine-125 seeds are within the acceptable range {@ 5 mm), as indicated on the
literature[15,16].
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Figure 16.Length variation of the lodine-125 seeds after regyducibility test.

3.4.Classification and Identification of the lodine-125Seeds According to ISO 2919

According to ISO 2919 the lodine-125 seeds areidensd radioactive sources for medical
application in brachytherapy and were classifiethwhe code 1SO/99/C53211, where the
two numbers after the code ISO/ indicate the yédh® standard approval used following a
solid bar (/), followed by a letter C or E that icates whether the activity of the sealed
source exceeds the specified limits according ® dhoup of radionuclide listed in the
standard.

The following five digits set in ascending ordére tdegree of severity that the sources must
support for the testing of temperature, externaspure, impact, vibration and puncture.

As identified above, the brachytherapy sources estpproved in the tests:

* Temperature - Class 5 [- 40°C (20 min), 600°C)(ard thermal shock at 20°C];
» External pressure - Class 3 (25 kPa absolute té°a dbsolute);

* Impact - Class 2 (50 g of 1 m or equivalent energy)

* Vibration - Class 1 (not applicable); and

* Puncture - Class 1 (not applicable).
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3.5. Metallographic Assays

Fig. 17 and 18 illustrate the titanium tube weldnegion. It can be observed the absence of
failure in the sealing. It can also see the qualftthe weld along the wall tube, that is free of
cracks and that the solidification of the drop oced without porosity.

The drop region was solidified spherical, followirige tangency of the tube, which
eliminates potential interference with mechanicalking during the charging of the seeds
into brachytherapy needles.

U ; i
Figure 17.Titanium tube weld detail Figure 18.Titanium tube weld detail
(125x). (100x).

4. CONCLUSIONS

Since it is a welding arc process, there is a fieedood electrical contact between the part
to be welded and the grounding system of the plasetding machine, so the selling device
No. 2 was more efficient to keep titanium tube alsvan contact with the ground's plasma
welding.

Having the need to vary the extra titanium tubeglerof the first and second sealing ends,
device No. 1 proved to be unviable, since its desiges not allow this variation, unlike the
device No. 2, which has a micrometer system tostdjntra metallic material, necessary for
the drop region to solidify spherically, free oacks and without porosity.

The metallographic tests results showed that thé&limge parameters, determined and
optimized, using the welding device No. 2 have be#ective. Thus, both the device No. 2
and the welding parameters can be used in automdéisign of lodine-125 seeds production.

Further tests will be prepared as recommended &y 2919 to medical sources for
brachytherapy, according to the specific severdgrde to each test.
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The results presented on this R&D work will alloar fthe development of methods and
controls to be used in sealing of lodine-125 seatisnding the Good Manufacturing
Practices.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the Sao PaudteSResearch Foundation (FAPESP) for
its financial support and the IPEN-CNEN/SP, withadiich it would be impossible to carry
out this R&D work.

10.
11.

12.

13.

14.

15.

16.

REFERENCES

J. R. Gray,Prostate Brachytherapy: A New Treatment Option Rvostate Cancer
Patients,Galen Healthcare, Columbia (1998).

A. Pollack, G. K. Zagars, I. I. Rosen, “Prost@ancer Treatment with Radiotherapy:
Maturing Methods that Minimize Morbidity’Semin. Oncol. M. D. Anderson Cancer
Centerv. 26,n. 2, pp.150-161, (1999).

A. S. Meigooni, D. M. Gearheart, K. Sowards, pErxmental Determination of
Dosimetric Characteristics of Best 1-125 Brachyédpsr Source”’Med. Phys.v. 27, n. 9,
Sept., (2000).

S. B. Strum, M. C. ScholBrachytherapy: Implantation of Prostate Cancer with
Radioactive Isotopd)SA (1996).

W. M. Butler, “Review of Modern Prostate Bradmgtapy.” Proceeding of World
Congress on Medical Physics and Biomedical EngingeChicago, July 23-28 (2000).
A. S. Meigooni, “Dosimetric Characterization lodw Energy Brachytherapy Sources:
Measurements.Proceeding of World Congress on Medical Physics Bimmedical
Engineering Chicago, July 23-28 (2000).

M. E. C. M. Rostelato, P. R. Rela, H. T. GasigVf. Lepki, A. Feher, “lodine-125 Seeds
Production for Brachytherapy usé?toceeding of World Congress on Medical Physics
and Biomedical Engineeringchicago, July 23-28 (2000).

A. FeherDesenvolvimento de Procedimento Utilizando Proceks&oldagem Plasma
para Confeccdo de Sementes de lodo-1R&sertation — Instituto de Pesquisas
Energéticas e Nucleares, Sao Paulo, Brazil (2006).

International Standard Organizati®adiation protection — Sealed radioactive sources —
general requirements and classificatjd80 2919, (1999).

“Infomet — Plasma fittp://www.infomet.com.br/s_plasma.phg2006).

A. Q. Bracarense5oldagem a plasméaJniversidade Federal de Minas Gerais, Belo
Horizonte, Brazil (2000).

P. R. RelaProcesso de soldagem com plasima.E. Wainer, S. D. Brandi, F. D. H.
Mello, Soldagem:processo e metalurgiapp.156-179, Edgard Blucher, Sdo Paulo,
Brazil, (1992).

American Welding Societyelding handboqgk8 ed.,v. 2, cap. 10, pp. 329-350,
O’Brien R.L., Miami, USA (1991).

L. G. JR., R. JoaquirBoldagemcap. 3-Processo por arco plasma, pp. 227-234A8EN
Séo Paulo, Brazil, (1997).

Theragenics Corporation, John L. Russell JaviDN. CogginsCapsule for interstitial
implants US Pat. n. 4.784.116, (1988).

North American Scientific, Michael L. Cutrd®adioactive seed with multiple markers
and method for using samdS Pat. n. 6.503.186, (2003).

INAC 2011, Belo Horizonte, MG, Brazil.



