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ABSTRACT

Dose distributions in water of a new I-125 seed, Model 6712, have been measured
to a distance of 7 cm from the seed center. A silicon diode and electrometer were
used in the measurement. At any given distance r from the seed center, the dose
varies with 6, the angle relative to the seed axis. Similarly, the r dependence of

the dose distribution is different at various 6 values. Two empirical models have
been fitted to the data.

INTRODUCTION

Encapsulated 1251 seeds are presenfly being used in intraoperative permanent

interstitial implants of the prostate, apical lung, and pancreatic carcinomas, in
permanent or temporary implants of glioblastoma multiforme, and, as plaques in
ocular tumors.1™® Because of the low energy of 135, photons and the associated
ease in radiation shielding, its use as & substitute for Cs-127 and Ir-192 in
temporary implants can be envisaged, providing the economic factors of the
different modalities are comparable.

Recently a new type of encapsulated 1251 seed, model 6712, has been produced

by the manufacturer.‘ The design goal was to make the seed smaller, to simulate
the dimensions of Ir-192 sources. The basic configuration of a 6712 seed resembles
that of a 6711 seed. A seed consists of 1251 absorbed on a silver wire and
contained in an titanium tubing with both ends welded. The overall outer
dimensions are 4.5 mm long X 0.5 mm in diameter for model 6712, and 4.5 mm
long X 0.8 mm in diameter for model 6711 sources, respectively. This study was
initiated to examine the physical characteristics of 125

I sources with the new
encapsulation design. In particular, we measured the two-dimensional dose
distribution for model 6712 1251 seeds and used empirical mathematical
expressions to represent the measured data. A similar study of the model 6711
seeds® and the model 6702 seeds® has been previously reported.




MATERIALS AND METHODS

Relative dose distributions in water about the model 6712 1251 seeds were
obtained with a silicon diode,+ an electrometer,++ and a Therados Radiation
Field Analyzer (RFA-S).+++ The small size (2.2 X 2.3 X 0.05 mm with 1 mm
thick tissue equivalent plastic front covering) and high sensitivity of this solid

state detector, with the precise positional control (better than 40.1 mm) of the
RFA-3, make this system well suited for this measurement.

The two dominant interactions of 1251 photons in water are the photoelectric
effect and the Compton scattering. In a photoelectric interaction, the 133, photon
is completely and locally absorbed. In contrast, only a small fraction of the
incident photon energy is imparted to a recoil electron from Compton scatter.
Also, the ratio of mass energy absorption coefficients of silicon to water varies by
less than 5% for photons with energies between 15 kev and 35 kev. Therefore,

the response of the diode is essentially proportional to the dose in water for all
distances from the leed.a‘7

The diode position relative to the 1251 seed was accurately controlled (40.1
mm).'*""+ The extremely thin intrinsic junction of the diode allows for fine
resolution in one direction of the dose distribution. The photon interactions
induced currents in the p-n junction of the diode ranging from nanoamperes to
picoamperes, depend on the distance between the seed and the diode. A small but
measurable background current was recorded and subtracted. The background
current was less than 1% of the total current at small distances from the seed

and a,proached about i1% of the total current at a distance (r) of 7 em and an
angle (6) of 180°.

To measure the dose distribution data, the diode was positioned at various
distances from a seed center. The seed was then rotated about its perpendicular
bisector by using a precisely machined jig which held the seed in a water
phantom. The readings, displayed on the digital electrometertt and recorded,
were measured as a function of the angle relative to the seed axis. The data were
then normalized to unity at a distance of 1 c¢m (seed center to diode junction)
along a 6 of 90°. Data were taken for 150°, 1600, 170%, and 180° relative to the
seed axis, and at corresponding angles in the other quadrants. Results obtained at
angles symmetric relative to the seed axis were averaged. A high activity seed (45
s ¥a



mCi) was used in this measurement to provide a sufficiently high signal-to-noise
ratio.

RESULTS

As previously described, data were taken with the diode &t verious distances
from the seed center, und the seed was rotated about its perpendicular bisector.
0° and 180° were defined to be along the seed axis in opposite directions. The
relative dose as a function of distance from the seed center has been determined
for the angles 90°, 150°, 160°, 170°, and 180° with respect to the seed axis. This
data set, which is normalized to 100% at 1 e¢m along the seed’s perpendicular
bisector, is shown in Figure 1 as a relative dose rate distribution. The inverse
square dependence has been removed from the data, by multiplying each data
point by the square of the distance from the seed center, to better appreciate the
efizcts of attenuation, independent of the inverse square effect.

The radial dependence of the relative dose rate distribution varies with angle (8)
sbout the seed axis such that the dose is significantly reduced along the seed axis
(0° or 180°), relative to that along the perpendicular bisector. At 90°, the
relative dose rate distribution decreases monotonically with distance from the seed
center. At 1800, however, the relative dose rate distribution exhibits a more rapid
decrease between 0.5 and 1.5 cm, and a slower drop off between 1.5 and 3.5 cm.
The dose rate values for intermediate angles vary gradually between these two
extremes. The 0.1 mm precision of the measurement system accounts for the

uncertainty of the date at small distances from the seed. At large distance, the
uncertainty stems primarily from noise.

Two mathematical formulae, used earlier for the data of model 67116 and model
67028 seeds, are used to represent the measured data. In the first method, the

dose pattern is described Ly the product of two polynomials and an exponential
term (the double polynomial model):

D(r,0) . P = expi-pr) . (A + Br 4 Cr2)
(1 4 88 + b2 + 8% (1)

s il



In this representation, the product, D . rz, is described by the following: (1) an
exponential term which describes the attenuation with distance from the seed
center, (2) a quadratic polynomial which is r-dependent, and (3) a cubic
polynomial which is 6-dependent. The parameters for the radial quadratic are
determined by the data taken along the seea’s perpendicular bisector. These
parameters are then fixed and the angular distribution parameters are fit to entire
data set. The procedure implies the same r dependence at all values of .

The second model (termed "the matrix fit”) involves the product of an

exponential attenuation term and a radial distribution polynomial, the parameters
for which are 6-dependent:

D(r6) . 1% = expl-4(6)1] . [a(8) + AO)r + 100 (2)

The fit of Eqs. (1) and (2) to the measured data can be obtained with a
nonlinear regression by the least squares method, as was performed previously for
model 6711 and 6702 loux'c:es.o’8 However, because of the similar design of the
model 6711 and 6712 sources, and the simiiarity in the measured dose
distribution, we simply use the parameters previously used for model 6711 seeds.5
Tables 1 and 2 list the best fit parameters, with distance in ¢m and angle in
degrees, for the double polynomial fit and the matrix fit respectively. The
comparison of the measured data and the mathematical representation is shown in

Figures 1 and 2. The figures show good agreement between the measured and
calculated results.

A polar coordinate plot of the relative dose rate distribution at fixed distances is
shown in Fig. 3. It indicates that the dependence on 6 gradually decreases as
distance increases. For instance, the ratios of dose rate values at 180° and 90°
are 0.30 at 1 cm and 0.48 at 5 cm, respectively. Thus, the anisotropy of the
relative dose rate distribution decreases as r increases. This result reflects the
effect of increased scatter with distance, smoothing out the variation in photon
output caused by the differential absorption in the source capsule.



® &
SUMMARY

The two-dimersional dose distribuiion in water about the new model 6712 1251
sced has been experimentally determined. The measured data closely resemble
those of model 6711 sources. In fact, the same parameters can be used in the
two mathematical expressions to represent the measured results of both models of
seeds, without sacrificing accuracy. These dats can be incorporated into

computerized dose distribution calculation to give accurate implant dosimetry when
model 8712 is available in the clinic.

*

Obtained from Medical Products Division/3M, New Brighton, MN
55112.

+  Manufactured by Therados of Uppsala, Sweden.

++ Model 616 electrometer by Keithley Instruments Inc. of
Cleveland, Ohio.

+++ Radiation Field Analyzer (RFA-3) by Therados of Uppsala,
Sweden.
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TABLE 1. Best-fit values of the parameters using the double
polynomial method (see vext).

----—c———--—---—-——----—-—-——-—---------—-—-—--—-——---——-—-.—--————-

0.48 (+0.02)

1.13 (30.03

0.48 (+0.04

0.0081 (+0.0089)
-0.0046 (+0.0000

0.7 (+1.4) x 10~
~4.99 (+0.01) x 10-7
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TABLE 2. Best-fit values of the parameters using the matrix fit
method (see text).

o ————_————— - Rl s O . T ———— T~ -~ -~ ————— -~ -~ - - - -, -~ -~ -~~~ - — -~ - -~ ——-———

6 a & 7 e
900 1.13 + 0.03 0.48 + 0.04 0.008 + 0.004 0.48 + 0.02
150° 1.06 ¥ 0.03 0.30 + 0.03 0.10 * O. 0.58 % 0.05
160° 0.87 + 0.03 0.256 ¥ 0.03 0.15 + 0.04 0.63 + 0.03
170°  0.68 + 0.08 0.054+0.099 0.21 =+ 0.07 0.8 + 0.05
180° 0.60 ¥ 0.04 -0.19 % 0.08 33 ¥ 0.06 0.78 % 0.03

—--—-._-—.-.-——...--——--—-—_---——————-——-_—----.-—-—-—-.-————-—————.. A ——— -
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Relative Dose At Various Distances Around [-125 Source
(Measured Data For Model 6712)

.
13_ Solid Line: Double Polynomial Fit
N =
ol —
»
h B
>4
=
m —
O
(o]
o~
20
=
<
d -
m —
(2 4
-
b
8 i ] 1 T R = g E 3 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

DISTANCE (gm/cm**2)

FIG. 1




Relative Dose At Various Distances Around [—125 Source
(Measured Data For Model 6712)
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ATTACHMENT C: Shear data for titanium tubing used in
Model 6702, Model 6711 and Model 6712 I-125 Seeds.

In a report to you from J, Bush of 3M dated July 8, 1988
we showed the force in kilograms necessary to shear or
cut lengths of titanium just behind the weld made using
either tungsten inert gas (TIG) welding or a new plasma
arc welding (PAW). The forces (shown below) were
statistically the same for both welders:

Shear Results for Titanium Tubing used for Model 6702
and Model 6711 I-125 Seeds - July 88,

Weld Type n Shearing force (kg) +/- 1 SD
TIG 10 11.4 +/- 0.8 (7.0%)
PAW 10 12,0 +/- 0.8 (6.7%)
tubing only, 2 6.5 +/- 0.4 (6.2%)
no weld

Recently, shear tests (shown below) were repeated on the
titanium tubing used to manufacture the Model 6702 and
Model 6711 1-125 Seeds and on the smaller diameter
tubing to be used in the Model 6712 I-125 Seed,

PAW welding - September 1989

Seed Type n Shearing force (kg) +/- 1 SD
Model 6702 10 17.1 +/- 1.4 (11.6%2)
& 6711 tube with

weld

Model 6702 10 13.3 +/- 0.5 (3.8%)
& 6711 tubing

only

Model 6712 5 6.4 +/- 0.6 (9.4%)
tube with weld

Model 6712 tubing 5 8.1 4/- 0.2 (2.5%)
only

RESULTS AND DISCUSSION

Model 6702 and Model 6711 1-125 Seed Tubing

Welded Tubing

The July 88 and September 89 shear results for the

welded tubing used in the Model 6702 and Model 6711
1-125 Seeds agree quite well (12,0 kg vs. 12,1 kg).



ATTACHMENT C (continued)
Page 2

Tubing only

Results for the tubing only, disagree. The July 88 shear
force (6.5 kg) was 49% of the 13.3 kg shear force
measured in September 89, We have concluded that better
technique and more samples produced a more reliable
result in the September 89 tests.

Welded tubing vs. tubing only

In the September 89 tests, the force required to cut the
welded tubing just behind the weld was 12,1 kg or 91% of
the 13.3 kg force required to cut the tubing only. As
indicated by the standard deviation, the shearing force
was also more variable for the welded tubing.

Model 6712 Tubing vs. Model 6702 & Model 6711 tubing
Welded Tubing

In the September 89 results, "he force required to cut
the Model 6712 welded tubing jist behind the weld was
6.4 kg. This is 53% of the 12.1 kg force required to cut
the welded tubing used in the M)del 6702 and Model 6711
I-125 Seeds.

Tubing only

Comparing tubing alone (8.1 kg vs 13.3 kg), the tubing
used in the Model 6712 I-125 Seed was cut with 61% of
the force required to cut the tubing used in Model 6702
and Model 6711 Seeds.

Welded tubing vs., tubing only for the Model 6712 Seed

In the September 89 results, the force necessary to cut
welded tubing just behind the weld was 6.4 kg or 79% of
the 8.1 kg force required to cut the tubing alone,
Results are also more variable for the welded tubing as
indicated by the standard deviation,

Shear Force

True shear force is defined as force per cross-sectional
area and not the absolute force required to cut the
titanium tubing as presented here. Using thiec
definition, both types of titanium tubing have sinilar
shear because the cross sectional area of the smaller
tubing intended to be used in the Model 6712 I-125 Seed
is about 59% of that used in the Model's 6702 and 6711
I-125 Seeds.



ATTACHMENT C (continued)
Page 3

SUMMARY AND CONCLUSIONS

The titanium tubing (with and without weld) intended for
use in production of the Model 6712 I-125 Seed can be
sheared or cut with 53% to 61% of the forces required
for cutting titanium tubing (with and without weld) used
to manufacture Model 6702 and 6711 1-125 Seeds. Both
types of Lubing have similar wall thicknesses of about
50 um, but the former has a cross sectional area 59%
smaller than the latter. This accounts for the smaller
absolute shear force but results in a similar force per
unit cross sectional area,

Whether an absolute shearing force of 6,4-8,1 kg can be
regarded as contributory to the production of "weaker"
or more "hazardous" Model 6712 1-125 Seed is open to
speculation. This is still a significant force
(14,1-17.9 pounds) required to cut a Model 6712 Seed
accidentally. Our warning (see attached) included in
each I-125 Seed shipment has virtually eliminated suckh
cut or damaged Model 6702 and 6711 I-125 Seeds and is
expected to do so for the Model 6712 Seed.

Warning:

1-125 SEEDS INTENDED FOF. PERMANENT IMPLANT

Do not force an |-125 Seed into (or from) any implant tube, needle, or carnridge; doing
so may damage the wall or end welds of the Seed potentially causing release of |-125
into the environmeant and into body fluids should the Seed be n(rjﬂp!anted If at Seeg has
been visibly damaged in any way, discard it immediately to radioactive waste an
check the grea forgconta:mnatnon UNDER NO CIRCUMSTANCES SHOULD VISIBLY DAMAGED
SEEDS BE IMPLANTED

1-125 SEEDS INTENDED FOR TEMPORARY IMPLANT AND REUSE

When loading or removing |-125 Seeds from plastic or rubber afterloading catheters,
use a vented chemical hood which has adequate air flow up the stack and a filtered
exhaust. If a chemical hood 1s not available, a piastic glove box specifically designed
for work with radioactive iodine may be substituted, provided it is properly vented

- from the
If a razor blade, scalpel, or other sharp too! is used to remove |-125 Seeds
afterloading catheters, use extra care to avoid contacting or cutting a Seed. A Seed
which has been damaged (nick, cut, slice, or other type of damage) will release 1-125
into the environment.

To assure that Seeds have not been damaged following removal from the
afterloading catheters, conduct a contamination survey with a radiation mo_mtq .
capable of detecting 30 keV photons. This survey should include wipe (‘or leak) tests
of Seeds and an overall area survey. For Seed leak test details, contact 3_’M (,g?tome:
Service at 1-800-328-1671. Residents of Minnesota or Canada call 612-733-9181

14806 4
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General Information

Development

Use of lodine- 125 in seeds originated at Memorial Sloan-Kettering Cancer Center
where the hirst implant took place i 1965, Memonal recognized the need for a low
energy brachytherapy source, the vse of which would result in reduced radiation
exposure to medical personnel, patients and their families (1.2)

I-125 Seeds® became commercially available in 1968 from Lawrence Soft Ray (LSR)
of Sunnyvale, California (3) and in 1978 from 3M followin~ .« acquisition of LSR. A
year later, 3M moved - 125 Seed production from Sunnyvi .0 New Brighton
Minnesota, a suburb north of St. Paul

IM continued to manufacture LSR's line of low-activity (less than | mCi) Model
6701 1-125 Seeds containing a gold X-ray marker and high activity (1 to 40 mCi)
Model 6702 1-125 Seeds containing no X-ray marker. In 1983, 3M replaced Model
6701 I-125 Seeds with Model 6711 1-125 Seeds having improved X-ray visibility. In
the same year, 3M began assaying all production 1-125 Seeds against 1- 125 Seeds
calibrated by the National Bureau of Standards

lodine- 125 Seeds in absorbable suture was anticipated (4), introduced (5,6) and
developed (6,7) in 1974-75. This product is useful for shallow plane implants of
I-125 Seeds where standard 1-125 Seed implanters are less suitable. Lawrence Soft
Ray manufactured I-125 Seeds in Vicryl® suture during the years 1975-76. 3M re
introduced the product in 1982 as Model 6720 1-125 Seeds in Carrier

Description

1-125 Seeds
lodine- 125 Seeds range from 4.2 mm to 4.9 mm in length and from 0.77 to 0.96 mm
in diameter. The shell material is titamum tubing having a wall thickness of 0.05 mm 25 absorbed

with welds at both ends. Depending on design, the 1-125 Seed contains the following iy i "
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Model 6711 — One silver rod serving both as an x-ray marker and a carrier for 0.8 mm \
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Model 6720

I1-125 Seeds in Carrier

Model 6720 — 1-125 Seeds in Carrier consists of Model No. 6711 1-125 Seeds \p‘l\cd
at a fixed distance within #1 Vicryl (polyglactin 910) absorbable suture. The portion
ou the suture containing the [- 125 Seeds is housed in a stainless steel ring (9) which
attenuates >99 9% of the |- 125 photons. 1-125 Seeds in Carrier is sterile when

shipped




& How Supplied

1-125 Seeds

Model No. 6702 1-125 Seeds are available with apparent activities from 5.0 to 40
1

mC1 per 1-125 Seed
Model No. 6711 1- 125 Seeds are available with apparent activities from 0.10 to 4.9
mC’i per 1-125 Seed and, by special request, from 5.0 to 40 mCi per I-125 Seed

Model 6702 and 6711 1- 125 Seeds are packaged in a shrink-wrapped screw-cap glass
vial, which is labeled with: activity range in mCi; total activity in mCy; assay date
number of I-125 Seeds and [- 125 Seed lot number. The glass vial is contained in a
shrink-wrapped lead “pig"” similarly labeled. The pig label has, in addition,
precautionary regulatory statements pertaining to licensing of the 1-125 Seeds

I-125 Seeds are NOT sterile when shipped

1-125 Seeds in Carrier

Model 6720 1-125 Seeds in Carnier is STERILE having ten 1-125 Seeds spaced 1 ¢m
center to center in a braided #1 Vicryl (polyglactin 910) suture. The usual activity
range for the ten 1-125 Seeds is 0.40 to 0.42 mCi. Other activity ranges may be
available. These vary from 0.2 to 1.0 mCi, each having a 6% activity spread. Other
configurations of 1-125 Seeds in Carrier (up to 20 1-125 Seeds with 1-125 Seed
spacing ranging from 0.5 to 1.5 cm center to center) may be available at special
request

A ' circle taper point needle is attached to one end of the suture. The distal end of
the suture containing the 1-125 Seeds is housed within a stainless steel ring

I'he stainless steel ring is sealed in a moisture-resistant foil bag which is enclosed in a
Steri-Lok® gas sterilization bag

Affixed to the Steri-Lok bag are two labels showing the following information

1) activity range in mCi; total activity; number of 1-125 Seeds; assay date; I-125
Seed lot number and 1-125 Seed spacing and 2) “Sterility guaranteed unless package
1s damaged or open”

I'he Steri-Lok bag is enclosed within a clear plastic bag which must remain intact in
order for the 1-125 Seeds in Carrier to be returned for partial credit

Directions For Use

Indications

Permanent implants of low-activity [-125 Seeds (strengths of less than | mCi)

are indicated for interstitial treatment of tumors which are either unresectable ot
residual after excision of the primary lesion; localized; of slow growth rate; and which
have low to moderate radiosensitivity (10)

Temporary implants of high activity 1- 125 Serds (strengths greater than | mCi

are indicated for treatment of tumors which are either unresectable or residual
after excision of the primary lesion; localized; and which have moderate

radiosensitivity (10




Use of I-125 Seeds may be indicated for use concurrent with or at the completion of
other treatment modalities, such as external beam therapy, hyperthermia or
chemotherapy (10)

I-125 Seeds have been used primarily as permanent implants in tumors of the
prostate, lung, head and neck and pancreas, and as temporary implants in tumors of
the breast (11,12), brain and eye (13)

I-125 Seed Implant Activity and Nomogram

A stmple empirical formula has been developed by Memorial Sloan Kettering Cancer
Center (MSKCC) to calculate the activity required to treat a given tumor volume. In
this “dimension averaging” technigue, total millicuries of iodine- 125 implanted s
determined by multiplying the average of the three mutually perpendicular implant
dimensions by an appropriate factor (|

Fhis formula has undergone change at MSKCC over the vears (1,14,15). The formula
used by MSKCC since 1984 is the following (15)

For the implant with an average dimension d(a), the iodine- 125 activity implanted is
calculated as follows

Average dimension da) Implanted Activity Tumor dose
3.0 ¢m S x dia 480 Gy /dea)
1.0 ¢m 1.34 x d(a 160 Gy

Where average implant dimension d(a

An implant nomogram is available from MSKCC which incorporates the above
formula so that “recommended (implant) activity™ can be read directly from a scale
next to an “average dimension” scale. The nomograph also gives the number of
I-125 Seeds of a given activity required, and the spacing to be used between needles

tor a given spacing of Seeds along the needle

Memorial Sloan-Kettering Cancer Cener cautions that, whereas this nomogram
represents current practice there, each institution using 1125 Seeds must decide its

Oown treatment policy

Implant Devices

Permanent implants — 1-125 Seeds are implanted using an 1-125 Seed applicator”
attached 10 a 17 gauge or larger needle. Common Seed applicators are the Mick
Henschke and Scott. The Royal Marsden Gold Grain gun can be used to tmplant
Seeds provided a special modification is requested of the manufacturer. Model 672
1125 Seeds in Carrier needs no additional applicator

femporary implants — 1-125 Seeds are usually loaded into plastic tubing or other
devices (¢.g. gold eye plaques) to facilitate afterloading procedures and I-125 Seed

recovery

Dosimetry

Dose distribution around 1- 125 Seeds is not isotropic. This anisotrophy should be
included in dose distribution calculations (16, 17, 18, 19)




& Physical Properties

lable | shows physical charactenstics of iodine- 125 compared with ~iner
radionuclides used for interstitial implants. The chief advantage 1 1wodine- 125 (and
newcomer palladium-103) is ease of shielding, which results in reduced exposure to
attending personnel, patients and visitors (1,2). Additionally, the titanium
encapsulation of 1-125 Seeds (and palladium seeds) insures good tissue compatibility

and minimal self-absorption of the low-energy photons (20)
lable 1. Radionuclides for Interstitial Implants (21)

Half Life Emitted Energy (keV) Half Value Half Value
Isotope (days) Beta (max) Gamma Layer (lead) Layer (tissue)
gold- 198 2.7 960 412 2.6 mm 6 cm
palladium-103  17.0 none 20-23 0.008 mm | cm
iodine- 125 59.6 none 27-35 0.025 mm 2cm
iridium- 192 73.8 672 296-612 2.6 mm 6 cm

loudine- 125 has a half-life of 59.6 days (21) and decays by electron capture with the
emission of characteristic photons and Auger electrons. The electrons are absorbed by
the ttanium wall of the I- 125 Seed. The principal photon emissions are 27.4 and 31.4
keV x-rays and a 35.5 keV gamma. Also emitted from Model 6711 Seeds are 22.1
and 25.2 keV fluorescent x-rays from the silver rod (22). Table 2 shows the decay of

odine- 125
lable 2. lodine -125 Decay Table

Decay Decay
Days Factor Factor
1.000 3 1 P .. D658
0977 T L0643
.. 0955 " TS SRR i sid ea DBER
.0933 0614
L0911 casmes s 0599
. 0.890 " e g .0.586
L0270 k2 s ... 0872
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0830 SR b ks ek d 0.546
0811 S iy 0534
0.792 . A cinis RS
0774 . TR ey AT T 0.509
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0.722 64 i as e by w as aeet s TS
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.0.689 . S N S P ik anxe A3
0673 OV 5 5. Fu § 8 oy il w a .. ..0443

Radiation Protection

The 27-35 keV photons of iodine- 125 are substantially absorbed by any high Z
material but exhibit desirable penetration in tissue

HVL Lead = C025 mm
HVL Gold = 001 mm
HVL Tissue = 20.0 mm

A thin iead sheet of only 0.25 mm (0.01 in) provides a 99.9% reduction in exposure




Quality Assurance
Inspection

Each I-125 Seed is visually inspected, gauged for proper length and diameter,
cleaned and leak tested, assayed (and assigned to an assay range) prior to shipment

Leak Testing

I-125 Seeds are leak tested prior to shipment and have passed a leak test showing

0.005 uCi of removable iodine- 125 as required by NRC regulation 10 CFR 35.59
I'his leak test value is printed on the Certification form that accompanies each
shipment

I-125 Seeds that retain clinical utility for more than six months must be leak tested

at intervals not to exceed six months or at other intervals approved by the
Commuission or an Agreement State...(except for) sources stored and not being used
The licensee shall, however, test each such source for leakage before any use or
transfer unless it has been leakage-tested within six months before the date of use or
transfer..” as prescribed in 10 CFR 35.59

I-125 Seeds intended for temporary implants (1 to 40 mCi) might fall into the above
category and, if so, would need to be leak tested. Additionally, since the higher
activity I-125 Seeds are often reused, leak testing at more frequent intervals is
recommended. For leak test details, contact 3M Customer Service at |-800-328
1671. Residents of Minnesota or Canada can call 612-733-9181

Unused I-125 Seeds intended for permanent implants (nominal strength of 0.55
mC1) will not require additional leak testing providing they are disposed of within six
months of the date shown on the I-125 Seed Certification form

Calibration

Each production 1-125 Seed is measured by comparison in a fix.d geometry with an
I-125 Seed of the same Maodel which has been calibrated by the U.S. National
Burcau of Standards (NBS). For this comparison we use a Capintec Radioisotope
Calibrator Model CRC-7R having a well re-entrant 1onization chamber

According to recommendations in AAPM Report No. 21(23), 1-125 Seed standards
calibrated by the NBS are specified in air kerma strength which is the product of air
kerma rate and the square of the distance in vacuum in a direction perpendicular to
the long axis of the I-125 Seed. The NBS reports air kerma strength of 1125 Seed
standards in unmits of micrograys meters squared per hour (uGym?h ') with an overall
uncertainty of about +/- 5% (19)

Prior 10 using the NBS 1-125 Seeds for calibration, we convert the stated air kerma
strength into “apparent activity” in mCi (see Note) using an exposure rate constant
of 1.45 R cm’h 'mCi ' (24) and the relationship that an exposure rate of | R/h is
equivalent to an air kerma rate of 0.876 ¢Gy’h (23). Apparent activity is a measure
of output and not contained activity

Following calibration, each .ow activity Model No. 6711 1-125 Seed is assigned to
one of several mCi activity ranges having a total spread from 6-7% as shown in
lable 3
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Table 3. Activity Ranges For Low Activity Model No. 6711 1-125 Seeds.

. Millicuries Air Kerma Strength
(AGy m*h ')
097-1.94 1.23-1.32
(1.89-0.96 1.13-1.22
0.82-0.88 1.04-1.12
0.76-0.81 097-1.03
0.70-0.75 0.89-0.95
0.65-0.69 0.83-0.88
0.60-0.64 0.76-081
0.55-0.59 0.70-0.75
051-054 0.65-0.69
047-0.50 0.60-0.64
0.43-0.46 0.55-0.58
0.40-042 0.51-0.53
0.37-0.39 0.47-0.50
0.34-0.36 0.43-046
0.31-0.33 0.39-0.42
0.28-0.30 0.36-0.38

When ordering 1-125 Seeds, refer to the lowest number in the range, e.g. “0.55's" for
the 0.55 10 0.59 mCi range. Although we inventory all activity ranges, sometimes a
shortage occurs in a desired range. If this happens, other ranges may be suitable by
making a small change in pretreatment dosimetry planning.

Medium activity Model No. 6711 1- 125 Seeds having a range from 1 to 4.9 mCi
(1.27 10 6.22 uGy m’h ') and high activity Model No. 6702 [-125 Seeds having a
range from 5 to 40 mCi (6.35 to 508Gy m*h 1), are inventoried in various activity
ranges. These range values can be obtained by request from 3M Customer Service.

Note: We will continue to inventory I-125 Seeds in familiar mCi ranges during the
transition between mCi and air kerma strength. Certification forms accompanying
each 1-125 Seed shipment will contain both mCi and air kerma strength values.

Additional Information
Warnings

I-125 Seeds Intended for Permanent Implant

Do not force an [-125 Seed into (or from) any implant tube, needle, or cartridge;
doing so may damage the wall or end welds of the I-125 Seed potentially causing
release of odine- 125 into the environment and into body fluids should the I-125
Seed be implanted. If an - 125 Seed has been visibly damaged in any way, discard it
immediately to radioactive waste and check the ar . for contamination. UNDER
NO CIRCUMSTANCES SHOULD VISIBLY DAMAGED 1-125 SEEDS BE
IMPLANTED.

1-125 Seeds Intended for Temporary Implant and Reuse

When loading or removing I-125 Seeds from plastic or rubber afterloading catheters,

use a vented chemical hood which has adequate air flow up the stack and a filtered

exhaust. If a chemical hood is not available, a plastic glove box specifically designed
‘ for work with radioactive iodine may be substituted provided it is properly vented.

If a razor blade, scalpel, or other sharp tool is used to remove 1-125 Seeds from the
afterloading catheters, use extra care to avoid contacting or cutting an 1-125 Seed.

An [-125 Seed which has been damaged (nick, cut, slice, or other type of damage)

will release iodine- 125 into the environment.




To assure that [-125 Seeds have not been damaged following removal from the
afterloading catheters, a contamination survey should be conducted using a radiation
monito: capable of detecting 30 keV photons. This survey should include wipe (or
leak) tests of I- 125 Seads and an overall area survey. For 1-125 Seed leak test
details, contact 3M Customer Service at 1-800-328-1671. Residents of Minnesota
or Canada call 612-733-9181,

Seed Sterilization

1-125 Seeds

1-125 Seeds are NOT sterile when shipped. Before implantation, they must be
sterilized using steam or ethylene oxide (EO). DO NOT USE DRY HEAT OR
CHEMICAL STERILIZATION.

Steam Sterilization (autoclave): Use the normal cycle (121 degrees C at 15 psi for
15 to 30 minutes) or the flash cycle (133 degrees C at 30 psi for about 3 minites).
DO NOT EXPOSE SEEDS TO TEMPERATURES AND PRESSURES IN
EXCESS OF 138 DEGREES C and 35 PSL

Ethylene Oxide (EO) Sterilization: Use cycle and aeration times recom- 2nded by
the sterilizer's manufacturer or use those determined at the hospital.

Whether steam or ethylene oxide is used, 1-125 Seeds should be sterilized in an
adequately shielded container.

Lead Shipping Contaiver: If I- 125 Seeds are sterilized in the lead shipping container,
the lead cover on the container and plastic cap on the glass vial therein should be
removed to allow steam or ethylene oxide to access the 1-125 Seeds.

Other Containers: [-125 Seeds can be loaded into stainless steel cartridges designed
to be used with the Mick Applicator, or into the nylon and teflon tubes used with
Henschke and Scott applicators. USE ETHYLENE OXIDE TO STERILIZE SEEDS
LOADED INTO THE PLASTIC TUBES AS STEAM HEAT WILL WARP THE
TUBES AND PREVENT SEED RECOVERY.

When in doubt about compatibility of steam heat with various I-125 Seed
containers, load them with non-radioactive 1-125 Seeds to determine the effect of
steam on the container material and on 1-125 Seed recovery.

I-125 Seeds in Carrier
This product is shipped sterile. DO NOT RESTERILIZE.

I-125 Seed Storage and Disposal

lodine- 125 is an accountable radioactive matenal. 1-125 Seeds should, therefore, be
strictly controlled and stored in a locked safe. If any significant material cannot be
accounted for, the loss must be reported to the federal or state licensing agency.

For disposal, I-125 Seeds should be transferred to an authorized radioactive waste
disposal agency. I-125 Seeds should never be disposed of in normal waste.

An 1-125 Seed disposal service is provided by 3M Radiation Therapy Products.
Customers wishing to use this service should contact 3M Customer Service for
approval and specific information. In general, material approved for return must
comply with Department of Transportation regulations (49 CFR Parts 171-177)
regarding packaging and labeling. Shipments are t be directed to: 3M Radiation
Therapy Products, TCAAP Building 590, New Brighton, MN 55112.
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Licensing

The US. Nuclear Regulatory Commission has approved this sealed source (1-125
Seeds) for distribution to persons licensed to use byproduct material identified in
paragraph 35.400 of 10 CFR Part 35, to persons who hold an equivalent license
issued by an Agreemdnt State and outside the United States to persons authorized by
the appropriate authority.

Federal law restricts this device to sale by or on the order of a physician.

Specifications
Model No. 6702 and 6711 1-125 Seeds

Model 6702 Model 6711
Dimensions 4.5 mm long, 4.5 mm long,
8 mm OD 8 mm OD
05 mm wall 05 mm wall
Encapsulation ttanium titanium
Carrier for 1-125 3-5 resin balls silver rod
0.6 mm diamter I mm x 0.5 mm
diameter
X-ray Marker none silver rod
Photon Energies 274 & 314 keV X-rays  Those of Model 6702 plus
and a 35.5 keV gamma 22.1 & 252 keV
photon fluorescent X-rays from

the silver rod

Assay Method CRC 7-R well re-entrant chamber calibrated using an
I-125 Seed standard of the same Model which is
traceable to the NBS

Exposure rate constant 145 Rem? h! mCi! 145 Rem? h' mCi!

Seed Strength Specification  Apparent activity in mCi and air kerma strength. Both
are descriptive of output and not contained activity.

Available Seed Strengths 5.0 10 40 mTi 0.1 1049 mCi
6410508 uGy m* h' 0.13t062uGy m* h'

Model No. 6720 1-125 Seed in Carrier

#1 Vieryl (polyglactin 910) suture has an overall length of 78 ¢cm and a half-circle
taper point needle on one end. Model 6711 1-125 Seeds are located in the distal 15
cm of suture which includes a 5 ¢m tail

1-125 Seed Count, Strength and Spacing:

Usually provided are ten 1125 Seeds having an activity range from 0.40 to 0.42
mCi which are spaced | ¢cm center to center. Subject 1o availability are other
loadings up to 20 [-125 Seeds; other activity ranges from 0.2 to 1.0 mCi (with a 6%
activity spread in each range) and other spacings frem 0.5 to 1.5 mm center to

center.



Stainless Steel Ring:

Diameter is 84 to 86 mm. Diameter of cross section is at least 4.8 mm. Wall
thickness is at least 1.7 mm. Attenuation of 30 keV photons is 99 9%. Surface dose
rate with the usual I-125 Seed loading is <0.2 mR /h.

Packaging (exterior to interior):
Plastic dust cover; Steri-Lok bag; foil bag; folded white cardboard; stainless steel
ring; I-125 Seeds in Vicryl suture.

Sterilization: Ethylene oxide.
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July 8, 1988

Steven L. Baggett, Ph.D.

Health Physicist

U. S. NUCLEAR REGULATORY COMMISSION
Division of Fuel Cycle & Material Safety
MS-6-H-3

Washington, DC 20555

RE: I-125 Seeds 6702, 6711
Materials License No. 22-00057-59MD

Dear Dr. Baggett:

This letter is a follow-up to NRC's recent inspection of the New
Brighton manufacturing facility and laboratory activities related
to sources distributed by 3M under license 22-00057-59MD.
Specifically, this letter addresses a violation identified by NRC
during its exit interview of June 17th, pertaining to our need to
submit to NRC information in support of a processing change for
[~125 Seeds 6702 and 6711, with a request that the Certificates
of Registration be revised accordingly.

Enclosed with this letter is a document entitled 'I-125 SeedsR
6702, 6711 - Justification for Manufacturing Change - Welding'.
This document describes a change in the manufacture for [-125
Seeds from tungsten-inert gas (TIG) welding to a plasma arc-
welding process, and presents data which indicate that Seeds
produced by the plasma arc method are comparable to those pro-
duced by the TIG process and suitable for their stated intended
use.

We trust that this information satisfies the agency's concerns
about the integrity of the modified Seeds and is sufficient to
support revision of the appropriate Certificates of Registration.
[f you have any questions, piease feel free to call me (612/-
733-6421).

Sincerely yours,

/) 2 AN
,S;{W“W“/ 4
GACQUELYN D. BUSH
Sr. Regulatory Affairs Specialist
3M Medical-Surgical Division
3M Center, Building 270-4A-05
Saint Paul, MN 55144-1000

JOB/11m
enclosure
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1-125 £E0S R 6702, 6711

JUSTIFTCATION FOR MANUFACTURING CHANGE -
WELDING

The following is submitted as justification for a revision in source
certification documents for [-125 seeds 6702 and 6711, distributed under
license 22-00057-59MD. Specifically, this information describes a change
in the manufacturing process for these sources containing byproduct mater-
ial and includes information to justify this change.

DESCRIPTION:

Each [-125 Seed R consists of a cylindrical titanium capsule containing
[-125 absorbed onto either resin spheres (model 6702) or a silver rod
(model 6711) and welded at both ends. Specifically, the manufacturing
process involves: (1) welding one end of a length of titanium tubing
having an outside diameter of 0.8 mm and a wall thickness of 0.05 mm; (2)
inserting I-125 resin balls or an 1-125 silver rod into the tube; and (3)
welding the second open end. The resulting Seed length is about 4.5 mm.

Weld thickness averages about 0.5 mm (approximately ten times the Seed wall
thickness).

RATIONALE:

[-125 Seed have been welded using custom-built tungsten inert gas (TIG)
welders since 3M's acquisition of this product l1ine in 1978. Recently, a
change to a plasma arc welding technique has been evaluated as an alter-
native to the TIG process, for the following reasons:

; Both tungsten inert gas and plasma arc welders melt the tip of a
titanium tube with an electrical current in an inert gas atmo-
sphere. When the current ceases, the melt solidifies, producing
a roughly spherical weld. Plasma arc welding produces a hotter
melt temperature (50,000 degrees F. as opposed to 20,000 degrees
F. for TIG) and is a more controlled process.

e Plasma arc welding result: in a more uniform weld thickness at
both ends of the Seeds.

- ¥ The custom TIG welders were requiring increased down-time for
maintenance and repair. Purchase of replacement custom units was
determined not to be a viable option because of obsclete welder
design. Plasma arc welding allows us to establish a commercial
supplier for state-of-the-art welding equipment.
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4. Plasma arc welding provides an opportunity for semi-automation of
the [-125 Seed welding processes, which is not possible with the
TIG welders currently used.

Supporting documentation for this rationale presented below indicates that
the plasma arc technique produces [-125 Seeds which are equivalent to
TIG-welded Seeds in most respects and superior in terms of weld shape and
uniformity of weld thickness.

COMPARATIVE EVALUATION OF 1-125 SEEDS WITH TIG AND PLASMA ARC WELDING:

[-125 Seeds have been subjected to several tests to demonstrate that the
plasma arc weld is an appropriate alternative to the tungsten-inert gas
weld method. These procedures include: (1) visual inspection of weld
thickness; (2) microvideography of welding process; (3) metallurgical
analysis of welds; and (4) compressive sheer testing of welds. Detailed
descriptions of these test procedures and resulting data/observations are
presented below.

1. Visual Inspection of Weld Thickness

[-125 Seeds manufactured using either the TIG weld or plasma arc
methods were evaluated visually for weld thickness. To estimate Seed
weld thickness, a Polaroid X-ray of a group of Seeds was placed
beneath a microscope having a 2.5 power objective lens with a 10 power
Zeiss KPL-W-10X eye lens having a 100-division calibrated scale.

Using dim external light, the photo was manipulated while looking
through the eye-piece until the desired Seed weld was beneath the
100-division scale. An estimate was made (to the nearest 5 divisions
or 75 Pm) of the thickness of the Seed weld. Multiplying the number
of divisions by a constant resulted ‘n Seed thickness in microns.

More recently, we have used a micrometer eye-piece which moves a
hairline across the weld. Micrometer divisions moved, multiplied by a
constant, relate to weld thickness in microns.

Results of these measurements are tabulated below for Seeds manufac-
tured with either welding technique. Data are presented which sum-
marize measurements for the thickness of the first weld of each
capsule, the second weld, and the cumulative of the measurements.
These data allow for comparison of thickness, resulting from the two
welding techniques.

JD0O0% Page 2 of 6 07/07/88



TABLE 1.

1st and 2nd Weld

N -

Mean (- 1 sd)
CV=SD/Mean x 100
Range

Range Spread

1st Weld

N +

Mean(~ 1 SD)
CV=SD/Mean x 100
Range

Range Spread

2nd Weld

N +

Mean (- 1 SD)
Cv=SD/Mean x 100
Range

Range Spread

TYPICAL THICKNESS OF I-125 SEED WELDS

IN MICRONS (pm)

METHOD

Tungsten Inert Gas

1979 1988 Plasma Arc
100 welds 224 welds 120 welds
593 um (116 um) 616 pym (164uym) 513 pm (56 pm)
19.6% 26.6% 10.9%
250-850 um 310-930 pm 368-624 jam
600 jm 620 jum 256 jum
50 welds 112 welds 60 welds
672 pm (81 um) 763 pm (77 pm) 555 pm (32 pm)
12.1% 10.1% 5.8%
450-850 pm 543-930 pm 548-624 pm
400 pm 387 pm 76 pm
50 welds 112 60 welds
517 um (93 um) 467 pm (72 pym) 470 pm (39 um)
18.0Q ¥ 15.4% ¥ 8.2%#
250-750 Pm 310-775 pm 368~536 pm
500 um 465 pm 168 pm

These data indicate that, whether TIG or plasma arc welding is used,
the resulting second weld is thinner than the first.
tends to be convex on its outer and inner surface; the second weld

will be convex on its outer surface but concave to flat on its inner

surface.

sure within the capsule.

The first weld

We hypothesize that this is due to a build-up in air pres-

When the average thicknesses of first and second TIG welds were

compared for years .979 and 1986, no statistical difference was found
at the 0.01 level cof significance.
ness of first and second plasma arc welds were compared with eithe of
the averages for TIG welds, a statistical difference was found at the

0.01 level of significance.

However, when the average thick-

The plasma arc welds were, on the aver-

age, thinner (by 45-111TPm) than the 1979 TIG welds and thinner (by 74
I

-136 Pm) than the 1986

J00O05
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The statistically thinner average plasma arc weld results from a
narrowing of the range of weld thicknesses, evidenced by comparing the
"range" and "range spread" for the 1979 anc .986 TIG and plasma
arc-welded Seeds. There are fewer thick welas in the latter Seeds,
which reduces e average thickness.

The thinner average plasma arc-welded Seeds are suitable for clinical
use, since weld thicknesses of about 500 um with NO variability are

the desirable goal. The fact that plasma arc-welded thicknesses have
less variability than TIG welds translates to an improved [-125 Seed

with no net change to the Seed's performance in the hospital environ-
ment.

Microvideography of Welding Process

A high speed video camera was used to make a microvideography tape
showing the magnified TIG and plasma arc welding processes in a total
of 10 Seeds. Both first and second weld formations were taped.

During normal playback, the welding process was observed in slow
motion.

The TIG welding process was sporadic in the sense that an electrical
discharge from a tungsten electrode struck a high point on the end of
the titanium tube and sequentially worked its was across the lower
portions of the top of the tube and down . nortion of the tube wall.
This resulted in a nonuniform weld puddlie, which tended to produce
tilted, bullous (extend beyond the outer diameter of the titanium can)

welds upon Seed cooling. Finished specs of [-125 Seeds accommodate
the bulbous welds.

Microvideography also showed that TIG welding had a propensity to
produce unfinished welds, resulting in Seed welus with holes and
burrs. These Seeds are identified as rejects and culled during the
quality control portion of the Seed manufacturing cycle.

Studies showed that, within certain Timits, thickness of the weld was
controlled by the Tength of titanium tubing exposed to the current.
Welds thinner than about 0.25 mm could not be produced reliably.

In the plasma arc technique, by contrast, the current which flowed
through the column of ionized argen gas surrounding the titanium tube
end and length resulted in a uniform and controlled weld puddle. The
puddle cooled to form a uniform and nearly non-bulbous weld. An even
more uniform weld could be produced by pulsing the current at various
pre-determined frequencies. Additional studies showed that weld
thickness was controlled not only by the length of titanium tubing
exposed to the current flowing through the ionized argon but also by
the rate of gas flow and magnitude of the current. This greater
flexibility allows thinner welds (to 0.1 mm) to be produced using the
plasma arc technique, if such a product change is desired in the
future.
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Metallurgical Analysis of Welds:

Twenty-five (25) non-radioactive Seeds were made with one end welded
by TIG and the other welded by plasma arc. From these, four Seeds
were randomly selected to be mounted, cross-sectioned, polished,
photographed, and evaluated.

Welds from both TIG and plasma arc processes were described by the 3M
metallurgist conducting the study as having "full penetration" with no
porosity or other flaws. The strength levels of both types of welds
were predicted to be similar.

Crystal structure for TIG and plasma arc welds were described as
typical of cast titanium. The TIG welds had a smaller grain size,

thought to be caused by more rapid quenching of the molten metal due
to a lower heat input.

Compressive Shear Testing of Welds:

Twenty (20) titanium tubes were welded ten each using TIG and plasma
arc processes. Each respective Seed was held horizontally in a
special jig so that an 0.8 mm length of Seed protruded; this amounted
to all of ﬁhe Seed weld and a short length of adjacent tubing. Using
an Instron apparatus to measure applied force, a metal bar was pushed
down on the Seed, creating a scissors action which sheared the weld
from the titanium tube. The resulting force, compressive shear, was
measured in kg. Two samples of titanium tubing, not welded, were
similarly tested.

Results of these measurements are tabulated below:

TABLE 2.
COMPRESSIVE SHEAR FORCES
1-125 SEED WELDS
Weld Type Compressive Shear (kg) 118D
TIG 11.4 = 0.8
Plasma Arc 12.0 £ 0.8
No weld, tubing only 6.5 - 0.4

There was no statistical difference found in compressive shear for
titanium tubes welded by TIG or plasma arc processes at the 0.01 level

of significance. Tubing wnich has not been welded exhibits about half
the compressive shear.
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CONCLUSION:

Merrick Plasma Arc Welders have replaced Tungsten Inert Gas welders in the
[-125 Seed production facility in New Brighton, MN. Comparative microvideo-
graphy, weld thickness measurements, metallurgical weld analysis, and
compressive shear *ests have shown that plasma arc-welded Seeds are equiva-

lent to TIG-welded Seeds in most aspects and are superior in terms of weld
shape and uniformity of weld thickness.

JDO0

wn

Page 6 of 6 07/07/88



(RESERVED)

o



Medical PMuc... sion/IM .

3M Center
St Paul, Minniesota 55144
612/7331110

January 17, 1985 m

U.S. Nuclear Requlatory Commission
Region III

799 Roosevelt Road

Glen Ellyn, I11inois 60137

Attn: George M. McCann

Re: Materials License No. 22-00057-59MD
3M renewal application May 1, 1980

Dear Mr. Mccann:

This letter is to provide revisions in the information
originally submitted on May 1, 1980, as part of 3M re-
newal application for the license cited above. This
includes a listing of page numbers affected and one set
replacement pages incorporating the revisions.

[f you have any questions regarding this submission,
please feel free to contace me (612/733-6421).

Sincerely yours,

)
Jacqeeiyn D. Bush

Manager, Regulatory Affairs
Medical Products Division/3M
3M Center, Bldg. 270-4A-05
St. Paul, MN 55144
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(2) THE APPLICANT SUBMITS SUFFICIENT INFORMATION REGARDING EACH TYPE
OF SOURCE OF DEVICE PERTINENT T0O AN EVALUATION OF ITS RADIATION
SAFETY, INCLUDING:

(i) The byproduct material contained, its chemical and physical
form and amount.

Byproduct material: lodine-125
Chemical form:
*Models 6701, 6702 - lodide, as a part of a quaternary

ammoniu w1com00und namely DowexR21K (AG 21K) anion
exchange resin.

Radioactive iodine-125 is affixed to the resin by simple
ion exchange in an aqueous solution of pH-10

( F ~CHN'(CH3) (€17 + 125,- 4
g -cH, N (CHy)s 1251 4 c17))

Model 6711 - Silve 1iodide on a silver rod.

Radioactive iodine-125 is affixed to the silver rod
coated with silver chloride by simple ion exchange in
aqueous solution of pK > 10, according to the reaction,

silver rod/AgCl + Na‘zsl >
silver rod/Ag'2%1 + NaC
§9> Physical form:
N Models 6701, 6702 - Solid spheres of @-CHN"(CH,) 451"
X, hermetically sealed within a titanium can.
A\
(W

*NOTE: Model 6701 1-125 Seeds have been deleted from the

T product line as of September 1, 1983, and have been
replaced by Model 6711 Seeds. Since prototype tests were
conducted on the Model 6701 Seed and not on the similar
and st11] marketed 6702 Seed, however, descriptions of
the Model 6701 Seed are retained in this license renewal
application,
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Model 6711 - Solid silver rod with adsorbed 1-125
and hermetically sealed within a titanium can.

Amount :

Model 6702 contains a maximum of 50 mCi iodine-
125 per source. Allowing for attenuation by the
titanium capsule of 16%, the maximum effective
output is 42 millicuries* of iodine-125.

Model 6711 contains a maximum of 100 mCi iodine-125
per source. Allowing for attenuation by the silver
rod and titanium capsule of 35., the maximum effec-
tive output of the model 6711 is 65 millicuries of
iodine-125.

*NOTE: By "millicuries", we mean "apparent activity

in millicuries". This is descriptive of output
activity only and not the total quantity of
1-125 contained within the titanium capsule of
the Seed. Seeds are calibrated using [-125 Seed
standards provided by the National Bureau of
Standards (detailed discussion presented on

page 149).
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(111)

Procedures for, and results of, prototype tests to demon-
strate that the source or device will maintain its integrity
under stresses likely to be encountered in normal use and
accidents,

1-125 Seeds have been subjected to four prototype tests to
demonstrate that the sources maintain their integrity under
stresses of use and accidents. These procedures are provided
for source evaluation under the following stress conditions,
along the lines of those suggested in NBS Handbook 12€, ANSI
N .42-1977, Appendix C, and ANSI N44.1-1973: 1) autoclave,
2) impact, 3) percussion, and 4) rend.

Following each prototype test procedure, 1[-125 Seeds were sub-
jected to a soak test, according to the following procedure.
Each seed was placed into a 1 (one) dram vial (3.7 m1) contain-
ing 3.0 m1 of a wash solution (0.01M Nal, 0.01M NaOH, and
liquid detergent, preparation of which is described on page
136 of this submission.

The vial was closed using a screw cap and allowed to stand at
ambient temperature for 12 to 20 hours. At this time, the

vial supernatant was withdrawn from the seed and assayed for
radioactivity using a Searle model 1195 automatic gamma counter
with a sodium fodide well crystal. Each 1-125 Seed was con-
sidered to have passed the prototype test described if re-
movable activity was less than 0.005.C1i.

The four prototype tests and resulting experimental data are
described below. Seeds evaluated were of the models 6701
and 6711 configuration, with separate seeds evaluated in
each test procedure.

Prototype Seeds were calibrated in terms of "mCi comp.", a

measure of Seed output, using 3M-generated [-125 Seed standards.

After September 1, 1983, [-125 Seeds are calibrated in terms
of "apparent activity in mCi", using [-125 Seed standards
provided by the National Bureau of Standards. This value also
describes Seed output. The difference between "mCi comp.”

and "apparent activity in mCi" is 5%.

wn
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PREPARATION OF "“SOAK TEST™ SOLUTION FOR PROTOTYPE TESTS

This wash solution is approximately 0.01M Nal, 0.01 M NaOH, and has a
detergent to solution ratio of 1:200. To prepare 20 liters, follow the
procedures below. In addition, follow all normal chemical laboratory
safety procedures. Be sure to wear a lab coat, latex gloves, and safety
glasses, and do all work in a well-ventilated area.

a) Weigh out 30.0 + . 0 grams of sodium jodide (Nal). Transfer the Nal
to a 20-Titer container.
b) Weigh out 8.0 + .3 grams of sodium hydroxide (NaOH). Transfer the
NaOH to a graduated cylinder.
¢) To the NaOH in the graduated cylinder, add 100 + 5 m1 of "Mr. Clean"
liquid detergent.
d) Transfer the NaOH/"Mr. Clean" solution to the 20-liter cortainer.
e) Dilute the mixture in the 20-1iter container with distilled or de-
ionized water to a total volume of 20 liters.
f) Mix the contents of the container.
Formula: 0.01M Nal = 1.5 g/liter
0.01M NaOH = 0.4 g/liter
0.5% detergent = 5 ml/liter




(iv) For devices containing byproduct material, the radiation
profile of the prototype device.

Dose rates for 1-125 Seeds, models 6701, 6702 and 6711, have
been determined on the basis of data gathered for the models
6701 and 6702 seeds, inasmuch as the output activities for

all models are measured in "mCi comp.". Specifically, maximum
radiation levels were measured at 5 and 30 c¢m from the ex-
ternal surface of the source, as described below.

Films (Kodak Type I1) were contained within plastic holders
(2-1/4 by 3/4") during exposure. Background radiation was maime
tained at <1* of the film exposure with appropriate radiation
shielding. Two films were added as a control to measure backe-
ground radiation levels and to check the manufacturer's film
developing process.

Six (6) 1-125 Seeds, ranging in activity from 0.30 mCi comp.*
to 19.25 mCi comp., were used to ascertain exposure at 5 cm.
Four (4) seeds (3.29 to 19.25 mCi comp.) were used to measure
exposure at 30 cm. Exposure times ranged from 0.4 to 43 hours.
Exposed films were developed and read by R, S. Landauer, Jr.

& Company (Glenwood Science Park, Glenwood, I11inois). Results
of these measurements, tabulated below, were corrected to
Average Dose Rate (in mr/hr.mCi) and averaged. An accuracy

of + 15% was assured by the testing laboratory.

Distance from source Average dose rate
5 cm 25 mr/hr-mCi
30 cm 0.53 mr/hr mCi

On the basis of these data, the following dose rates can be
expected for [-125 Seeds of minimum (0.1 mCi comp.) and maximum
(40 mCi comp.) activity.

Average dose rates (mr/hr)

[-125 Seed activity at 5 cm at 30 cm
0.1 mCi comp. 2.5 0.053
40 mCi comp. 1000 21.2

*See discussion of "mCi comp." on page 129.



(v)

Details of quality control procedures to assure that production
sources and devices meet the standards of the design and proto-
type tests.

A1l model 6702 and 6711 [-125 Seeds are subjected to

quality control tests prior to their transfer to a licensed
recipient. In-process tests include the following procedures,
which are described in detail on the following pages.

Sample
Procedure name size Specification
Visual inspection 100% Uniform welds, no holes.
Seed length 4.20-4.80 mm.
Seed diameter 0.77-0.96 mm.
Initial leak test 100% <0.005 ¢ Ci removable radio-
activity.
Second leak test and 100% <0.005 .Ci removable radio-
autoclave activity

Assay for radioactivity 100% >0.10 mCi comp. I1-125
activity

Any 1-125 Seeds not meeting the specifications described above
are rejected.

Control tests, in addition to those listed above, are performed
as a final quality control check. These tests include the
following procedures.

Sample
Procedure name size Specification
Final leak test 100% <0.005% uCi removable radio-

activity.

Visual inspection According to Length and width as speci-
Mil. Std. 105*, fied above.
Level 11, AQL
0.15

According to Uniform welds, no holes
Mil. Std. 105,

Level II, AQL

1.0

*A copy of Mil. Std. 105 is presented as Appendix A to this submission.
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IN-PROCESS 1-125 SEED INSPECTION PROCEDURE

MATERIALS/EQUIPMENT
Welded [-125 Seeds In-Process Labels
Forceps Shell Labels
Diameter Gauge Lead Pigs
Length Gauges Funnels
Glass vials Glove Box

CAUTION: 1-125 Seeds and vials of seeds must be handled with forceps.
1-125 SEED INSPECTION

Before starting inspection, check glove box to assure that there
are no seeds from previous lot. Attach in-process label to outside
surface of glove box, indicating date, status, and lot number of
seeds to be inspected.

2. Check I1-125 seeds in length gauges; place short seeds into a reject
container and place long seeds into a reweld container.

3. Check 1-125 seeds in diameter gauge and place diameter rejects into
a diameter reject container,

4. Visually examine accepted seeds for quality of welds. Place visual
rejects into a visual reject container.

5. Place accepted seeds into clean glass vials inside lead pigs and
cover,

6. Discard rejected seeds in an appropriate container,
7. Transfer accepted seeds to "clean and leak test" box.

8. Record quantity of seeds rejected and accepted.
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1-125 SEED CLEANING AND INITIAL LEAK TEST PROCEDURE

MATERIALS/EQUIPMENT
Welded Seeds Pipet & Pipet Tips
Ultrasonic Bath Liquid Waste Container (CaSO4)
Vial Holding Racks Solid Waste Container
Lead Pigs Forceps- Vials
GM Probe/Meter Clean Vials
LiquiJd Waste/Vacuum System Cleaning Solution (page 141A)
Erlenmeyer Flask Oxford Dispenser
Glove Box Funnels

CAUTION: 1-125 Seeds and vials of seeds must be handled with forceps.

NOTE: 1) Before starting cleaning and leak testing, check glove box to

make sure there are no seeds from previous lot. Also, attach
in-process label to glove box indicating date, status, lot
number of seeds.

2) Using an 1-125 standard solution, check efficiency of GM probe.

[-125 SEED CLEANING

1.
&
3.

Add cleaning solution to each vial of seeds (up to 50 seeds per vial).
Place vials of seeds in ultrasonic bath for minimum of 15 minutes.

Remove vials of seeds from ultrasonic bath and draw off cleaning
solution into hot waste flask.

[-125 SEED LEAK TEST #1

Ko
e
3.

Add cleaning solution to each vial of seeds.
Place vials in ultrasonic bath for 15-30 minutes.

Remove one vial at a time from bath and transfer solution in vial to
clean vial using pipet.

Assay solution in vial to determine if vial contains >0.005.Ci I-125
activity (which indicates a leaker).

Draw off sclution into hot waste flask and place assay vial into solid
waste container.
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PREPARATION OF SOLUTION FOR 1-125 SEED CLEANING & LEAK TESTING

This solution consists of 0.01M sodium hydroxide, 0.1M sodium thiosulfate,
and 0.1% by weight of Pluronic F-68 detergent. To prepare 20 liters,
follow the procedures below. In addition, follow all normal chemical
laboratory safety procedures; Wear a lab coat, latext gloves, and safety
glasses, and perform all work in a well-ventilated area.

a) Add deionized water to a 20 liter plastic container until it is half
full,

b) Weigh 8.0 jrams (+ 0.3 grams) of sodium hydroxide on a balance and
transfer to the container.

c) Weigh 316 grams (+ 4 grams) of anhydrous sodium thiosulfate on a
balance and transfer to the container,

d) Weigh 20 grams (+ 0.5 grams) of Pluronic F-68 detergent powder on a
balance and transfer to the container.

e) Swirl the solution in the container to mix ingredients.

f) Fi11 the container with deionized water to the 20 liter mark and mix
by swirling the solution.

g) Observe the clarity and color of the solution. It should be transparent
and colorless.

h) Label the container with the Lot Number and manufacturin% date of the
solution. The solution has an expiration date of three (3) months
from time of manufacturing.

141A
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IN-PROCESS 1-125 SEED LEAK TEST #2 AND AUTOCLAVE PROCEDURE

MATERIALS/EQUIPMENT
Ultrasonic Bath(2) Liquid Waste Container (CaSO4)
Autoclave Solid Waste Container
Vial Holding Racks Forceps - Vials
Leak Pigs Clean Vials
Low Energy Gamma (LEG) Probe(2) Cleaning Solution (page 141A)
Mini-scaler (2) Oxford Dispenser
Liquid Waste/Vacuum System Funnels
Erlenmeyer Flask Pipet & Pipet Tips
Glove Box Poly Bottle
Welded Seeds D.I. Water

CAUTION: 1) I-125 Seeds and vials of seeds must be handled with forceps.
2) Surface of autoclave in thermally hot when operating. Do not
touch.

NOTE: 1) Before starting leak testing and autoclaving procedure, check
glove box to make sure there are no seeds from previous lot.
Also, attach in-process label to glove box indicating date,
status, lot number of seeds.
2) Using an 1-125 standard solution, check efficiency of LEG probe
weekly and record results in log book.

[-125 SEED LEAK TEST #2

1. Place up to 50 seeds into a vial and add cleaning solution.
2. Place vials in ultrasonic bath for 15-30 minutes.

3. Remove one vial at a time from bath and transfer solution in vial to
a clean vial, using a pipet.

4. Assay solution in vial to determine if vial contains >0.005 .Ci 1-12%
activity (which indicates a leaker),

5. Draw off solution into hot waste flask and place assay vial into solid
waste container,

6. Place vials containing non-leaking seeds into OK rack and vials con-
taining leaking seeds into a leaker rack.
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1-125 SEED ASSAY-CALIBRATION PROCEDURE

MATERIALS/EQUIPMENT
Cabintec CRC-7R Radioisotope NBS [-125 Seed
Calibrator Standards
Seed holding "wand" [-125 Seeds For Assay
Storage Cabinet Am-241 Check Source
Forceps Lead Pigs
Lead Filled Gloves Safety Gloves
Labels

CAUTION: 1) Handle [-125 Seeds and vials of Seeds with forceps.

2) Wear Lead filled gloves and sa2”ety glasses.

3) Perform all assay work behind L-Block.

ASSAY PROCEDURE

1.

Switch Capintec "on" 24 hours prior to initial assay session and
allow unit to remain on continuously.

Set "zero" and "background" reading to 00.00 on the digital display.

Insert Am-241 check source into the Capintec ionization well and
record digital reading. Ensure that the reading falls within +/-
1% of the designated value. Remove check source.

insert the correct 1-125 Seed Standard* into the "wand". Insert
the wand into the Capintec ionization well, and record the digital
"mCi" reading. Ensure that the reading falls within +/- 2% of
the Seed's current value cbtained from a decay table. Remove
Standard Seed.

Place a Seed to be assayed into the wand. Insert the wand into
the Cerintec ionization well. Observe the digital "mCi" reading.

Dump the assayed Seed from the wand into one of several lead pigs
identified with different millicurie activity ranges.
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7. Repeat Steps 5 & 6 until all Seeds have been assayed.

8. Count Seeds in each of the activity ranges and record this infor-
mation on labels affixed to the lead pigs.

9. Place lead pigs into the inventory cabinet.

*NBS Standards exist for Model 6702 and 6711 [-125 Seeds. Standards
and Seeds to be assayed must be of the same Model.
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Q.C. 1-125 SEED FINAL LEAK TEST PROCEDURE

MATERIALS/EQUIPMENT
L-Block Cleaning Solution (page 141A)
Forceps Distilled Water
Clean Vials Lead Pigs
Ultrasonic Bath Vial Holder
Mini-Scaler Leak Hand Gloves
Low Energy Gamma (LEG) Probe Safety Glasses
[-125 Seeds
CAUTION: 1) 1-125 Seeds and vials of seeds must be handled with forceps.

]

2) Lead hand gloves and safety glasses must be worn when working
at this station.

3) A1l work is performed behind L-Block in fume hood.

NOTE: Using an [-125 standard, check efficiency of counting system

prior to each le2k test and record results in log book.

FINAL LEAK TEST PROCEDURE

Place seeds (not more than 500) into glass vial and immerse with
cleaning solution and allow to soak overnight.

Place vial of seeds into ultrasonic bath for not more than 10 minutes.

Remove vial of seeds from bath and transfer solution in vial to clean
vials.

Assay solution in vials to determine if vial contains >0.005 .Ci [-125
activity (which indicates a leaker). If a leaker is detected, that vial
is quarantined until it is sorted and defective seed(s) are removed.

The balance of the seeds are again subjected to the leak test.

Record assay results,

Rinse 1-125 Seeds in vials with distilled water and acetone and then
dry.

Place dry seeds in a vial in lead container and label with in-process
label.



Q.C. 1-125 SEED INSPECTION PROCEDURE

MATERIALS/EQUIPMENT
Welded 1-125 Seeds 1n=Process labels
Forceps Clean Vials
Diameter Gauge L-Block
Length Gauge - Go/NoGo Lead Pigs
Magnifying Lens Funnels

Lead Gloves

CAUTION: 1-125 Seeds and vials of seeds must be handled with forceps.

[-125 SEED MAJOR DEFECT INSPECTION (Mil. Std. 105, Level 1I, AQL 0.15)

1.

-

3.

Check 1-125 Seeds in length gauge; place defective seeds into a reject
container.

Check 1-125 Seeds in diameter gauge and place defective seeds into
the same reject container.

Count the total number of defective seeds. If this number is greater
than allowed by the sampling plan, reject the lot of seeds to pro-
duction for corrective action.

1-125 SEED MINOR DEFECT INSPECTION (Mil. Std. 105, Level II, AQL 1.0)

¥a

3.
4.

Visually examine seeds using magnifying lens for quality of welds.
“lace visual defects into a reject container. Count the total
number of defective seeds. If this number is greater than allowed
by the sampling plan, reject the 1ot of seeds to production for
corrective action.

Place accepted seeds into vial and return to production for assay.

Record quantity of seeds acceptable and defective.
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(vi) Procedures and Standards for calibrating sources and devices.

1-125 SEED STANDARDS

Model 6702 and 6711 Seed Standards are obtained from the National Bureau
of Standards (NBS) at approximately six (6) month intervals. Calibration
15 stated in terms of exposure rate at one meter transverse to the axis
of the Seed corrected for attenuation in air.

We convert exposure rate values to "apparent activity in millicurie”
values using an exposure rate constant for [-'25 of 1.45 r c¢cm/h mCi as
found in C,A. Sondhaus, in MODERN INTERSTITIAL AND INTRACAVITARY AND
RADIATION CANCER MANAGEMENT, edited by Frederick W. George 1II, (Masson
Publishing USA, Inc., New York, 1982), Chapter 9, p. 89. The mCi values
represent "output" activity only and do not reflect 1-125 contained within
the Seeds. At present, source output is the relevant quantity used in
dosimetry calculations for [-125 Seed implants*.

For each Standard, a decay Table is generated by computer. The Tables
are posted near the Capintec CRC-7R assay instrument.

The Standards are stored in labeled lead pigs during their useful lives.

CALIBRATION INSTRUMENT/ASSAY METHOD

Production Model 6702 and 6711 [-125 Seeds are assayed in fixed
geometry using a Capintec CRC-7R Radioisotope Calibrator which has
been adjusted to conform to the mCi values of the NBS Seed Standards
(see p. 145 for the detailed assay procedure). The Calibrator uses
a deep well ionization chamber having inside dimensions of 26cm high
by 7¢m in diameter.

We studied the well to determine the geometrically insensitive locati.»
for an 1-125 Seed aligned vertically with the axis of the well. This
was done by glueing a strand of thread to one end of a Seed and by
raising the Seed at one (1) cm increments from the bottom of the well,
noting the digital output readings on the instrument. By utilizing

a plastic straw and circular cardboard cutouts, a four (4) cm distance
along the axis which produced a constant reading. We chose the center
of this plateau (about 9 cm from the well bottom) to position Production
Seeds for assay. This study was repeated several times with similar
results. An aluminum "wand" was fabricated to position Production
Seeds at this insensitive location within the well.

The linearity of the instrument was ascertained by following the decay

of Tc-99m and by comparing the observable decay with the calculated decay
using a 6.02 hour half-l1ife for the nuciide. Instrument linearity is
checked at least once yearly,
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We routinely use an Am-241 "constancy" check source in the ionization
well to insure that the instrum.at's output reading is constant from
day to day. This is a 14 mCi "window" source sealed in a welded
stainless steel capsule, 10 mm iong by 3 mm in diameter from Amersham,
Code AMC.24. We determined the geometrically insensitive location for
it along the axis of the well and fabricated a "wand" to hold it in
fixed position.

1-125 SEED CLASSIFICATION

Model 6711 1-125 Seeds are assayed and then classified into logarithmically-
arranged groups to allow for uniform decay accounting methods based on
seven-day time increments. The activity ranges specified below are an
example of typical ranges calculated in this manner.

Activity Range (mCi)

1.05+ -
.97 - 1.04
.89 - .96
82 - .88
76 - .8
W I |
.65 - .69
B0 = B4
5% = 99
81 - .54
.47 - .50
.43 - .46
.40 - .42
37 = 39
34 - .3
31 = .33

Model 6702 1-125 Seeds are assayed as described, and grouped into
activity ranges specified by the user.

*It is recognized that "apparent activity" and the exposure rate
constant are dummy variables which are eventually factored out in
absorbed dose calculations., It is also realized that there is a
trend toward source strength specification in terms of exposure rate
or absorbed dose rate at a certain distance from the source. Never-
the-less, to permit continued use of existin? dosimetry protocols, we
decided to adopt the convention "apparent millicurie", at least for
the present. Modification of this description of Seed strength will be
considered as warranted by future development in various aspects of
medical physics relative to brachytherapy dosimetry.
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(vii)

Legend and methods for labeling sources and devices as to their
radioactive content.

Because of the small size of [-125 Seeds, it is not possible
to label each source as to its radioactive content, [-125
Seeds supplied as a group of seeds with an assay within a
stated range on the assay date, are packaged in 1 1 dram,
screw cap glass vial, onto which is affixed a lapel stating
radioactive content, a sample of which is attached below.
This label displays the caution symbol and is printed in
colors to comply with the provisions of 10 CFR 32.72 and

10 CFR 20.203.

1125 Seeds  IM
(lodine-125)
Cautien: Radisactive Material

Acparent Acthvity Range ]
Towl Agparant Acowty
AssayDae

No. of Seeds




(viii)

Instructions for handling and storing the source or device
from the radiation safety standpoint; these instructions are
to be included on a durable label attached to the source or
device or attached to a permanent storage container for the
source or device; provided, that instructions which >re too
lengthy for such label may be summarized on the label and
printed in detail on a brochure which is referenced on the
label.

The labeled vial containing [-125 Seeds is placed in a lead
storage/shipping container, a schematic diagram for which is
presented on pages 155 as Figures 4-4, Instructions for
handling and storing the [-125 Seeds are summarized on a labe

]

affixed to the lead containers, samples of which are presented

below for the models 6702 and 6711. These labels display the
caution symbol and are printed in colors to comply with the
pro. sions of 10 CFR 32.72 and 10 CFR 20.203. Detailed
instructions for handling and storing seeds are presented in

the [-125 Seed package inserts which are referenced on the lead

container label. One copy of the appropriate package insert
supplied for each vial of [-125 Seeds in a shipment. Copies
of the three package inserts are presented on pages 165-174 o
this submission.
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I-125 Seeds 3M
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The labeled lead container is then placed in 2 U.S.A. DOT 7A,
Type A cardboard shipping container, lined with styrofoam.

One certificaiion sheet (page 175), the appropriate number of
package inserts, and a WARNING statement about Seed handling

(presented below) are included with each shipment, and the box
15 sealed with suitable packaging tape.

=

Warning:

v
Do not force 1-125 seeds into (or out of) any implant
tube, needle, or cartridge. Doing so may damage the
wall or end welds of the seed potentially causing
release of 1-125 into body fluids if the seed is
implanted. If an 1-125 seed has been visibly damaged
in any way, discard it immediately to radioactive waste
and check the area for ~nntamination. Under no
circumstances should a visibly damaged seed
be implanted

34-7018-0734-4

A

The sealed shipping carton, identified with the phrases "U.S.A.
DOT 7A Type A" and "Radiocactive Material N.0.S.", is then
labeled with the label attached below.




[-125 Seeds are used for the interstitial treatment of cancers
and, as such, are placed directly into the tumor to be irra-
diated. The placement of [-125 Seeds in tissue, which takes
place in a surgery, is facilitated by the use of one of several
commercially-available implant tools. These implanters are
used solely for source plazement and are not designed either

to store or to hold I-125 Seeds, as is the case with conven-
tional applicators and cesium-137 sources. Instructions for
handling and storing the 1-125 Seeds are presented in the
package inserts for the product (pages 165-174),

160
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1-125 SeedS

.
Description
125 Saac. $870 .2 consist of a welded titanium capsule containing
fogine- 123 adsord : an anion exchange resin spheres
2% 199307004
N oM eitange 08w
el
2 8mm
Physical Characteristics

logine-125 has a halt-iite of 60 2 cays and decays by electron

zapture with the Mﬂss on of charactenstic photons and Auger
glectrons The electrons are absorbed by the titanium wail of
the 1-128 Seed The principal photon emissions are 27 4 and
35 5 xeV x-rays and a 35 § keV gamma

- e physical decay of lodire- 125 the decay factors
§ atter the 3ssay date are shown in the table below

Decay Chart lodine- 125 Half Lite 60 2 Days

yrr@ast bar thg

3! seecleq day

Decay Oecay
Days Factor Days Factor
1000 36 0861
0977 38 ) 646
2955 40 263
2933 42 0817
0912 44 0603
1891 48 0589
187 48 0375
; 0851 S0 Q562
- 3832 52 0 550
38'3 54 053r
94 58 0525
JI76 S8 0§13
1789 80 0501
0ay 82 0480
34 B4 0479
) 708 86 0 468
1892 68 0 4s7
16786 70 0447
Radiation Protection
Tre m3'ia e tnckness of lead for lodine-125i8 0 025 mm. Thus. a

o~ -

g.28 ©eadsneat wili provide > 99% reduction in exposure

Actions

-128 Zeens emit 27 4 ana 355 keV x-rays and a 35 5 keV

gar ma The clinical efficacy of the sources derives solely from
1@ rteraction 0f these 10nizing radiations with the tissue being
trzated

wose gistrioutl'o

3N901rapy sShou

on around each individual seed is not isotropic. This
be includgea in dose distribution calculations
Trarium encapsulation assures good tissue compatibility and
re5.18 " atotal self-apsorption of approximately 16%

Indications

-125 Seeds are ngicated for interstitial treatment of tumors which
nave the following characteristics unresectable, localized, and
maoderate ragiosensitivity
-125 Seeds may te used tor selected radiation applications as
removabie mplants

125 Seeds are indicated to treat residual tumors following
compielon of a course of external radiation therapy. In addition
recurrent tumors may be impiantes with 1-125 Seeds

Contraindications

As with other brachytherapy sources, treatment of tumors in
generally poor condition (eg, u'cerated) 1s not recommended with
1-125 Seeds

Warnings
The [.125 Seed titaniu

m capsuie has excelient
resistance bulitis attacked Dy concentrated hydrochicr

3

cOrrosi.on

1:125 Seeds nave been designed not to be used n a concer!s

HMCl environment

Precautions

Preparation for Use/ Sterilization

<1235 Seeds are radinactive and aporopr ate orecau’
taxen when nangling these sources All s
procedure snhould be planned in advance *
exposure to personnel consistent with put
Personnei monitoring is required for ing@iviaua
Seeds A tiim padge or TLD dosimeter w
nangling aring badge will provide adequate

R -

5780 @

1125 Seeds are provided in a glass vial whicn srou @ e

maintained in a lead vial container for s
seeds within the nospitai premises an a
agequate shieiding should be used

storage fenpr g

Mt

All manipulations involving 1-125 Seeds shouic c& c 3~ &a

pehingd shigiding of such size and thickness as w  ac
CONTACT WITH TwE
1-125 Seeqs she

shieid the operator DIRECT

SHOULD BE AVOIDED In agdition

DS £

nanaled only with forceps, with as much distarce as ¢ act ca
petween scurces and the operator |-125 SEEDS SHOULD

BE PICKED UP WITH THE HANDS

“

A'8C

1.125 Seeds are NOT sterile when shipped and as sucr ™ st re

sterilized with steam (autociave) or ethylene ox.¢e | E C
implantation. Regardiess of the method selectes -

should be placed in an adequately shieidec conta - .. et

placement in the sterilization chamber Marip
prior to or follow:ng sterilization should be carrec 2.t oe

shielding of such size and thickness as will adeguate « s & 0 *=a
operator In addition, 1125 Seeds should be handieg o
forceps. with as much distance as practical betweer source
the operator. Autociaves should be equipped with traps -
means to prevent seed (0ss through the drain hoie

1-125 Seeds have been designed to withstand normal a.,

temperature and pressure vanations from 121
138° C at 35 psi 1-125 SEEDS ARE NOT INTENDED

STERILIZED USING DRY HEAT AND SHOULD NOT
SUBJECTED TO TEMPERATURES AND PRESSU GE

Ca"=

~
P,
BE
cc
=

EXCESS OF THESE LIMITS (138" Cand 35 ps

1-125 Seeds shouid be autoclaved in bulk or ngdividuall,
appropriate containers of autociave-compatible mater 3 ¢
materiais inciude stainiess steel. giass nylon anrg tetior
Seeds may also be autociaved in selccted accessor es 1o
commerically-available implant tools Among trese acces
are the stainiess steel cartridge of the Mick applicator ang 2
olders with Harg
and Scott applicators. When in doubt about the cremcal ~a'.
of these seed holders. either sterilize the materas w itna-, «
oxide or autociave a sample of the materials containing 2.

and nylon and teflon tubing used as seed "o

seeds pefore attemptin

OTHER PLASTIC CONTAINERS

to load with radioactive seed
AUTOCLAVE 1-125 SEEDS IN PLASTIC TUBING ©

Do

-

=5

~ NN

Although 1,125 Seeds have a high structural integrity t 8 poss © o«
through rough handling, high temperatures or crushing 'n
seed cculd leak or be ruptured. If such a rare occurrence

nappen. the area should be closed off the seeds package
sealed container and the area decontaminated Decortam »

3

can be confirmed by taking “wipe samples of the mmeqg ate

Personnel movement should be controlled to avoid spread |

radioactive contaminatiocn Whenever a source s damage
personnel working in the area should undergo a thyroid sc

assure that they have not been contaminated by ¢

or inhalation of lodine-125

ontact
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Description

1-125 Seeds 6711 consist of a welded titanium capsule containing
jodine-125 adsorbed onto a silver rod

1~129 adsorbed

An wliver rod 008 mm

ngmym

n
0 8mm | L %b'_%gm

\ L
‘ ' L——SOmm——-—." |

| Se— [ B T —
Physical Characteristics
lodine-125 has a half-life of 60 2 days and decays by electron
capture with the emission of characteristic x-rays and Auger
electrons. The electrons are absorbed by the titanium wall of the
I-125 Seed The principal radiation emissions are x-rays of 27 .4
keV and 355 keV

To correct for the physical decay of lodine- 125, the decay factors
at selected days after the assay date are shown in the table below
Decay Chart lodine- 125 Mait Lite 80 2 Days

Dwcay Decay

Days Factor  Days Factor
0 1000 36 0661

P4 0977 38 0 646

4 0955 40 o6

6 0933 42 0617

8 0912 44 0603

10 0891 48 0589
12 0871 48 0578
i 0851 5C 0562
16 0832 s2 0.550
18 0813 54 0537
20 0794 56 0.525
22 0776 S8 0513
24 0759 60 0.501
26 07 62 0 480
28 0724 64 0479
30 0708 66 0468
32 0692 68 0.457
34 0676 70 0447

Radiation Protection

The half value thickness of lead for iodine- 125 1s 0.025 mm. Thus, a
0.25 mm lead sheet will provide > 99% reduction in exposure

Actions

1-125 Seeds emit x-rays of 27 4 and 35.5 keV. The clinical efficacy
of the sources derives solely from the interaction of these ionizing
radiations with the tissue being treated.

Dose distribution around each individual seed is not isotropic. This
anisolropy should be included in dose distribution calculations

Titanium encapsulation assures good tissue compatibility, and
together with the silver rod, resuits in a totai self-absorption of
approximately 35%

Indications
1-125 Seeds with apparent activities from 0.1 to 1.0 mCi are
ingicated for interstitial treatment of tumors which have the
following characteristics unresectable localized, siow growth
rate. and low to moderate radiosensitivity Seeds in this
agparent activity range may be used to treat superficial,
intraabdominal, and intrathoracic tumors. Tumors of the hewd,
neck. lung, pancreas. and prostate (early stages) are commonly
treated

125 Seeds with total apparent activities greater than 10 mCi
are indicated for interstitial treatment of tumors which have the
following characteristics. unresectable, localized, and moderate
radiosensitivity These seeds may be used for selected
radiation applications as removable implants
I-125 Seeds are indicated to treat residual tumors following
completion of a course of @ ernal radiation therapy. In addition,
recurrent tumors may be implanted with i-125 Seeds

Contraindications

As with other brachytherapy sources, treatment of tumors in
generally poor condition (e g ulcerated) s not recommended with
1125 Seeds '

Warnings

The |-125 Seed titanium capsule has < xcellent corrosion
resistance, but it is attacked by concentrated hydrochloric acid
1-125 Seeds have been designed not to be used \n a concentrated
HCl environment

Precautions
Preparation for Use/Sterilization

1-125 Seeds are radioactive, and appropriate precautions must be
taken when handling these sources. All steps of the implantation
procedure should be planned in advance to minim:ze rad ation
exposure to personnel consistent with published exposure Iimits ?

Personnel monitoring 18 required for indviduals working with 1.125
Seeds. A film badge or TLD dosimeter worn on the body anda. for
handling, a ring badge will provide adequate monitoring

1125 Seeds are provided in a glass vial which should be
maintained in a lead vial container for storage. When transporting
seeds within the hospital premises, an appropriate carrier with
adequate shielding should be used

Ali manipulations invoiving I-125 Seeds should be carried out
behind shielding of such size and thickness as will adequately
shield the operator. DIRECT CONTACT WITH THE SOQURCES
SHOULD BE AVOIDED. In addition, |-125 Seeds should be
handled only with forceps, with as much distance as practical
between sources and the operator. |1-125 SEEDS SHOULD NOT
BE PICKED UP WITH THE HANDS

1-125 Seeds are NOT sterile when shipped and as such must be
sterilized with steam (autoclave) or ethylene oxide (EQ) before
implantation. Regardless of the method selected I-125 Seeds
should be placed in an adequately shieided container prior to
placement in the sterilization chamber, Manipulation of the seeds
prior to or following sterilization should be carried out behind
shielding of such size and thickness as will agequately shieid the
operator. In addition, |-125 Seeds should be handled only with
forceps, with as much distance as practical between sources and
the operator. Autoclaves shouid be equipped with traps or other
means to prevent seed loss through the drain hole

1-125 Seeds have been design« ) withstand normal autoc/ave
temperature and pressure var.._..ons from 121" Cat 15 ps to
138° C at 35 psi. 1-125 SEEDS ARE NOT INTENDED TO BE
STERILIZED USING DRY HEAT AND SHOULD NOT BE
SUBJECTED TO TEMPERATURES AND PRESSURES IN
EXCESS OF THESE LIMITS (138° C and 35 ps/)

1-125 Seeds should be autoclaved in bulk or individually in
appropriate containers of autoclave-compatibie materials These
materials include stainiess steel. glass nylon and Tefion 1125
Seeds may also be autoclaved in selected accessories 1o
commericaliy-available implant tools. Among these accessores
are the stainless steel cartridge of the Mick applicator and gun
and nylon and Teflon tubing used as seed holders with Henschke
and Scott applicators. When in doubt about the chermical nature
of these seed holders. either sterilize the materials with etnyleng
oxide or autociave a sample of the materials containing dummy
seeds before attempting to load with radioactive seeds DO NOT
AUTOCLAVE I-125 SEEDS IN PLASTIC TUBING OR OTHER
PLASTIC CONTAINERS

Although 1-125 Seeds have a high structural integrity, it s possible
through rough handling, high temperatures, or crushing, thata
seed could leak or be ruptured. If such arare occurrence does
happen, the area should be closed off the seeds packaged nto a
sealed container, and the area decontaminated Decontamiration
can be confirmed by taking ‘wipe samples of the mmea ate area
Personnel movement should be controlled to avoid spread of ar,
radiocactive contamination. Whenever a sou:ce s damagec
personnel working in the area should undergo a thyroid scan 'o
assure that they have not been contaminatea by contact. ngestion
or inhalation of 1odine-125 169
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Medical Products Division 3M

3M Center
St Paul. Minnesota 55144
612/733 1110

January 11, 1983

U. S. Nuclear Regulatory Commission
License Management Branch

S Division of Fuel Cycle and Material Safety
Washington, D. C. 20555
Attention: Joseph DelMedico
Re: Materials License No. 22-00057-59 MD

Dear Mr, DelMedico:

This letter is to advise you of changes that we plan to ma

in the quality control procedure for [-125 Seeds, 3M Models
6701, 6702, and €711, listed on Materials License No. 22-00057-
59 MD, amendment 04. These changes necessarily apply to model
6720, since it is a device incorporating model 6701 or 6711
[-125 Seeds. Specifically, these changes represent a revised
procedure for calibrating [-125 Seeds, with a concommitant
change in the nomenclature used to describe seed radioactivity.

The assay procedure described in previous license amendment
applications consisted of using a Victoreen condensor-R-meter
from which 3M primary [-125 Seeds standards were prepared for
the routine calibration of production assay equipment. This
procedure represented the state-of-the-art at that time, cdue

to the unavailability of an appropriate [-125 Seed standard from
the National Bureau of Standards (NBS).

The desirability of having an [-125 Seed standardized oy the IS
and manageable nomenclature was apparent. To this end, wa lave
been collaborating for the past three years with NES in a
standards development program. As a result, now avaiiable to

us are appropriate NBS standards for our three [-125 Seeds sources.

These NBS-generated, standardized sources enable us to improve
the calibration of assay equipment, thereby improving the assay
of the products. An additional benefit is an improvement in the
nomenctature used to describe the strength of the source. The
term "millicuries/Compensated”, currently used to describe seed
output, will be replaced by a more descriptive and less confusing
term, "apparent activity in millicuries." These revisions are
described in detail in the following attachments to this letter,

OFF.OF
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Joseph DelMedico ‘
January 11, 1983
Page 2

which revise items 2(vi), 2(vii), and 2(viii), of the files dated
July 26, 1979, July 29, 1980 and May 1, 1981 for [-125 Seeds 6701
and 6702, 6711, and 6720 respectively:

Attachment A - Procedures and Standards for Calibrating Sources
and Devices, plus Appendix C.

Attachment B - Legend and Method for Labeling Sources and Devices.

Attachment C - [nstructions for Handling and Storing the Source
and Device.

These changes in the calibration procedure and nomernclature in no
way alter the composition of the products, their radioactive
strength (i.e. millicurie content), or recommended handling of
these products. Indeed, they advance the state-of-the-art for
health care professionals using [-125 Seeds, by providing them
with a clearer representation of each source's radioactivity.

We feel that the benefits afforded the user by these changes are
significant and, as such, we would appreciate your expeditious
review of this submission. OQur plans are to implement these
changes during the second quarter of 1983,

[f you have any questions regarding the information presented
herein, please feel free to contact me (612/733-6421),

Sincerely yours,

A Buaks

Jacquelyn D. Bush

Supervisor, Regulatory Affairs
Medical Products Division/3M
3M Center, Bldg. 270-4A-05

St. Paul, Minnesota 55144

JOB/CWO/tmf

Attachments
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Attachment A
(vi) Procedures and Standards for

Calibrating Sources and Devices
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(vi)

Procedures and Standards for calibrating sources and devices.

Each model No. 6701, 6702, and 6711 1-125 Seed is assayed using

a meter equipped with either a sodium iodide (well) crystal or

a plastic scintillation crystal or by using a standard isotope
calibrator (such as marketed by Searle ard RADX) having a

well re-entrant ionization chamber. When using the well sodium
iodide crystal or the well ionization chamber, the [-125 Seed is
centrally positioned in a fixed geometry within the well. lhen
using the plastic scintillation crystal, the Seed is positioned in
a fixed geometry with its long axis par 1lel to the internal

face of a slot machined within the plastic crystal.

These assay systems are calibrated using three (3) [-125 Seed
standards which bracket the activity range of the [-125 Seeds
being assayed. At least one of the seed standards is a 3M
orimary standard calibrated by the National Bureau of Standards
(NBS). The others are 3M secondary standards prepared by us
from the primary one. Preparation, maintenance and use of the
[-125 Seed standards is described in Appendix C.

The [-125 Seeds are assayed and then classified into
logarithmically-arranged groups to allow for uniform
accounting methods based on seven-day time increments. The
activity ranges specified below are an example of typical
ranges calculated in this manner.

Apparent Activity Range in mCi

1.05+
.97 - 1.04
.89 - .96
.82 - .88
.76 - .8
g0 - 75
.65 - .69
.60 - .64
.58 « .59
51 - .54
- 47 - .50
43 - .46
.40 - .42
3T = .39
.34 - .36
31 - .33

Revised 12/17/82



These ranges are based on the arithmetic mode
selling range of 0.55 - 0.59 mCi. These activity
ranges can be ordered to correspond to a different
arithmetic mode as required by the customer, [-125
Seeds with activities greater than 1.05 mCi are
similarily grouped into selected ranges.

The phrase "apparent activity in millicuries" is
meant to convey source output rather than activity
contained within the titanium capsule of the [-125
Seed. At present, source output is the relevant
quantity used in dosimetry calculations for [-125
Seed implants.

Revised 12/17/82



Appendix C

Procedures and Standards for Calibrating [-125 Seeds
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Preparation
Maintenance and Use of [-125 Seed Calibration

Sources

Primary 1-125 Seed Standards

[-125 Seed standards are maintained for cross-calibration
and assay of Production Seeds at the New Brighton manufac-
turing facility. A standard set consists of three (3) [-125
Seeds, selected 1in such a manner so as to represent

normal activity ranges for Seeds being sold.

Two (2) 1-125 Seeds (A and B) are submitted to the NBS for
calibration every six months. At the time of this
calibration, seed A occupies the highest activity position
of the bracketed range. It is used as it decays, passing
from position No. 1 through lower activity positions

no. 2 and 3 until it decays below the bracketed range at

the beginning of the fourth month., At this time NBS seed
standard B assumes position no. 1, following the same decay
route until it is replaced with another seed A on a new set
of NBS standards at the beginning of the seventh month,

M secondary [-125 Seed standards are prepared from the 3M
primary NBS Seeds according to the procedure described
below, to fill positions not occupied by the primary seeds.
For example, when NBS standard A fills positions no. 1,
secondary standards will fill positions no. 2 and no. 3.

As standard A decays to position no. 2, secondary standard
no. 3 will drop from the bracketed range and a new
secondary standard is prepared to fill vacant position

no. 1.

A computer-generated decay chart is prepared for each
primary or secondary [-125 Seed standard to follow its
decay through the three positio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>