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APPLICATION FOR SPECIFIC LICENSE TO DISTRIBUTE
1-125 SEEDSR
Model 6711

The following is submitted as an amendment application for license
22-00057-59MD to distribute 1-125 SeedsR, model 6711, containing by-
product material to persons licensed pursuant to part 35.14 of 10 CFR

for use as listed in Group VI, Schedule A of part 35.100 of 10 CFR. The
source to be distributed under this license is described in the following
information, as specified in 10 CFR 32.74
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(1)

THE APPLICANT SATISFIES THE GENERAL REQUIREMENTS IN §30.33
IN THIS CHAPTER.

Reference is made to previous submissions pursuant to our issued
NRC Byproduct Meterial License 22-00057-06. All the requirements
of paragraph 30.33 have been satisfied under this license.
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(2)

THE APPLICANT SUBMITS SUFFICIENT INFORMATION REGARDING EACH TYPE
OF SOURCE OF DEVICE PERTINENT TO AN EVALUATION OF ITS RADIATION
SAFETY, INCLUDING:

(1)

The byproduct material contained, its chemical and physical

form .nd amount.
Byproduct material:

Chemical form:

Physical form:

Amount:

lodine~125
Silver iodide on a silver rod

Radioactive iodine-125 is affixed to the
silver rod coated with silver chloride by
simple ion exchange in aqueous spW'tion
of pH > 10, according to the w\‘k{ ‘tion,

silver rod/AgCl + %\6& —_>
silver roQ{t NaCl

fo]lowé&b‘J\three washes with acetone and

drying prior to placement within titanium
can.

Solid silver rod with adsorbed 1-125 and
hermetically sealed within a titanium can.

1-125 Seeds, model 6711, contain a maximum

of 62 mCi iodine-125 per source. Allowing

for attenuation by the silver rod and titanium
capsule of 35%, the maximum effective output
of the model 6711 is 40 millicuries of iodine-
125 (which is identified as 40 millicuries
compensated or 40 mCi comp.).
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(i1)

I~

Details of design and construction of the source or device.

A model 6711 1-125 Seed conswcts‘9{3~\cy11ndr1ca1 titanium
capsule containing a silver ro adsorbed lodine-12% and
welded at both ends. The erv rod serves to enhance the
visibility of the sourtjizi‘ rad1ograph A schematic dia-
gram of the model\&(ﬂ d is presented as Figure 1 below.

125 adserbed

on sliver rod 0.05 mm

titanium

0.8 mm @Y )] osmm

l_—' "N\:" '

3.0mm

45 mm -

FIGURE 1. Schematic diagram of 1-125 Seed, Model No. 671)

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

[-125 Seeds have been subje~ted to four prototype tests to
demonstrate that the sources maintain their integrity under
stresses of use and accidents. These proceuures are provided
for source evaluation under the following stress conditions,
along the lines of those suggested in NBS Handbook 126, ANSI
N 542-1977, Appendix C, and ANSI N44.1-1973: 1) autoclave,
2) impact, 3) percussion, and 4) bend.

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 ml of a wash solution (0.01M Nal, 0.01M NaOH, and liquid
detergent, preparation of which is described in Appendix A).

The vial was closed using a screw cap and allowed to stand at
ambient temperature for at least 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 iodide well crystal. Each [-125 Seed was con-
sidered to have passed the prototype test described if re-
movable activity was less than 0.005uCi.

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

The autoclave test duplicated the normal method used by
physicians to sterilize commercial 1-125 Seeds (models
6701 and 6702) prior to implantation. Each model 6711
[-125 Seed was placed into a 1 dram vial with a screw

cap positioned loosely on top. The vial was autoclaved
under normal conditions of 121° C and 15 psi for 30 min-
utes, then allowed to .ool to ambient temperature. A
soak test was performed on each seed, results of which
(tabulated below) indicate that 1-125 Seeds maintain their
integrity under normal autoclave conditions. This is the
most severe temperature to which the seeds will normally
be exposed,




TABLE 1. Results of Autoclave Testing of 1-125 Seeds,
Model 6711

Sample Activity Removable
No. Lot No. {mCi _comp.) activity

1 §3250-13  0.55 - 0.59 <2.0 x 10" 8uciw
2 §3250-13  0.55 - 0.59 <2.0 x 10" %uci
3 §3250-13  0.55 - 0.59 2.0 x 10" %uci

*Lower 1imit of detectability

B. Impact Test

Each 1-125 Seed was positioned above a 30-foot (9.1 meter)
length of hollow, 5/8" (inside diameter) conduit, con-
structed from 3-10 foot lengths coupled with metal con-
nectors. This was necessary to avoid loss of the small
(v1/4") sources. Each seed was then dropped vertically,
through the tubing, onto @ 13 x 10 x 1.3 cm thick steel
plate. Following the test, each seed was visually in-
spected for damage and then dropped into a 1 dram vial con-
taining 3 m1 of wash solution and then assayed for removable
radioactivity.

No damage to the seeds, such as bending or denting, was
obsorved., Data tabulated below indicate that the 1-125
Seeds maintain their integrity under the conditions of the
impact test.

TABLE 2. Results of Impact Testing of 1-125 Seeds,
Model 6711

Sample Activity Removable

_No. Lot No. (mCi_comp.) activity

1 53250-13  0.30 - 0.34 7.7 x 10" 8¢

2 5§3250-13 0.45 - 0.49 4.1 x 10”6;Ci

53250-13 0.65 - 0.69 5.4 x 10" °uCi

oned horizontally on a 1.5 cm
inum plate
]

CHEMm A i . - -
w.;../,)_‘rl,r,;. tj an d1‘q ¢
(diameter) stee

A 2.5 cn

£
pped vertically on the seed,




¢ positioned in the center of the impact circle, from a
(i height of 1 meter. Following each test, each seed was
- inspected for damage, then dropped into a 1 dram v.al con-
taining 3 m1 of wash solution, and assayed for removable
radioactivity.

Visual inspection indicated that the seed configuration was

altered significantly by the test. The source was flattened
evenly throughout the middle portion of its lengths, bulging
somewhat at the end welds. The end welds did not appear to

lose their integrity (i.e. separate from the titanium can),.

The crushed seed left an impression in the lead plate.

Data tabulated below indicate that the 1-125 Seeds maintain
their integrity under the conditions of the percussion test.

TABLE 3. Results of Percussion Testing of 1-125 Seeds,

Model 6711
Sample Activity Removable
No. Lot no. (mCi comg.{ activity
1 53250-13 0.55 - 0.59  <2.0 x 10" 8uci
2 §3250-13 0.55 - 0.59  <2.0 x 10~8uci
., §3250-13 0.55 - 0.59 5.8 x 10 %uci
. Bend Test

A bend test was performed on 1-125 Seeds, model 6711,
to determine source integrity urder use conditions,
inasmuch as reports from the field indicate a certain
likelihood that a seed could be bent by certain devices
used to implant them. The bend test procedure is
described below.

One end of each I-125 Seed was positioned in the jaws of a

4" long needle-nose pliers. A special groove (1/2 the dia-
meter of the seed) was cut into the jaws to facilitate hold-
ing the seed. The seed was inserted to half its length and
held in this position by gripping the handles of the pliers.
The other half of the seed was gripped with a similar pliers.
Both pliers were "backed off" to allow about 1 mm spacing
between jews.

Manipulating both pliers, the seed was bent to approximately
45°, This resulted in a bend in the middle ¢ the seed and
stretched the titanium tubing on the surface opposite the
bend. The bent seed was then placed into a 1 dram vial con-
taining 3 m1 of wash solution and assayed for removable radio-
activity according to the soak test procedure described

above.
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Data tabulated below indicate that the [1-125 Seeds maintain
their integrity under bend test conditions.

TABLE 4. Results of Bend Testing of !-125 Seeds,

Model 6711 -
Sample Activity Removal ;
No. Lot No. (mCi comp.) activity
! 53250-13 0.55 - 0.59 5.0 x 10°%uci
2 5325013 0.55 - 0.59 9.9 x 10" %,ci
3 53250-13 0.55 - 0.59  <2.0 x 10~ 8.ci

In addition to these prototype tests described above, non-
radioactive seeds (which were identical in structure to the 1-125
Seeds except for radioactlivity) were evaluated for structural
integrity at several temperatures to 1000° C, which would not

be encountered under normal use conditions. The test proce-
dures, including a description of the observations and test

data recorded at various high temperatures, are presented below.

High Temperature Test

Each non-radiocactive seed was placed into a covered ceramic

crucible, which was then placed into a furnace., Tempera-

tures were monitored using a Chromel-Alumel thermocouple

attached to a digital voltmeter. Seeds were heated to ¢
respective temperatures for one hour, removed from the

furnace, cooled, then observed, as summarized below.

600° C - The titanium can appeared to be porous, having
shiny end welds, and no change in shape. As the source
was bent in half 90°, the can did not break but sloughed

a dark gray ash-like material.

On the basis of similar temperature tests of radioactive
1-125 Seeds models 6701 and 6702 (submitted to NRC as part
of license amendment application, dated March 15, 1979), we
have observed that the structural integrity of the titanium
can is affected by this temperature, such that contained
1-125 has been lost to the atmosphere. Similarly, a leak in
the titanium can containing 1-125 adsorbed as silver iodide
would result in loss of t e radiocactive iodine, due either
to volatilization of iodine (IZ) or as silver iodide (Agl).

700° C - The seed appeared more porous, but no change in

shape occurred. The titanium can cracked as the seed was
bent 90°.




800° C - The seed resembled burned aluminum foil. No
change in shape occurred, but the titanfum can was easily
broken with applied pressure.

1000° C - Titanium can was pale yellow in color and fragile.

The silver wire had melted into a spherical shape and
attached to a fragment of the titanium.
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(iv) For devices containing byproduct material, the radiation
profile of the prototype device.

Dose rates for 1-125 Seeds, model 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 cm from the external surface
of the source, as described below.

Films (Kodak Type II) were contained within plastic holders
(2-1/4 by 3/4") during exposure. Background radiation was main-
tained at <1% of the film exposure with appropriate radiation
shielding. Two films were added as a control to me wure back-
ground radiation levels and to check the manufacture. '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, I1linois). Results
of these mcizurements, 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 1-125 Seeds of minimum (0.1 mCi comp.) and maximum
(40 mCi comp.) activity.

Average dose rates (mr/hr)

1-125 Seed activity at 5 cm at 30 cm
0.1 mCi comp. 2.8 0.053
40 mCi comp, 1000 21.2

10



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

A1l model 6711 I-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 in Appendix B of this submission.

Sample
Procedure name size Specification

Visual inspection 100% Uniform welds, no holes.
Seed length 4.20-4.90 mm,
Seed diameter 0.775-0.960 mm.

Initial leak test 100% <0.005 pCi removable radio-
activity.

Second leak test and 100% <0.005 pCi remov. radio-
autoclave activity

Assay for Radioactivity 100% 20.10 mCi comp. I-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
_size

1T T ___Specification

Procedure name

Final leak test 100% <0.005 pCi remo- . ble radio-
activity.

Visual inspection According to Mil. Length and width as
Std. 105*, Level specified above.
IT, AQL 0.15

According to Mil. Uniformm welds, no holes.
Std., 105, Level
II, AQL 1.0

*A copy of Mil, Std. 105 was submitted to NRC in correspondence

dated May 30, 1979.




(vi)

Procedures and Standards for calibrating sources and devices.

Currently there is no National Bureau of Standards (NBS) stan-
dard for lodine-125 from which 1-125 Seeds may be calibrated,
nor is the NBS prepared at this time to provide one. (Cemmuni -
cation with Thomas Loftus, Radiation Physics Division, Center
for Radiation Research, National Measurement Laboratory,
301-921-2361, on 10/2/78). As a result, 1-125 Seeds will be
calibrated according to the procedure described below.

Each model 6711 1-125 Seed is assayed using a meter equipped

with either a sodium iodide crystal or a plastic scintillation
crystal. In the case of the sodium iodide (Nal) crystal (Figure 2),
the source is held in a fixed geometry with its long axis parallel
to the face of the crystal. In using a plastic scintillation
crystal (Figure 3), the source is held in a fixed geometry with

its long axis parallel to the internal face of a slot (5/16" wide
by 1-3/4" deepg machined within the plastic crystal.

Plastic
scintillatinn

| P

F—\
Nal ¢« Front view ——>
crystal
W

FIGURE 2 FIGURE 3

¢ Top view

Both assay meters are calibrated using three stqndard sources
(the maintenance and use of which is described in Append1x B3,
which bracket the activity range of the sources being sold.



The Model 6711 [-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 comp.)

1.05+
.97 - 1.04
89 - .96
.82 - .88
76 - .81
J0 - .75
.65 - .69
.60 - .64
.55 - |59
51 - .54
47 - .50
.43 - 46
40 - .42
37 - .39
34 - .36
31 - .33

These 1isted ranges were based on the arithmetic mode selling
range of 0.55-0.59 mCi comp. These activity ranges may be
changed due to a shift in this arithmetic mode, as demonstra-
ted by customer demand. Seeds with activities greater than
1.05 mCi comp. are assayed after appropriate decay intervals
and grouped into the selected ranges as listed.

The subscript “comp." stands for "compensated", and is added

to indicate that the assay allows for self-attenuation of radio-
activity through the wall of the source. This allows the
physicist to make dosimetry calculations based upon the "mCi
comp." assay as though the seed were an unshielded source.

o



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

Because of the small size of 1-125 Seeds, 1t is not possible
to label each source as to its radiocactive content., [-125
Seeds supplied as a group of seeds with an assay within a
stated range on the assay date, are packaged in a 1 dram,
screw cap glass vial, onto which is affixed a label 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.

1-125 Seeds 3M

(lodine-125)
Caution: Radicactive Material

ctivity Range mCi
- Yo
Total Activity ,.A_‘,.-.«. mCi

comp

Assay Date _,.,.‘, el




(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 ‘nstructions which are too
lengthy for such label may be summarized on the label and
grinted in detail on a brochure which is referenced on the
abel.

The labeled vial containing I-125 Seeds is placed in either one of
two lead storage/shipping containers, schematic diagrams for
which are presented on the following pages s Figures 4 and 5.
Instructions for handling and storing the [-125 Seeds are
summarized on a label affixed to the lead containers, a

sanple of which is presented below for the model 6711.

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. Detailed instructions for handling and storing
seeds are presented in the 1-125 Seed package insert, which is
referenced on the lead contziner label. One copy of the package
insert, which is presented on pages 22-27, 1is supplied for

each vial of 1-125 Seeds in a shipment.

I-125 Seeds SM

For Interstitial

DESCRIPTION: 1-125 Seeds consst of 8 weided Manum capaule
Therapeutic ool g Lo
Actvity range e MCi cOmp
Brachytherapy ... ... oc cime
“0. 87“ Numper of seeds Assay Oute |
Mace »n US A by
Radiaron Therspy Progucts (U — ’
Medicel Products Division Ses Aage insen lor on handhng
St Peut MN S8101 and slorage of 1125 Seesds
: WAANING Licensed by the U S wenses of Agreertent Stales
. Caution Nuckear Regutatory Cammession CAUTION Federsl aw restrets
} for OsINOUton [0 persSons fhes Oewvice 10 Saie Dy or on Ine
. ::?'?,"j'w’ heensed pursuant i § 35 W order of 2 physcian Manian
‘ . 06 § 35100 oo V1 of 10 prover radaion satery
CFR Part 35 or under squivaient precatons 3 M ves 20

Label for Lead Storage/Shipping Container - Model 6711

The labeled lead container is then placed in a U.S.A. DOT 7A,
Type A cardboard shipping container, lined with styrofoam.
One certification sheet (page 29) and the appropriate

number of package inserts are included with each shipment,
and the box is sealed with suitable packaging tape.

15
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FIGURE 4. Lead Storage/Shipping Container - 1-125 Seeds
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FIGURE 5. Lead-lined Storage/Shipping Cor .ainer - I-125 Seeds



The sealed shipping carton, identified with the phrases "U.S.A.
DOT 7A Type A" and "Radioactive Material N.0.S.", is then
labeled with one of the three labels attached below.

N. 0. s.
34-700% 3247-% N
L

RADIOACTIVE MATERIAL,
N.0.S.

34-7008-3248-9
-700%-9578-7

3a

T EAFEES IS IIW ET W EE EVEFR N BEEEEE l-’

The sealed shipping carton is labeled with the label
attached below.

From Diagnostic Products/3M
TCAAP 590

New Brighton, Minnesota 55112 w

Form 6550 225-A PWO

Lastly, a standard Shipper's Certification for Radioactive
materials, Form 13906-2, is affixed to the outside of each
shipping carton. A sample of this form is presented on the
following page.

)




SHIPPER'S RTIFlCA.TION FOR PADIOACTIVE WATERIALS

Two completed and signed copies of this certification shall be handed to the carrmr.
{Use block letters)

Form 138906 4

WARNING  Failure to comply in all respects with the IATA Restricted Articles Regulations may be a breach
of the applicable law, subject to legal penalties, This Certification shall in no circumstances be signed by a
Consolidator, a forwarder, or an IATA Cargo Agent

(&

4

This consignment is within the limitations prescribed for: (mark one)
() both passenger and cargo aircraft [J only cargo aircraft
NATURE AND QUANTITY OF CONTENT PACKA
ITRAI\NS RT
RADIONUCLIDE | onoue | FORM | AcTiviTy | CATEGORY 1 mm’g TYPE
| }
p— o """—f' -"‘*“’——11 Number T
| ~ . e I
CHEMICAL FORM -
NAME ON | s ANG PHYSICAL ’ HUMBER OF || of B+l FOR INDUSTRIAL
oo { GROU STATE (¢ | MV { E Ow or
0 su?:.:)‘h; | NUMBEROF | | \q :‘t.\-.lf‘sol { SusiES o ) Pack [ - YELLOW | 'LQALILlL TYPE A,
AADIOACTIVE | TTeVir [wsPeciaLromi| MALL || Fackages | & e |catecomies| o
CONTENT 170 vil o SPECIAL ’ ot [ [ Taser | OwLY TYPES
i ENCAPSULATION I !
e s . {— e ——. 5
| | | [ |
l * I , '
| Il | {
' 5 i | :
! | |
| | ! |
|
| i !
| | i |
| | 'i | |
e 1 | 1l A I
ADDITIONAL INFORMATION REQUIRED FOR FISSILE MATERIALS ONLY
EXEMPTED FROM THE ADDITIONAL REQUIREMENTS FOR FISSILE MATERIALS -
SPECIFIED IN 7.1, OF PART 2 OF THE |ATA RESTRICTED ARTICLES REGULATIONS L
NAMES, PLUS QUANTITY IN GRAMS, OR CONCENTRATION OR ENRICHMENT IN U238
NOT EXEMPTED FISSILE CLASS | - FISSILEcLAss 1 [ FISSILE CLASS i1l 0
Additional certificat. s obtained by the Shipper when necessary
- c -
Special Form Eneapsulation Certificatels . Certificate(s) tor Large Radioactive Source ;_:
Type “B" Packaging Certificate(s) LJ Government Approvals/Permits i
Certificate(s) for Fissile Materiai LJ
oot ain st vt ——— o ——————————————————— e i st e oA oo
Specia! Handling Information
- -
| hereby certify that the contents of this consignement are fully and accurately described
above by Proper Shipping Name and are classified, packed, marked, labelied ard in proper condition for
carriage by air according to the current Edition of the IATA Restricted Articles Regulations and all
applicable carrier and governmental regulations. | acknowledge that | may be liable for damages resulting
from any misstatement or omission and | further agree that any air carrier involved in the shipment of this
consignment may rely upon this Certification.
Name and full address of Shipper | Name and title of person signing Certification
Date Signature of the Shipper (see WARNING above)
Spa— A NSS—— iney
Air Waybill No.* Airport of Departure® Airport of Destination® 1| 5
. 19
B

This box is optional for completion by issuing carrier ; 4 -



s 3 1e

SHIPPER'S®ERTIFICATION FOR RADIOACTIVESIATERIALS

Two completed and signed copies of ths certificatio . shal! “« handed to the carcmr,
D ek AUseblogk ietters) T
WZHNINGFaquw to comply in all respects with the IATA Restricted Articles Regulations may be a breach
of the applicabie law, subject to legal penalties. This Certification shall in no circumstances be signed by a
Consolidator, a forwarder, or an IATA Cargo Agent

This co.» "ament is within the limitations prescribed for: [mark one)

[J both passenger and cargo aircraft O only carge aircraft

NATURE AND QUANTITY OF CONTENT

1 ! v TRANSPORT
' GCROULP | FORM ! ACTIVITY CATEGORY Iho"&‘ TYPE
T 1 1 Number i
{ | |
| HEMICAL FORM | |
NAME OR e ANG PHYSICAL [ INDUSTRIAL
SYMBOL | R STATE IGAS
. PRINCIPAL NUMEER OF

PACKAGE

AADIONUCLIDE

| I = WHITE l
NUMBER OF | of
2! | CURIES, o

or
TYPE A,

GROUPS 3 IQuit 5C P g MiL L) Packages
170V or SPECIAL FORM  ¢1im 158

o SPECIAL
JLNQ‘P!L;LAYVOH‘

o
TYPER

1

|

|

1

| |

‘ |
|
|
|
|
|
|

{

i

?

|
ST T——s

J
|
= N IR - VT | | i

|

ADDITIONAL INFORMATION REQUITED FOR FISSILE MATERIALS ONLY
EXEMPTED FROM THE ADDITIONAL REQUIREME '
SPECIFIED ‘N 7,1, OF PART 2 OF THE IATA RESTRICTED ]
NAMES, PLUS QUANTITY IN GRAMS, OR CONCENTRATION OR ENRICHMENT IN U236

O] FISSILE CLASS Il O FISSILE CLASS 111 O

NOT EXEMPTED FISSILE CLLASS |

Additional certificates obtained by the Shipper when necessary

Specal Form Eneapsulation Certificatel(s - Certit.catels) for Large Radioactive Source
Type "B" Packaging Certificate(s) - Government Approvals/Permits

Certiticate's) for Fissile Material

N — - e ————

Special Handling Information

| hereby certify that the contents of this consignement are fully and accurately described
above by Proper Shipping Name and are classified, packed, marked, labelled and in proper condition for
carriage by air according to the current Edition of the IATA Restricted Articles Regulations and all
appiicable carrier and governmental regulations. | ack nowledge that | may be liable for damiages resulting

frorn any misstatement or omission and | furthar agree that any air carrier involved in the shipment of this
consignment may rely upoun *his Certification.

e cp———— OR—— S ——————————————————-—— ——————

Name and full address of Sh pper Name and title of person signing Certification

oper (see WARNING above)
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.E—RT!FICATION FOR RADIOACTI IATERIALS

Two completed and signed copies of this certification shall be handed 10 the carrier,
(Use block letters)

SHIPPER

Form 138064

WARI\_&INC-S- F;ul;ve !(;.cb};aply l-n ;H :é-svp'ec:s with the IATA Restricted Articles Regulations may be a bresch
of the applicable law, subject to legal penalties. This Certification shall in no circumstances be signed by a
Consolidator, a forwarder, or an IATA Cargo Agent

-
This consignment is within the limitations prescribed for: (mark vne)
J both passenger and cargo aircraft 0 only cargo aircraft
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M Center
St Paul. Minnesota 55101
612/7331110

January, 1980 m

1-125 seepsk
No. 6711

DESCRIPTION
1-125 Seeds 6711 consist of a welded titanium capsule conta' fng iodine-125

adsorbed onto a silver rod.
W\l
1-126 edeorbed \\\‘\OQ‘\A
o siver rod \\CO 0.08 mm
2N

Physical Characteristics

lodine-125 has a half-l1ife of 60.2 days and decays by electron capture with the
enission of characteristic X-rays and Auger electrons. The electrons are absorbed
by the titanium wall of the 1-125 Seed. The principal radiation emissions are
x-rays of 27.4 keV and 35.5 keV.

To correct for the physical decay of lodine-125, the decay factors at select-d
days after the assay date are shown in table below.
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Decay Chart lodine-125, Half-Life 60.2 Days

Days Decay Factor Days Decay Factor Days Decay Factor
PR 1.000 R e 5w A 0.759 &8 . . o 0TS
- SRR, ® B s i s 0.741 W i e s 0.562
_ RPN 0.955 - SRS 0.724 B8 w4 oas 0.550
B s e 0.933 MW o 0.708 - SR 0.537
- U 0.912 - R LN ™ 0.692 . L 0.525

B 0.891 W s v 0.676 W v A 0.513
R v s 0.871 | 0.661 B 4 o ol 0.500
1 (PR 0.851 38 . D.646 | 0.490
BB & 0.832 - TP 0.631 64 . . 0.479
B e e 0.813 BR iy ¢ 0.617 8 . o s 0.468
', PR 0.794 8. e e 0.603 BB s s s 0.457
B i 0.776 & . « s a4 0.589 0. 5 4 4 0.447

Radiation Protection

The half value thickness of lead for iodine-125 is 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 anisotropy
should be included in dose distribution calculations.

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

INDICATIONS

[-125 Seeds with activities from 0.1 to 1.0 mCi comp. are indicated fur inter-
stitial treatment of tumors which have the following characteristics: unresec-
table, localized, slow growth rate, and low to moderate radiosensitivity. Seeds
in this activity range may be used to treat superficial, intraabdominal, and
intrathoracic tumors. Tumors of the head, neck, lung, pancreas, and prostate
(early stages) are commonly treated.

1-125 Seeds with activities greater than 1.0 mCi comp. are indicated fqr
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.
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3m |-125 SEEDS

Development ‘ 1-125 On lon 0.05 m-
3M Brand |-125 Seeds have been developed as a supe- %‘”“‘"99 .0 Mm Daid Weld
L esin X-Ray Marker Titani
ror source for permanent interstitial implants'. Earlier X
sources, such as gold grains or radon seeds, have been
limited by radiation exposure and scheduling restric
tions due to their penetrating radiations and short half
lives? The soft x-rays from lodine-125 Seeds are easy to
shield, the dose rate is low and the shelf life is approxi
mately 5 weeks (Table 1)

The availability ot a safe. convenient brachytherapy
source meets the critical requirements for a treatment Figure 1. 1-125 Seed design
technique which can be applied where surgery, che
moinerapy or external beam irradiation are insufficient

ot iapproprisie indications for Use

. I-125 Seed implants may be indicated when a tumor has
""T‘!“‘“ experience, dating from 1965, has shown that the following characteristics

1-125 Seeds are an extremely effective method of del "
vering radiation to a tumor. The potential for obtaining ® Unresectable

80% tumor control rate has been demonstrated for sev- e Localized

aral tumor types when the minimal effective tumor dose | e Size less than 7 to 3 cm

of 16,000 rads is delivered’* | e Slow growth rate

® Low to moderate radiosensitivity

125 Seeds can extend the capability of a radiation ther-
apy department

The tumor may be superficial, intraabdominal or intra-

thoracic 1-125 Seeds are commonly used to treat

tumors of the lung, pancreas and prostate. The prostate
- | protocol should be used for stage B and early stage C*

Cesign | (Figure 2)

Active Source lodine-125 |

Radiation Emitted 27-35 keV x-rays | 1-125 Seeds are widely used to treat residual tumors fol-

Half Life 60 days lowing the completion of a course of externc flation

Protection-Lead HVL 0.025 mm | Similarly, many recurrent imors may be i

Range-Tissue HVL 2¢m

Patient tolerance of the p ! LSrock Ay

good. The treatment is ther ¢ frequen puet 0

tumors which might otherwise be 'nanaged by mcre

Titanium encapsulation assures good tissue compatibil traumatic modalities

ity, and reduces the total self-absorption to approxi

mately 25%. The gold x-ray marker is included to im

prove visualization on radiographs (Figure 1

Format Titanium capsules

1-125 Seeds are small enough to be implanted with a
minimum of tissue trauma (they will pass througha =17

gauge needle)

Half Lite Emitted Energy Half Value Half Value

(days) | Alpha Beta(Max) Gamma Layer (lead)|Layer (tissue)
. .

!

Isotope

lodine-125 600 none none 27-35 keV 0025 mm 2cm
—— S S SR S S, S
Incdium-192 74 4 none 70 V 300-610 keV » mm 6cm

et ——— ——— ¢ SRR TSRyt

Gold-198 2.7 none 960 keV T 410 keV 45 mm 6 cn

G - | WSS Wbl N bl Wi VSESNS! D5 SRRt RN
Radon-222 38 yes | 70-3260 keV | 50-2440 keV | 13.0 mm i

e — ——— — — e e
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Radiation Protection

1-125 Seeds were developed specifically to minimize ra-
diation exposure to medical personnel during implant
procedures The 30 keV x-rays of lodine-125 are highly
absorbed by any hign Z material while simultaneously
maintaining a desirable penetration in low Z tissue. In
addition, exposure is limited by the low specific output
due to the 60-day hait life

Lead HVL = 0025 mm
Gold HVL = 001 mm
Tissue HVL = 200 mm

A thin lead sheet of only 0.25 mm (0.01 in ) provides a
99.9% reduction in exposure Lead-impregnated vinyl is
available for gloves or bandages which may be used
when handling the seeds or for shielding incorporated
in the dressing of an implanted superficial tumor

When reasonable precautions are taken using thin lead
wrapping. i e  forceps to handle the sources, etc , the
physician can anticipate receiving very littie exposure
during an 1-125 Seed implant’

Radiobiology

Recent studies suggest that 1-125 Seeds have a higher
therapeutic ratio than Radon-222 or Indium-192'* The
radioblological basis for such a superiority is not clearly
understood. Among many factors, three principal expla-
nations might be advanced to account for the effective-
ness of the lodine implants: low dose rate, a sustained
continuous irradiation, and a possible high RBE of low
energy gamma radiation from the lodine seeds'”

Low energy x-rays produce secondary electrons with
ionizing density characteristics similar to high LET
sources’ This should result in an RBE close to 1.3'°

Tumor Regression

The 60-day half life produces another phenomenon
which enhances clinical effectiveness Most implanted
tumors regress some 50% during the first 30 days'* As
the seeds are contained within the tumor, the seeds are
drawn closer together. The dose to the remaining viable
tumor and previously anoxic cells may thus be in-
creased despite the 1sotope’'s dec y

Dosimetry

The percent depth dose within 4 cm of an |-125 Seed fol-
lows closely to the inverse square law . In the regions
more than 4 cm from the seed, tissue attenuation be-
comes more important and the dose fails oft rapidly'.
Most treatment planning computer systems provide a
program specifically for 1-125 Seeds, These typically in-
corporate a look-up table

The rapid tall-otf of dose beyond 4 cm from the periph-
ery of an implant minimizes the volume of surrounding
healthy tissue which is irradiated. The volume irradiated
at the 10% level is less than half the volume irradiated by
an equivalent gold grain implant' '°.

A comparison of an 1-125 implant with external beam do-
simetry shows that an optimum 6 MV, 380° rotation
treatment of a prostate would irradiate 10 times the tis-
sue volume that receives 25% of more of a given tumor
dose (Figure 3)

The small irradiated volume explains why high tumor
doses have been prescribed for 1-125 Seed implants
with minimal tissue complications

It has been noted that the angular distribution of radia-
tion around each seed is anisoiropic due to the pres-
ence of the gold-x-ray marker and the weld ends'
Crossfiring, tumor regression, and tissue movement
combine to reduce the effect of this shadowing

Implant Calculation -

“‘Dimension Averaging’’

A simple but effective empirical formula has been devel-
oped to calculate the activity required to treat a given
tumor.'? Clinical experience has shown that the mCi
(comp.) implanted is proportional to the average of the
three mutually perpendicular dimensions of the tumor
dy

Average Dimension d, = e g ) cm

Activity Required

A =5d,whered, < 24cm

A = 3.87 d}?9 where 24cm < d, °
A = 276d,% where 324 cm - d,

324cm

External Beam Prostate Treatment

6 MV, 360" rotation,
~external beam. Rec-
S1 0 tum receives 65%

‘  tumor dose.

1-125 Seed Prostate Treatment

- 1-125 Seed .mplant.
. Rectum receives
| only 30%

" tumor dose.

Figure 3. Comparison of prostate treatment
with external beam vs 1-125 Seed implant




Seed Spacing Nomograph

To permit rapid calculation of the preceding formulas,
a simple nomograph has been developed Using the
tumor volume (average dimension) and the average seed
strenyth, one can approximate directly from the nomo-
graph the number of seeds needed and the seed spac-
ing required to carry out the implant. The nomograph is
shown in Figures 4a and 4b

A 3x4x2cm tumor (Average Dimension is [3+ 4 +2]/3
=3 cm) is to be implanted with 1-125 Seeds of 0.5 mCi
comp. activity. The spacing along the needle is to be
1.0cm

In Figure 4a. a line connecting 0.5 mCi on the Seed
Strength scale with 3.0 cm on the Average Dimension
scale intersects at 32 tor the Number of Seeds

In Figure 4b, a line connecting 0.5 mCi on the Seed
Strength scale and 3.0 cm on the Average Dimension
scale 1s extended to intersect the Tie Line A second line
is drawn between the Tie Line intersection and the 1.0
cm point on the Spacing Along Needle scale. Extension
of this line aliows the needle spacing to be read at the
point of intersection on the Spacing Between Needles
scale, 0.6 cm

By using the nomograph, one can determine total rec-
ommended activity, desired number of seeds and spac-
ing between needles

Definition of “‘mCi’’ Comp.

The assay of I-125 Seeds is now stated in mCi comp.
(compensated) This indicates that the seed behaves
equivalent to a point source of the stated activity. This
compensated assay allows the user to ignore self-absorp-
tion of approximately 25% within the seed

Specific Dose Rate Factor

The bulk of published clinical data on the use of 1-125
Seeds originates from Memorial Hospital for Cancer,
New York. The clinical doses described in ali publica-
tions between 1965-1978 are based upon an absorbed
dose factor of 1.68 rads cm?/mCi hr at 1 cm. This figure
has been revised by recent measurements

Krishnaswamy'’ has shown that the specific dose rate
factor at 1 cm for a point transverse to the axis of the
seed is 1.32 rads cm?/mCi hr. This figure does not take
into account the attenuation of exposure along the axis
of the seed due to the gold x-ray marker and the weld
ends. Integrating over 4~ results in a 14% reduction in
integral dose. Consequently, in order to calculate dose
to the tumor volume a Specific Dose Rate Factor of 1.1
rad cm?/mCi hr at 1 cm should be used'* Clinical dosi-
metry reported from Memorial Hospital after 6/15/78
will use the revised specific dose rate factor.

If dosimetry calculations are made using any revised val-
ues for the specific dose rate factor, it is important that
the prescribed doses equivalent to Memorial Hospital
protocols are proportionately reduced.

1-125 Seed Spacing Nomograph '

J—

Recommended | Average '] [
Activity | Dimension
(mCi) | (cm) ‘ ‘
Number |
umoor | il
Seeds 64 i 2 {
Seed I ‘ _
Strength 114 ‘ Seed
(mC1) B 4 [ | Strength
8 “ 16 {(mCi
10
08 r | )
1 £2c B ll
07 ] - E ‘1 074
P | 1
20 e85 |
e ; -4
- 154 - | uo 1.‘
] 30 "/‘t 30 | 1
0 e ) | .4
1 “OF 20335 f | 05T
- 50 ;‘ | ]
! 0 Fa0 ‘ 1
04+ 60 ' | 044
] 80F 30 ‘ 1
100 &0 {
» o | |
034 40 ‘ 634
150 | N |
60 | |
{ 50 }
’ J .
| 609 | |
| |
700t 4o | l
L o)
Figure 4a

Average | Needles
Dimansion | (cm)
(cm) |

Figure 4b
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Spacing
| Between

“The determinations made trom the Nomograph must be considered 1o be approximations only




Licensing

In June, 1975, the U.S. Nuclear Regulatory Commission
classified 1-125 Seeds as a well-established clinical pro-
cedure and added the seeds to Group VI of 10 CFR,
35100 Most Agreement States have similar regulations

Before a shipment of 1-125 Seeds can be made, 3M
(Sunnyvale) must have a copy of your NRC (or Agree-
ment State) license and amendments on file.

Sterilization

1-125 Seeds are NOT sterile when shipped. It is recom-
mended that autoclave or ethylene oxide (EtO) steriliza-
tion be employed

Quality Assurance

All seeds receive x-ray and microscope inspection and
are individually assayed before shipment. Seeds are
leak-tested to assure no signiticant removable conta-
mination All seeds are autoclaved prior to final leak test

Storage

A principal feature of I-125 Seeds is that a physician can
order a quantity of seeds and store them at the hospital
lodine-125 has a 60-day half life and the seeds have a
nominal activity of 0.55 mCi comp. when shipped Their
shelf life is approximately 5 weeks. This eliminates re-
quirements for precise patient scheduling and allows a
busy department to hold seeds ready for an urgent im-
plant.

Delivery

Shipments are made within 10 days after receipt of an
order. (Emergency supplies may be available on 48
hours' notice.) Shipmernt is via airfreight, both domestic
and international

Prices”
All prices quoted are FOB 3M. Sunnyvale, California

PUNORNS—

Specifications *

|-125 Seeds:
Nominal activity
Seed dimension
Emission energy
lodine-126 content

0.55 mCi comp /seed
45mm x 0.8 mm
27-35 keV x-rays
less than 0.5%

#Specifications and prices are subject to cnange without notice

e ——————————rerratl
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R L REG,

R . i , . UNITED STATES ‘
: & b - NUCLEAR 3 ,
".‘ - / : WF:SEHL:’:J‘LATORY COMMISSION
%, ‘; GTON, D C. 20555
rahy June 14, 1990

MEMORANDUM FOR: william Adam
Material Licensing section,
Region ) i i

gteven Baggett
Medical, Academic and commercial
use Safety Branch, NMSS

ssD TECHNICAL ASSISTANCE REQUEST DATED
10/13/89-3M'S REQUEST FOR RENEWAL OF LICENSE
NUMBER 22—00057-59MD, CONTROL # 87687

Based on the information provided py the applicant, we have
revised the Registry sheets for the brachytherapy sources.
please find enclosed copes of the registration certificates for
those sources that 3M will continue to dist . cCertificates
for those sources that are being discontinued will be
forthcoming.

Please forward a copy of the enclosed reqistration certificates
to the licensee and request that they read over the certificates
and notify us immediately if there are any errors.

1f you Lave any questions please call me at FTS 492-0542.

v 4

-

Steven Baggett
Medical, Academic and commercial
Use Safety Brancn, NMSS

Fnclosure:

Reqistration certificate numbers NR-460-8=137-5
NR-460—S—151-S
NR~460-S-166—S
NR-460-S~167-S
NR-460-S-169-S




