
ATOMIC ENERGY COMMISSION 

[10 CFR Parts 31, 32 and 35] 

Group Licensing for Certain Medical Uses 

The Atomic Energy Com.mission has under consideration amendments to its 

regulations in 10 CFR Parts 31, 32 and 35 to expand its licensing of groups 

of medical uses of byproduct material which have similar requirements for 

licensee qualifications, to specify licensing requirements for the distri­

bution of byproduct material to such licensees and to add new byproduct 

material to the general license for certain in vitro clinical and laboratory 

testing. 

In 1967 the Commission added sections 35.14 and 35.100 to its regulation; 

in 10 CFR Part 35 to simplify its procedures for licensing certain diagnostic 

of radioisotopes. Under these sections a number of the more conunon diagnostic 

uses were divided into two groups on the basis of similar requirements for 

user training and experience, facilities and equipment, and radiation safety 

procedures. Group I included diagnostic uses characterized as uptake, dilutic 

and excretion studies. Group II consisted of scanning (now called imaging) 

and tumor localization studies. Under the procedures set out in section 35.lL 

an application for a specific license for a diagnostic use of byproduct 

material specified in Group I or Group II is considered by the Commission 

as an application for all of the uses within the group. 



The a~enclQents proposed herein would add so~c diagnostic uses to 

Croups I and II of section 35.100 Schedule A ~r.d would ~st.1blish three 

new eroufJS of ;:::cdical uses of r.:idioisotopcs as follow~: 

Group III. Use of generators a~d reagent kits for the preparation 

and use of radiophar~ac8uticals containing byproduct material for 

certain .diagnostic uses, 

Grouo IV. Use of prepared radioph3ri!ill.ceuticals for certain thera­

peutic uses, and 

Gro~p V. Use of sources and devices containing byproduct material 

for· certain medical uses. 

Under this proposed expansion of group licensing, physicians and medica 

insti.tutions woulJ be licensed to use the byproduct materials for the medica 

uses designated in one or u:ore of the grou';)s for ,,hich the applicant has 

appropriate facilities, equipment, operating p~ocedures and trained personne] 

(both physicians and paramedical) to perform the medical procedures and 

handle the radioisotopes designated in the.group or groups. 

Thz groups of licE:nscd uses would be amende:d from time to time to add 

new radiopharQ2ceuticals, sources, devices, and uses as they are develop~d. 

would authorize autowatically the new uses and materials for persons license 

to perform the uses specified in the group or groups without the need for 

filing an application and receiving a li~ense amendcent. In addition to the 
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publication of such anendQcnts in the FEDEF~\L REGISTER, notices of additions 

to the groups ~Juld be ~ailed to all medical licensees of the Co:nwission. 

Persons using radiopha r..:aceuticals, generators and reagent kits contain­

ing byproduct materials, or sources ind devices, undei the licensed groups 

would ce required to obtain such pro~ucts fron oanufacturers licensed by 

the Corr ... -:iission pursuant to section 32.72, 32.73 or 32.~4, respectively, er 

by an Agreenent State pursuant to equivalent Agreenent State regulations. 

Although the Cot"..;aission does not regulate the manufacture and ·distribution 

of reagent kits ,-:hich do not contain radioactive oaterial, it does regulate 

the use of such reagent kits for the preparation of radiophar~aceuticals by 

licensees of the Co~sn.ission as part of its licensing and regulation of th2 

nsers of thf> hypro<l11r.t mA tP.rial. UsPrs of s11r.h rP.rlf;P.nt:: k1.ts to prepare 

radiopharmaceuticals pursuant .to a Group III license would be required to 

use reagent kits which are approved by the Commission or by an Agreement Sta 

Manufacturers of such reagent kits who desire to have their reagent kits 

approved by the Coi::unission for use by Group II~ licensees would be permitte, 

to subrait the pertinent infon:iation specified in section 32.73 for Commissic 

consideration. 

In the exercise of the Commission's regulatory progran, licensing of the 

use of radiopharmaceuticals has included considerations of patient safety a 

drug effectiveness. This procedure has been followed since the Food and Dr 

Administration (FDA) regulations, 21 CFR 130.3, New Drugs for Investigation 

Use in Human Beings, which were issued in 1963 contained an exemption from 

- 3 -
I 



those regulations for ruaiopharmaccuticals which are re 6 ulated by the AEC 

and Agreement States- The Chairman of the Co:rru~i ssion, in a letter to the 

Department of Health Education and Welfare cornmentin6 on their proposal to 

grant that exemption, expressed the view that eventually an appropriate 

balance with respect to the regulation of drugs containing byproduct rnateria 

would involve FDA regula tions controlling the pharmaceutical quality of 

drugs and the safety and efficacy of drugs with respect to the patient, whil 

AEC regulatory controls would govern radiation safety of employees and the 

public during manufacture and use of the drugs. 

111e Commission and the FDA are coordinating their respective regulatory 

programs to provide for a transition fron the Commission to the FDA of the 

regulation of phan1aceutical quality, safety and efficacy of radiopharmaceut 

in such manner as to minimize duplication of regulatory activities, to 

accomplish the objectives of protecting public health and safety without und 

inhibiting the use of radioactive materials in medicine and to assure no 

disruption in the supply of these drugs which are of vital importance in man 

medical applications during the transition period. 

On November 3, 1971, the FDA published in the FEDERAL REGISTER (36 FR 2 

a notice of termination, effective December 2, 1971, of the exemption from 

FDA investigational new drug regulations for AEC and Agreemei1t State regulat 

radiopharmaceuticals for wzll established uses and provided for regulation 

by the FDA of such radiopharmaceuticals (21 CFR 130.49 - Requirements regard 

certain radioactive drugs.) It is expected that the FDA will similarly 

terminate the exe~ption for radiopharmaceuticals for investigational uses at 

an early date. 
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The groups of us t_ in §35.100 would include medic~~ uses of radio­

pharmaceuticals for which safety and effectiveness have been established 

and those which are undergoing investigation to establish such safety and 

effectiveness. For the investigational radiopharmaceuticals and uses 

included in the licensed groups, a licensee would be required to register 

with the Commission prior to use of each different type of investigational t 

to identify the radiopharmaceutical, its intended purpose, and the supplier, 

and to certify that he would be using the radiopharmaceutical pursuant to 

a "Notice of Claimed Investigational Exemption for a New Drug" (IND) that 

has been accepted by the FDA. 

The new §§32.72 and 32.73 which contain criteria for licensing the 

distribution of radiopharmaceuticals, and generators and reagent kits for 

preparation of radiopharmaceuticals, to group-use licensees would require 

manufacturers to furnish evidence that the radiopharmaceuticals, generators 

and reagent kits will be manufactured, packaged, and labeled under an 

effective New Drug Application from FDA, a Biologic Product License from FDA 

or a "Notice of Claimed Investigational Exemption fora New Drug" that has 

been accepted by FDA. 

Section 31.11 of 10 CFR Part 31, which provides a general license to 

physicians, clinical laboratories and hospitals for use of certain radioisotc 

for in vitro clinical or laboratory testing, would be amended to add hydroger 

(tritium) and iron 59 to the general license. Section 32.71 of 10 CFR Part: 
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would be amended to add these isotopes to the provisions for licensing thei1 

manufacture and distribution for in vitro use under the general license. 

Pursuant to the Atomic Energy Act of 1954, as amended, and section 553 

of title 5 of the United States Code, notice is hereby given that adoption 

of the following amendments to 10 CFR Parts 31, 32 and 35 is contemplated. 

All interested persons who desire to submit written comments or suggestions 

for consideration in connection with the proposed amendments should send 

them to the Secretary of the Commission, U. S. Atomic Energy Commission, 

Washington, D. C. 20545, Attention: Chief, Public Proceedings Staff, by 

March 7, 1974 Copies of comments received on the proposed amendments 

may be examined at the Commission's Public Document room at 1717 H Street, 

NW, Washington, D. C. 
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1. Section 35.14 of 10 CFR Part 35 is amended to read as follows: 

§35.14 Specific licenses for certain groups of medical uses of 

byproduct material. 

(a) Subject to the provisions of paragraphs (b), (c) and (d) of 

this section, an application for a specific license pursuant 

to §35.11, §35.12 or §35.13 for any medical use or uses of 

byproduct material specified in one or more of Groups I to 

V, inclusive, of §35.100 will be approved for all of the uses 

within the group or groups which include the use or uses 

specified in the application if: 

(1) The applicant satisfies the requirements of §35.11, §35.12, 

or §35.13; 

(2) The applicant, or the physician designated in the applica~ 

tion as the individual user, has adequate clinical experienc 

in the types of uses included in the group or groups; 

(3) The applicant or the physicians, technologists, radiological 

safety personnel and other paramedical personnel who will 

use the byproduct material have adequate training and 

experience in the handling of radioactive material 

appropriate to the uses included in the group or groups; 

(4) The applicant's radiation detection and measuring instrumen­

tation is adequate for conducting th' ~rocedures involved 

in the uses included in the group or groups; 
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(5) The applicant's radiation safety operating procedures are 

adequate for handling and disposal of the radioactive 

material involved in the uses included in the group or 

groups. 

(b) Any license e who is authorized to use byproduct material 

pursuant to one or more groups in §§35.14(a) and 35.100 is 

subject to the following conditions: 

(1) For Groups I, II, and IV, no licensee shall receive, possess 

or use byproduct material except as a radiopharmaceutical 

manufactured in the form to be administered to the patient, 

labeled, packaged, and distributed in accordance with a 

specific license issue d by the Commission pursuant to §32.72 

of this chapter or in accordance with a specific license 

issued to the manufacturer by an Agreement State pursuant 

to equivalent State regulations. 

(2) For Group III, no licensee shall receive, possess, or use 

generators or reagent kits containing byproduct material 

except generators or reagent kits which are manufactured, 

labeled, packaged, and distributed in accordance with a 

specific license issued by the Commission pursuant to 

§32.73 of this chapter or in accordance with a specific 

license issued to the manufacturer by an Agreement State 
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pursuant to equivalent State regulations and no licensee 

shall use reagent kits which do not contain byproduct 

material to prepare radiopharmaceuticals containing 

byproduct material except reagent kits which are 

approved by the Commission or by an Agreement State for 

use by persons licensed pursuant to this §35.14 and 

Group III of Schedule A, §35.100, or equivalent Agreement 

State regulations. 

(3) For Group V, no licensee shall receive, possess, or use 

byproduct material except as contained in a source or 

device which has been manufactured, labeled, packaged, 

and distributed in accordance with a specific license 

issued by the Commission pursuant to §32.74 of this chapter 

or in accordance with a specific license issued to the 

manufacturer by an Agreement State pursuant to equivalent 

State regulations. 

(4) For the investigational uses in §§35.lOO(a)Group 1(19), 

(b)Group 11(25)~ (c)Group Ill(3), and (d)Group IV(9), 

the licensee shall, prior to the use of each different type 

of investigational radiopharmaceutical, or generator or 

reagent kit for the preparation and medical use of investi­

gational radiopharmaceuticals, and prior to use of such 

investigational radiopharmaceutical, generator or reagent 

kit obtained from each different supplier, file Form AEC­

"Registration Certificate - Medical Use of Investigational 
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Radiopharmaceutical Under Group License," with the Xaterials 

Branch, Directorate of Licensing, U. S. Atomic Energy 

Commission, Washington, D.C. 20545, and receive from the 

Commission a validated copy of the Form AEC- with ---
registration number assigned. The licensee shall furnish 

on Form AEC- ___ the following information and such other 

information as may be required by that form: 

(i) Name, address and license number of the licensee; 

(ii) Name of the radiopharmaceutical, generator, or reagent 

kit to be used; 

(iii) The radionuclide, chenical form, and proposed use of 

the radiopharmaceutical to be used or prepared and used; 

(iv) Name of the manufacturer of the radiopharmaceutical, 

generator or reagent kit to be used; 

(v) Certification that he has in his possession, and will 

follow, a copy of the plan of investigation outlined 

in the "Notice of Claimed Investigational Exemption 

for a New Drug" (IND) which has been accepted by the 

Food and Drug Administration (FDA). 

The Commission will not validate a Form AEC- until ---
it has confirmation from FDA that the registrant is an 

'identified investigator in the IND or has otherwise been 

accepted by FDA as a participant in the investigation. 
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(5) Any licensee using investigational pharmaceuticals who is 

required to file Form AEC- , "Registration Certificate -

Medical Use of Investigational Radiopharmaceutical Under 

Group License," pursuant to paragraph (b) (4) of this 

section shall report in duplicate to the Materials Branch 

any changes in the information furnished by him in the 

"Registration Certificate - Medical Use of Investigational 

Radiopharmaceutical Under Group License," Form AEC- ----
The report shall be submitted within 10 days after the 

effective date of such change. 

(6) For Group III, any licensee who uses generators or reagent 

kits shall follow the instructions for eluting the generator 

or processing radioactive material with the reagent kit 

which are approved by the Atomic Energy Comraission or an 

Agreement State and are furnished by the manufacturer on 

the label attached to or in the leaflet or brochure which 

accompanies the generator or reagent kit. 

(7) For Group IV, any licensee who possesses and uses radio­

pharmaceuticals for therapy shall assure that patients 

containing more than 8 millicuries of iodine 131 for the 

:, treatment of thyroid carcinoma or patients containing 

.more than 23 millicuries of gold 193 shall be hospitalized. 
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(8) For Group V, any licensee who possesses and uses sources 

or devices containing byproduct material shall assure that: 

(i) Each source or device containing more than 100 micro­

curies of byproduct material with a half-life greater 

than thirty days, except iridium 192 seeds encased in 

nylon ribbon, shall be tested for cont amination and/or 

leakage at intervals not to exceed six months; and a 

source or device shall be so tested prior to its first 

use unless the supplier furnishes a certificate that 

the source or device has been so tested within six 

months prior to the transfer; 

(ii) The test required by paragraph (b)(8)(i) of this sectior 

shall be capable of detecting the presence of 0.005 

microcurie of radioactive material on the test sample. 

The test sample shall be taken from the source or from 

the surfaces of the device in which the source is 

permanently or semipermanently mounted or stored on 

which one might expect contamination to accumulate. 

Records of leak test results shall be kept in units of 

microcuries and maintained for inspection by the 

Commission; 

(iii) If the test required by paragraph (b)(8)(i) of this 

section reveals the presence of 0.005 microcurie or 
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more of removable conta8ination, the licensee shall 

immediately withdraw the source from use and shall 

cause it to be decontaminated and repaired or to be 

disposed of in accordance with Commission regulations. 

A report shall be filed within 5 days of the test 

with the appropriate Atomic Energy Commission Regulator 

Operations Regional Office listed in Appendix D of Part 

20 of this chapter, describing the equipment involved, 

the test results, and the corrective action taken; 

(iv) The radiation safety and handling instructions approved 

by the Atomic Energy Commission furnished by the 

manufacturer on th~ label attached to the source, 

device or permanent container thereof, or in the leafle 

or brochure which accompanies the source or device, are 

followed and that such instructions are maintained in 

a legible and conveniently available form; 

(v) A quarterly physical inventory is conducted to account 

for all sources and devices received and possessed. 

Records of the inventories shall be maintained for in­

spection by the Commission and shall include the 

quantities and kinds of byproduct material, location 

of sources and devices, and the date of the inventory; 
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(vi) Needles or standard medical applicator cells containing 

cobalt 60 as wire shall not be opened by the licensee 

unless specifically authorized by a condition of a 

license issued to him by the Atomic Energy Commission; 

(vii) Patients containing cobalt 60, cesium 137 and/or 

iridium 192 implants shall remain hospitalized until 

the implants are removed. 

(c) Any licensee who is licensed pursuant to paragraph (a) of this 

section for one or more of the medical use groups in §35.100 

also is authorized to use byproduct material under the general 

license in §31.11 of this chapter for the specified in vitro usE 

without filing Form AEC-483 as required by §31.ll(b); Provided, 

the licensee is subject to the other provisions of §31.11. 

(d) Any licensee who is licensed pursuant to paragraph (a) of this 

section for one or more of the medical use groups in §35.100 

also is authorized to receive, possess, and use for calibration 

and reference standards any byproduct material with an atomic 

number not higher than 83 in amounts not to exceed 15 millicuri1 

total of materials with half lives not longer than seven days 

and not to exceed 200 microcuries total of materials with half 

lives longer than seven days. 

- 14 -



-.... 

2. Section 35.100 of 10 CFR Part 35 is amended by changing the title 

and subtitles, by adding certain new uses to the present para­

graphs 35.lOO(a)Grouo I and (b)Group II, and by adding new 

paragraphs 35.lOO(c)Group III, (d)Group IV and (e)Group V. The 

section, as amended, will read as follows: 

§35.100 Schedule A - Groups of medical uses of byproduct materia 

(a) Group I. Use of prepared radiopharmaceuticals for certain 

diagnostic studies involving measurements of uptake, dilutioTI 

and excretion. This group does not include uses involving 

imaging and tumor localizations. 

(1) Iodine 131 as sodirnn iodide (NaI 1 3 1) for measurement of 

thyroid uptake; 

(2) Iodine 125 as sodiura iodide (NaI 125 ) for measurement of 

thyroid uptake; 

(3) Iodine 131 as iodinated human serum albumin (IHSA) for 

determinations of blood and blood plasma volume; 

(4) Iodine 125 as iodinated human serum albumin (IHSA) for 

determinations of blood and blood plasma volume; 

(5) Iodine 131 as labeled rose bengal for liver function 

studies; 

(6) Iodine 125 as labeled rose bengal for liver function 

studies; 
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(7) 

(8) 

(9) 

Iodine 131 as labeled fats or fatty acids for fat 

absorption studies; 

Iodine 125 as labeled fats or fatty acids for fat 

absorption studies; 

Iodine 131 as labeled iodopyracet, sodium iodohippurate 

sodium diatrizoate, diatrizoate methylglucamine, sodium 

diprotrizoate, sodium acetrizoate, or sodium iothalamat, 

for kidney function studies; 

(10) Iodine 125 as labeled iodopyracet, sodium iodohippurate 

sodium diatrizoate, diatrizoate methylglucamine, sodium 

diprotrizoate, sodium acetrizoate, or sodium iothalamat 

for kidney function studies; 

(11) Cobalt 58 as labeled cyanocobalamin for intestinal 

absorption studies; 

(12) Cobalt 60 as labeled cyanocobalamin for intestinal 

absorption studies; 

(13) Chromium 51 as sodium chromate for determinations of 

red blood cell volume and studies of red blood cell 

survival time; 

(14) Chromium 51 as labeled human serum albumin for gastro­

intestinal protein loss studies; 

(15) Iron 59 as chloride, citrate, or sulfate for iron turno 

studies; 
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(16) Potassium 42 as chloride for potassium space determinatic 

(17) Sodium 24 as chloride for sodium space determinations; 

(18) Xenon 133 as gas, free or in solution, in prepackaged 

individual doses only, for blood flow and pulmonary 

f\.lllction studies; 

(19) Any byproduct material in a radiopharmaceutical and 

for a diagnostic use involving measurements of uptake, 

dilution, or excretion for which a "Notice of Claimed 

Investigational Exemption for a New Drug" (IND) has 

been accepted by the Food and Drug Administration 

(FDA); Provided, that the registration requirements 

of paragraph 35.14(b)(4) are complied with. 

(b) Group II. Use of prepared radiopharmaceuticals for diagnostic 

studies involving imaging and turaor localizations. 

(1) Iodine 131 as sodium iodide for thyroid imaging; 

(2) Iodine 131 as iodinated human serum albumin (IHSA) for 

brain tumor localizations and cardiac imaging; 

(3) Iodine 131 as iodinated human serum albumin (IHSA) for 

cisternography; 

(4) Iodine 131 as macroaggregated iodinated human serum albumin 

for l\.lllg imaging; 

(S)' Iodine 131 as colloidal (microaggregated) iodinated human 

serum albumin for liver imaging; 
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(6) Iodine 131 as labeled rose bengal for liver imaging; 

(7) Iodine 131 as iodopyracet, sodium iodohippurate, sodium 

diatrizoate, diatrizoate methylglucamine, sodium diprotrizo . 

or sodium acetrizoate for kidney imaging; 

(8) Iodine 131 as sodium iodipamide for cardiac imaging; 

(9) Iodine 131 as iodinated human serum albumin (IHSA) for 

placenta localization; 

(10) Chromium 51 as sodium chromate for spleen imaging; 

(11) Chromium 51 as labeled human serum albumin for placenta 

localization; 

(12) Gold 198 in collodial form for liver imaging; 

(13) Mercury 197 as labeled chlormerodrin for kidney and brain 

imaging; 

(14) Mercury 203 as labeled chlormerodrin for brain imaging; 

(15) Selenium 75 as labeled seleno-methionine for pancreas imagi1 

(16) Strontium 85 as nitrate or chloride for bone imaging in 

patients with suspected or diagnosed cancer; 

(17) Techneticm 99m as pertechnetate for brain imaging; 

(18) Technetium 99m as pertechnetate for thyroid imaging; 

(19) Technetium 99m as pertechnetate for salivary gland imaging; 

(20) Technetium 99m as pertechnatate for blood pool imaging othe 

than placenta localization; 

(21) Technetium 99m as pertechnetate for placenta localization; 
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(22) Technetium 99m as labeled sulfur colloid for liver and 

spleen imaging; 

(23) Technetium 99m as labeled macroaggregated human serum 

albumin for lung imaging; 

(24) Xenon 133 as gas, free or in solution, in prepackaged 

individual doses only, for heart and lung imaging; 

(25) Any byproduct material in a radiopharrnaceutical and for 

a diagnostic use involving imaging for which a "Notice of 

Claimed Investigational Exemption for a New Drug" (IND) · 

has been accepted by the Food and Drug Administration (FDA) 

Provided, that the registration requirements of paragraph 

35.14(b)(4) are complied with. 

(c) Group III. Use of generators and reagent kits for the prepara­

tion and use of radiopharmaceuticals containing byproduct 

material for certain diagnostic uses. 

(1) Molybdenum 99/technetium 99 generators for the elution of 

technetium 99m as pertechnetate for: 

(i) brain imaging; 

(ii) thyroid imaging; 

(iii) salivary gland imaging; 

(iv) blood pool imaging other than placenta localization; 

· (v) placenta localization; 
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(vi) use with reagent kits for preparation and use of 

radiopharmaceuticals containing technetium 99m as 

provided in paragraphs (c)(2) and (3). 

(2) Reagent kits for preparation of technetium 99m labeled: 

(i) sulfur colloid for liver and spleen imaging; 

(ii) iron-ascorbate-diethylenetriamine pentaacetic acid 

complex for kidney imaging; 

(iii) diethylenetriamine pentaacetic acid (Sn) for kidney 

imaging and kidney function studies; 

(iv) diethylenetriamine pentaacetic acid (Sn) for brain 

imaging; 

(v) human serum albumin microspheres for lung imaging; 

(vi) polyphosphates for bone imaging; 

(vii) macroaggregated human serum albumin for lung imaging; 

(viii) disodium etidronate for bone imaging. 

(3) Any generator or reagent kit for preparation and diagnostic 

use of a radiopharmaceutical containing byproduct material 

for which generator or reagent kit a "Notice of Claimed 

Investigational Exemption for a New Drug" {IND) has been 

accepted by the Food and Drug Administration (FDA); Providec 

that the registration requirements of paragraph 35.14(b)(4) 

are complied with. 
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(d) Group IV. Use of prepared radiopharmaceuticals for certain 

therapeutic uses. 

(1) Gold 198 as colloid for intracavitary therapy of malignant 

effusions; 

(2) Gold 198 as colloid for interstitial therapy of cancer; 

(3) Iodine 131 as iodide for therapy of hyperthyroidism and 

angina pectoris; 

(4) Iodine 131 as iodide for therapy of thyroid carcinoma; 

(5) Phosphorus 32 as soluble phosphate for therapy of polycy­

themia vera; 

(6) Phosphorus 32 as soluble phosphate for therapy of leukemia 

and bone metastases; 

(7) Phosphorus 32 as colloidal chromic phosphate for intracavita 

therapy of malignant effusions; 

(8) Phosphorus 32 as colloidal chromic phosphate for inter­

stitial therapy of cancer; 

(9) Any byproduct material in a radiopharmaceutical and for a 

therapeutic use for which a "Notice of Claimed Investigation 

Exemption for a New Drug" (IND) has been accepted by the Foo 

and Drug Administration (FDA); Provided, that the registrati 

requirements of paragraph 35.14(b)(4) are complied with. 

(e) Group V. Use of sources and devices containing byproduct rnateri 

for certain medical uses. 
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(1) Americium 241 as a sealed source in a device for bone mine 

analysis; 

(2) Cesium 137 encased in needles and applicator cells for top: 

interstitial, and intracavitary therapy of cancer; 

(3) Cobalt 60 encased in needles and applicator cells for topic 

interstitial, and intracavitary therapy of cancer; 

(4) Gold 198 as seeds for interstitial therapy of cancer; 

(5) Iodine 125 as a sealed source in a device for bone mineral 

analysis; 

(6) Iridium 192 as seeds encased in nylon ribbon for interstiti 

therapy of cancer; 

(7) Strontium 90 sealed in an applicator for therapy of super­

ficial eye conditions. 
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3. Section 31.11 of 10 CFR Part 31 is amended by adding new paragraph: 

31.ll(a)(4) and (5), by amending the first sentence of paragraph 

31.ll(b), and by amending paragraphs 31.ll(c)(l) and (d)(l) to reac 

as follows: 

§31.11 General licen~e for use of byproduct material for certain 

in vitro clinical or laboratory testing. 

(a) A general license is hereby issued to any physician, clinical 

laboratory or hospital to receive, acquire, possess, transfer, 

or use, for any of the following stated tests, in accordance 

with the provisions of paragraphs (b), (c), (d), (e), and (f) 

of this section, the following byproduct materials in pre­

packaged units: 

* * * * 

(4) Hydrogen 3 (tritium), in units not exceeding 50 microcuries 

each for use in in vitro clinical or laboratory tests not 

involving internal or external administration of byproduct 

material, or the radiation therefrom, to human beings or 

animals. 

(5) Iron 59, in units not exceeding 20 rnicrocuries each for use 

in in vitro clinical or laboratory tests not involving inte1 

or external administration of byproduct material, or the 

radiation therefrom, to human beings or animals. 
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(b) No person shall receive, acquire, possess, use, or transfer 

byproduct material pursuant to the general license established 

by paragraph (a) of this section until he has filed Form AEC-

483, "Registration Certificate-In Vitro Testing with Byproduct 

Material Under General License", with the Materials Branch, 

Directorate of Licensing, U. S. Atomic Energy Commission, 

Washington, D. C. 20545, and received from the Commission a 

validated copy of Form AEC-433 with registration number assigned 

or until he has been authorized pursuant to §35.14(c) of this 

chapter to use byproduct material under the general license in 

this §31.11. * * * 
(c) A person who receives, acquires, possesses, or uses byproduct 

material pursuant to the general license established by para­

graph (a) of this section shall comply with the following: 

(1) The general licensee shall not possess at any one time, 

pursuant to the general license in paragraph (a) of this 

section, at any one location of storage or use a total amount 

of iodine 125, iodine 131, and/or · iron 59 in excess of 200 

microcuries. 

* * * * 
(d) The general licensee shall not receive, acquire, possess, or 

use byproduct material pursuant to paragraph (a) of this section: 
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* 

(1) Except as prepackaged units which are labeled in accordan• 

with the provisions of a specific license issued under thE 

provisions of §32.71 of this chapter or in accordance witl 

the provisions of a specific license issued by an Agreemer 

State, which authorizes manufacture and distribution of 

* iodine-125, iodine-131, carbon-14, hydrogen-3 (tritium), 

or iron-59 for distribution to persons generally licensed 

by the Agreement State. 

* * * * 

*See Notice of Rule Making, 38 F.R. 34110, December 11, 1~ 
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4. Section 32.71 of 10 CFR Part 32 is amended by adding new paragraph! 

32.71(b)(4) and (5) and by amending paragraph 32.71(c)(l) to read 

as follows: 

§32.71 Manufacture and distribution of byproduct materials for 

certain in vitro clinical or laboratory testing under 

general license. 

An application for a specific license to manufacture or distribute 

byproduct material for use under the general license of §31.11 of 

this chapter will be approved if: 

* * * * 
(b) The byproduct material is to be prepared for distribution in 

prepackaged units of: 

* * * * 

* 

* 
(4) Hydrogen 3 (tritium) in units not exceeding 50 microcuries 

each; 

(5) Iron 59 in units not exceeding 20 microcuries each. 

* · * * * * 

(c) Each prepackaged unit bears a durable, clearly visible label: 

(1) Identifying the radioactive contents as to chemical form 

and radionuclide, and indicating that the amount of 

radioactivity does not exceed 10 microcuries of iodine 131, 

* 
iodine 125, or carbon 14; 50 microcuries of hydrogen 3 

(tritiµm); or 20 microcuries of iron 59; and 

* · * * * * 
*See Notice of Rule Making, 38 F.R. 34110, December 11, 197: 
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5. A new §32.72 is added to 10 CFR Part 32 to read: 

§32.72 Manufacture and dist r ibu tion of r adionharr.iaceuticals conta 

byProduct ma teria l for medical use under grouo licenses. 

Im application for a specific license to manufacture and distribut , 

radiopharmaceuticals containing byproduct material for use by pers, 

licensed pursuant to §35.14 of this chapter for the uses listed in 

Group I, Group II, or Group IV of Schedule A, §35.100 of this 

chapter will be approved if: 

(a) The applicant satisfies the general requirements specified in 

§30.33 of this chapter; 

(b) The applicant submits evidence that the radiopharmaceutical cor 

taining byproduct material will be manufactured, labeled, and 

packaged in accordance with 

(1) An effective new drug application (NDA) or a Biologic Produ 

License ·from the Food and Drug Administration (FDA); or 

(2) A "Notice of Claimed Investigational Exemption for a New 

Drug (IND) that has been accepted by the FDA; 

(c) The applicant submits information on the radionuclide, chzmical 

and physical form, packaging including maximum activity per 

package, and shielding provided by the packaging of the byprodu, 

material which is appropriate for safe handling and storage of 

the radiopharmaceuticals by group licensees; and 
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(d) (1) The label affixed to each package of the radiopharmaceutic. 

contains information on the radionuelide, quantity, and da 1 

of assay and the label affixed to each package, or the 

leaflet or brochure which accompanies each package, contair 

a statement that the radiopharmaceutical is licensed by the 

U. S. Atomic Energy Commission for distribution to persons 

licensed pursuant to §35.14 and §35.100 Group I, Group II, 

or Group IV of 10 CFR Part 35, as appropriate, or under 

equivalent licenses of Agreement States; 

(2) The labels, leaflets or brochures required by this paragrap1 

are in addition to the labeling required by the Food and Dr1 

Administration (FDA) and they may be separate from or, with 

the approval of FDA, may be combined with the labeling 

required by FDA. 
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6. A new §32.73 is added to 10 CFR Part 32 to read: 

§32.73 Manufacture and distribution of generators or reagen t kits 

for prepa r ation of radiopharmaceuticals containing byp roduc 

material. 

An application for a specific license to manufacture and distribute 

generators or reagent kits containing byproduct material for 

preparation of radiopharmaceuticals by persons licensed pursuant 

to §35.14 of this chapter for the uses listed in Group III of 

Schedule A, §35.100 of this chapter will be approved if: (See Note 

(a) The applicant satisfies the general requirements specified in 

§30.33 of this chapter; 

Note 1. Although the Commission does not regulate the manufacture and 

distribution of reagent kits which do not contain byproduct material 

it does regulate the use of .such reagent kits for the preparation of 

radiopharmaceuticals containing byproduct material as part of its 

licensing and regulation of the users of the byproduct material. Any 

manufacturer of reagent kits which do not .contain byproduct material 

who desires to have his reagent kits approved by the Commission for 

use by persons licensed pursuant to §35.14 and Group III of Schedule 

A, §35.100 of this chapter may submit the pertinent information speci-

fied in this §32.73. 
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(b) The applicant submits evidence that the generator or reagent k: 

is to be manufactured, labeled and packagerl in accordance with 

(1) An effective New Drug Application (NDA) or a Biologic Prodt 

License from the Food and Drug Administration ·(FDA), or 

(2) A "Notice of Claimed Investigational Exemption for a New 

Drug (IND) 11 that has been accepted by the FDA; 

(c) The applicant submits information on the radionuclide, chemical 

and physical form, packaging including maximum activity per 

package, and shielding provided by the packaging of the byorodu 

material contained in the generator or reagent kit; 

(d) The label affixed to the generator or reagent kit contains 

information on the radionuclide, quantity, and date of 

assay; and 

(e) The label affixed to the generator or reagent kit, or the 

leaflet or brochure which accompanies the generator or reagent 

kit, contains: 

(1) adequate information, from a radiation safety standpoint, 

on the procedures to be followed and the equipment and shie 

ing to be used in eluting the generator or processing radio 

active material with the reagent kit, and 

(2) a statement that this generator or reagent kit (as appropri 

is approved for use by persons licensed by the U. S. Atomic 

Energy Commission pursuant to §§35.14 and 35.100 Group III 

of 10 CFR Part 35 or under equivalent licenses of Agreement 

States. 
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The labels, leafle ts or brochures required by this paragraph are 

in addition to the labeling required by FDA and they may be 

separate from or, with the approval of FDA, may be combined with 

the labeling required by FDA. 
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7. A new §32.74 is added to 10 CFR Part 32 to read: 

§32.74 Manufacture and distribution of sources or devices contain: 

byproduct materia l for medical use. 

An application for a specific license to manufacture and distributE 

sources and device s containing byproduct material to persons licen~ 

pursuant to §35.14 of this chapter for the uses listed in Group V c 

Schedule A, §35.100 of this chapter will be approved if: 

(a) The applicant satisfies the general requirements in §30.33 of 

this chapter; 

(b) The applicant submits sufficient information regarding each typ 

of source or device pertinent to an evaluation of its radiation 

safety, including: 

(1) The byproduct material contained, its chemical and physical 

form, and amount; 

(2) Details of design and construction of the source or device; 

(3) Procedures for, and results of, prototype tests to assure 

that the source or device will maintain its integrity under 

stresses likely to be encountered in normal use and accident 

(4) For devices containing byproduct. material, the radiation 

profile of a prototype device; 

(5) Details of quality control procedures to assure that product 

sources and devices meet the standards of the design and 

prototype tests; 
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(6) Procedures and standards for calibrating sources and 

devices; 

(7) Legend and methods for labeling sources and devices as to 

their radioactive content; 

(8) Instructions for handling and storing the source or device 

from the radiation safety standpoint; these instructions ar 

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, instructions which are too leng 

for such label may be summarized on the label and printed ii 

detail on a brochure which is referenced on the label; 

(c) The label affixed to the source or device, or to the permanent 

storage container for the source or device, contains informatior 

on the radionuclide, quantity, and date of assay, and a 

statement that the (name of source or device) is licensed by 

the U. S. Atomic Energy Commission for distribution to persons 

licensed pursuant to §§35.14 and 35.100 Group V of 10 CFR Part 

35 or under equivalent licenses of Agreement States; Provided, 

such labeling for sources which do ~ot require long term storage 

(e.g. gold 198 seeds) may be on a leaflet or brochure which 

accompanies the sources. 
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.. 
' 

(Sec. 81, 161, 182, 183, Pub. Law 83-703, 68 Stat. 935, 948, 953, 

954, as amended (42 U.S.C. 2111, 2201, 2232, 2233)) 

Dated at Germantown ,Md. this 15th day -----,--------
of January 1974. 

Commission. 

Secretary of ission 
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lodine-125 Seeds - Since 196511 > lodine-125 seeds have been used routin .. ,y as permanent interstitial 
implants. The procedure has proved to be outstandingly safe and effective. Successful results have 
been demonstrated in the treatment of a wide range of tumors, including those of the head and neck, 
lung, bladder, and prostate. Most significantly, the use of lodine-125 has resulted in a major reduction 
of the radiation exposure to operating room personnel. 

Simplified Radiation Protection - The combined effect of the unique absorption characteristics of 
30 keV X-rays, low half value layer ( lead HVL - 0.025 mm) and low activity of each seed (0.4 to 
0.8 mCi) facilitates the reduction of radiation exposure to operating room and nursing personnel when 
lodine-125 is used to replace Radon-222, Gold-198, or I ridium-192. For example, a thin lead foil of 
only 0.25 mm reduces radiation from lodine-125 by 99.9%. Equivalent radiation protection for 
Radon-222 requires more than 130 mm of lead. Gold-198 or lridium-192 requires 38 mm or more. 

The 30 keV X-rays from lodine-125 are reduced to less than 10% by 7 cm of tissue. Consequent­
ly, most patients represent little radiation exposure risk to their associates, and may use multiple occu­
pancy rooms during their period of hospitalization. 

Long Shelf Life - lodine-125 has a half life of 60 days. At the time of shipment each seed has a nom­
inal activity of 0.65 mCi. The seeds are considered effective down to 0.3 mCi. The useful shelf life is 
therefore more than t wo months. Supplies of the seeds may be conveniently stored in the surgical 
suite or radiat ion therapy department to simplify implant scheduling, and provide immediate clinical 
availab il ity when required for use by t he su rgeon or attending radiation therapist. 

Optimum Time-Dose Relationship• The 
60-day half life of lodine-125 produces 
a time-dose relationship which lies in 
the most effective region between the 
maximum tissue tolerance and the 
minimum tumor lethal dose.( 21 The 
therapeutic ratio is high and the pre­
cision required for dosimetry is less 
critical than for radioisotopes with 
shorter half lives. ( Fig. 1). 
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Implant Technique - lad,, .c: 125 is supplied as a titanium capsule, v, "seed", small enough (4.5 mm x 
0. 75 mm) to be injected using a standard No. 17 needle. Several simple applicators are available and 
make the procedure very fast. (A modification of the Scott Applicator( 3 l is supplied by Lawrence 
Soft Ray Corporation). 

Calculation of the quantity of activity to be employed for each tumor is simple, as lodine-125 
conforms to the Dimension Averaging rules developed by Henschke,( 4 ) 

The tiny implanted source is well tolerated by the body. The permanent implant technique 
requires only one surgical procedure and minimizes the risks of infection and tumor trauma associated 
with removable implants such as lridium-192. Hospitalization of patients may be shortened and many 
cases treated on an outpatient basis. 

Clinical Applications - Implants of lodine-125 offer significant benefits, primarily in the management 
of head and neck, intrathoracic and intraabdominal cancers. Many tumors which are localized and 
readily accessible may be successfully treated with the implant alone. Superficial tumors may be 
treated using lodine-125 in a surface applicator. 

lodine-125 is also frequently employed to augment surgery, chemo-therapy or external beam 
therapy. 

Surgical Procedures - A surgical operation, such as thoracotomy, often discloses an unresectable tumor 
and the surgeon is forced to leave a significant portion of the tumor intact. lodine-125 seeds offer the 
potential to convert these essentially useless operations into effective treatments. The patient benefits 
both physically and emotionally where this positive alternative is available. The resu Its of I odine-125 
implants under these conditions are most encouraging,(Gl, (7 ) 

External Beam Therapy - External beam radiation therapy can be greatly enhanced by the simultan­
eous application of lodine-125 implants. The combination protocol permits very high local tumor 
doses (over 20,000 R) to be safely employed while retaining the benefits of external beams in con­
trolling cell colonies in nodal sites or in tissue adjacent to the bulk of the tumor. lodine-125 implants 
may be utilized at the completion of a course of external beam treatments in order to control small 
residual radio-resistant masses. 

lodine-125 emits 30 keV X-rays having a half value layer (HVL) of only 2 cm in tissue. The dose 
distribution around each seed is uniform and tightly localized. Interstitial implants compare very 
favorably with the most complex external beam geometries in establishing high tumor doses with 
minimum dose to surrounding healthy tissue. (See Frontpiece, Fig. 2 and Fig. 3). 

In addition, the I odi ne-125 seeds contain a gold X-ray marker which serves as an excel lent basis 
for tumor localization in subsequent treatment planning. 

Fig. 2 Computer-calculated isodose curves for 

prostate implanted with 19 lodine-125 seeds.( 5 l 

Fig. 3 Pelvic cross-sections comparing 6 MV 
vs. I odi ne-125 isodose curves. 15 l 

Interstitial implant 
with I odine-125 seeds. 

Rectum and bladder 
receive less than 

30% maximum 
dose. 16 l 

External beam 6 MV 
linac, optimum setup, 

360° rotation, 6 x 6 
cm. Rectum and 

bladder receive over 
65% maximum dose. 
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lodine-125 Compared to Gold· ,, Radon-222, and lridium-192 - Tabl shows the physical char­
acteristics of the four principle radioisotopes used for permanent implants. It can be seen that 
Gold-198 and Radon-222 have short half lives compared to lodine-125 and I ridium-192. Consequent­
ly, they have little shelf life. Gold-198, Radon-222, and lridium-192 all emit high-energy beta radia­
tion which may complicate therapy and dosimetry. Most significantly, Gold-198, Radon-222, and 
lridium-192 all emit high-energy gamma radiation while lodine-125 emits only X-rays of approximately 
30 keV. This energy is more than adequate to penetrate and destroy the implanted tumor, but mini­
mizes the dose to surrounding healthy tissue. lodine-125 thus provides improved isodose characteris­
tics combined with an optimum time dose relationship ( Fig. 1) and simple radiation protection. 

Isotope 
Half Life 

(days) 

Iodine 125 60 

lridium-192 74.4 

Gold-198 2.7 

Radon 222 3.8 

SPECIFICATIONS: 

TABLE 1. 

Emitted Energy 

Alpha Beta (Max .) Gamma 

none none 27-35 keV 

none 670 keV 300-610 keV 

none 960 keV 410 keV 

+ 70-3260 keV 50-2440 keV 

1-125 ON ION 0 . 05mm 
WELD E D EXCHANGE O 6 mm GOL D 

RES IN ~ X-R A Y MARKE R T ITANIUM 

0Eii1 I '96 
j 4.5 mm I 

1 

Fig. 4. lodine-125 seed. 

Nominal Activity· 0.65 mCi on Ion Exchange resin. 

Half Value Half Value 
Layer ( lead ) Layer (tissue ) 

0.025 mm. 2cm. 

4.5mm. 6cm. 

4.5 mm. 6cm. 

13 mm. 10cm. 

Seed Dimensions· 4.5 mm x 0.75 mm (0.05 mm welded type A-40 Titanium wall) with 0.6 mm gold 
X-ray marker. 

Emission Energy · 27.4 to 35.4 keV X-rays. No other significant alpha, beta, or gamma radiation. 
(lodine-126 content less than 1.5%). 

Half Life - 60 days. 
Gamma Constant · 1. 7 Rads - cm2 /hr - mCi. (3,525 Rads/mCi 1-125 destroyed at 1 cm vs. 1,050 

Rads/mCi Rn-222 destroyed).( 6 ) 

Testing - Includes calibration, rigid microscopic and X-ray inspection as well as the AEC-required leak 
test. All seeds are autoclaved prior to the final leak test. A leak test certificate is provided with every 
shipment. 
Delivery - Within 30 days on initial order and within ten days on subsequent orders, FOB Mountain 
View, California. Initial order must contain verification of Radioactive Materials License. 
Shipment - Via Airfreight, both domestic and international. 

(Specifications subject to 

change without notice). 

REFERENCES 

For further information write or call: 
Lawrence Soft Ray Corporation 
251 West Evelyn Avenue 
Mountain View, California 94040 
(415) 967-2861 

1 Memorial Hospital, N. Y. ref. A MANUAL FOR BRACHYTHERAPY, B. S. Hilaris, M.D .• 1970 
2Cohen, L..B.J.R. 23,25. (1950) and Schwartz, E. E. "The Biol. Basis Radn Ther" p. 285 (1966) 
JScott, W. P., Journal Roentg. CXIV March 1972, p. 620. 
•Henschke, U.K. et al. Rad. Bio. Ther. 9/3 pp. 287-98 (March 1968) 
SHilaris, 8. S., CANCER Oct. 1968 p. 745. 
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Maryland 1971 p. 59. 
7 Lung Cancer ed. Watson, W. L. Mosby, St. Louis 1968 p. 331 . 
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IODINE-125 

Institutions currently using quantities of seeds. ( Oct.. '73 ) 
( S - standing orders) 

1) Mer.iorial Hospi tel for Cancer and .Allied Diseases 
444 E. 68th St. New York, H •. Y. 10021 
Basil Hilaris, U. D. 

2) J{assau County !iledic2.l Center 
2201 Her:1pste8.6. Tu.rnpike, East Meadow, H. Y.. 11554 
Mortimer Heiler, Ph.D. 

3) Ch~.rlotte i':Iem.ori al Hos:9i tal 
1000 Bl:rthe Blvd. , Charlotte, N. Carolina 28203 
Walter Scott, M. D. 

4) Veteror.s Administration Hospital 

5) 

6) 

7) 

Fifth Ave.~ Hoosevelt Rd. Hines, Ill. 60141 
John Levan, Ph.D~ 

Los A...'rlgeles County, U.S. C. !,Iedical Center 
1200 K. State st. Los Angeles, Ca. 90033 
Irwin Grossman, M. D. 

P..oval Victoria ~o s-oi tal 
687 Pine Ave. West- Montreal, 112 P. Q., C2nada 
B2.lf our M. I,Iount, M. D. 

J2.ckson r:remorial Hospital 
1700 E.W. Tenth Ave. r.'li8I!li, Florida 33136 
K. Ch2.ryulu, ?,I . D. 

8) St. Peters Gener~l ?.ospital 
254 Easton Ave. Nev.r Brunswick, N.J. 
Leo hliesburger , Ph.D. 

9) Long :Se 2.ch t-!e:;io ri2.l Hospital 

10) 

455 E. Bay Dr. Long Beach, N.Y. 11561 
Elliot H. Him'.71.elf 2.rb, rJ. D. 

Stanford Univers'i.tv School of Medicine 
P~lo Alto, Ca . 94304 
Donald Goffinett, M. D. 

11) Universi t y I"1os 1:; i tel 
225 1.'l. Dickenson St. San Diego, Ca. 92103 
Carl Von Esseri, U. D. 

(S) 

(S) 

(S) 

(S) 

(S) 

(S) 

(S) 
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IODINE-125 

Institutions currently using quantities of seeds. ( Oct. • 73 ) 
( S - standing orders) 

Continued - Page 2 

12) St. Francis Hospital 
929 N. St. Fra.""lcis Ave. Wichita, Kansas 67214 
H~H. Forsyth 7!inchell,M.D .. 

13) St. Lukes HosJital Center 
knsterdarn Ave. & 114th St •. Nev1: York, U.Y •. 10025 
Leon9.Td Liegner, M. D •. 

14) Yale r-rew Haven :So spi tal 
New Haven, Conn. 
William Nalesnik, M.D. 

15) Hotel-Di eu de Montreal 
J840 Rue St. Urba in 
Montreal 131 Canada 
Genevieve Gaboriaud, M.Sc. 

16) Emory University Clinic - Dept. Rad. Therapy 
1365 Clifton Rd , N. ~ . 
Atlanta, Ga . 
John R. McLaren, M.D. 

17) Instituto de Radioterapia 
Hospital Osval do Cruz 

18) 

S~o Paulo, Br az il 
Marcos Lede r man , E .D. 

Radiation Center , 
1425 Snderley Plac e E. l 
Fort Worth , Texas J 
Oscar Morphis, M.D. 

1~) The Roosevelt Hospital 
428 W. 59th Street 
Ne1,1 York 
Steven Alderman, M.D. 

20) Confeder ate Memorial Hospital 
Shreveport, Louisiana 
E . Lang , lVi . D. 
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IODINE-125 

251 WEST EVELYN 
MOUNTAIN VIEW, CALIFORNIA 94040 
PHONE: (415) 967-2861 

Institutions currently using quantiti es of seeds. 
( S - standing orders) 

21) Elliot Hos p ital 
r.1anchester 
New Hampshire 

Continued - Page 3 
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IODINE-125 

Institutions currently using quantities of seeds. ( Oct.. '73 ) 
( S - standing orders) 

1) Memorial Hospi t e.l f or Cancer and .Allied Diseases 
444 E. 68th St. New York, N.Y. 10021 
Basil Hilaris, M. D. 

2) Nassau County Medic e.l Center 
2201 Hemps tead Turnpike, East Meadow, N. Y.. 11554 
Mortimer Heller, Ph.D. 

3) Ch0.rlotte Memorial Hospital 
1000 Bl:rthe Blvd., Charlotte, N. Carolina 28203 
Wal ter Scott, M.D. 

4) Veterans Administration Hospital 
Fifth Ave. & Roosevelt Rd. Hines, Ill. 
John Levan, Ph.D~ 

5) Los Angeles County, u.s.c. Medical Center 
1200 N. Sta te St. Los Angeles, Ca. 90033 
Irwin Grossman, M. D. 

6) Royal Victoria Ho spital 

7) 

687 Pine Ave. Wes t Montreal, 112 P. Q., 
B2.lfour M. Mount, M. D .. 

J e.cks on Memorial Hospital 
1700 N.W. Tenth Ave. Miami, Florida 33136 
K. Cha.ryulu, M. D. 

8) St. Peters Ge neral P.ospi t al 
254 Easton Ave. New Brunswick, N.J. 08903 
Leo Mi es bu rger, Ph.D. 

9) Long Beach Memorial Hospital 

10) 

455 E. B2.y Dr. Long Beach, N. Y. 11561 
Elliot H. Himmelf e.rb , M.D. 

St2llford Universitv School of Medicine 
Palo Al to, Ca . 94304 
Donald Gof finett, M. D. 

11) University Hospital 
225 W. Dickenson St. San Diego, Ca. 92103 
Carl Von Essen, M. D. 

DOCKETED 
USrAEC 

( S) 

(S) 

( S) 

) 

(S) 

(S) 
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Institutions currently using quantities of seeds. ( Oct. '73) 
( S - standing orders) 

Continued - Page 2 

12) St. Francis Hospital 
929 N. St. Francis Ave. Wichita, Kansas 67214 
H.H. Forsyth Winchell,M.D .. 

13) St. Lukes Hospital Center 
A"nsterdam Ave. & 114th St •. New York, N.Y. 10025 
Leon c1.rd Liegner, M.D •. 

14) Yale Hew Haven Hospital 
Nev; Haven, Conn. 
William Nalesnik, PSI. fuJ>. 
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Interstitial implantation and intracavitary applications occupy a defin ite posi­
tion in the curative management of cancer. ,vith these techniques a much 
higher dose can be delivered to the tumor than possible with external radiation. 
At the same time, a much lower dose is given to the ad joining normal tissue 
avoiding severe complicatioas and late damage of the normal tissue and 
organs. The high doses delivered with internal radiation are tolerated well 
because the irradiated volumes are very small compared to the volumes which 
are irradiated with external radiation therapy even with small-field technique. 
However, the methods and the radioisotopes ,,hich are commonly used in 
interstitial and intracavitary radiation therapy are complicated and unsatis­
factory from the radiation safety point of view. For this reason new methods 
with artificial radioisotopes were developed a t Memorial Hospital for interstitial 
and inu·acavitary radiation. These techniques include the remote afterloader 
with which all intracavitary applications were carried out since July 1967 
and the use of low energy 125J seeds for interstitial implants. The clinical 
experience with both techniques indicates that most of the drawbacks of the 
older methods are eliminated while their proven therapeutic value is retained. 

I .1\"TERSTITI.-\L A;\D INTRACAVITARY IRRADIATION 

are of special value for curative radiation 
ther:: py. These techniques permit the irradi­
ation of localized tumors with much higher 
doses than can safely be given by external 
radiation therapy; at the same time they pro­
vide be tter sparing of the surrounding nor­
mal tissue. Figures 1, 2 and 3 illustra te these 
points ;1·ith roentgenograms of some of our 
intrac:P,itary applications and interstitial 
implants; we have superimposed isodose 
curves calculated by a computer. 

Figure 1 shows an intracavitary applica­
tion for a carcinoma of the uterine cervix. 
The area within which all stage I and most 
of the stage II carcinomas of the cervix are 
located receives between 16,000 and 8000 
rads. This dose is tolerated by the adjacent 
normal organs without complications be-

Presen ted at the International Symposiu m on R adia­
tion Therapy, March 13-15, 1968, Memorial Hospital, 
New York , N.Y. 
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cause of the rapid falloff of the dose. With 
external radiation therapy, on the other 
hand, the tolerance dose is much lower and 
serious complica tions occur with closes above 
5000 rads. 

Figure 2 shows a removable interstitial im­
plant for a carcinoma of the tongue extend­
ing to the tonsil. The tumor dose is approxi­
m ately 10,000 rads, which again is a much 
higher dose than can safely be given with 
external irradiation. A dose of this magni­
tude produces a mucositis confined to the 
implanted area, which subsides in about 2 
to 3 weeks. Late reactions are rare with im­
plants and we have seen them only with very 
large volumes and extremely high doses. In 
contrast, with external radiation therapy, 
even with doses of 5000 to 6000 rads, loss of 
taste and dryness of the mouth with resultant 
tooth decay occur and the patient's condition 
seems to deteriorate even though the cancer 
is controlled. 

Figure 3 shows a permanent interstitial 
implant for an unresectable cancer of the 
lung. ·we have carried out several hundred 
implants of this type during exploratory 
thoracotomy and in many cases doses as high 
as 15,000 to 30,000 r ads have been delivered, 
depending on the size of the implanted tu­
mor. Except for a temporary esophagitis in 
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cases where the implan tecl tumor was close 
to the esophagus, ,,·e did not observe any 
early or late symptoms from such high-close 
implants, e \·en in relatively large Yolumes. 
In con tr.1 st, se, ere disability and even deaths 
from lung fibrosis "·ere noted ,vith doses as 

FIG. I. Intracavitary applica­
tion for a carcinoma of the uter­
ine cervix. 

low as ,1000 rads when external radiation was 
used. 

'Why are such high closes well tolerated 
,l"i th interstital and intracavitary radiation 
but not with external radiation therapy? 

Two factors account for this in our opin-

· JANUARY 29, 1965 

Fie. 2. Removable intersti tial implant for a carcinoma of the tongue. 
Fie. 3. Permanent intersti tial implant for a carcinoma of the lung. 
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ion. First, with interstitial and intracavitary 
radiation, the irradiated volumes are very 
sma 11 compared to the volumes which are ir­
radia ted in external radi a tion therapy, even 
with small-field techniques. Second, the small 
volumes tolerate much higher closes than the 
large volumes. 

The importance of these two factors is not 
generally appreciated. One reason for this is 
that there is no quantitative method available 
to compare irradiated volumes in interstitial 
and external radiation therapy. vVe feel that 
the calculation of the "half close volume," 
that is, of the volume raised to 50% of the 
central tumor close, would permit a good 
numerical comparison. In Table I such ''half 
dose volumes" are given for the three cases 
of brachytherapy by intracavitary and inter­
sitial therapy, which we just presented. They 
are com pared with the "half close volumes" 
which ,rnulcl result from teletherapy with 
multiple small fields for the same tumors. As 
the figures show, the "half close Yolumes" are 
for ex[ernal radiation therapy more than ten 
times as large as for intracavitary applications 
and intersicial implants. 

The ,econd reason is the fact that good 
data for the dependency of the tissue toler­
a:-i c e on :.\;: irradiated volumes are available 

1. 

2. 

3. 

TABLE 1. Comparison of the Irradiated Volumes 
in Brach),therapy and Teletherapy 

Half Dose Volumes 
(Volumes Irradiated to 50% of Central Dose) 

Case Brachythcrapy Tcletherapy 

Ca rcinoma of the 
uterine cervix 29 cm3 330 cm3 

Carcinoma of the 
tongue 16 cm3 80 cm3 

Carcinoma of the 
lung 20 cm3 250 cm3 

only for the relatively large volumes which 
occur in external x-ray therapy. However, the 
steep increase in the tolerance close occurs 
only at smaller volumes. 

To illustrate this, we show in Figure 4 a 
curve v,;hich on the vertical axis gives the 
estimated tissue tolerance level in rads and 
on the horizontal axis the "half dose volume" 
in cubic centimeters. For field sizes above 5 
cm x 5 cm, which for external radiation ther­
apy with commonly used factors correspond 
to a half dose volume of 200 cm3 or more, 
the curve follows the widely accepted trend 
which can be found as far back as 30 years in 
the first edition of Paterson's textbook. on 
radiation therapy. For smaller volumes, we 

ESTIMATE OF THE OPTIMAL DOSE FOR IMPLANT VOLUMES 
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FIG. 4. Tissue tolerance vs. 
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have found no quantitative data in the litera­
ture, although it has often been stated in 
explaining the high tolerance doses in "grid 
therapy" as well as in "contact therapy" that 
very small volumes tolerate very high doses. 
The initial part of this curve is based on our 
clinical impressions of the tolerance doses for 
interstitial implants which we have used for 
many years as a guide to the optimal dose in 
interstitial implantation. 

Why are high doses such as can be given 
safely by interstitial and intracavitary radia­
tion important for curative radiation ther­
apy? 

The answer is that many of the most com­
mon cancers which remain localized for a 
long period require for a cure higher doses 
than 5000 to 7000 rads, ·which can be given 
with external radiation therapy. In these po­
tentially curable tumors, interstitial and in­
tracavitary radiation therapy becomes, in our 
opinion, the treatment of choice if surgical 
excision is not possible at all or only with 
severe functional loss. Therefore, intracavitary 
applications and interstitial implantation are 
best regarded and used as a supplement to 
external radiation therapy if the latter fails 
to control the local tumor growth. 

What actually has been accomplished by 
intracavitary and interstitial radiation in 
curative cancer therapy? 

Unfortunately, no controlled prospective 
clinical studies are available to answer this 
question with the desirable scientific accuracy. 
Many retrospecth·e studies are avaliable how­
ever in the literature which point to the cura­
tive value of intracavitary applications in 
cancer of the uterus9 and of interstitial im­
plantation in intraoral cancer.1 , s Rather than 
reviewing these reports, I would like to pre­
sent our results with interstitial implantation 

in cancer of the lung. In this most common 
cancer in man today, we have accumulated 
at Memorial Hospital a wide experience with 
about 500 interstitial implants during thora­
cotomy. 

Table 2 shows data on the eight 5-year 
survivors among the 167 patients with pri­
mary cancer of the lung who were treated by 
interstitial implantation during thoracotomy 
from 1956 through 1961. The 5-year survival 
rate is nearly 5%, This may not seem impres­
sive but it should be remembered that all 
these patients were judged unresectable by 
thoracotomy and that their prognosis was 
considered hopeless. All these patients except 
one are living and well without complications, 
although two of them are now more than 80 
years old. 

The doses given by the implants were much 
higher than commonly given by external ra­
diation therapy and we feel that this is es­
sential for the cure of the primary cancers 
of the lung which do not metastasize rapidly. 

We also have encouraging results with in­
terstitial implants in malignant thymoma and 
carcinoma of the pancreas, two other mali­
gnant tumors which have a very poor prog­
nosis if they are unresectable. 

Interstitial implants of cancers which are 
found unresectable during operation have be­
sides their greater curative potential other 
important advantages: They usually provide 
good palliation by quick and prolonged tu­
mor shrinkage, even if they fail to cure the 
patient. They do not require further therapy 
or hospital stay after the patient has recovered 
from the operation. Last but not least, they 
convert an otherwise useless operation into 
an effective therapeutic procedure. 

If intracavitary and interstitial therapy are 
so valuable, why are they not used more £re-

TABLE 2. Unresectable Bronchogenic Carcinoma Five-Year Survivors of 167 Implants 
Memorial Hospital 1956-1961 

Tumor 

Patient .Age Sex Location Dimensions Followup 

1 78 i\[ RUL 4x3x3 11 years* 
2 53 M LUL 5 X 5 X 5 11 years 
3 58 r,[ RUL 2x3x4 Living 10 years 
4 39 M RUL 4x3x3 and 8 )·ears 
5 74 ;\1 RLL 5x3x3 well 6 years 
6 52 :\! LUL 5x4x3 at 6 years 
7 41 :\! LUL 7 X 5 X 4 6 years 

8 53 :\! LUL 9x5x4 Died 6 y 3 m 

* Ca prostate 196 7. 
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quently in cancer management? The answer, 
in our opinion, is that the methods and the 
radioisotopes which are commonly used in 
interstitial and intracavitary radiation ther­
apy are so complicated and time consuming 
and so unsatisfactory from the radiation 
safety point of view that the preference of 
external radiation in the practice of radiation 
therapy is understandable. 

Therefore, there is an urgent need for the 
technical improvement of interstitial and in­
tracavitary radiation therapy. In our attempts 
to develop better methods at Memorial Hos­
pital, we had a great tradition to follow. Jane­
wav, who became the chief of the Radium 
ser:..·ice at the old Memorial Hospital in 1915 
and was joined by Dr. Failla in the same year 
and b:· Dr. Quimby in 1919, developed and 
applied many techniques of intracavitary and 
inters ti tial implantation which are still in use 
toda:·.7 One of their most important contri­
bution s was the development of radon seeds, 
which have been used at Memorial Hospital 
since 191 6. These radon seeds initially were 
simple glass capillary tubes filled with radon 
gas and provided no absorption for the strong 
beta p2.rticles. Dr. Janeway himself was 
treacec , \-ith these radon seeds for an adaman­
tinomJ. of the jaw. His severe rea ction follow­
ing ,::.e i::n plantation of these seeds provided 
a spec:2.l stimulus for the development of 
radon seeds with an outer gold tubing, which 
hJ.s be::n in general use since 1925. Unfortu­
n ate!: , Dr. Janeway died at an early age in 
19'.22 and Dr. Failla was killed in an auto­
mobile accident in 1961. Dr. Quimby, how­
ever, is among us today and a special tribute 
should be paid to her for the remarkable 
team,rnrk which firmly established the place 

Fie. 5. Schematic drawing of 
remote aftcrloadcr for intra­
cavitary and surface therapy in 
clinical use since July 1967. 

•i~ 
tffders 

A 

of interstitial implantation in cancer man­
agement. 

I would like to describe briefly two tech­
niques which we have developed with Dr. 
Henschke at Memorial Hospital in recent 
years and which overcome most of the dis­
advantages of the earlier techniques.2-5 ·we 
hope that these techniques will bring intra­
cavitary and interstitial radiation therapy into 
wider use in cancer management. 

Figure 5 shows a schematic drawing of the 
remote afterloader for intracavitary and sur­
face applications, which has been in clinical 
use at the Memorial Center since July 1967. 
The figure illustrates its use for treatment · 
of a cancer of the uterine cervix. First, an 
unloaded uterus applicator is inserted in the 
patient, who is then placed in a shielded 
room . The uterus applicator is connected 
with three plastic tubes to a lead-shielded safe 
in the wall. This safe contains three small 
sources of high activity, which are attached 
to the encl of three cables. From the control 
panel outside the room, the sources are 
pushed into the uterus applicator. The two 
vaginal la teral sources remain stationary dur­
ing the treatment while the uterine source is 
moved slow I y back and forth by an electrical 
motor drive over the desired length. Since a 
moving source can simulate sources of any de­
sired length and loading pattern, no addi­
tional sources are required, no special radium 
storage room is needed, and no transport of 
sources is necessary. All major causes of past 
radium accidents are therefore removed. 

Table 3 shows out clinical experience with 
this remote afterloader. Between July and 
December 1967, 46 applications were clone in 
23 patients. Sixteen patients had one to two 

C 
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TABLE 3. Intracavitary Radiation with Remote 
Afterloading Memorial Hospital 1967 

No. No. 
Site patients applications 

Vagina 10 22 
N asopharynx 6 9 
Bladder 2 4 
Cervix uteri 2 2 
Corpus uteri 1 3 
Max. antrum 1 3 
Esophagus 1 3 

TOTAL 23 46 

applications with total doses on the surface 
of the applicator varying from 5000 to 6000 
rads (500 to 1000 mghr). ):o reactions were 
noted in any of these patients. HoweYer, the 
therapeutic effect was the same as would have 
been expected with convention;il applications. 
Of the patients who received more than 
two applications ,vith total closes varying 
from 4000 to 14,000 rads (1100 to 3000 mghr) 
only two de\·eloped side reactions. Both had 
4000 rads external irradiation prior to the 
applications. 

Figure . 6 shows a drawing of the type of 
seed we have used since 1965 and which we 
hope is the answer to most problems of in­
terstitial implantation. This seed contains 1~51 
which has a half life of 60 days and a gamma 
radiation of only 27 kev. The 12ur is bound to 
two ion exchange resins. They are separated 
by a gold piece which facilitates visualization 
of the seeds in radiographs. The capsule 
consists of titanium which combines low 
absorption with good strength and tissue 

I - 125 SEED 

Gold marker 

Iodine 125 

TABLE 4. Hali Lives and Half Value Layers 
of Seeds for Permanent Implants 

Half value layer 

Half li fe Tissue Lead 
222 Rn 3.8 days 10 cm 12 .5 mm 
19sAu 2. 7 days 6cm 2.5 mm 
125! 60. 0 clays 2cm 0.025 mm 

tolerance and measures 4.5 mm in leno-th and 
0.7 mm in diameter. "' 

Table 4 shmvs the half life and the half 
value layer in lead and in tissue for such an 
1251 seed in comparison with the two most 
commonly used seeds for permanent implants, 
namely, 222Rn and 198Au seeds. The tissue 
half : ·alue layer of the 1251 radiation is quite 
suffioent for the range within which an im­
plant is effective. However, it reduces the 
surface close substantially in deeper implants, 
such as lung and abdominal implants. In 
sui:erficial implants a thin lead foil of only 
0.2!:>_ mm provides nearly complete protection. 

Figure 7 shows the reduction of the radia­
tion exposure of personnel after the use of 
1251 implants in larger numbers. Between Dec­
ember 1965 and December 1967, 95 implants 
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Fie. 6. 1251 seed (used at Memorial H ospital since Fir.. 7. Reduction of radiation exposure after use 
December 1965 for permanent implants). of m1 seeds. 
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Frc. 8. Permanent interstitial 
implant with =r seeds for a 
carcinoma of the prostate. 

with 1~·" I seeds were performed in SS patients. 
\Ve h:n·e observed essentially the same re­
sponse and reactions as we lrnYe seen in im­
plams Kith the other seeds and feel that the 
1~5I seeds o rovide on the whole the same thera­
peuti c ac ;:rntages as the 22 2Rn and "~ 3Au seeds 
!!,in· :s t~-eir practical disaclvancages. Com­
puter c:cse calculations were obta ined in all 
pa tin :s. The information gathered in this 
,, a,· i~ oi grea t help in evaluating the results 
from :."le standpoint of over- or underdose of 
imol:rn,ed tumor.6 

Figure S shows an example of an implant 
,,·ith 1::-~1 seeds. This patient was a 45-year-old 

man with carcinoma of the prostate, treated 
previously by external radiation therapy and 
transurethral resection. A recurrent mass in 
the right lobe of the prostate measuring 4 x 
2 X 2 cm was implanted on August 30, 1967 
with 19 12'3I seeds, after exposure of the pros­
tate through a perinea! incision. Total activ­
ity ,ras 21.G me and minimum tumor dose 
l 6,000 rads, as can be seen by the superim­
posed computer calculated isoclose curves. 
This patient at his last followup in March 
1968 was doing well, no definite induration 
could be felt in the prostate, and he was 
asymptomatic. 
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CURATIVE RADIOTHERAPY IN 
THE MALIGNANT LYMPHOlvfAS 

MYRON P. NOBLER, MD* 

The clinical experience and technologic improvements of the past 40 years are 
briefly summarized in terms of their contributions to the present optimistic 
and aggressive approach to the treatment of malignant lymphoma. The reason­
ing behind the large-field moderately high-dose technique th.at has evolved is 
reviewed and analyzed, and our treatment techniques are described in detail. 
Finally, the curability of malignant lymphoma is emphasized-through the use 
of vigorous and preciselv planned irradiation of both the actual and the po· 
tential sites of lymph node involvement in either the upper or the lower trunk 
regions, or, in some cases, in both r egions, we may now hope to produce cures or 
long-term survivals in a great majority of the patients treated; this results in 
a magnificent gain for humanity through the rescue or prolongation of many 
othenvise lost lives. 

IN THE EARLY YEARS OF THE TWENTIETH CEN· 

tury the diagnosis of Hodgkin's disease, 
lymphosarcoma or reticulum cell sarcoma was 
tantamount to sounding the death-knell: the 
malignant lymphomas were thought to cany 
an invariably fatal prognosis. This, fortu­
nately, has been proven false in modern r adi­
ation therapy centers where the treatment of 
the lymphomas may now be approached with 
a considerable degree of optimism that was 
not possible in previous years. Radiation 
therapy remains the treatment of choice when 
the intention is to achieve a cure or long-term 
remission, but it is now utilized in a more ag­
gressive manner. Thus, the use of more exten­
sive treatment fields and higher tumor doses 
is producing a definite improvement in sur­
vival statistics. 

The present radiotherapeutic approach and 
the concepts on which it is based represent 
evolutionary rather than revolutionary changes 
in thought. They are based upon a wealth of 
clinical information obtained by extensive and 
exhaustive reviews of large series of patients 
with malignant lymphoma, the rapid tech-
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morial Hospital for Cancer and Allied Diseases, New 
York, N. Y. 
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nologic advances in both the equipment used 
in radiation therapy and in the treatment 
planning thereof, and much newly uncovered 
racliobiologic and histopathologic data. This 
paper is a brief review of the salient clinical 
evidence that has led to our present plan of 
treatment, an analysis of the most recent sur­
vival statistics which support this approach, 
and a presentation of the treatment tech­
niques that have evolved and are now in use. 

CLINICAL CONSIDERATIONS 

One of the most interesting and challenging 
facets of the malignant lymphomas is that 
they often defy exact pathologic classification 
and have a marked tendency to transition 
from one pathologic type to another, as well 
as from one clinical phase to another. Histo­
pathologically and clinically the lymphomas 
may be divided into four general categories: 
giant follicular lymphoblastoma, Hodgkin's 
disease, lymphosarcoma (or lymphoprolifera­
tive malignancy), and reticulum cell sarcoma. 

In many situations a particular case of 
lymphoma may often fall into an exact cate­
gory and behave according to a classical pat­
tern. However, in other instances-as we have 
all observed-the tendency towards transition 
from one form of lymphoma to another mani­
fests itself as the disease progresses or re­
gresses. Furthermore, in m:rny cases the 
pathologists are un able to differentiate mi­
croscopically between the various types of 
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RAPID IMPLANTATION OF LUNG TUMORS USING I-125 SEEDS 
AND ABSORBABLE SPACER TECHNIQUE 

WALTER P. SCOTT, M.D.* 

From the oldest (radon) to the newest (I-125), the implantation of permanent 
radioactive sources has always suffered from the difficulties of insertion, positioning, 
and radiation exposure of hospital personnel due to the excessive time required. A 
simple technique to eliminate these disadvantages has been used in our department 
which works with any of the radioactive seeds developed. The rapid injection method 
is the final refinement resulting from our experience with this absorbable spacer 
technique which we have used in gynecological and lung tumors without difficulties 
or complications and have found particularly advantageous in the latter where we 
are implanting a moving target. 

Review of Basic Technique-Instead of being introduced individually into the 
tumor with a needle or gun, the seeds arc introduced in a column separated one 
from the other by a spacer of absorbable.materials such as #3 surgical gut. These 
spacers may vary according to the activity of the seed, e.g., 1.0 cm separation for 
seeds 0.5 me or over and 0.5 separation for seeds less than 0.5 me. Tht: seeds and 
spacers are lined up alternately within a.¢: 17 gauge nylon tube forming a cartridge 
which is gas sterilized with ::i: 19 gauge hypodermic needles inserted in its ends to 
retain the seeds and spacers yet allow the gas to enter. Prior to implantation, these 
hypodermic needles may be removed and replaced with small plugs of sterile bone 
wax. The column is transferred with a sty let into the bore of a == 17 gauge needle 
implanted within the tumor. The stylet is then introduced into the needle until it 
encounters the column in the distal end of the needle at which point it is stabilized 
with one hand while the needle is retracted back over it with the other. In so doing, 
a trail of seeds and spacers is deposited behind in the tumor while those remaining in 
the needle are later reloaded in new cartridges. Thus all unused seeds are reloaded 
with none wasted-and they are expensive. As the seeds decrease in activity, they 
are loaded in columns with shorter spacers and again none wasted. Variations in 
dosimetry are possible by adjusting the spacers or using seeds of different activities, 
i.e., dumbbell loading. Inactive gaps may be left in the tract of the implanted needle 
by increasing the length of the spacers. 

There are several methods of loading the needle, and in the case of easily access­
ible tumors, the needle can be preloaded prior to implantation using ( radium 
needle) forceps. Thus one should develop a technique which takes advantage of 
speed, distance, and proficiency. We generally use a standard loading of a 5 cm 
column of 4 seeds which seems to accommodate the "average" tumor dimensions. 
If the needle is inserted more than 5 cm into the tumor, additional seeds arc added 
into the needle from a new cartridge by first expelling the unwanted seeds. If the 

.needle is inserted less than 5 cm, fewer seeds are initially loaded ( again by expelling 
unwanted seeds from the cartridge). With a surplus of seeds, one could have several 
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cartridges of different loadings or else one could load the required number of seeds 
into the needle from a cartridge of infinite length . 

Rapid Injection Technique- Once the needle is implanted and loaded, the method 
of injection is the same for all types of sources. Since the last spacer in the column 
is just below tumor surface, we can design a C-shaped instrument with one arm 
(stylet) for advancing the seeds to the distal end of the needle and the other arm 
(stabilizer) for checking this advance as its blunt end reaches the tumor surface 
where and when the needle is retracted with the aid of a sliding sleeve-bolt leaving 
the column of seeds and spacers behind in the tumor. It is possible to expedite the 
procedure further by eliminating the tube technique and loading the needle directly, 
implanting it with the aid of radium needle forceps, and injecting the column of 
seeds and spacers . If these cannot be loaded using a sterile technique, they still can 
be gas sterilized . 

A B C D E 

Fig. I a . Empty needle within tum or re ady to recei ve co lumn o f seeds and spacers from nyl on 
tube (cartridge) . b. Column of see ds a nd space rs within needle and Ra pid Injector consisting of 
a st ylet for tra nsfer rin g thi s co lumn to the di sta l end o f needle, a stab ilize r fo r check in g the 
advance o f the sty lc t an d insurin g it s stab ilit y as the needle is retrac ted. and a slidin g sleeve-bolt 
for re trac tin g the needl e. c. Rapid In jecto r has tran sfer red the co lumn to th e di sta l end o f the 
needle a nd the sleeve-bolt has been slipped fo rwa rd to engage the needle for retraction. d. E mpty 
needle h as been re tracted leavin g a co lu m n o f seeds a nd ab~orba ble space rs in the tumor. 
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RAPID IMPLANTATION OF LUNG TUMORS USING I-125 SEEDS 65 
AND ABSORBABLE SPACER TECHNIQUE 

Figure I shows the schematics of this technique and Figure 2 illustrates the Rapid 
Injector. 

A simple formula for estimating tumor dose is easily calculated by averaging the 
three tumor diameters and multiplying by I 0, e.g. a tumor measuring 

3 cm + 4 cm + 5 cm f; """ .2_0 

X lit= 49millicuries 
3 

Fig. 2. Photographs(s) of Rapid Injector and needle. 

Summary-The absorbable spacer technique is a simple and rapid method for 
permanently implanting lung tumors . I-125 with its long shelf life ( 60 day half life) 
and safer energy ( 28 Kev) appears to be one of the best sources now available. 
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DOCH TED 

R ADiAT!ON THERAPY (N CANCER OF 

the prostate was used for the first time in the 
form of an intraurcthral radium capsule by Pas­
tcau and Degrais I in 1909 in Paris. Interstitial 
implants with radium 226 needles inserted into 
the prostate were used in 1915 by Barringer2 at 
Memorial Hospital, New York. 

Occasional reports describing various ex­
ternal ·radiation techniques appeared in later • 
years · (Bumpus\ Deming', H.ultbcrg', Wid­
man6). However, the prevailing opinion was 
that although prostatic cancer did show some 
response to radiation, it could not be adequately 
treated in this way, mainly because of the irrita­
tive eITccts on the bowel at the high dose re­
quired for control. 

It was not until 1951 that renewed interest 
in radiation therapy was aroused by the inter­
stitial injection of colloidc1l solution of rndio­
active gold into the prostate by Flocks'. Mo­
mentum was gained in the 1960's following the 

*This work was surr0rtcd in pMt by PBS Grant EC-00113 
and by Contrnct !'!IS 86-66-1:12 from the !Jurcau of Radi­
ological HcJlth, Rockville, MJ. 

tSt. Peter's Hospital, New Brunswick, NJ . 08903 . 
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reports of George8, Bagshaw", de! Regato' 0
, and 

Bennett", who used supcrvoltage radiation ther­
apy. Bagshaw's report, in particular, demon­
strated that radiation therapy can be curative in 
this disease by delivering high doses of radiation 
uniformly throughout the prostatic gland. 

The value of the various ablative surgical · 
procedures has been discussed extensively by 
one of the present authors12

• Operative mor­
tality increases from a range of 1-5% with radi­
cal prostatectomy to approximately 20% with 
pelvic exenteration. All of these procedures in­
variably produce loss of sexual function as well 
as the added hazards and inconvenience of uri­
nary incontinence. 

The initial enthusiasm for hormon::il ther­
apy ( orchicctomy or administration of estro­
gens) has recently given way to a more critical 
appraisal. In a controlled clinical study carried 
out in 14 VA hospitals'\ it was concluded that 
"therapy by estrogen or by orchiectomy ~hould 
be withheld until the symptoms are so severe 
that they require relief. Treatment earlier in the 
course of the disease is not likely to help, and it 
may cause considerable damage." 
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INTERSTITIAL RADIATION VS EXTERNAL RADIATION 

Prostatic carcinoma, which has a very slow 
growth rate and remains localized for Jong 
periods, seemed an appropriate tumor for inter­
stitial implantation. 

I ntcrstitial implantation of encapsulated 
sources has distinct advantages over external 
radiation therapy in the treatment of this malig­
nancy ( Figures 1 and 2). The t\VO cross sec­
tions of the pelvis at the level of the prostate 
show the same primary prostatic cancer. Figure 
1 is an example of an optimum set-up with ex­
ternal radiation therapy. Using the linear accel­
erator and a 360° rotation, it is possible to de­
liver 100% of the planned dose to the tumor 
bearing area in about 6 weeks. The adjacent 
rectum and bladder will receive a dose in the 
range of 65 to 70% of the maximum dose within 
this same period of time. Figure 2 is an example 
of the dose distribution for an interstitial im­
plant with iodine I 25 seeds in the same situation. 
It should be kept in mind that the total planned 
dose ( I 00%) to the tumor bearing area will be 
delivered in about one year. Comparison of these 
isodose curves shows that: a) localization is 
more precise and the dose distribution can be 
adapted to an irregular tumor shape, b) the close 
received by the bladder and rectum is 25-30% 
of .that delivered to the tumor, and c) treatment 
time is much shorter. A permanent implant re­
quires only a single procedure; when external 
radiation therapy is used, a 6-7 week treatment 
course is usually necessary. 

A preliminary study was carried out at this 

Figure 1. 
p 

A 

6 Mf.V Linac (360", 6 x 6 cm) 

institution in the late 1950's and the early part of 
I %0 together with Dr. Henschke. Interstitial 
afterloading radiation techniques were used, ap­
plying high gamma energy isotopes (radon 222 
and iridium 192). Some of the problems en­
countered at that time arc illustrated in the fol­
lowing examples: 

Case I 

Figure 3 is a pelvic roentgenogram of a 62-
year-old patient with an adenocarcinoma of the 
right lobe of the prostate, involving the right 
seminal vesicle (Stage C). On October 2, I 964, 
an interstitial implant, using 25 radon 222 seeds, 
was performed via a retropubic approach. The 
total activity was 16 mCi. Computerized calcula­
tions'"· 15 showed the minimum dose within the 
implanted volun~ to be in the range of 6,000 
rads (see isodose curve encircling most of the 
·radon seeds). The tumor itself, which measured 
1.5 cm in its greatest dimension, is within the 
8,000 isoclose curve. The right seminal vesicle is 
partly within the 6,000 isodose curve and partly 
within the 8,000 isodose curve. The left lobe has 
received only a fraction of the above doses. A 
retropcritoneal pelvic node dissection showed 
the lymph nodes to be free of cancer. The post­
operative course was smooth and the patient was 
discharged on the 8th postoperative day. He re­
mained essentially asymptomatic except for oc­
casional back pain. In May I 970, blastic lesions 
were noted in the pelvic bones, and the acid 
serum phosphatase value became elevated for 
the first time. The left lobe of the prostate was 
found to be enlarged, and biopsy in September 

Figure 2. 

p 

A 

Iodine 125 implant 
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1970 revealed recurrent carcinoma in the blad­
der neck and left lobe of the prostate. The patient 
was placed on estrogen. When last seen in May 
1972, he had no urinary symptoms, the prostate 
was unchanged in size, the acid serum phospha­
tase value remained elevated, and the blastic 
changes in the bones had progressed. Retrospec­
tive analysis of the radiation distribution in this 
implant shows that the recurrent tumor is in the 
region of the prostate that received a low dose, 
whereas the regions that received more than 
6,000 rads remained controlled. It may be argued 
that implantation of both lobes could have pre­
vented the recurrence. 

Case /I 
Figure 4 is the pelvic roentgenogram of a 

63-year-ol<l patient with an adenocarcinoma of • 
the right lobe of the prostate, Grade 3. The tumor 
measured 2 x 1 x 1 cm, and there was an indura­
tion extending to the right seminal vesicle (Stage 
C). On September 23, 1964, 23 radon seeds 
were implanted, using a retropubic approach. 
The total activity was 19 mCi. Computerized 
calculations showed that the minimum dose with­
in the implanted volume was 8,000 rads; the 
right seminal vesicle is within this dose level. The 
left lobe received only a small fraction of the 
radiation . A rctropubic node dissection showed 
no nodal involvement. The patient was dis­
charged on the 10th postoperative day, having 
had an uncomplicated postoperative course. He 
is alive without evidence of disease at present, 8 
years after implantation. Retrospective analysis 
of the dose distribution shows it to have beeri 
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Figure 4. 

uniform throughout the known disease area at 
the time of the implant, and in the range of 8,000 
rads. This is considered the optimal dose for this 
tumor if radon seeds are used 10

•
17. 

Case 111 

Figure 5 is a roentgenogram of a 59-year­
old patient with an adenocarcinoma of the pros­
tate. In the fall of 1955, a nodule was felt in the 
prostate but the patient was asymptomatic. On 
May 1, 1956, a TUR and bilateral orchi1?ctomy 
were performed because of the onset of urinary 
symptoms. The patient was then placed on estro­
gen therapy. His symptoms were alleviated for 
about 21/z months and then recurred. On August 
21, 1956, an exploratory laparotomy was per­
formed and an ilea! bladder constructed. The 
prostate cancer was hard, fixed and invading the 
anterior rectal wall. There was a mass in the right 
corpus cavernosum at the base of the penis. 
Large metastatic pelvic nodes were found. An 
interstitial implant using 24 radon seeds was per­
formed for a total activity of 32.5 mCi. The 
minimum dose (isodose curve encircling all 
seeds) was calculated to be 8,000 rads. 

In August 1957, the patient developed bone 
metastases for which he received several courses 
of external radiation therapy. He expired on 
November 15, 1957, 15 months after implanta­
tion of the prostatic gland. At autopsy, wide­
spread metastases involving bladder, pelvic 
nodes, liver, bones and thyroid were found. 
There was no tumor in the prostate. Retrospec­
tive analysis of the radiation dose distribution 
shows th at it was in the recommended range of 
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Figure 5. 

8,000 rads, uniformly covering the prostatic 
gland and resulting in eradication of the implant­
ed tumor. 

Experience with these first few patients in­
dicated that uniform radiation dose distribution 
throughout the prostate gland is necessary and 
can result in satisfactory local control of the 
tumor. Complications are negligible, since radi­
ation reactions arc limited to the impl anted 
are a. In 1965, development of iodine seeds and 
their application in cancer management at 
>1emorial Hospital proved to be of great value. 
R~.diation exposure, a drawback of interstitial 
impl"ntation, was reduced to such a degree that 
no s:gr.ificant radiation is now recorded on film 
batigcs worn by the surgeons or other operating 
room and floor personnel caring for these pa­
tients. 

TREATMENT TECHNIQUE UNDER STUDY 
AT MEMORIAL HOSPITAL 

In the last 4 years, we have used the retro­
pubic approach exclusively for interstitial im­
plantation of the prostate. This approach, partic­
ularly when the tumor extends laterally, offers 
many advantages (Figure 6). The prostate can 
be completely defined, permitting more accurate 
determination of the extent of tumor. The re­
gional lymph nodes can be inspected and an ex­
traperitoneal node dissection performed, ensur­
ing a more accurate staging of the tumor and 
facilitating exposure for the implantation. The 
insertion of the needles is easier because the 
prostate is directly exposed. The prostate can 
be defined with greater precision by having a 

catheter in the bladder outlining the urethra and 
by digital rectal palpation of the prostate. The 
retropubic approach has a lower morbidity than 
the suprapubic approach. 

Patients with Stage B or Stage C ( clinically 
manifest) cancer of the prostate' 0 arc selected 
for treatment. After appropriate evaluation to 
rule out distant metastases, the operation is car­
ried out under general or spinal anesthesia. The 
patient is placed in a modifie<l lithotomy position 
and an indwelling Foley catheter is placed in the 
urethra. Through a midline incision extending 
from the symphysis to the umbilicus, a bilateral 
extrapcritoneal pelvic lymph node dissection is 
carried out. At the completion of the dissection, 
the implantat ion with iodine seeds is performed. 
This is done in.2 steps. First, empty needles are 
inserted into the prostate gland; they are pushed 
until their tips can be sensed in the rectum by 
the index finger of an assistant. Care is taken to 
ensure that they are not pushed through the 
rectal wall. The needles arc spaced approxi­
mately one cm apart. The second step is to de­
termine the number of iodine seeds required and 
to insert them through the needles into the gland. 
This is done by measuring the 3 dimensions of 
the implanted volume, finding the average di­
mension 11

• 
10

, and multiplying this figure by a 
factor predetermined for the specific isotope 
used (for iodine seeds = 5) . The resulting figure 
indicates the amount of iodine required to deliver 
the effective dose within the implanted volume. 
This amount divided by the activity per seed 
yields the number of seeds required. After com­
pletion of the implant, . the surgical incision is 
closed, leaving a Penrose drain in the retropubic 
area. 

Figure 6. 

/ 
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Figure 7 shows an example of such an im­
plant. The radioactive iodine seeds (light-colored 
dots) indicate the implanted volume and arc 
utilized to determine the target volume. The iso:­
dose curve encircling these seeds is 16,000 rads 
(minimum tumor dose), as recommended by the 
average dimension system, given to 22 cc of tis­
sue in this instance: The dose falls off more rap­
idly than with radon seeds, becoming approxi­
mately 4,000 rads at the level of the rectum. 

- ··~· ... . o... --~ ·'·, - . .. 

Figure 7. 

Interstitial radiation is used extensively at 
Memorial Hospital. The treatment protocol 
presently under study is to use interstitial radia­
tion with iodine seeds alone or in combination 
with ex terr.al radiation. If there is nodal involve­
ment, supplementary external radiation is ap­
plied, using inverted Y-shapcd fields that include 
the regional nodes. The linear accelerator is used 
and doses of 4,500 rads in 41h weeks are given. 
Inverted T-shapcd fields are used to include the 
primary site whenever the primary tumor is very 
large and moderate doses of external radiation 
(4,500 rads in 4 1/2 weeks) arc employed. No 
severe complications have been encountered 
when these regimens have been followed . 

Since their introduction, approximately 50 
patients have been treated with iodine 125 seeds. 
Of these, 26 patients arc availabk for at least a 
one-year evaluation. The longest surv1vor is a 
patient who is now close to 5 years from time of 
implantation and is without evidence of disease. 
Although not enough time has elapsed to judge 
the final outcome, it is worthy of note that, based 
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on digital examination, size and/or induration 
of the prostate has been reduced in I 7 patients 
following implantation, remained unchanged in 
6, worsened in 1 and cannot be evalwtcd in 2. 

Postoperative complications have been 
minimal; 19 patients had none, 5 had minor de­
grees of suprapubic wound infection, one had 
transient urinary retention which responded to 
conservative management and one had pro­
longed supra pubic urinary drainage, presumably 
related to a complete transurethral resection of 
the prostate one week prior to the implantation 
of iodine 125 seeds. Radiation complications 
were encountered in 2 patients. These consisted 
of transient rectal burning which subsided within 
3 months in one patient, and severe tcncsmus in 
the other. This latter patient had received 7,000 
rads in 8 weeks to the prostate prior to the im­
plantation of iodine seeds. 

Eight patients had Stage B lesions. Two of 
them were found to have bilaterally positive 
lymph nodes on pelvic node dissection. Eighteen 
patients had Stage C lesions; on pelvic lymph 
node dissection, 5 had bilaterally positive lymph 
nodes and 5 had unilaterally positive lymph 
nodes. 
SUMMARY 

A new regimen is presently being investi­
gated at Memorial Hospital for the treatment of 
patients with Stage B and C cancer of the pros­
tate. 

This approach consists of a retropubic ex­
ploration, cxtrapcritoncal node dissection and 
interstitial implantation of the prostate with 
iodine 125 seeds. Postoperative external irradi-

• ation of the regional lymph nodes is added if 
there is histologic evidence of nodal involvement. 

This new approach increases accuracy of 
staging, carries low morbidity and no mortality; 
it requires short hospitalization and reduces the 
treatment time. Information on sexual potency 
is still limited, but suggests that a high degree of 
preservation of this function when it \Vas present 
preopcrativcly is possible. 
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DESIGN REQUIREMENTS FOR I-125 SEEDS 

I.) COMPLETE CONTAINMENT FOR I-125 

2.) NON-TOXIC IN HUMAN TISSUES 

3.) HIGH TRANSMISSION FOR 30 KEV X-RAYS ( LOW 11 2 11
) 

4.) 11 VISUALIZABLE
11 

BY STANDARD X-RAY PROCEDURES {HIGH "z ") 

5.) HIGH STRUCTURAL INTEGRITY - STERILIZATION BY AUTOCLAVE 

6.) INJECTABLE THROUGH #18 HYPODERMIC NEEDLE 

7.) ADAPTABLE TO PRESENT SYSTEMS 

8.) 

9.) 

ECONOMICAL PRODUCTION 

UNIFORM DOSE DISTRIBUTION 
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ADVANTAGES OF SOFT X-RAY "SEEDS" 

1. ELIMINATION OF THERAPIST EXPOSURE. 

2. SIMPLIFIED SHIPPING AND HANDLING. 

3. IMPROVED TUMOR DOSE DISTRIBUTION. 

4. ROUTINE IMPLANT THERAPY OF U'.\.RGE TUMORS INCLUDING LUNG. 

5. THIN METALLIC FOILS PROTECT NEARBY TISSUES . 

6. SIMPLE OUTPATIENT TREATMENT . 

7. COULD BE USED IN REMOTE UNDERDEVELOPED AREAS • 

8. SMALL DIRECTIONAL BEAM APPLICATORS CAN BE MADE. 

9. CCMPLETE PROTECTION OF PATIENTS, ASSOCIATES, AND NURSES • 

- P 

A 

6 MfV Linac 136()°, 6 x 6 cm) 

p 

A 

100.,, 
15"/. 
50"/. 
25'fe 

Iodine 125 implant 
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TABLE I 

RADIOISOTOPES FE)R PERMANENT. IMPLANTS 

GAMMA HALF VALUE LAYER 
RADIOISOTOPE HALF LIFE RADIATIONS OTHER Pb HzQ (Tit _!:2 

Aul98 2. 7 days 0.411 & .680 Mev . 97 Mev s . 13 inch _ 7 cm 

Rn222 3. 8 days 0. 2 4 - 2. 4 3 M ev Alpha (2) & O. 53 inch - 9 cm 
(many) 0.65 Mev S 

Irl 92 74. 2 days 0.2 - 1.1 Mev 0. 54 & 0.14 inch _ 7 cm 
(many) 0. 67 Mev S 

I125 60 days · 28 & 35 Kev None 0. 001 inch =::: 2. 1 cm -- --
csl 31 9. 7 days 29. 4 Kev None O. 001 inch .._ 2. 1 cm 

133 
5. 3 days 32 and 80 Kev Xe O. 35 Mev 13 ....,0. 01 inch ,.., 5 cm 
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BiJlogical DosaQG ?actors for Permanent Implants of Available X-ray Emitting Radioactive Sources 

Technical data 

Half-lif€ (days) 
iv:ean x-ray energy (MeV) 
Ionization £actor 

(r/mc hr at 1 cm) 

Clinical life (days) 
Relative biological efficiency 

(Ra(x)=l, 10 ions/micron) 
Cancerocidal dose,Sq.Ca-LD 

(rat complete decay) 
Tolerance dose for a 10 cm skin 

field (rat complete decay) 
Lar0est field tolerating full 

cancerocidal dose (crn) with 
a heterogeneity factor of 1.2 

Optimal initial dose-rate for a 
10 cm field (r/hr) 

Optimal initial activity biologi­
cally ~quivalent to 1 me radon 
in standard dosage tables 
(mg radium equiv.) 

Optimal initial grain strength 
(me), or optimal me/cm 

Thera~eutic Ratio 

Formula* 

a 
b 

C 

T=2.75a 

~=¢(b) 

Dt =1.18 ( Et)T 
0 '7)'17 

0-33 
D s = 1 • 18 (Es ) T '/'>] 

L=lo( Ds )a 
1. 2Dt 

d~D!> +Dt 
· 68 .6a 

e=d/60 

8.4e 
f=--~c---

Dt 
D~ 

*~dapted from Cohen PB&M 2:229 {1958). 

4 

t<t; Au 

2.69 
0.4 

2.4 

7.4 

1.2 

6000 

5800 

5 

64 

1.07 

3.35 

0.97 

.i'"'Rn 

3.83 
1.0 

8.4 

10.5 

1.0 

7600 

7800 

6 

60 

1.00 

1.00 

13'cs 

9.7 
.03 

0.6? 

26.7 

1.2? 

8170 

8740 

7.9 

.,., I ·~ Cr I 

26.5 
0.3 

0.2 

60 
0.03 

1.4 

73 I 165 

1.2 I 1.2? 

100001 11800 

12soo I 15900 

11 114.2 

25.4 I 12.4 

0.4241 0.20 

6.72 

0.112 

6.o I 8.40 0.67 

1. 025 I 1. 07 1. 2s I 1. 35 

?=unconfirmed values. 

t'i.zI r I '8"2. Ta 

74 
0.4 

2.7 

203 

1.2 

1200( 

17500 

17 

6.0 

0.10 

0.31 

1.46 

111 
1.1 

6.1 

305 

1.0 

16000 

24000 

20 

5.2 

0.09 

0 .12 

1.5 
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IODINE-125 DECAY SCHEME 

53I·l25 {IL=60days) 
2 

81%K 
19%L 

..___, 

II II 
Useable Photons 

~ 0.69 @ 27. 4 KeV 

It =1.6 x 10-
9 

sec I E 35 KeV 

35 Kev r Ray (7%) 
93 % Converted 
80% in "K 

II 
Shel I 

Stable Te-

>-- 0.07 @ 35.4 KeV 

----'Iii,-- 0.68@ 274KeV 
Total 

11
useable

11 
Photons= 1.44 per Disintegration · 

No Hi~her X, Y; or /3 Radiations 
Auger Electrons of 2.8 to 35 KeV do not escape capsule wall 

r=l.4 R-cm2/mc-hr 

( . 
' 



(-=-,~~\ Lawrence Soft Ray Corporation 
·- x:: ·::\ - . ··-· ·--· - ··- ··· ····-··-··--·-·-··-- - --- --------

! ~ . . · ., 251 WEST EVELYN \ .. .: 
'-..::;_.--,/ MOUNTAIN VIEW, CALIFORNIA 94040 

PHONE: (415) 967-2861 

One mCi Equivalent I-125 Seed 

Half life: 60.2 days K f2.ctor: 1.7 r/mCi/hr at 1 cm. 

Days 2.fter assay Decay factor Dose rate at 1 cm •. (rads/hr.) 

0 1.000 1.700 
2 0.977 1.661 
4 0.955 1.623 
6 0.933 1.587 
8 0.912 1. 550 

DOCK UE D 10 0.891 1.515 
lk~,\I:.' 12 0.871 1.481 

MAR10 19 74> 
14 0.851 1.447 
16 0.832 1.414 

G~ 0' ';!' · irJ 
18 0.813 1.382 " ,!•' . .,.,, 

i ·>F, i'f" :' _.;tii;!gS 20 0.794 1.350 

'~~ 22 0.776 1.320 
I.,_,, __. 24 0.759 1.2 00 
1\5 - 26 0.741 1.260 

28 0.724 1.232 
30 0.708 1.204 
32 0.692 1.176 
34 o. 676 1.149 
36 0.661 1.123 
38 o.646 1.098 
40 o.631 1 • .073 
42 o.617 1.048 
44 0.603 1.024 
46 0.589 1.001 
48 0.575 0.978 
50 0.562 0.956 
52 0.550 o. 934 
54 0.537 0.913 
56 , 0.525 0.892 
58 0.513 0.872 
60 0.501 0.852 
62 0.490 0.833 
64 0.479 0.814 
66 0.468 0.795 
68 0.457 0.777 
70 0.447 o. 759 
72 0.437 0.742 
7!~ 0.4 27 0.725 
76 0.417 0.709 
78 0.407 o.693 
80 0.39.3 0.677 
82 0.389 0.661 
84 0.380 0.646 
86 0.372 0.632 
88 0.363 0 .61 7 
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Permanent Inte1'stitial Implant Set 
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l\ : rn1,.111e11t implants 11.:ivc in the past found tl1cir princip:.d i ndi G1tion in palli:1-
tive c:inccr t n : ;.irn1ent. I Jowcver , w ith th e improved impl:1nt:nion tcc l111iqucs 
:i nd new rnclioisotope sources , i-hey arc bei ng used 1norca11cl more for curative 
ther;.ipy as we ll. 

i\s the first step, unloaded, hollow 17-g;J ugc needles, encil I :'> c 111 long, arc 
inserted in and aro11nd the tu111or. If fea s ibl e , tile 1u111or sl101ild lie so exposed 

·t unc ·11.ind ca n lie placed under it:. lly mea suring th e kngth of the need les 
.side tllv tumor, fi le sk1pe .im.l s i ze of the implant ed volume can be clet:cr­

minec! . ' 11w number of sources required to give til l' des ired dose i s then 

calculated. 

/\s the seco nd step, an instrument w ith a depth gauge i s .1 tta c hed to each 
needle in turn, Through it i-he required number of rndi o i sutope sources ilre 
introduced one by one into tile tissue and im pla ntecl at: the des i rC'd depth. 
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1125 Permanent Implant Gun 
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The instrument utilized most recently for i111pl ,1ntal ion of Iodine l2.'i seeds is 
th e llilari s/Mallan Pcr111a11ent Implant Cun, dcvt:loped in 1969 .i t Memorial 

Hos pit,1l in New York. 

While the aftcrlouding princip le is retained, the in !;trument has a 111;:i g:.izine 
wl1ich pe r111it s tile introduct i•,n of ,1 nu111hcr of seed,; in succ ess i on through the 
s:1111e needle. i\ depth g:iuge Jttached to tile gu n permits c1ccur:1tc depth de te r ­
mination. No racli at io11 exposure i s incurred with tl,e use of l ow energy seed,; 
such as Iodine L2:i . In addition to th e gun, theco111pletc inte rstitial irnplantation 
kit includes a set of 12 ho ll ow 17 -ga ugc st,1 i11lcs,; steel needl es, whi.chare 

used during the first step of ;ifterloading; 5 111 ag,1z incs , each with a c:·,pucity 

of LO low energy Iodine 12:i seeds . These 111..tg,1zine3 ar c mounted ona remov­

able stainless steel tra y , wh ich can be taken out of the wooden container, 

autoclaved and kept st er ile prior to implantation, 

15 



Mick Applicator 
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The Mick Applicator is ba sed on the same afterloading principle as 
the Henschke Implant In strument and the Hilari s/Ma han Gun. These 
instruments are provided with a ratched mechanism assuring 
accurate placement of seeds at any desired depth up to 12 cm. 
Needles can be withdrnwn at S mm steps and seeds ,He manually 
transferred hy means of a stylett into the tumor. 

After the needle is inscred into the tumor, the ti ss11c ring is pulled 
' ,ack to the funnel in the needle holding device. 111c needle i~ fed 
Into the fu1111 e l and securely fnstenecl. The tissue ring then is l,rought 
forward to the surface of the skin or tumor and on the sc,1ic loc;Hcd 
on the main shaJt, the depth of the needle is directly cle termi1 ,ed. A 
preloaded magazine with a capacity of 10 Iodine 125 seeds is inserted 
into the applicato1· and by pushing the stylct, seeds are transferred 
into the 17 gauge needle and , consequently, into the tumor. 

16 
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Henschke A.fterloading Cer,.vix Applicator 
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11·,c applicator i s mude of sta inl ess s teel and consists of a central (ute rine) t ube 
and two \utcral (vu g inal) tubes, wh ich ,1ttc1ch to the central tube by a con,icctor. 
Each l<1ten l tube ends in a spacing he misphere of nylon. By adJustm C'nts and 
accessories, the a1,pl icator can be adapted to different am,romica\ conditions . 

For the a ftcrloadi ng, new stn in less stcc.:1 sou rce ca rri cr~ have bc<.:n des ign(;d v..: ith 
a spring type pluni,:cr, whi c h holds ;J ny number of sources secu r ely in pla;:e , 

Central lJtcrinc Tube ("Tnndcm") - Three intra -uter ine tuhcs of differen t cur ­
vatures ure supplied with one ce rvica l s top whic h can be n ,oved to corres pond to 
the length of the ute rine: cavity. 

Late ral Vaginal Tubes ("Colpostat") - Two tubes, each end ing in a hem is phere 
which comes in three different s izes (2 cm, 2. 5 cm, 3 cm) and can be moved 
a long the tubes to adjust to differe nt an:1rom ical and cancer confi gu ration. 

.Each btern l tube is also s uprlicd with a locker, which is movable along the tube 
to acljllst to different depths of the vagina\ vault. These locks are then atta ched 
and secured to the centra l tuhc by a connector. 

The s tainless stf'el connector ser ves tw o purposes : A. Prevention of di s loca tion 
or r ota I io n of ute rine tube . 'lni s is uchievcd by u pointed thumbscrew that fits 

in to .1 groove , located on rop of the uterine tube. fl. Attachment of va ginal tubes 
to central uterine tube . 

Afterlo.1cting - The new ty pe sou r ce ca rri f' r s arc 111ade e ntirely of stainl e s s s teel. 
They .1re esrcci,1lly des igned r0r flcxll>il.ity to adjus t to tl1 e variou s curvaturer, in 
btcral :,nd uterine llihc,; . The s pring plunge r adjusts to ,rny length and number of 
sou r ces :ind ~11taches firml y to rhe carri e r by ;1 screw. 

The s prea ding of the va g inal sources i s maintained by a set of metal brackets 
(4 cm, 5 cm, h cm) which easily attaches to the connector outside of the patie nt. 

1l1rcadC'c\ caps arc provided to covc,r each afterloacled tuh<, , All adjustments arc 
made by the same nlle nwrcnch. 

17 
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Part I 

INTRODUCTION 

The biomedical program undertaken with the support of the Bureau 
of Radiological Health of the Public Health Service (May 1, 1968 through 
April 30, 1971) to study "Cancer Therapy by Interstitial and Intracavitary 
Radiation" was divided into three identifiable areas: 

a. Radiation exposure 
b. Radiation dosimetry 
c. Clinical trials 

The specific aims of this study were for the most part satisfactorily 
concluded. Economic production of iodine seeds for permanent implantation 
became possible largely because of automation and increased production of 
the seeds by the manufacturers. The cost was thus brought down to $5.00 
a seed, compared to $12.50 a seed, which was the cost at the initiation 
of this project. No other isotopes were investigated, however, for 
permanent implantation because of the prohibitive cost of production (e.g., 
cesium-131 seeds are in the order of $50.00 per seed). Because of the 
ready availability of the iodine seeds and their acceptance by the 
clinical services at Memorial Hospital, they were adopted as the only 
radioactive sources for permanent: implantation c1L 1·11:!uiu:i:ia.l II03p:i.~ul :::;::..;:.~::'! 

September 1969. The design of a special source inserter (gun) with a 
suitable magazine for inserting low energy sources has improved and 
simplified the technique of permanent interstitial implantation (Part 
IV. A). 

Special attention was given to the problem of radiation exposure 

i/ 

and dosimetry, although the severe cuts in the budget obliged us to limit 
some of our activities. The use of iodine-125 seeds and the clinical 
application of remote afterloading for some of the intracavitary applications 
has brought a dramatic reduction in radiation exposure to the extent that 
the exposure recorded on the personnel film badges is negl igible, in 
contrast to earlier years when radon-222, gold-198, iridium-192, and 
radium-226 were used (Part II). Extensive studies on seed calibration, 
localization and dose distribution were conducted by our Medical Physics 
Department. Methods of dosimetry wer·e developed which are adequate for 
using the iodine-125 seeds in clinical applications. This will be 
elaborated on.in Part III. 

Determining the proper dose with iodine seeds presented a problem 
for some time but was satisfactorily solved by associating the dose to 
the implanted volume, and referring to the previous experience with high 
energy gamma emitters, radon-222, gold-198, and iridium-192 (Part IV. A). 

In intracavitary radiation, the Remote Afterloader was put into 
clinical use during the period of Grant EC 00113. New intracavitary 

1 
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applicators were designed and constructed for cancer of the nasopharynx, 
endometrium, and intraoral lesions. Several technical refinements were 
achieved, but the chief obstacle, the automatic retrieval of the sources, 
remained (see Part IV. B). 

An atlas of isodose distributions was prepared for different source 
excursions, but was not published owing to lack of funds. Part of the 
clinical experience and descriptions of the various techniques, however, 
were reported in a manual, which, according to the response from various 
sources, appears to serve a useful purpose. 

The establishment of the new techniques related to low energy seeds 
and the Remote Afterloader has raised many new questions which must be 
resolved before these new techniques can be applied on an extensive basis. 

Thus, with the introduction of the computer into medicine, it 
appears essential to computerize all work pertinent to the Remote After­
loader and iodine seed implantation, permitting: 

1. Automatic control of the remote afterloader for intra­
cavitary radiation. 

2. Monitoring of the patient during the intracavitary 
treatment. 

3. A concise practical system of dosimetry for interstitial 
radiation. 

4. Automatic processing and final display of the dosimetry 
in intracavitary and interstitial therapy. 

The final aim should be the gradual automation of the decision­
making process for interstitial and intracavitary radiation therapy. 

V 
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Part II 

RADIATION PROTECTION CONSIDERATIONS IN THE USE OF IODINE-125 

FOR INTERSTITIAL IMPLANTS 

Jean St. Germain, M.S.* 

One of the chief advantages in the use of iodine-125 is the 
reduction in exposure to personnel, patients and their families which 
is achieved by substituting iodine-125 for other hard ganuna emitters 
in interstitial implants, especially radon-222. This section will 
deal only with the problems and benefits of the use of iodine-125 as 
far as radiation protection is concerned. 

Shielding and Storage 

Table 1 (Pg. 7) summarizes the properties of iodine-125 and some 
of the other isotopes used as seeds for implantation. As is obvious 
from inspection of this data. shielding for iodine-125 is something 
easily constructed and lightweight. In contrast, shielding for radon-
222 and gold-198 usually requires at least several inches of lead and 
this means that carriers used to transport the materials within the 
hospital premises are bulky and require large amounts of storage space. 
A carrier used at Memorial Hospital for iodine-125 is shown in Figure 1 
(Pg. 10). These carriers require little storage space and are easily 
carried from point to point. Activities up to 50 mCi can be easily 
loaded into this carrier while external exposure rates on the carrier 
surface remain at 0.1 mR/h or less. If for any reason it is deemed 
desirable to shield the area of the iodine-125 implant on the patient, 
this can be done with lead vinyl strips which generally cause no 
patient discomfort and significantly reduce external exposure levels. 
Lead "pigs" such as those commonly supplied by isotope manufacturers 
can be used for storage of iodine-125 seeds provided one has ascertained 
that the pig is not initially contaminated. 

General Hospital Population 

It has been our experience that exposures to the general hospital 
population (nurses, nurses a i des, etc.) is considerably reduced with 
the replacement of iodine-12.5 for hard gamma emitters in interstitial 
implants. One of the chief advantages of ~odine-125 is the attenuation 
of the radiation which is achieved in tissue. With the use of this 
isotope, patients can generally be assigned to multiple occupancy units. 
The decision as to whether a patient is assigned to a single or multiple 
occupancy unit is made only after direct measurements are made on the 
patient . Exposure rates are measured directly over the area of the 
implant and at a distance of 1 meter from the implant. Table 2 (Pg. 8) 
shows measurements made on a random sampling of nine iodine-125 cases. 

*Assistant Physicist, Radiation Safety Service, Department of Medical 
Physics, Memori al Hospi tal, New Yor k, N.Y. 
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The distance of 35 cm was arbitrarily chosen to represent the point of 
closest approach of the attendant's body to the area of the implant. 
Unit assignments are made based on these measurements. As is evident 
from the sample cases shown in Table 2, exposure rates can vary 
considerably depending on the depth of the implant. Generally patients 
with deep-seated implants (i.e., seeds implanted at a depth of 5 cm or 
more) can be assigned to multiple occupancy units. Table 3 (Pg. 9) 
shows a random sampling of nine radon-222 cases. It is obvious by 
examination of these figures that there is less attenuation in tissue 
and that reduction in intensity is virtually dependent on inverse 
square law above the surface of the implant. Most patients implanted 
with radon-222 would require a single room regardless of the area of 
the implant. We, however, would emphasize the importance of individual 
measurements being made on all implanted patients. 

Our experience has shown that for nurses giving general nursing 
care to iodine-125 patients the exposures are generally minimal (viz., 
less than 10 mR/mo). The reduction in exposure which can be achieved 
is perhaps best demonstrated in the case of the private duty nurse. 
Using the conservative assumption of constant occupancy of the nurse 
at a distance of 35 cm from the patient and the values for deep-seated 
iodine-125 implants shown in Table 2, the maximum exposure to a nurse 
during an eight hour shift would be in the range of 10-15 mR. Using 
an assumption of constant occupancy of the nurse at a distance of l 
meter from the patient and using the values for radon-222 shown in 
Table 3, exposure to a nurse during an eight hour shitt would be in 
the range of 12-96 mR. These assumptions can be verified by examination 
of personnel monitoring records of private duty nurses. Our records 
indicate that exposures up to several hundred milliroentgen can be 
accumulated by a private duty nurse giving special care to a patient 
implanted with 20 mCi or more of radon-222 in one 8 hour shift. Private 
duty nurses caring for iodine-125 cases have generally received minimal 
exposures (10 mR or less). 

Operating Room Personnel 

The use of iodine-125 has also considerably reduced the exposure 
to operating room personnel during implant procedures. The range of 
iodine-125 · is such that the exposure to anesthetists, scrub nurses and 
other persons at a distance of 1 meter or greater from the patient is 
generally negligible. The most probable accident which may occur in 
operating rooms is the loss of seeds during the procedure. Although 
this occurs infrequently, it can pose problems. In this regard 
iodine-125 has some definite disadvantages. Radon-222 and gold-198 
have a gold color which is easily visualized on most surfaces. 
Additionally the energy of these materials is such that the general 
positions of the seeds is eisily localized. Iodine-125 seeds have a 
grey color which is virtually invisible on a black or marble surface. 
The energy of the iodine-125 seeds is such that the searchers must be 
very close to their location before the seed can be seen. The auto­
claving process remains the same for iodine-125 as for other seeds. 
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Radiation Therapy Personnel 

For the radiotherapist and his aides, iodine-125 has obvious 
radiation protection advantages. Usually the techniques of inter­
stitial work are so specialized that the use of these implants on 
a large scale is confined to a few individuals in a department of 
radiation therapy. Figure 2 (Pg.11) shows the variation in exposures 
over a five year period for these personnel in :Memorial Hospital. One 
other i mportant fact, however, must be added in a discussion of this 
graph. Concomitant with the introduction of the use of iodine-125 at 
Memorial was the development of remote afterloading techniques. This 
development would be expected to further decrease exposures from ioniz­
ing radiations. The graph does present an example of the magnitude of 
the reductions which are possible. 

One of the chief concerns to physicians working with interstitial 
sources has been hand and finger exposures. Here too iodine-125 has 
obvious advantages. Examination of the physical data alone in Table 1 
would show that for the same given activity point source, a reduction 
in radiation exposure by a factor of approximately 6 is possible by 
substituting iodine-125 for radon-222. 

General Public 

In ti:1.i..~ ~I;!(.: L.i..un, we w.i.ll L:Ull.L.l.Ue UUL u.i..s.:ussiu1, t (• the patient IS 
families and friends. Within the hospital environs, iodine-125 is 
almost an ideal isotope with regard to visitors since generally no 
restrictions are necessary regarding visiting hours although some 
recommendations may be made regarding distance from the patient based 
on individual measurements. With regard to its half-life, however, 
iodine-125 is far from ideal. Due to the length of time required for 
one half-life, one can assume that most patients will be discharged 
while containing approximately the same amount of material with which 
they were initially implanted. 

The difficulties involved in releasing such patients into the 
general public are not insurnountable, but they do call for cooperation 
between the radiotherapist and the physicist. In our institution, all 
patients receiving iodine-125 i mp lants are interviewed before discharge 
by a member of the r adiation safety staff. In order to accomplish this, 
nuring personnel must alert the Radiation Safety Service as to the dis­
charge date and the attending physician must be willing to allow the 
physicist to interview the patient. It has been our experience that 
cooperation on both these points is fairly easy to obtain but that 
occasional reminders are necessary for floor personnel. Figure 3 (Pg.12) 
shows the interview surmnary sheet which is given to the patient to take 
with him. Secticn 5 of this sheet is especially important for persons 
with superficial lesions in which loss of seeds is possible as the 
tumor regresses. Explanation of this phenomenon to the patient and his 
family will considerably reduce any fear should such a loss of seeds 
occur. Section 6 of this sheet is also extremely i mpor tant since this is 
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the area in which most of the questions on the part of the patient's 
family arise. The type and depth of the interview is dependent on 
the patient's home situation. Figure 4 (Pg. 13) shows a sheet which 
can be used as a check list when interviews are conducted. 

If it is determined that special problems can arise due to the 
exposure rate from an implant, shields can be constructed of either lead 
foil wrapped in gauze (average thickness 0.5 mm Pb) or lead vinyl rubber. 
The patient is instructed to wear these shields whenever he goes out 
into the general public or even in the home should the situation warrant 
it. Because of their light weight, these instructions are usually obeyed 
by patients. 

We have attempted in our discussion to appraise the advantages and 
disadvantages in the uses of ·iodine-125. For the most part, the radiation 
protection advantages inherent in the use of this isotope outweigh the 
disadvantages; and these advantages are one of the strongest arguments 
for its wider acceptance. 
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TABLE 1 

SPECIFIC GAMMA 
HALF-LIFE CONSTANT, r HALF-VALUE LAYER 

ISOTOPE (da.) R/mCi-h at 1 cm (cm Pb) 

198Au 2.7 2.3 0.3 

1251 60 1.4 <.001 

222Rn* 3.8 8.25 1.4 

* In equilibrium with short-lived daughters and filtered by 0.5 mm Pt 
equivalent. 
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Site of Implant 

Upper Lobe-Lung 

Right Lung 

Lung 

Pelvis 

Pelvis 

Prostate 

Right Tonsil 

Left Neck 

Right Neck 

'-

. 
Date of Implant 

7/8/69 

11/27/70 

3/12/71 

2/18/70 

3/2/71 

4/8/71 

12/31/69 

1/7 /70 

4/9/71 

TABLE 2 ----
RANDOM SAMPLING OF NINE IODINE-125 CASES 

Activity 
lmElanted 

_(mCj) 

13 

21. 7 

26.6 

29.4 

16 

14.4 

21 

9.5 

6 

Exeosure Rates (mR/hr) 
Surface 

4 

15 

18 

10 

3 

1.5 

300 

300 

60 

at 35 cm 

0.8 

1.0 

1.5 

1.0 

0.4 

0.3 

15 

16 

2.3 

at 1 m 

0.25 

0.25 

0.2 

0.25 

0.1 

<0.1 

1.6 

1.6 

0.3 

mR/mCi 
at Surface 

0.3 

0.7 

o. 7 

0.3 

0.2 

0.1 

14.3 

31.6 

10.0 

'\ 

C) 
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Site of Implant 

Right Lung 

Right Lung 

Chest 

Pelvis 

Abdomen 

Vagina 

Right Neck 

Right Tonsil 

Left Axilla 

. 

TABLE 3 

RANDOM SAMPLING OF NINE RADON-222 CASES 

Date of Implant 

6/6/69 

9/5/69 

7/8/70 

8/14/69 

9/1/70 

9/22/70 

12/19/69 

8/17/70 

9/8/70 

Activi!Y_ 
Implanted 

(mCi) 

4.2 

7.6 

7.0 

10.3 

15 

24.8 

7.5 

13.0 

11.9 

Exposure Rates (mR/hr) 
Surface 

50 

350 

200 

300 

600 

400 

1200 

1000 

1500 

at 1 m 

1.5 

3 

3 

4.5 

6 

12 

5 

10 

10 

mR/mCi 
at Surface 

11.9 

46.1 

28.6 

29.1 

40.0 

16.1 

160.0 

76.9 

126.1 

\-

U) 
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FIGURE 3 

~IUIO!Ur\L CE N1 , , 4 4 4 EAST 08 th STREET, Nl YORK 10021, NEW YORK 

REcm,~,E~DATIONS FOR PERSONS NEAR PATIENT WITH RADIOACTIVE IODINE IMPLANTS 

1. was treated on 19 by a 
-,------,-.,----,~,----

perm :.lll en t implant with radioactive iodine (I-125) of --mCi. ---
~ ~o special prec~utions are required for the spouse or anyone else who 
takes care of the patient, if he or she does not expect to have any more 
children and is not engaged professionally in radiation work. 

Other ersons under 45 vears can stay 6 feet or more from patient for 
..-1-o_u_1_· ::,--_p_e_r_m_o_n_t.....----t....--e~.,.....,..1-r-s t 3 months ( , 1 9 t i 11 

.) . 
, 19 hours per month ~f~o-r_t_h=-e-s-u~b-s-e-quent"9 months 

~-------, 19= -------' 19 __ ). 

4. ~o special precautions are necessary after ( _______ , 19 __ ). 

5. If you have been treated for a superficial lesion, i.e., one near 
· the surface of the skin, it is possible that one er more iodine seeds 
might slough off or become detached as the tumor regresses or becomes 
smaller. Under these circumstances, any bandages or linens which come 
into con tact with the site of implant should be scrutinized for small 
metallic iodine seeds which are about 1/3 to 1/4 of an inch long and 
are as thick as a straight pin, similar to the "dummy" seed shown to you. 
Whenever they are found they should be picked up in a spoon and placed 
in a jar or any other container and placed in an inaccessible area 
s ome\,·he re in the home. These seeds shoul ci nu i.. 1.H:: 11c1.111:E .:;d by the f i::geY s 
or hands. The Physics Department at Memorial Center should be notified 
of this as soon as is convenient. 

6. Under other circumstances, there are no contamination problems. For 
example, linens, clothing, tableware, dishes, toilet facilities may be 
used by other persons without any special precautions. Touching the 
patient does not contaminate anyone. Shaking hands or kissing the patient 
is perfectly permissible provided that the time recommendations listed 
above are complied with. 

7. In some cases, it is recommended that the patient sleep alone in his 
own room. This will depend on several factors and will be discussed with 
you by the Radiation Safety Officer or Deputy. 

8. For any additional information or oral instructions please do not 
hesitate to c a ll us as indicated below. The Radiation Safety Officer 
(or Deputy) should be .notified if the patient is hospitalized, or if 
death should occur. 

9. Please show this form to every physician whom you consult. 

RADIATION SAFETY SERVICE 
DEPARHIE NT OF MEDICAL PHYSICS 
MEMORIAL CENTER 
879-3000 
Extension 3333 or 2991 

12 



FIGURE 4 

RADIATICN SAFETY INTER'JIEW CHECK LIST 

Na.100 of Patient: Age: 

Address:-

Name of Person Interviewed: 

Description of dwelling: 

Household: Names, Relationship, Ages: 

Regular visitors to dwelling: 

Persons regularly visited by patient outside dwelling: 

Explanation given: 

Handling of extruded source 
Importance of separate beds 
Importance of distance 
Importance of special care in regard to young persons 
Film badges issued 
Identification card, or wristband issued 

Date: 

Tele. No~ 

Radiation Safety Officer 
(or Deputy) 

RS0-5/59 
'REV ll/61 

V 
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A. 

Part III 

DOSIMETRIC CONSIDERATIONS IN THE INTERSTITIAL USE OF ENCAPSULATED 
IODINE-125 SOURCES AND IN THE INTRACAVITARY USE OF HIGH INTENSITY 

ENCAPSULATED SOURCES BY REMOTE AFTERLOADING 

G. Holt 

Interstitial Use of Encapsulated Iodine-125 Sources.* 

In the past 10 years, a number of radioactive nuclides were used 
at Memorial Hospital for interstitial implants in cancer patients. Most 
of these were high energy gamma ray emitting radionuclides, which included 
radon-222, gold-198, iridium-'192, cesium-137 and cobalt-60. Since 1966, 
an effort was made to develop an encapsulated low energy gamma-ray 
emitting radionuclide as a substitute in interstitial therapy for the 
high ener~y gamma ray emitting and potentially hazardous radionuclides,1 

After some initial experimentation with xenon-133, which is a gas 
and proved to be unsuitable, and cesium-131, which met all the qualifications 
but proved to be economically unfeasible to develop, iodine-125 was chosen 
because it showed the most promise to be clinically suitable. Ine 1oa1ne-i~~ 
seeds, which are now available connnercially according to our specifications 
(Lawrence Soft Ray Corp. and Isotopes, Inc.) consist of iodine-125 bound 
to an ion resin enclosed in a titanium capsule 4.5 rnm long and 0.7 mm in 
diameter welded on both ends. Each titanium capsule contains two such 
resins with a gold marker separating them making the seeds visible for 
radiographic purposes. Figure 5 (Pg. 24) shows the basic construction 
of the iodine-125 seeds. The physical aspects of encapsulated sources of 
iodine-125 were investigated before clinical application of interstitial 
radiation therapy began. Iodine-125 decays entirely by electron capture 
into tellurium-125. The principal radiation emitted by iodine-125 are 
taken from the MIRD Supplement No. 2 and are listed in Table 4 (Pg.16 ), 
The main features of iodine-125 are the emission of low energy x- and 
gamma rays of the order of 30 keV. Hence, the special problems encountered 
by the use of this isotope in interstitial therapy may be classified into 
the following categories: 

1. Iodine-125 seed design 
2. Absolute calibration 
3. Routine calibration of iodine-125 seeds 
4. Seed localization 

*This was in part presented at the Annual Meeting of the American 
Radium Society at Mexico City, March 1971 . 
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5. Radiation dose distribution within 
patients due to interstitial implants 
of iodine-125 seeds 

6. Personnel exposure (discussed in Part II) 

1. Seed design. After considerable experimentation, titanium was 
chosen as an encapsulating material and a gold bead was incorporated into 
the design for radiographic localization. The iodine was absorbed into 
two Dow-X microspheres. Extensive leak tests established the integrity 
of the encapsulation. Radiographic visibility of the seeds was 
ascertained by ta.king ::radio&raphs of iodine-125 seeds placed in various 
tissue-equivalent :pba~t'orns. ·. "An ;,{ttemut to localize the seeds by external 
scanning ofradi~~c-ti~ity· wa:~ abandon~d due to lack of resolution. 
Autoradiographs ·of · the seeds were taken to assess the non-isotropic dis­
tribution of radiation due to self-absorption and the presence of the 
gold seeds. (Figure 6, Pg. 25) 

On the basis of these preliminary checks, the seed design was 
considered satisfactory as a first attempt although the distribution 
of radiation in the close vicinity of the seed is less isotropic than 
that obtained from a typical radon seed. 

2. Absolute Calibration. The calibration of the iodine-125 seeds 
was accomplished by an absolute cavity ionization method using a carbon 
extrapolation chamber. The carbon ionization chamber was cylindrical in 
shape and w~ ~ fittPd wi th caps of different thicknesses to facilitate 
the extrapolation to zero wall thickness. The low source strength of the 
iodine-125 seeds (8.64 x 103 ergs/mCi-hr) dictates the use of a large ion 
chamber for measurement and the inside dimensions of this carbon chamber 
were: diameter=3.7 cm, length=3.7 cm. 

The dimensions of the cavity were considered large compared to the 
range of the most energetic secondary electrons from the iodine-125. 
With the exception of a small wall correction, the energy absorption 
within the cavity depends entirely on the absorption properties of the 
cavity material, air in this case, and will be proportional to the 
mass energy absorption coefficient for air. 

The wall correction is based on the following considerations: the 
mean energy of the soft x-rays from iodine-125 is 28.4 keV. At this 
energy, about 50% of all interactions are photoelectric and 96% of the 
total energy is absorbed by the photoelectric process. Since the photo­
electric for l ow atomic numb er materials is nearly inversely proportional 
to the cube of tne energy, the mean energy of the photoelectrons will 
certainly be l es s than 10 keV which is the lowest energy for which 
tabulated coefficients are available. The range of a 10 keV electron in 
air is equal to 2 . 89 x 10-4 grams per centimeter squared, or 0.22 cm. 
The mean pathleng th of an electron through the carbon chamber was 
calculated by means of a computer program and was found to be equal to 
2.47 cm. Henc e , the range of the 10 keV electrons is roughly equal to 
9% of the total mean pathlength through the chamber. Therefore, Bragg­
Gray or Spencer-Attix theory of cavity ionization does not apply to this 
case. Neither does the empirical theory developed by Burlin apply to 
this measurement which deals with the case of cavity dimensions comparable 

V 
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TABLE 4 

CALCULATION FOR THE r FACTOR OF 1-125 

r = 195 E (Ila) air. hv (MeV) hi cm2 R 
i -· - · l. 

p mCi - hr 

% Mean No. 
Energy (keV) dis. I (µa/p)air r (E) 

35.5 6.78 2.407 .093 .04365 

27.5 73.8 20.29 .193 .7636 

27.2 37.8 10.28 .200 .4009 

31.0 19.9 6.169 .135 .1624 

31.8 4.13 1.313 .126 .0323 

IT=40.47 keV/dis 
cm2 R 

rT=1 · 403 mCi - hr 

The spectrum for 1-125 is taken from the MIRD Supplement No. 2; 
the coefficients of mass absorption are from R.D. Evans in "Radiation 
Dosimetry" by Attix , Roesch and Tochilin, 2nd Edition. 
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with electrc __ ranges. Therefore, it was nece~uary to work out special 
corrections for this measurement. 

The ratio of the mean energy absorption coefficients from carbon 
to air are equal to .401 indicating that the wall (carbon) contributes 
about 40% of the deposited energy in air and this energy is deposited 
over a distance equal to the range of the electrons which is 10% of 
the mean electron path through the chamber. The contribution of the 
total ionization within the cavity originating from the wall was taken 
to be as 40% over 10% of the volume (since the range is roughly 10% of 
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the mean path through the volume). Therefore, in addition to the electrons pro­
duced in the gas of the cavity there will be a 4% contribution from the wall and 
the total ionization within the chamber was reduced by this amount. 

Hence the dose to the cavity is equal to 

Dair=0.869 x Q d V ra s. 

From this the exposure X may be calculated 

X = 1 x Q 
I:o4 V roentgen. 

The activity A of the iodine-125 source is equal to the product of 
the exposure rate and the square of the distance divided by the gamma 
ray mission constant r. A correction of 1% was applied to this to 
account for the attenuation of the 30 keV x-rays in air over a distance 

A-X(roentgen)x n2(cm2) 
t(hours) r 

The experimental design utilized an iodine-125 source suspended 
under tension, by a monofilament line, (Fig. 7, Pg. 27 ) . The source 
was positioned 30 cm from the carbon chamber. The source could be 
lowered into a safe and raised to the calibration position using a laser 
beam for localization. The current from the carbon chamber was measured 
with a Keithley 640 vibrating reed electrometer in the integrating mode. 
The integrated value of the current was displayed on a digital volt meter. 
The necessary integrating time for each ·data point was ten minutes. For 
each data point an additional carbon cylinder was added to the chamber 
increasing the attenuation of the beam. In all 7, carbon cylinders were 
used allowing th~ wall thickness to vary from .15 cm to 1.8 cm. From 
this absorption curve the measured ionization was extrapolated to a value 
for zero wall thickness. 

The background current during the experiment was of the order of 10-16 
amperes, and current measured due to the source was of the order 10-L3 amperes. 

,. 
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The rate of increase in voltage across the integrating capacitor was 
found to be quite linear in time. The extrapolated ionization current 
for zero wall thickness was found to be 1.58 x 10-13 amperes. 

The volume of the chamber was accurately measured by filling the 
cavity with water and making allowance for the displacement of the 
central electrode. The volume was determined to be 40.0 cubic cm. The 
activity was calculated on the basis of a specific gamma ray emission 
constant of 1.4 cm2-R/mCi-hr. The emission constant r was calculated 
using the most recent data on the iodine-125 spectrum published in the 
MIRD supplements. The soft components of the iodine-125 spectrum were 
not considered in these calculations since it was assumed that the 
soft x-rays were absorbed by the walls of the titanium capsule. 

As a check on the experiment, the mass absorption coefficient for 
carbon was calculated based on the experimental data. This calculation 
yielded a mass absorption coefficient 6.7% above the published values. 

V 18 

3. Routine calibration of iodine-125 therapy sources. The activity 
of the iodine-125 sources are routinely measured with a Victoreen 440 
adapted for digital readout and a specially designed holder which 
facilitates the reading of the large number of sources commonly handled 
(Fig. 8, Pg.29 ). A shipment of seeds is routinely calibrated against a 
I-125 standard which has been calibrated by means of the carbon extra­
polation chamber. Each new source is placed in the holder and its 
activity is read. The sources are then grouped together in .05 mCi ranges 
of activity. The upper and lower bounds of activity considered acceptable 
for therapy being .65 mCi and .4 mCi, respectively. 

4. Seed localization. It was demonstrated that the iodine-125 seeds 
were radiographically visible within a standard phantom. The seeds 
implanted within patients are radiographically localized by means of 
orthogonal-stereo radiographs. While normally only orthogonal radiographs 
are required for the localization of needles and wires, an additional 
stereo projection is required for seed identification in case of 
multiple seed implant. The disadvantage of all radiographic localization 
methods so far is that the positive identification of the projection of 
the source on each radiograph is required. In case of a multi-seed implant, 
this is very time consuming and tedious work. More recently, a method has 
been developed which does not require the positive identification of seeds 
and will lend itself to automatic scanning methods of radiographs. This 
method will be described in detail elsewhere. 

5. Radiation dose distribution within patients . The dosimetry of 
interstitial implants with iodine-125 seeds is by far the greatest problem. 
Since the energy absorption coefficients for photons between 0-30 Kv are 
critically dependent on energy, the usual methods of dosimetry do not 
readily apply. It is not obvious that the methods developed for the 
computation of dose distribution for the interstitial and/or intracavitary 
application of high energy gannna-ray emitters also apply for iodine-125 
since the soft x-rays of iodine can be treated neither as 8-particles nor 
high energy gamma-rays. It has long been realized at Memorial Hospital 
that the conventional systems which assign a single dose value to an 
implant do not satisfactorily describe the distribution within the patient, 
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nor provide a sufficient physical basis for correlation with clinical 
experience, and do not provide an adequate basis for subsequent 
additional irradiation. 

To compute the actual 3-dimensional dose distribution within an 
implant, computerized systems of dosimetry were developed at Memorial 
Hospital and are used routinely to compute dose matrices in ~ny desired 
plane and at any desired orientation throughout the implant . . These 
systems followed the initial application of computer methods to achieve 
realistic treatment planning at Memoria13-5 in 1954 for external 
radiation and the initial work by Nelson and Meurk6 for implanted 
sources. A complete description of the 3-dimensional dose distribution 
within the patient permits subsequent analysis and correlation with 
tissue response, and guides the accurate addition of external radia~ion 
fields to the lesion. 

To compute the dose distribution within a medium from a set of 
distributed sources, it is first necessary to determine the point 
source distribution. Relative depth dose measurements were made in 
Mix-D phantoms around a number of encapsulated sources using lithium 
fluoride teflon rod dosimeters as supplied by Controls for Radiation 
(now Isotopes, Inc.). Because of the small size of these dosimeters it 
was possible to measure the dose within 2 mm of the source and to 
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proceed at 2 mm intervals thereafter. Mix-D was chosen as the phantom 
material in preference to water because it is a solid and easy to machine. 
This makes it relatively simple to produce an accurate source-dosimeter 
0 ev1.uct.1.y. Tt~ dv.siu,e.tc.~s ·wc::-c c::.r::~ng~d ~ .. Tit~:!.~ t~e ph~rrt0!:?. :!l0!!g 3 spii-~l 
configuration in order to avoid overlapping of the dosimeters. Two 
similar spirals were arranged within the phantom so that the two sets 
of dosimeters would be spaced at equal distances from the source. Figure 
9 (Pg. 31) shows the phantom and the experimental arrangement of the 
dosimeters. The dosimeters were removed at times which were calculated 
to yield the same dose, approximately 100 rads, to each dosimeter used in 
the experiment. A geometrical correction factor was applied to these 
data which allowed for the fact that both the dosimeter and the source 
were linear. This correction amounts to nearly 50% at 2mm from the source 
and is negligible at distances greater than 1 cm (Table 5, Pg. 20) 

Figure 10 (Pg.33) shows the experimental depth dose curves for a 
number of radionuclides normalized at 0.2 cm from the source. The 
difference in absorption between the various radionuclides is not 
startling as may be surmised from the fact that at the distances 
encountered, the inverse square law is bv far the greatest factor 
affecting the depth dose. Figure 11 (Pg. 35)shows the narrow beam trans­
mission characteristics for the same radionuclides in Mix-D. Note the 
presence of the soft components of the radon gam.~a-ray spectra which is 
manifested in the sharp drop in the beginning of the absorption curves. 

The absorbed <lose at a point as a function of distance from a point 
source is proportional to the relative depth dose and may be computed by 



Distance 
(cm) 

.20 

.40 

.60 

.80 
1.00 
1.20 
1.40 
1.60 
1.80 
2.00 
~ "" ,:. • ,:.u 

2.40 
2.60 
2.80 
3.00 
3.20 
3.40 
3.60 
3.80 
4.00 

• J 
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TABLE 5 

DOSI.METER LENGTH CORRECTION APPLIED 

TO LiF (TEFLON) RODS 

Source Length 
2.5 mm 3.0 mm 

• 7189 .7421 
.8716 .8770 
.9312 .9329 
.9582 .9588 
.9721 .9724 
.9802 .9803 
.9852 .9853 
.9886 .9886 
.9909 .9909 
.9926 .9926 

{){)')Q .9939 • ,,I.,,_,.,, 

.9948 .9948 

.9956 .9956 

.9962 .9962· 

.9966 .9967 

.9970 .9971 

.9974 ,9974 

.9976 .9977 

.9979 .9979 

.9981 .9981 

20 

4.5 mm 

.8159 

.8962 

.9391 

.9612 

.9735 

.9809 

.9856 

.9888 

.9911 

.9927 

.9939 
,9949 
.9956 
• 9962 
,9967 
.9971 
.9974 
• 9977 
,9979 
.9981 
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means of the experimental depth dose curves. The tumor dose should 
be stated in units of absorbed dose and the dose distribution should 
be normalized to rads. 

This relationship is expressed by the following equation: 

D(r) = kf(r) in rads, (1) 

where f(r) is the dimensionless relative fractional depth dose. The 
normalization factor k, which expresses the absorbed dose in rads/mCi­
hr at 1 cm, must be determined separately. 

The absorbed dose in the absorbing body may be .determined on the 
basis of total absorption if a detecting probe is suitably calibrated 
and its response is proportional to the absorbed dose. Such a calibra­
tion may be made by combining an absolute calorimetric determination of 
the total energy released by the source (source strength) in ergs/mCi­
hr with relative dose measurements (percent depth dose) made throughout 
the medium. The calibration requires that relative dose measurements 
be made throughout a medium thickness which is sufficiently extensive 
to absorb all emitted energy. The theoretical source strength was 
computed using the spectrum taken from the MIRD Supplement? No. 2. The 
coefficients of mass absorption are taken from R.D. Evans in Radiation 
Dosi~~try, by Attix, Roesch and Tochilin, 2nd Edition. Assuming that 
the low energy components of the spectrum would all be absorbed by the 
titanium capsule, the mean intensity was computed to be 40.47 keV per 
disintegration which would result in a source strength of 8.64 x 103 
ergs/mCi. A theoretical value for the normalization factor k was 
computed by means of Eq. (2). 

K = 1 
p 

f(r) dV 
ET (2) 

integrated over all space. This equation states that the total energy 
absorbed in an infinite medium (integral dose) must be equal to the 
energy emitted by the source, where Et is the source strength in ergs/ 
mCi-hr, pis the density of the material; f(r) is the experimental rela­
tive depth dose. In order to comput~ the volume integral, a correction 
was applied to the experimental depth dose f(r) which transformed the 
cylindrica l volume geometry into a spherical volume geometry. Figure 12 
(Pg. 37) shows the computed point source distribution. An analytical 
expression was developed fox f(r) in the form of a curve fit which 
consisted of four exponentials. The integration of Eq. (2) yielded a 
value fork of 1.68 rads/mCi-hr at 1 cm. 

The computations mentioned above assume that the thermoluminescence 
of lithium fluoride is proportional to the absorbed dose at that point 
and is not a function of position from the source. Standard deviations 
of the thermoluminescent measurements were of the order of 5%. 
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With a value of k=l.7 rads/mCi-hr, the total dose delivered 
at 1 cm from an iodine-125 seed, which has been left in place for 
complete decay may be computed by the following equation: 

D=l.44 x 60 x 24 x 1.7 = 3,525 rads/mCi destroyed. (3) 

By comparison for radon we have 

D=l33 x 7.89 = 1,050 rads/mCi destroyed. 

The ratio of the total dose produced by iodine to that for radon is 
therefore approximately equal to 3.4. This ratio does not take into 
account any difference in biological effectiveness due to the marked 
difference in half-life between the two radionuclides. However, one 
would conclude from this that the required activity per seed in an 
interstitial implant of iodine-125 should be less than that required 
if radon seeds were used. 

1he radiation dose distribution within the implanted regions is 8-10 
computed by means of the Memorial MIDAS computerized dosimetry system. 
These programs utilize the experimental depth dose data in the form of a 
table which is normalized at a distance of 1 cm from a point seed. The 
relative dose distribution is converted to rads by the use of the k value 
of 1.7 rads/mCi-hr at 1 cm from a point source of iodine-125. Complete 
isodose distributions are computed for all patients who receive an 
interstitial implant. lhe seeds are localized according to the Memorial 
orthogonal-stereo method mentioned previously. 

A study was also undertaken to compare isodose distributions 
obtainable within lesions with iodine-125 seeds to those obtainable 
with radon seeds. For this purpose, two computations were made in 
actual patients for the same geometrical distribution of seeds assuming 
in one case that the seeds consisted of iodine-125 sources and in the 
other of radon seeds placed in the identical geometrical position. 
Comparison of the isodoses disclosed that by and large the distribution 
within the implanted region did not differ greatly between radon and 
iodine-125 seeds, provided the iodine-125 seeds were spaced somewhat 
closer within the i mplanted volume. Outside the implanted volume there 
was a marked fall-off, however, in the radiation dose when iodine-125 seeds 
were used (Figure 13, Pg.39 and Figure 14, Pg. 41). This is another 
strong argument in favor of using iodine-125 in place of high energy 
gamma-ray emitters in interstitial implants. 
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FIGURE 5 

Construction of iodine-125 encapsulated interstitial seeds. These 
seeds are now commercially available up to 20 millicurie activity per 
seed. 
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FIGURE 6 

Iodine-125 seed 10 min direct exposure activity, 206 µCi. 



FIGURE 7 

Experimental set-up for the absolute calibration of I-125 seeds. 
On the right, the carbon extrapolation chamber; on the left, the 
electrometer. The seed may be raised remotely from the cave into the 
calibration position. 
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FIGURE 8 

Set-up for routine calibration of iodine-125 interstitial 
therapy sources. The activity of the iodine-125 sources is routinely 
measured by a Victoreen 440 adapted for digital readout and a specially 
designed holder which facilitates the reading of a large number of 
sources corrn:nonly encountered. The activity of individual sources is 
determined by comparison to a laboratory standard source of known 
activity. 
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FIGURE 9 

Experimental phantoms used for the depth dose measurements of 
iodine-125 sources. On the right is the mix-D block used and on the 
left is a sampling of the lithium fluoride teflon dosimeters. 
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FIGURE 10 

Experimental depth dose curves for a number of radionuclides used 
in interstitial therapy. The percent depth doses were measured with 
lithium fluoride teflon rods in a mix-D phantom. 
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FIGURE 11 

Narrow beam transmission in mix-D for a number of radionuclides. 
Note the soft component present with radon seeds which is rapidly 
absorbed within the first 2 mm. 
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FIGURE 12 

Relative depth dose in water from a point source of iodine-125 
normalized at 1 cm. This curve has been fitted with an analytical 
expression which was used for the computation of the absorbed dose 
constant k. 
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FIGURE 13 

Dose distribtuions in tissue from equivalent spatial distribution 
for iodine-125 and radon-222. Implanted area: right neck AP projection. 
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FIGURE 14 

Dose distribution in tissue from equivalent spatial distribution 
for iodine-125 and radon-222. Implanted area: right neck-Lateral 
position. 
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B. Description of Memorial Implant Dosimetry Automated System 
(MIDAS).* 

The implant dosimetry programs and associated procedures has 
been given the name MIDAS: "Memorial Implant Dosimetry Automated 
System." The MIDAS System described below represents the latest 
version in a series of automated implant dosimetry systems developed 
at Memorial Hospital since the initiation of computer-assisted treat­
ment planning in 19Sf

1
as a part of the effort to achieve realism in 

treatment planning. Other implant dosimetry programs have been 
described in the literature. Shalek

1
~ni Stovall have published 

several papers over the last decade • 3 describing the development 
and application of implant dosimetry computations at the M.D. Ander­
son Hospital. They have also recently published a review of con­
ventional and computerized implant dosimetry together with an ex­
tensive bibliography of other work. 14 

\,.,-" 

Some of the steps already described in the development of the 
MIDAS series include

6
the development of a tab card system in 1957 

by Nelson and Meurk for the dosimetry of cubic lattice seed implants; 
the systemization of the planning and dosimetry of seed implants 
described in 1963 and 3 •8 1968; a batch pror.essing system for the 
solution of clinical implants reported 9 in 1966; and lhe dosimetry 
of iodine-125 seeds. l,lS Clinical experience with it has been re­
ported 16 but an adequate description of the MIDAS programs has never 
been published and these are described in this report. 

Although MIDAS was primarily developed to support the large 
clinical work load at Memorial Hospital, since 1967 it has been an 
integral component of the Memorial Dose Distribution Computation 
Service (MDDCS). The MDDCS system, which has been reported else­
where 17-21 makes available to other hospitals in the United States 
automatic computation of treatment plans for either internally or 
externally applied radiation. Complexity is not a problem since 
the programs accommodate any known parameters including inhomogeneous 
structure of the irradiated region in the patient. The use of readily 
availab le teletype or facsimile units together with conventional 
telephone lines makes the service convenient as well as economical. 
As of the date of this report there are forty-seven hospitals, through­
out the United States, participating in the MDDCS system. 

*The material presented in this section is part of a paper in press 
in "Computers in Medicine and Biology": Memorial Implant Dosimetry 
Automa ted System, by G. Randall, S. Balter, J. G. Holt and John S. 
Laughlin 
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The MIDAS programs and others are kept on the user library of 
a commercial timesharing system, utilizing an IBM 360/67 central 
processer. Due to the modular construction of MIDAS it has been 
possible to upgrade the system continually one separate subroutine 
at a time, and control the release of new separate subroutines by 
coding in the main program. It is expected, due to the large and 
varied work load, that MIDAS will continue to be an evolutionary 
system. 

Program Objectives 

y 

MIDAS' primary purpose is to provide dose distribution information 
for any encapsulated radionuclides implanted in an infinite homogeneous 
volume. 

The program is designed for clinical use, therefore emphasis has 
been placed on the following aspects: 

1. Ease of Use - The use of the program does not require programming 
experience. Supplied input data are in the form of words where 
pn~~ih1e, ~nn rhe numerical data are in free format. Where 
applicable, an endeavor was made to have the program compute 
needed data, eliminating unnecessary input. 

2. Safeguards - The program contains internal routines to check 
the accuracy of the input information. If there is a detectable 
error in the input data, specific error and diagnostic messages 
are printed out by the program. These aid the user in pinpointing 
the error for correction. For instance, the program calculates the 
length of each radium tube from the end coordinates, and compares 
this length to the length specified by the user in the input infor­
mation. If these two lengths do not agree within 10%, it stops 
computation and prints out a diagnostic message. This message 
indicates the above mentioned error has occurred and specifies in 
which tube it occurred. The user is then able to correct either 
the end coordinates or the length specified. 

3. Flexibility - Since the dose information needed varies from one 
treatment to 'the next, it is possible to control the range and 
scope of dose computations. The calculations may range from the 
dose at a single point, to numerous planar and volume distributions. 
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Planar distributions are printed out with the magnification 
specified by the user. This allows direct overlaying on the 
radiograph, or if a very large magnification is specified, micro­
analysis of a particular area is obtained. 

4. Readability of Output - Although the program computes three­
dimensional dose distributions, the output dose information 
is planar and may be computed in any desired orientation. The 
following features have been incorporated for clarity and user 
convenience: 

a. All variable parameters involved with the calculation of 
each implant are printed as part of the output information. 
This accomplishes two objectives: the user can verify input 
information; and the user can verify the orientation of the 
output. 

b. Each section of output is consecutively numbered and contains 

y 

the identification line supplied by the user. This identification 
line will usually contain the patient's name, patient number, date 
of implant, etc. 

c. Each section of output containing dose information, is preceded 
by a section describing the area or volume being investigated. 

d. Matrix output allows the user to obtain the dose at specific 
points of interest for any planar orientation in the patient. 
This information is best utilized by tabulating the points of 
interest vs. dose on a final report for the patient's records. 

Figure 15 represents a matrix output in the Anterior-Posterior (AP) 
plane. In this example, the information desired is the dose at points 
A and B for a cervical radium application which was accomplished by 
computation of only one line of the matrix. The first item is the page 
number followed by the type of dosimetry used, the identification line 
as supplied by the user, the Z coordinate, i.e., the level of the plane 
of computation, and the magnification of the printout. 

The Map and Volume dose distributions have been designed to be used 
directly in a final report form. The map in Figure 16 is an AI! plane of 
the same cervix a~plication. The first item is the page number followed 
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by the identification line. The program prints out the type of 
dosimetry used, the Z coordinate of the plane, a space for the user 
to supply the type of projection (e.g., A.P.), and the magnification 
of the map. A scale indicating the dose range of the map characters 
is included, and the+ indicates the origin of the coordinate system 
and relates the map to the radiograph. 

Figures 17 and 18 show the AP and lateral maps as they would appear 
in a final report form. The applicator and sources are traced from the 
radiograph, as well as anatomical structures. 

The volume dose distribution is computed and utilized in the final 
report without any additions by the user. Figure 19 shows the Minimum 
Dose vs. Volume tabulation obtained for the same cervix application. 

Conventions and Assumptions 

1. Sources are considered to be surrounded by an infinite volume 
of tissue. 

2. Sources are considered to be isotropic point sources or radium 
line sources. 
Line sources other than radium are entered as a number of _point 
sources. 

3. Dosimetry for radium line sources or inverse square law point source 
calculations neglects absorption and scatter due to tissue. The 

V 

tissue absorption for I-125 is inherent in the stated depth dose table. 

4. Inverse square law dosimetry uses an absorbed dose of 7.95 rad/mg-hr. 
at 1.0 cm based on a specific gamma-ray emission constant of 8.25 
rad/mg-hr. and an f factor of 9.965 rad/R for water.22 The exposure 
of all high energy gamma ray emitting radionuclide sources must be 
expressed in mg-hrs. Ra equivalent. 

5. 

A 
B 

Radium line source dosimetry uses dose tables (23) for the following 
line sources: DIAMETER PLATINUM 

ACTIVITY TOTAL LENGTH ACTIVE LENGTH (mm) FILTER (mm) 

Variable Variable Variable 1.65 0.5 
Variable Variable Variable 4.05 1.0 

The dose tables correct for oblique filtration due to the platinum 
wall and radium salt. 
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Coordinate Definition 

1. The X, Y, Z, coordinate system is fixed with respect to the paper 
print out. The X-Y axes are always oriented parallel to the edges 
of the paper and the Z axis is directed toward the viewer. 

Rotation or Translation 

Any plane of arbitrary orientation may be investigated for dose 
information. Orientation of the plane is accomplished by defining 

V 46 

the translation increments and angles of rotation about the X, Y and Z 
axis. The sources are then transformed by the program and the new source 
coordinates are printed out. Figure 20 demonstrates the MIDAS rotation 
convention. 

OUTPUT 

The user either specifies the range of computation to be considered 
for dose information or allows the program to automatically make the __ ., __ .... ~--
OC:..LC.:\..:.l,...LUU • 

For AUTOMAP or AUTOMAT the program searches for the sources with the 
minimum or maximum X and Y coordinates, then sets the minimum and maximum 
coordinates of the output area 5 cm beyond these. The level chosen for 
the Z coordinate is the centroid of the implant, weighed with the activity 
of the sources. For implants of homogeneous distribution along the Z axis, 
the level chosen is the maximum dose plane. 

For AUTOVOL the m1n1mum and maximum X, Y and Z coordinates describing 
the volume are chosen to provide a 5 cm margin about all the sources. 

Program Organization and Explanation 

The program is divided into a number of sub-sections or sub-routines. 
Figure 21 depicts the logical flow of the program. The type of dosimetry 
to be used is first specified. The program offers the option of orthogonal 
or stereo shift r~diographic localization. The remaining sub-routines may 
be called upon as required. 

The following is a list of available sub-sections or sub-routines 
in the program with an explanation. The user may access these routines 
by the underlined command. 



u 

1. Type of Dosimetry - The following three types of dosimetry 
are presently available. 

IODINE 
INVSSQ 

RADIUM 

- 1-125 tabulated depth dose •1 , 15 
- Inverse square law dosimetry for high energy gamma 

ray emitting radionuclides. 
2 - Radium line sources using dose tables. 3 

The program also offers the option of storing other depth dose tables 
for special dosage calculations such as Cf-252 sources. 

2. Type of Demagnification Routine - Two routines presently available. 

ORTHOG - Orthogonal Film Demagnification. 
SSHIFT - Stereo Shift Demagnification 

3. Rotation or Translation Routine 

ROTRANS - Allows user to perform any desired coordinate transformation 
to obtain dose information in any plane or volume. 

4. Output Forms - The following six sub-routines allow the user to specify 
three types of output: matrix, map or volume distribution. 

a. DEFMAT - Defined Matrix 

The user defines the area 
the desired magnification 
output is in matrix form. 
be computed with one call 

b. DEFMAP - Defined Map 

of the plane to be considered, 
and dose scale factor. The 
Several parallel planes can 

to this sub-routine. 

The user defines the area of the plane to be considered, 
the desired magnification and dose scale factor. The 
output is in map form, i.e., simulated isodose curves 
using typewritten characters. The origin appears as 

·a+ sign on the map. Several parallel planes can be 
computed with one call. 
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c. DEFVOL - Defined Volume 

The user defines the volume to be considered, the 
volume increments, and dose scale factor. The 
output is in the form of a Minimum Dose vs. Volume 
Table. 

The use of AUTO~ T and AUTOMAP requires that the implant be 
homogeneous along the Z axis. The level of the plane chosen 
by the program is the maximum dose plane. 

d. AUTOHAT - Automatic Matrix 

The user specifies only the desired magnification of 
the output matrix. The program determines the area to 
be considered, the size of the matrix and the dose scale 
factor. The output is in matrix form as in the DEFMAT. 

e. AUTOMAP - Automatic Map 

The user specifit=s u11ly tl1t::: desired wajuific~tiG~ ~f ~he 
output map. The other parameters are set internally as in 
AUTOMAT. The output is in map form as in DEFMAP. 

f. AUTOVOL - Automatic Volume 

Conclusion 

The size of the volume considered is symmetrically _ 
located about the i mplant by the program. The volume 
increment and the dose scale factor are also selected 
by the program. The output is in the form of a Minimum 
Dose vs. Volume Table as in DEFVOL. 

The development of the computer s ystem for implant dosimetry at 
Memorial Hospital, known as MIDAS, has been briefly reviewed. The current 
status of the program has been described together with features of this 
system and the logic of the programs. 
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Figure 15 

MATRIX OUTPUT 
3 -. -PAGE NUMBER 

RADIUM TA8LE CALCULATI0N - TYPE OF DOSIMETRY 
CERVIX :.PPLICATICN 33£-!0MGHRS 0F RADIUM - I .D. LINE 
Z= 0•J9 
MAGNirICATI~N =1•27 

PT.B<RT) PT.A CRT) PT.A(LT) PT.B<LT) 
~.6 1?.9 1s.4 29.9 63•t -0.1 60.3 28·~ tR.o 12.3 e.9 

D0SE AT POINT A CLEFT)= (28.5) x (SCALE FACTOR)= (28.5) x (100.~> = 

2850.0 RADS, ETC 

CERV~X Ai'PLiCATI0N 3380MGHRS 0r RADIUM 

R0TATI 3N DATA 

4 

o .. o . O:O · n - " L. _ C:nn n n ... - ... v• ..,vv v•v 

N V y z s .. 
• -v.i:;o 6.00i i • 291 10~6•3.llO ' 

-0·083 ~c531 0-675 
2 -!'·083 4.531 0•675 422.540 

-o. 0·~2 3.os1 0.190 
3 -0.042 3.os1 0.190 422-540 

o.o 1 • 487 0·023 
4 o.o l w 487 0.023 422.540 

o.o 0.009 0•076 
5 2.417 -0,256 -0 . 032 528·160 

2.125 -1 . 77 4 -o. 09 0 
6 ·& -2.917 -0·296 -0.028 528·160 

-2.625 -t.(>84 -o. 000 

J DEF1fHTI0N 
5 

OE r18e 88E8 
CERVIX APPLICATI0N 3380MGHRS 0f RADIUM 
AUT 0MAP 
XMIN = - 7.41 DX:i 0.21 IX= 65 
YMIN = - 6.JS DY= 0.35 IY= 4o 
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PART IV 

CLINICAL EXPERIENCE USING IODINE-125 ENCAPSULATED SOURCES 
AND THE REMOTE AFTERLOADER 

A, Clinical Experience with Iodine-125 Encapsulated Sources. 

The first and second objectives of the biomedical program under-
taken for the investigation of the iodine-125 seeds with the support of 
the Bureau of Radiological Health of the Public Health Service (EC 00113) 
are discussed in the preceding Parts II and III. The third objective, 
that of clinical trials, will be the main subject of this report. Figure 
22 (Pg.62) is a photograph of the complete kit for permanent interstitial 
implantation developed specifically for iodine seeds. It includes besides 
the "gun" a set of 15 hollow, 17-gauge stainless steel needles, each 15 cm 
long, which are used during the first step of the afterloading technique 
of implantation24, 25; a stainless steel ruler subdivided into centimeters; 
and five magazines, each containing 10 low energy iodine-125 seeds. These 
components are mounted on a removable stainless steel base, which can be 
autoclaved and kept sterile in the operating room prior to the implantation. 

One of the key proo.1ems in using the low energy iodL1e-l25 seeds was 
the determination of the proper dose. In 1968, after reviewing the implants 
with iodine-125 done up to that time, we arrived at an estimate of this dose 
for permanent implant volumes and presented th.is in the =orm of a curve ?6, 27 
Figure 23 (Pg. 63) shows the recommended doses for iodine-125 implants (dotted 
line) plotted against the implanted volume. 

In this curve, a minimum dose of 16,000 rads given over a period of 
approximately one year is at present the minimum recommended dose for medium­
sized implants only. For smaller volumes, much higher doses are considered 
safe. On the other hand, for large volumes, the minimum recommended dose 
falls below 16,000 rads. There are other factors , of course, that influence 
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this dose, such as previous radiation, radiosensitivity of the tumor, oxygenation, 
etc., for which certain allowances should be made. 

Additional radiation therapy, if possible, is recommended in all patients 
with a tumor size of less than 4 cm who received less than 8000 rads during 
the first half-life of the isotope, or less than 16,000 rads to total decay. 
Our practice has been to supplement as much external radiation therapy as is 
required to bring the combined dose from the implant and external radiation 
to 8000 rads during the first half-life. We usually add this supplementary 
radiation 3 to 4 weeks after each implantation. 
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The calculation of the required activity for each implant is 
determined by the "average dimension" system, which we have been 
using at Memorial Hospital for the past 10 years in determining the 
activity for implants with high energy gamma emitters.28, 29 Figure 24 
(Pg.64) illustrates the principle of this system. The three dimensions 
of the implanted volume must first be determined. This should be done 
after the insertion of the needles. Two dimensions can be measured directly 
with a ruler. The third dimension is also easily obtained since all needles 
are 15 cm long. Let us assume that the three dimensions are 5, 4, and 3 cm. 
The average dimension is the 5j4+3=12 = 4 cm. This is simply multiplied by 
an empirical factor of 5 for iodine'Ji25 seeds.* This gives 20, which is the 
recommended activity of iodine-125 in millicuries for this implant and results 
in the dose obtained according to the previously mentioned curve. If the 
implant is a single plane, the third dimension is taken as zero. This method 
of calculation applies to a cube or rectangular-shaped volume. If the volume 
is cylindrical, 10% has to be deducted; and if the volume is spherical, 20% 
is deducted. The number of seeds is found by dividing the total millicuries 
by the average activity of the seeds~= 40 seeds. A detailed mathematical 
analysis of this study was published by Henschke and Cevc in 1968 28 • 

The major anatomic sites in which permanent implants with iodine-125 seeds 
were used are listed in Table 6 (Pg. 74). From May 1, 1968 through April 30, 
1971, a total of 234 implants were performed in 222 patients. 

Seventy per cent of the patients who had iodine-125 implants had advanced 
tumors which had been previously treated by surgical excision or external 
radiation, or a combination of the two. This group includes practically all 
of the patients who had intraoral and superficial implants and about one-half 
of the patients who had intrathoracic and intraabdominal implants. No long 
survivals were anticipated in this group. Tumor regression, therefore, was 
the only useful parameter to judge the efficacy of the treatment. Regression 
was not dependent on the location, size or histology of the tumor. It was 
dependent, however, on the total dose and proper implantation of the tumor. 

Figure 25 (Pg. 65) shows an example of a permanent implant in a patient 
with metastatic neck nodes, previously treated with 4000 rads, using the 
cobalt teletherapy unit. Two residual nodes in the right neck, the largest 
one measuring 4 x 3.5 x 1.5 cm, were implanted with iodine-125 seeds (11.7 mCi 
and 5 mCi, respectively). The minimum tumor dose was 16,000 rads. The graph 
on the left shows the pattern of regression for both nodes. Complete re­
gression was achieve~ within one month after implantation. The photograph 
on the right shows the patient 5 months after implantation without evidence of 
recurrence in the neck. 

Figure 26 (Pg. 66) shows an anterior posterior and a lateral planar section 
of the dose distribution obtained in a patient with carcinoma of the right 
lateral tongue implanted with iodine-125 seeds. This patient was an 85 year 

* This was just an empirical factor and was used because it gave us, for a 
certain volume, half of the activity which we had utilized with the high 
energy isotopes, such as radon-222. 
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old cachetic man with a T
3
N

0
M0 lesion. An implant was elected as the 

treatment of choice because of his age and poor general condition. Twenty­
three iodine-125 seeds, each 0.48 mCi were implanted in a rectangular­
shaped volume. The minimum tumor dose was calculated to be delivered over 
a period of approximately one year. The volume receiving this dose was 
calculated as 17 cc. The HDV (volume receiving 50% of the tumor dose -
Half-Dose Volume) was 47cc. 

Figure 28 (Pg. 68) shows the percent tumor regression vs. the accumulated 
tumor dose. Fifty percent regression was obtained at the level of 4500 rads, 
while complete regression was achieved at the level of 8000 rads. This 
patient expired 8 months after implantation. An autopsy recorded the cause 
of death as severe bilateral organizing bronchopneumonia complicated by acute 
splenitis. No evidence of carcinoma was seen in the tongue. 

A more detailed analysis of these implants including response and 
complications is underway and will be reported when all of these data are 
obtained. 

Permanent interstitial implants with iodine-125 seeds proved to be of 
particular value in cancer of the lung and prostate. These will be discussed 

Table 7 (Pg.75) gives the number of interstitial implants at thoracotomy 
from 1955 through April 1970 in 305 patients with cancer of the lung proven 
unresectable at thoracotomy. During this period various radionuclides 
(including iodine-125) were implanted using afterloading techniques?O 
Since September 1969, however, only iodine-125 seeds were used for this type 
of implantation. 

shows the percent survival by year according to the 
Berkson-Gage method for the patients who were implanted. For purposes of 
comparison, the patients are divided into three groups. In one group radio­
nuclides with high energy and short tialf- life were used (radon- 222 and gold-198). 
A total of 211 patients had implants in this category from 1955 through 1968. 
Gold seeds were used only during the years 1962 and 1963. The second group 
includes 68 patients in whom radionuclides with high energy and long half-life 
were used(irridium-192). These implants were carried out from 1956 through 
1961. Finally, the third group includes 26 patients implanted with radionuclides 
of low energy and 'long half-life (iodine-125) from 1966 through April 1970. 

The corresponding 5-year survival is 5%, 2.8% and 9%. There is no statis­
tically significant difference in these figures. Iodine-125 emerges, therefore 
as a radionuclide with definite advantages for permanent implants because of its 



low energy, resulting in negligible exposure to the personnel involved 
and lack of any need for precautions and restrictions to the patient 
following implantation. If there is any selPctive effect on the cancer 
cells due to the low dose rate of the iodine-125, it is not evident yet. 
Any such effect, if present, will require la'rger samples of patients 
than the ones available at present to be detected. 

Figure 29 (Pg. 69)shows an x-ray of the chest of a 61 year-old man. 
A mass was found in the left upper lobe. Sputum cytology was positive 
for carcinoma. The patient received 4000 rads external radiation therapy; 
no appreciable response was evident. Exploratory thoracotomy was carried 
out in November 1968, at which time a 4 x 5 x 3 cm mass was found in the 
left upper lobe. Because of the patient's age and location of the tumor, 
a surgical resection was not feasible. Instead, an interstitial implant 
~as performed using iodine-125 seeds; 45 seeds were inserted into the 
tumor for a total activity of 16 mCi. The computerized dose distribution 
is superimposed on this figure. The minimum tumor dose was calculated to 
be 16,000 rads. The radiation dose decreased rapidly and at a distance 
of 2 cm became rather insignificant. 

Figure 30 (Pg. 69) shows an x-ray 0£ i..i1e ::;amt: pai...i.1::11t i:.wu u,0r1ths l.:=:.te-.:-, 
at which time 50% of the calculated dose had been delivered. The patient 
was asymptomatic at this time. The tumor mass had regressed to 50% of the 
pre-implantation size. 

Figure 31 (Pg. 70) is an x-ray of the same patient 18 months later. The 
tumor appears to be under control. This patient is alive and asymptomatic, 
almost three years after implantation. 

The second group of patients in whom interstitial implantation appeared 
to be of value using the low energy radionuclides is cancer of the prostate. 
Interstitial implantation of encapsulated sources has distinct advantages 
when compared with external radiation therapy in the treatment of this malig-. 
nancy, as illustrated in the following Figures 32 and 33 (Pg.71). The 
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two cross sections of the pelvis at the level of the prostate show the same 
primary prostatic cancer. Figure 32 (Pg.71) is an example of an optimum setup 
with external radiation therapy. Using the linear accelerator and 360° rotation, 
it is possible to delive r 100% of the planned dose to the tumor-bearing area in 
about 6 weeks. The adjacent rectum and bladder will receive a dose in the range 
of 65% to 70% of the maximum within this period of 6 weeks. Figure 33 (Pg .71) 
is an exampl e of the dose distribution for an interstitial implant with 
125 seeds in the same situation. It should be kept in mind that the 100% of the 
planned dose to the tumor bearing area will be delivered in about one year. 
Comparison of these isodose curves shows that 

The localization is more precise and the dose distribution can 
be adapted to an irregular tumor shape. 

The dose to the bladder and rectum is in the range of 25-30% 
of the tumor dose. 
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Finally, interstitial irradiation requires a single procedure, while 
external radiation therapy extends over a period of 6 to 7 weeks. 

Figure 34 (Pg.72) illustrates the retropubic approach utilized 
presently at Memorial Hospital for interstitial implantation of the 
prostate. This approach is preferred because it permits the complete 
mobilization of the prostate allowing more accurate determination of the 
tumor extent, especially laterally. The nodes can be inspected, and an 
extraperitoneal node dissection can be performed. More adequate manip­
ulation is afforded by having a catheter in the bladder outlining the 
urethra and by inserting a finger of the operator's hand into the rectum. 
Figure 35 (Pg. 73)shows an example of such an implant. The radioactive 
seeds (light colored dots) indicate the implanted volume and are utilized 
to determine the target area. The isodose curve encircling these seeds 
on the left radiograph is the minimum tumor dose. In this example, it is 
16,000 rads (darker line) as recommended by the average dimension system, 
given to 22 cc of tissue. The dose falls off rapidly becoming approximately 
4000 rads at the level of the rectum. The radiograph on the right belongs 
to the same patient and was taken 6 months later. The radioactive seeds 
are closer together indicating regression of the tumor. 

During this period of the report approximately 40 patients were im­
planted with iodine-125 seeds. Of these, 19 have a one-year follow up. 
The longest survival after implantation is now four years without evidence 
of disease. The remaining are all living and well with the exception of 
two patients; cne developed inguinal nodes and the other had a biopsy 
showing persistent disease in the prostate 9 months after implantation. 
This was treated by external radiation. No unusual reactions were noted in 
any of these patients. In contrast to radical surgical resection, sexual 
function was maintained in all of these patients. Not enough time has 
elapsed, however, to judge the final outcome. 

Conclusions 

From the experience gained during the period of the grant, using 
iodine-125 seeds for interstitial implants, it is fair to say that iodine-125 
seems to be a satisfactory substitute for high energy emitters used in inter­
stitial radiation. The convenience of having long lived isotope seeds stocked 
in the hospital makes interstitial radiation available on short notice, extend­
ing its scope and simplifying the problem of availability. 

In reviewing the clinical experience accumulated during this period, the 
following preliminary conclusions can be formed: 
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The optimal activity of radioactive sources is between 0.4 and 
0.6 mCi; the optimal spacing of the seeds is 1 to 1.5 cm, the greater 
distance being used for the seeds in the center of the implanted volume. 

A minimum tumor dose of about 16,000 rads is required for optimal 
effect for the average size implant (15 to 65 cc or 2.5 to 4 cm average 
dimension). This dose in general has been well tolerated without un­
desirable early side effects. Further follow up is desirable, however, 
to record the late effects, if any. 

Implanted tumors receiving a tumor dose of about 16,000 rads will 
show at least 50% regression by the fourth week after implantation 
(approximately a tumor dose of 4000 rads). 

These tumors have usually completely regressed by the end of the first 
half~life of the iodine-125 (60 days). Morphologically intact cancer cells, 
however, may be identified histologically for at least another two half-lives 
(180 days). Clinical experience indicates that these cells are apparently 
non-reproductively viable in that late recurrence has been rare in patients 
of this category. Biopsy is thus not recommended until 6 to 8 months after 
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CALCULATION OF IODINE-125 ACTIVITY 
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TABLE 6 

PERMANENT INTERSTITIAL IMPLANTS WITH IODINE-125 SOURCES 
MAY 1, 1968 THROUGH APRIL 30, 1971 

NO. IMPLANTS NO. PATIENTS 

INTRAORAL 

SUPERFICIAL 

INTRATHORACIC 

INTRAABDOMINAL 

TOTAL 

22 

77 

68 

67 

234 

21 

68 

68 

67 

222* 

*2 patients had implants in both intraoral and superficial sites. 

74 



RADIONUCLIDE 

RADON-222 
GOLD-198 
IRIDIUM-192 
IODINE-125 

TOTAL 

TABLE 7 

INTERSTITIAL IMPLANTATION AT THORACOTOMY 
UNRESECTABLE CANCER OF THE LUNG 

1955-1970 

NO. PATIENTS 

197 
14 
68 
26 

305 
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B. Clinical Experience with the Remote Afterloader. 

Remote afterloading of intracavitary applicators using high 
intensity cycling sources was proposed a few years ago as a solution 
to the problem of radiation exposure to personnel. 31,32 On 
July 1, 1967, the first Remote Afterloader with cycling sources 
was installed for clinical use at Memorial Hospital. In this 
report we will present the experience which has been accumulated 
during the period of support under Grant EC 00113 from May 1, 
1968 through April 30, 1971. 

Figure 36 (Pg.84) shows a schematic drawing of the Remote 
Afterloader, the first of its type in the U.S.A. It consists 
of a lead safe installed in the wall of the treatment room, 
which contains three small cobalt sources of high activity. After 
the door of the treatment room has been closed, the sources, 
which are attached to the ends of long cables, are advanced to 
their treatment positions in the applicator by means of a mechanism 
in the control panel. 

Figure 37 (Pg. 85) shows a schematic drawing of one of these 
cobalt-60 sources. These sources were purchased from the Atomic 
Energy of Canada, Ltd. and were encapsulated in the U.S.A. by 
the Union carbide Company. Each source is cylindrical in shape 
anci measures l x l iiiili . It i5 cu~lcscd i.::. a st~i.!'!le~s ste':11 r~r:1!=:nl P 

which measures 10 x 1.7 mm. Each capsule is attached to a stainless 
steel cable which passes from the treatment room to the control 
panel. 

The remote afterloader control panel consists of the following 
control devices: 

Patient control - This is achieved by means of a closed circuit 
television monitor and a camera which scans the patient during 
the treatment. In addition, an intercom permits us to listen 
to the patient and to talk with him during the procedure. 

Source position control - The precise position of each of the 
three sources can be determined with the following devices: 

1) Rate Meter, which goes off scale as soon as even one source emerges 
from the saf~ into the treatment room. 

2) Green and red lights. The green light indicates that the source is 
in its proper position within the lead safe. The red light indicates 
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that the source is at its utmost forward position and 
has made appropriate contact with the tip of the applicator. 

3) The trailing end of the cable runs in a transparent tube and 
is clearly visualized in the control panel. As the source is 
advanced, the trailing end advances exactly the same distance. 
By simple ruler measurement, one can therefore measure precisely 
how far outside the safe each source has advanced . . When the 
sources are cycled, the trailing end advances and retreats in 
parallel fashion. 

Source cycling control - This regulates the advancement and re­
traction of the sources. The cables are sufficiently exposed at this 
point in the control panel so that the operation can be performed manually, 
if necessary. For routine use, however, the sources are advanced and re­
tracted by means of "push buttons," which activate two friction-type rollers 
between which each cable is moved back and forth. When the sources have 
been advanced to their fur'thermost point (red light goes on), the cable 
can be locked to a scaled oscillating device. The length of the cycle 
or oscillation is easily set on a centimeter rule on the face of the 
device. The sources can be cycleci, or oscilla Leu, i.:lir0u~I1 a. dis t.:;.r-,cc 0f 

18 cm. If, for instance, treatment of the whole uterine cavity is desired, 
the central source can be cycled over a length of 7 cm by appropriate setting 
of the lever. 

The Remote Afterloader is designed to be used principally with high 
activity sources.33 Thus, the total treatment time may amount to 
minutes rather than days. This in itself presents a radical departure from 
the traditional methods, introducing controversial radiobiological questions 
on dose-time relationships, total dose and fractionation. 

The multiplicity of biological factors involved in the differential 
radiation response of normal and neoplastic tissues, e.g., intracellular 
repair of potentially lethal damage, cellular kinetics and anoxia -
reoxygenation of tumor cells, contribute to the difficulties in arriving 
at the optimal dose-time relationships; To our knowledge, no laboratory 
investigations have been published on dose-time relationships of isotopes 
used in Brachytherapy. 

However, at the clinical level, some information in regard tp intra­
cavitary radiation with high intensity sources in humans was available 

• 
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at Memorial Hospital and the Pack Medical Group in a group of patients 
treated by an intravaginal applicator loaded with up to 1000 mgRa and 
known as the "vaginal bomb." In 1946, Focht et al. reported that in 
small lesions total doses of 8000 to 9000 rad~a~the surface of the 
applicator (vaginal mucosa) given in two applications, one to two 
weeks apart were well tolerated without permanent radiation necrosis.34 

In an effort to estimate tolerance levels and optimal doses, in 
1966 with the cooperation of Dr. G. Pack and Dr. U. K. Kenschke, we 
carried out a review of the records of 23 patients treated with these 
high intensity intracavitary sources during the period 1944 to 1953. 
No late reactions are recorded in any of these patients, some of them 
with follow up ranging up to more than 20 years. The immediate reactions 
were not more severe than. those observed with standard radium applications. 
However, in one patient who received two applications on successive days 
of 1750 mghr and 3300 mghr,respectively, a severe vaginal mucositis 
developed, which persisted for about 7 months. This patient was free of 
disease and asymptomatic 14 years later. 

A total of 402 applications were performed in 196 patients during 
the period May 1, 1968 through April 30, 1971. Vaginal applications 
accounted tor 40% of che 402 appli<.:c1i..i.1.h1S; utc'.i'."i ... c ~ppli.~.c!ti..c!'!.~ 32%; 
nasopharyngeal applications 12%; and other applications 16% (esophageal, 
bladder, palate, antrum, floor of mouth, thoracic and abdominal cavities. 
According to the generally accepted criteria in cancer treatment (5-year 
cure or survival rate), insufficient time has elapsed in most of these 
patients to judge the efficacy of this type of irradiation. Some pre­
liminary information, however, will be reported in the following pages. 

Nasopharyngeal Irradiation 

Figure 38 (Pg.86) shows the type of applicator used for the supple­
mentary radiation of the nasopharynx after completion of external radiation 
(5000 to 6000 rads in 5 to 6 weeks). The insertion of the applicato! is 
carried out under local anesthesia on an outpatient basis. A short in­
flatable balloon is attached to the tip of the applicator and inflated 
to fill the nasopharyngeal cavity. Details of the insertion are listed 
on attached "Instruction Sheet" (Appendix, Pg. 98). A single high intensity 
source approximately 1 curie is utilized after the application is connected 
to the Remote Afterloader (Figure 39) (Pg.86). Two applications, 500 mghr­
Raeq each, are performed to deliver 2000 to 2500 rads at the surface of 
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the applicator. This dose is given over a period of 25 to 30 minutes. 
The applications are spaced two weeks apart and are done at the 
termination of the external radiation therapy. Complete isodose 
curves are obtained at various planes. Figure 40 (Pg.87) shows an 
x-ray of the applicator in place prior to its loading. 

Figure 41 (Pg.87) shows an isodose curve for 500 mghrRaeq super­
imposed on a lateral localization x-ray film, which was taken prior to 
the loading with the radioactive sources. 

Table 8 (Pg.88) gives the number of patients with primary cancer 
of the nasopharynx having local control of their disease at the end of 
the first year after radiation. For comparison purposes, in addition 
to the patients treated with the Remote Afterloader, the patients 
treated in a similar fashion but at a slower rate are also listed. No 
statistically significant differences are noted. The radiation was well 
tolerated without severe mucosa! reactions in all grou?s of ?atients. 

A detailed analysis and intercomparison of these patients with 
cancer of the nasopharynx treated by radiation (including intracavitary) 
since 1960 is presently underway. 

Vaginal Irradiation 

Figure 42 (Pg.89) shows an example of a cylindrical vaginal applicator 
developed specifically for intracavitary radiation by remote afterloading 
of the sources. Similar applicators but of various diameters and lengths 
have also been constructed. The dose at the surface of these applicators 
varies from 2500 to 3000 rads for a total of 1500 mghrRaeq. This dose 
was delivered in either two or three applications, each one spaced two 
weeks apart. Figure 43 (Pg.89) shows an example of the computerized 
dosimetry for the most commonly used applicator f.Qr, 500 mghrRaeq. Addition­
al examples are listed in the Appendix (Pgs. 98-106) Table 9 (Pg. 90) 
lists the number of applications and the various primary sites. 

The patients who underwent vaginal irradiation can be divided into three 
groups: (1) patients who received radiation as an adjunct to surgery to 
prevent vaginal recurrences (preoperative and postoperative); (2) patients 
who had vaginal i~radiation after they received the tolerance dose by 
external irradiation in an attempt to eradicate residual disease; and (3) 
patients who had advanced uncontrolled disease or recurrence aft~r surgery 
or radiation. The vaginal irradiation was given in the latter group in 
an attempt to stop severe bleeding and/or pain Table 10 (Pg.91), 

79 



Table 11 (Pg.92) lists some preliminary information available at 
the tiree of this report. The table contains the total number of 
patients, according to the primary site, and the reason for which 
vaginal irradiation was administered. In addition, the present 
status of the patients is recorded. 

A minimum follow up of 6 months is available in all of these 
patients at this time. This is of course not sufficient to judge 
either the therapeutic effect on the tumor or the late effect on the 
normal tissues. Such detailed analysis is at present underway and 
will be reported as soon as adequate follow up time has elapsed 

The conclusions which can be drawn are the following: 

Fractionated insertions seem to preserve a better vaginal function, 
producing less fibrosis and obliteration of the vaginal mucosa. 

A single insertion of 3000 rads in 45 minutes calculated at the sur­
face of the applicator results not only in severe early bladder, rectal 
and vaginal mucosa! reactions but also in severe late atrophy, fibrosis __ 
and vaginal stenosis. 

A dose of 1500 rads in 22.5 minutes calculated at the surface of the 
applicator in each of two insertions spaced two weeks apart is better 
tolerated but still produces moderate early and late reactions. 

A dose of 1000 rads in 15 minutes calculated at the surface of the 
applicator given in each of three insertions in about three to four 
week's time for a total of 3000 rads is well tolerated without any early 
reactions. No late effects were noted in these patients up to a year after 
treatment. 

In general, irradiation of the entire length of the vagina seems to 
be well tolerated providing that care is taken not to extend the sources 
beyond the vaginal orifice. 

Dr. Kirn of Memorial Sloan-Kettering Cancer Center attempted to estimate 
the NSD (nominal standard dose) using Ellis' formula and compare the high 
dose rate regimens of treatment of the vagina using the Remote Afterloader 
with the standard radium techniques. 

For comparing the continuous irradiation with acute fractionation 
irradiation, the NSD for the standard technique proposed by Paterson 
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(6000 rads in 168 hours) was assumed to be 2000 ret (using Liversage's 
formula to convert the protracted radiation to an equivalent fraction­
ation). 

The results can be seen in the Appendix (Pg.98). The results 
obtained in this way can be questioned as to their value, because Ellis' 
formula ordinarily applies to higher fractionation (more than 4) and 
the smaller fractional dose (less than 1000 rads) than the one which 
has been utilized in intracavitary radiation. In view of the lack of 
any other information, however, this seemed to be the only presently 
available way of comparison. We hope that in the future, information 
obtained from in vivo studies at our Sloan-Kettering Institute (Dr. Hahn) 
will provide a more meaningful method of comparison. 

Uterine Irradiation 

Preoperative intracavitary uterine irradiation was used in 23 
patients with cancer of the corpus. All of these patients' tumors were 
classified as Stage I or II according to the system proposed by the Inter­
national Federation of the Gynecologists (FIGO). Figure 44 (Pg. 93) shows 
the components of the applicator, which was developed and used for this 
purpose. 35 It consists of two curved, long stainless steel tubes with 
a small slit at the open end of each tube corresponding to the curved 
---p.J.-,_. ___ ..., ....... __ .:,_h.- ........... .:_,,......., .... ....... -. .... , ... ~at..- ---l ,......, ......... __ , .... , .. .,_.:_,..,_ ....... 1.:-...:J ... - ..... 
t''-'.&.. "°'..&.'-"""' VI.ii.:,. 0 I...&.. 0..LE,J.J. I.. 0 L.C4-'-4"..&..C:..:>O O L.C:.C..L. 1..UUC 0.J..LU OC Y 1,,;;.&.. CL..L U•U.I.UJ.A..lU.UJ. -J ,......,,.,. __ .&.. u 

of various lengths used for the irradiation of the vagina. All stainless 
steel tubes are 25 cm long so that they protrude from the vagina after · 
their insertion into the uterine cavity. The assembled applicator is 
shown on the left of the same figure. Each curved lateral tube is inserted 
into one of the cornuas of the uterus, while the straight tube is in the 
center to improve the dose distribution in the fundus. All three tubes 
are connected with the vaginal component, which is placed against the 
cervix. The tubes are kept in place by a locking device at the protruding 
end of the vaginal cylinder. 

Figure 45 (Pg. 93) shows the assembled applicator in place within a 
uterine surgical specimen superimposed on the patient's pelvic x-ray. In 
this example, 5000 rads were delivered to the endometrial surface; the 
serosal surface received 2500 rads. One such application corresponds 
approximately to 3000 to 3500 mghrRaeq and is given in about one hour. 
Hysterectomy was performed 4 weeks later. The gross effects on the uterine 
specimen were s~rnilar to the effects obtained with radium given at a slower 
ra.te. Microscopic examination, however, showed a more severe reaction than 
with standard techniques. Figures 46-50 (Pgs. 94-96) illustrate these 
observations. 
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Figure 46 (Pg.94) shows the uterus removed 6 weeks after irradiation. 
There is no evidence of disease and no unusual reactions are noted. Fig­
ure 47 (Pg.95) is a low-power view of endornetrium and underlying myometrium 
in the same patient. The surface of the endometrium is ulcerated, partly 
covered by debris. The endometrium only contains a few scattered glands 
surrounded by chronic inflammatory cells. 

Figure 48 (Pg.95) is a higher magnification of the endometrium in the 
same patient. The atrophic and atypical glands barely lined by a few 
degenerating epithelial cells are embedded in a cellular dense fibrous 
stroma. 

Figure 49 (Pg.96) shows a low magnification of the endometrium of a 
patient who received the same dose but using radium at slower dose rates. 
Although the surface is still ulcerated, the glands are more numerous and 
have a close resemblance to normal endometrial glands. The stroma contains 
only a few lymphocytes and histocytes. 

Figure 50 (Pg.96) shows a high power view of endometrial gland from the 
same patient. Note the very close similarity to normal endometrial glands. 

l~t=~~~~it~-::,· ~te~i~e ~ppli~~tin~~ wPre also performed in 44 patients 
with cancer of the cervix. Most of these patients' lesions were classified 
as Stage IIb and III. External·radiation therapy was given in all of these 
patients. The intracavitary radiation was given by the afterloading 
applicator developed by Dr. Henschke (Ref. 36). Detailed instructions for 
the insertion of this applicator are listed in Appendix (Pg. 105-106). 

Figure 51 (Pg.97) is a schematic drawing showing the patient during the 
treatment. The unloaded applicator has been inserted into the uterus and 
vagina. The patient has been placed on a bed in the treatment room, and 
the applicator has been connected by three plastic tubes to the lead safe 
in the wall. 

The radiation dose to point A as well as complete isodose curves were 
obtained by the computer at various planes, as described in Part III of 
the present report. In addition, direct measurements were made in the 
rectum. 

A detailed analysis of the clinical results obtained in the patients 
with cancer of the corpus and cancer of the cervix is presently underway. 
These results will then be compared with those of patients in whom standard 
radium techniques were utilized. The clinical experience thus far suggests 
that there are important differences in the reactions produced with the 
high intensity time regimens. Although the time elapsed since the treatment 
is not adequate for arriving at final conclusions, the clinical findings 
suggest that in order for the remote afterloading intracavitary techniques 
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of this kind to supplant standard radium techniques, further infor­
mation is needed regarding the biological effects of these time-dose 
relationships. 

Conclusions 

The development of the Remote Afterloader for intracavitary radiation 
achieved one of the objectives of this study; namely, the elimination of 
the radiation exposure to the medical personnel. Several other practical 
advantages became evident during its application. These advantages are · 
presented below without any attempt to attach special significance to 
the order of listing: 

Continuous audio and visual monitoring of the patient during the 
treatment. 
Continuous check of the position of the sources within the applicator. 
Continuous monitoring of the dose rate in the rectum and bladder. 
More flexibility in adjusting the loading of the various applicators 
than wlth radium sources. 
Easier adjustment of the desir.ed dose distribution within the treated 
area. 
Hospitalization is not required during the treatment. 
Patients experience less discomfort because of the short treatment time 
No additional sources are required, no special radium room is needed, 
and no transport of sources is necessary. The major causes of past 
radium accidents are therefore eliminated. 

It is more difficult to answer the question of therapeutic effectiveness. 
One should be cautious in interpreting the preliminary results reported here. 
The multiplicity of biological factors involved in the differential radiation 
response of normal and neoplastic tissues, e.g., intracellular repair of 
potentially lethal damage, cellular kinetics and anoxia-reoxygenation of 
tumor cells, contribute to the difficulties in arriving at the optimal dose­
time relationships. 

Several in vivo studies in animals are being carried out in cooperation 
with Dr. Hahn at The Memorial Sloan-Kettering Cancer Center, under the 
project title "Time-Dose Relationships in Brachytherapy." The isotopes 
studied are radon-222, iodine-125, iridium-192, radium-226 and high activity 
cobalt-60 sources. These studies are designed to establish isoeffect lines 
re·lative to these radionuclides. We hope that in the near future we will 
have enough data of this nature so that in employing barchytherapy we will 
be able to select the most suitable dose-time regimen for optimal treatment 
of the patient with cancer. 

83 



84 

Figure 36 

( J 





( I 
1Jtctronlc fMde-f"Cl)(lt rols 

1 
iouret d,a;:ih sale 

A 

Figure 38 

B 

Figure 39 

86 

, ... w 4,J.., 

C 



I l 

l ! 

J 

t) t' , · ' f • i+>i>c: i£>C ' t · 

~ .. -:. . 
->:: :\·::::: .• ,..._ ·-· 

~ ....... :. ..... ,. 
} ::~:;: 

• A. 
j ... . • 

l,, !"' 

Figure 40 

.- t c'ael- a:' rlt1 

' ltlL-• .\ 

..... .... t. 
.. I(' '. .. :--... : ,. 

, . ..• .. . v.. ... . . . ... 
.. .. l . ,. 

I .. , . . ~, 
\ 

. I, 
:. ·~. "'• L , ··~ 

,,. _r-(-
' .g n 
. 'Ii .. 

........ .. . , ........ ::,-.. ( 

~· 

. ..-. ~ ' 
1 "-:-::-:-'---_....,;,;. ___ ,.,. 

~~--· _.:__\_-________ .........._ 

Figure 41 

87 



PERIOD 

1960-1963 

1964-1966 

1967-1970 

TABLE 8 

CA NASOPHARYNX 
INTRACAVITARY RADIATION 

TIHE FOR 
1000 mghr 

8-10 hr 

2-3 hr 

0.5-1 hr 

LOCAL 
CONTROL 

35/39 (89%) 

18/21 (86%) 

19/22 (88%) 
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TABLE 9 

VAGINAL IRRADIATION BY REMOTE AFTERLOADING 

PRIMARY SITE NO. OF PATIENTS NO. OF APPLICATIONS 

CA CORPUS 49 103 

CA CERVIX 20 38 

CA VAGINA 6 12 

OTHER 6 14 

TOTAL 81 167 
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TABLE 10 

VAGINAL IRRADIATION BY REMOTE AFTERLOADING 

ADJUV A.'IT TO SURGERY 

ADJUV Ai'ff TO EXTERNAL 
RADIATION (CURATIVE) 

PALLIATIVE 

TOTAL 

NO. OF PATIENTS 

35 

16 

. 30 

81 

91 
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TABLE 11 

EVALUATION OF VAGINAL DISEASE AFTER RADIATION 
BY REMOTE AFTERLOADING 

Primary Site Reason for Treatment No. Pts. Alive Dead 

NED Disease NED Disease 

CA Corpus Adjuvant to surgery 35 35 
(6-27m) 

Recurrence after surgery 14 9 1 2 2 
(6-40m) 

Acijuvant to ERT lO 5 l l 3 
(12-26m) 

Ca Cervix Recurrence after RT 5 2 1 2 

Recurrence after surgery 5 2 1 2 

CA Vagina Adjuvant to ERT 6 3 1 1 1 
(16-38m) 

Other Recurrence 6 1 5 

TOTAL 81 57 4 5 15 

l I 
Note: Figures in brackets indicate range of follow up in months. 
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Figure 44 
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Figure 49 
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INTRACAVITAR Y RADIATION BY REMOTE A!o"TERLOADING 
IN CANCER OF THE NASOPHAR YNX 

A. A kit is av'-lilahle through commercial sources made up of: 

1. Case 
2. Five applicators with various curves 
3. Five plcxiglass locking devices with knurled locking screw 
4. Disposable items (which can be replaced after each use) 

a. McKesson disposable mouthpiece - adult size (32160) 
b. Short inflatable cuff with pilot balloon (5. 0 mm) 

2057 K (Rusch) 

B. Instructions for insertion of nasopharynx applicator. 

1. Anesthetize the patient with Cyclaine Z"/o (local spray). Make 
sure that in addition to the oral mucosa, the uvula, hypopharynx 
and nasopharynx are well anesthetized. 

2. Measure the length of the nasopharyngeal cavity and the curvature 
necessary to enter it through the mouth, using the "uterine sound." 

3. Select the appropriate nasopharynx applicator. 

4. Attach the short inflatable cuff with the pilot balloon to the 
applicator. Make sure it is at the tip of the curve. Test the 
balloon with 10 cc. of air. This should result in a balloon of 
2. 5 cm. diameter. Inflate the ballon. 

5. Adjust the McKesson disposable mouthpiece to the proper distance. 

6. Turn the applicator to the side and push it behind the uvula; 
rotate it and position it in the middle of the nasopharynx. 

7. Instruct the patient to bite lightly on the mouthpiece. 

8. Inflate the balloon with 10 cc. of air. Clamp the catheter to hold 
the air in. 

9. Secure the clamp to the patient (shoulder). 

10. Take localization films with a dummy source. 

11. Bring the patient to the afterloader and connect the applicator 
with one of the three nylon tubes(for dose, see computerized 
dose distribution example). 

12. After the treatment, deflate the balloon and remove applicator. 

·-

C. Nasopharynx applicator dosimetry 

A radioactive source, 1 cm. in length, attached to the end of a 
stainless steel wire, is introduced into the metallic tube. High 
intensity cobalt-60 sources are used if the Remote Afterloader is 
utilized. However, these applicators can be loaded with other 
artificial radioisotopes if so desired, such as iridium 192 or 
cesium 137. 

A total of 1000 mghr is given. The dose on the surface of the 
applicator and at different distances from it is calculated by the 
inverse square law, since the sources have a predetermined posi­
tion in the ball. If the pilot balloon of the inflatable cuff is fill 
with 10 cc of air, it will have a diameter of 2. 5 cm. 

The resulting dose is strictly correct only if the applicator is sur­
rounded by air. However, the error at least to a depth of 5 cm. 
with the previously mentioned isotopes is not that great, since the 
loss by absorption is compens~ted for by the addition of tht scattt r 
as in external therapy. For greater distances, the loss by absc,rp­
tion is greater than the gain by scatter ,and a correction should be 
applied. 

Since the introduction of the computer in medicine, complete iso­
doee curves can be calculated at various planes. Because the 
applicators are standardized, it is possible to use precalculated 
sets of isodose curves for a specific application. (see drawing 
illustrating computerized dose distribution;Cor 500 mghr). 

( 

• This work was supported in part by PHS grant# EC 00113, Bureau 
of Radiolog.ical Health, Rockville, Md. 
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REMOTE AFTERLOADZR TECHNIQUE 99 
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REMOTE AFTERLOADER TECHNIQUE 

Active 
length 

3 cob a It - 60 sources 

500 mghr 
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REMOTE AFTERLOADER TECHNIQUE 

Active 
length 
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Appendix 

1) Calculations carried out by Dr. J. Kim of Memorial Sloan-Kettering 
Cancer Center: 

Baseline: 6000 rads continuous radiation in 168 hours is assumed 
to be the maximum normal tissue tolerance dose; it is equivalent to 
an NSD of 2000 rets. 

2) Dr. Fletcher's technique for vaginal radiation at MD Anderson. 

A dose of 6000 rads in 72 hours is equivalent to an NSD of 2695 rets. 

104 

3) Vaginal radiation using Remote Afterloader technique at Memorial Hospital 

a. A total dose of 3000 rads given in two fractions of 1500 rads each 
separated by 2 week interval is equivalent to an NSD of 1900 rets. 

b. A total dose of 3000 rads given in three fractions separated by 
2 week intervals is equivalent to an NSD of 1600 rets. 

Remarks 

The formula used for calculation of the NSD was proposed by Ellis and is 
as follows (Modern Trends in Radiotherapy, Series 1, 34, 1967, Butterworth, 
London): 

TD = NSD(N)•24(T)•ll 

TD = Total dose 
N = Fracti6ns 
T = Total elapsed time in days 
NSD = Nominal standard dose 
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INSTRUCTIONS FOR INS ·E .RTION· :· . . 
OF - UTERO-VAGINAL APPLICATOR 

' 

A PREOPERATIVE ORDERS 

1. Schedule insertion with OR 
2. Preoperative medication ( ordered by anesthesia dept.): 

atropine sulphate, gr 1/ 150; demerol, 50- 75 mg 
. 3. Perinea~ preparation 
4. SSE night and a. m. of surgery 
5. Nothing by mouth after midnight 

B POSTOPERATIVE ORDERS 

l. Note on the chart 
2. Dictate note in OR ' .,, • 
3. Notify radiation .safety 
4. Order localization films ( PA + lateral stereos) 
5. Separate room for patient ( if standard techniques 

are used) 
6. Bed rest, low residue diet, paregoric 4 cc tid, gantricin 

1.0 mg bid x 3, codeine gr 1/2 q. 4- 6 hr. prn and 
ASA gr 10 for pain, connect Foley catheter to bottle. 

7. Fill out No. 15 sheet 

( POST REMOVAL OF SOURCES (ORDERS) 

1. Discontinue radioactive precautions 
2. Discontinue paregoric 
3. Regular diet 
4. Douches with KMnO 

4 
twice daily (1: 5000) 

D CHECK LIST FOR AFTERLOADING APPLICATOR 
(Henschke Model) 

L Three central stainless steel uterine tubes each 21 cm long 
and each having a different curve 

2. Two plastic vaginal spacers (2.5 cm diameter hemispheres) 
each at the end of a stainless steel tube (same diameter 

. and length as No. 1) 

3. No. 16 gauge Foley catheter with 5 cc bag ( to be inserted 
· into bladded . . . 

4. 5 cc rad iopaque materia!,..(Hypaque) and 2 cc of methylene 
blue ( to be diluted in IO cc of saline) · 

E I NSERTION OF APPLICATOR IN OPERATING ROOM 

1. After bi manual examination, expose cervix, take biopsies and 
probe the uterine cavity for position and length. Dilate cervix 
to take a No. 5 Hegar dilator. Cystoscopy and proctoscopy and 
D &Care done together with members of GYN Service, only 
if not done previously. 

2. Slide cervical ring down to a distance approximating the measured 
length of the uterine canal . 

3. Insert central tube of applicator into the uterine canal, then the 
two lateral tubes with the spacers, one after the other, into 
the right and left vaginal fornices. Attach each of the 
lateral tubes to the central tube and spread as far apart 
as possible. 

4. Insert 16 gauge Foley catheter with 5 cc bag into bladder. 
5. Check by rectal examination proper position of applicator. 
6. Pack vagina with 111 inch gauze embedded in betadyne. Push gauze 

between posterior wall of vagina and ovoids. Repeat anteriorly. 
7. Secure position of applicator by T-shaped male binder. In unreliable . 

patients, secure applicator by two matress sutures through the 
labia majora, one above the applicator and one below. 

F DICTATION OF POSTOPERATIVE NOTE. SHOULD INCLUDE 
A DESCRIPTION OF THE FOLLOWING: 

FINDINGS: 
1. Appearance of cervix ( ulcerated, atrophic, etc.) 
2. Size, shape, and position of uterus 
3. Extent of tumor; specify whether or not extension to fornices or 

lower vagina; whether or not extension to parametrium, 
and how far. 

4. Condition of recto-vaginal septum, and anterior extension to 
bladder, if present. 

5. International stage 

PROCEDURE: 
1. Sound depth of uterine canal 
2. Dilation, if done, size of largest dilator used 
3. Curettings: character, and from where obtained 
4. Biopsy, if taken, and from what point or points 
5. oladder catheter (No. 16 Foley with 5 cc balloon) 
6. Insertion of the two vaginal spacers, attachment to the 

central tube, and degree of spread in centimeters I ...... 
C) 
u, 
I 
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G X-RAY LOCALIZATION STUDIES 

1. Order: 
a. AP stereo of pelvis 
b. Lateral pelvis with patient lying on the side on 

Bucky table 
2. Before taking above f i I ms: 

a. In bladder: inject 20 cc of aqueous Dionosil 50 cc 
of saline 

b. In rectum: insert the special graduated (in centi­
meter) rectal tube 

c. In central and lateral uterine tubes: insert dummy 
( inactive) sources 

H INSERTION OF RADIOACTIVE SOURCES 

IN REMOTE AFTERLOAD ING ROOM: 
1. Bring patient in bed to remote afterloading room and position 

bed for ease of insertion 
2. Connect each lateral tube and the central tube with the 

plastic tubes of remote afterloader 

IN PATIENrS ROOM (if radium sources are to be used): 
Insert the sources, enclosed in one end of a plastic tube. 

The choice of length and activity depends on the length 
of the uterine tube and on the desired radiation distribution. 

DOSE MEASUREMENTS 
I. Insert measuring probe into rectum and press crystal gently 

on the anterior wall (do not use extreme pressure). Move 
probe along anterior rectal wall and watch the instrument 
indicator at the same time. Determine maximum reading 
and localization in centimeters from the rectal sphincter; 
in addition, determine length in centimeters over which 
you read up to 50% of the maximum dose. 

2. Bladder measurements will not be done routinely. If they are 
desired in a special case, the Foley catheter has to be 
removed. Bladder measurements should be done before 
the rectal measurements to avoid contamination of the 
bladder. 

3. If the Remote Afterloader is used, follow instructions for 
the special probe. 

J REMOVAL OF APPLICATOR AND RADIOACTIVE SOURCES 

The following steps apply to both the remote afterloading 
applicator and the ordinary application with radium 226 sources: 

1. Remove active sources from the central and the two 
. lateral tubes and put them into the sare. 
2. Deflate the Foley catheter of the applicator 
3. Rotate applicator 45 , and pull it out gently. If the 

introitus is very narrow, remove each piece of 
the applicator separately. 

4. Examine patient for bleeding, lacerations, etc. 
5. Check parts of applicator and make sure that everything 

has been re moved. 
6. Clean applicator. 

K RECORDING DATA 

For each application, the following data should be recorded:· 

I. Length and activity of active source(s) in uterus 
2. Length and activity of active source in vaginal balls 
3. Time of application 
4. Ti me of re mova I 
5. Total application time in hours 
6. Total mghrs 
7. Dose to point A 
8. Dose to point B 
9. Dose to primary site (cervix) 

IO. Maximum dose to rectum and the depth at which 
it occurred 

I __, 
0 
O'I 
I 



) 

I ) 

I I 

V 
REFERENCES 

1. Comprehensive Progress Report, 16 May 1966 - 31 Au~ust 1967, 
Public Health Service Contract PHS86-66-132. 

2. Fleischman, R. and Randall, G., Memorial Dose Distribution Computation 
Service, Implant Program User Guide, 1971. 

3. Holt, J.G., Hilaris, B.S., Balter, S., Ragazzoni, G.D., Phillips, R.F. 
and Laughlin, J.S.: Experience with Computerized Implant Dosimetry. 
Amer. J. Roentgenol. Rad. Ther. Nucl. Med. 12, 688-693 (1968). 

4. Laughlin, J.S.: Annual Report of the Division of Physics and Bio­
physics, 1 April 1954 - 31 May 1955. 

5. Tsien, K.C.N.: Application of Automatic Computing Machines of 
Radiation Treatment Planning. Brit. J. Radial.~, 432-439 (1955). 

6. Nelson, R.F. and Meurk, M.L.: Use of Automatic Computing Machines 
for Implant Dosimetry. Radiology 70, 90 (1958). 

7. MIRD Supplement No. 2, Vol. 10, March 1969. 

8. Laughlin, J.S., Siler, W.M., Holodny, E.I. and Ritter, F.W.: A Dose 
Description System for Interstitial Radiation Therapy: Seed Implants. 
Amer. J. Roentgenol. Rad. Ther. Nucl. Med. 89, 470-90 (1963). 

9. Balter, S., Freed, B.R., Ragazzoni, G.D., Siler, W. and Laughlin, J.S.: 
An Extension of the Memorial System for Implant Dosimetry. Radiology 
§]__, 475-482 (1966). 

10. Randall, G., Balter, S., Holt, J.G., and Laughlin, J.S.: Computer 
Programs in Biomedicine (in press). 

11. Laughlin, J.S. Realistic Treatment Planning. Cancer~, 716-729 (1968). 

12. Shalek, R.J. and Stovall, M. The Calculation of Isodose Distribution in 
Interstitial Implantations by a Computer. Radiology ]j_, 119-120 (1961). 

107 

13. Shalek, R.J. and Stovall, M. The M.D. Anderson Method for the Computations 
of Isodose Curves Around Interstital and Intracavitary Radiation Sources. 
I. Dose for Linear Sources. Am. J. Roentgenology, Radium Therapy and 
Nuclear Medicine 102, 662-672 (1968). 

14. Shalek, R.J. and Stovall, M. Dosimetry in implant therapy, in Radiation 
Dosimetry, Attix and Tochilin (Academic Press, New York, 1969), Chap. 31, 

Pgs. 743-870. 

15. Holt, J.G., Pinkerton, A.P., Laughlin, J.S. and Hilaris, B.S.: Dosimetric 
Considerations in the Interstitial Use of Encapsulated Iodine-125 Sources. 
Presented at the American Radium Society Meeting, Mexico City, March, 1971 
(in press). 



I ) 

I I 

I 

16. Hilaris, B.S., Henschke, U.K. and Holt, J.G.: Clinical Experience 
with Long Half-Life and Low-Energy ~ncapsulated Radioactive Sources in 
Cancer Radiation Therapy. Radiology 2-!_, 1163-1167 (1968). 

17. Holt, J.G., Balter, S., Baker, A., Laughlin, J.S. and Phillips, R.F. 
Experience with a dose distribution computation service. Annals of 
the New York Academy of Sciences 161, 344-347 (1969). 

18. Holt, J.G. and Laughlin, J.S. New developments in therapeutic dosimetry. 
Transactions of the American Nuclear Society 11, 398-400 (1968). 

19. Holt, J.G. Application of Computers to treatment plan Radiation Dose 
Computation. Second International Conference on Medical Physics, Boston, 
Mass., August 1969. (In press in the Proceedings of the Second Inter­
national Conference on Medical Physics.) 

108 

20. Holt, J.G. and Laughlin, J.S. Experience with the Memorial Dose Distri­
bution Computation Service - A Time-Sharing Network. Third International 
Conference on the Use of Computers in Radiology, Glasgow, Scotland, September 
1970. (In press in the Proceedings of the Third International Conference 
on the Use of Computers in Radiology.) 

21. Holt, J.G. Availability of Computers and Comments on Standard Uses. Con­
ference on Afterloading in Radiotherapy, Mt. Sinai Hospital, New York, New 
York, March 1971. (In press in the Proceedings of the Conference on After­
loading in Radiotherapy.) 

22. United States Department of Commerce, National Bureau of Standards, 1962, 
Clinical Dosimetry. Handbook 87, Pg. 10. 

23. Young, M.E.J. and Batho, J.F. Dose Tables for Linear Radium Sources Cal­
culated by an Electronic Computer. Brit. J. Radiology lZ_, 38-44 (1964). 

24. Henschke, U.K., Hilaris, B.S., and Mahan, G.D. Afterloading in intersti­
tial and intracavitary radiation therapy. Am. J. Roentgenol . ..2.Q_, 386-395 
(1963). 

25. Hilaris, B.S., Luomanen, R.K., Mahan, G.D., and Henschke, U.K. Intersti­
tial irradiation of apical lung cancer. Radiology~. 655-660 (1971). 

26. Hilaris, B.S. Techniques of interstitial and intracavitary radiation. 
Cancer±£., 745-751 (1968). 

27. Henschke, U.K.;Hilaris, B.S., Mahan, G.D., and Wright, F.E. Interstitial 
implantation of radioactive seeds during thoracotomy, in Lung-Cancer 
~ Study of Five Thousand Memorial Hospital Cases. Watson, W.L. 
(C.V. Mosby Co., St. Louis, 1968), Chap. 13, Pgs. 323-346. 

28. Henschke, U.K. and Cevc, P. Dimension averaging a simple method for 
dosimetry of interstitial implants. Rad. Biol. Ther . ..2., 278-98 (1968). 

29. Hilaris, B.S. Manual for Brachytherapy (Memorial Hospital, Dept. of 
Radiation Therapy, New York, 1970), 2nd ed., Pgs. 98-102. 



r ' 

I I 

V 

30. Hilaris, B.S. Interstitial radiation using iodine-125 encapsulated 
sources. Afterloading Conference, 6-8 May 1971, Mount Sinai School 
of Medicine and USPHS. U.S. Government Printing Office (in press). 

31. Henschke, U.K., Hilaris, B.S., and Mahan, G.D. Remote afterloading 
with intracavi tary applicators. Radiology 83, 344-45 _(1964). 

32. Henschke, U.K., Hilaris, B.S., and Mahan, G.D. Remote afterloading 
for intracavitary radiation therapy, in Progress in Clinical Cancer, 
edited by I.N. Ariel (Grune & Stratton, Inc., New York 1965), 
Pgs. 127-136. 

33. Hilaris, B.S. Techniques of interstitial and intracavitary radiation. 
Cancer 11_, 745-751 (1968). 

34. Focht, E.F., Marinelli, L.D., and Twombly, G.H. A cylindrical radium 
applicator for the treatment of surface vaginal lesions. Am. J. 
Roentgenol. ~. 751-758 (1946). 

35. Ibid., Pgs. 159-163. 

36. Henschke, U.K., Hilaris, B.S., Mahan, G.D., and Proimos, B.S. After­
loading applicator for treatment of cancer of the uterus. N.Y. State 
J. }led. _§i, 624-628 (1964). 

109 



President 
Oscar M. Powell , M.D. 

Oakland, Calif. 

President-Elect 
Gerald L. DeNardo, M.D. 

Davis, Calif. 

Secretary 
Howard J . Dworkin, M.D. 

Royal Oak, Mich. 

Treasurer 
Jo n D. Shoop, M.D. 
Albuquerque, N.M. 

Board of Regents 
Robert L. Bell , M.D. 

Nashville, Tenn. 
William H. Blahd, M.D. 

Los Angeles, Calif. 
Harold L. Chandler, M.D. 
Cambridge, Mass. 

James J . Conway, M.D. 
Chicago, Ill. 

Jack K. Goodrich, M.D. 
Durham, North Carolina 

Thomas P. Hayn ie, M.D. 
Houston, Texas 

Richard A. Holmes, M. D. 
Milwaukee, Wisc. 

George L. Jackson, M.D. 
Harrisburg, Penna. 

Steven M. Larson, M.D. 
Baltimore, Md. 

Jose 0. Morales, M.D. 
Philadelphia, Penna. 

Robert E. O 'Mara, M.D. 
Tucson, Arizona 

Dwight K. Oxley, M.D. 
Wichita, Kans. 

Speaker of the House of Delegates 
Ri chard C. Reba, M.D. 

Washington, D. C. 

Ma rch 14, 1974 

Aikn&ilwv~~ia,ed _____ .:-, 

Secretary of the Commission 
U.S. Atomic Energy Commission 
Washing to n , D.C. 20545 

Attention: Chief, Public P roceedi ngs 
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Refe rence: FR Doc. 7 4 -1678, 10 CFR Pa rts 31, 32 and 35 

Dear Sir: 

I have reviewed the above-mentioned publications of 
proposed ru lemaking in the Federal Register , Vol. 39, 
No . 14, pages 2384-2388 , J an uary 21 , 1974. 

The repea ted r eferences to effective New Drug Applica­
tion ( NDA) , Notice of Claimed Investigational Exemption 
for a New Drug (IND) and Biologic Product License fro m 
FDA a re entirely app ro p ri a te for inclusion in this 
P ro posed Rule , which concerns only specific l i censes 
for certain groups of medical uses of byproduct ma teri al . 

However , since the P roposed Rule also notes th e intent 
of the FDA to terminate the existing exemption for 
r adiopha rmaceut icals for investigational use "at an 
early date", the continued existence of Specific Licenses 
of Broad Scope appea rs in jeopardy. It must be empha­
sized that the original need for the broad license 
concept with its inherent institutional peer review 
rema ins unch anged . 

A complete review of FDA r egulations r elating~to New 
Drugs (21 CFR 130) f ails to identify a me chanism equiva­
lent to the AEC broad license. Without such a mechanism, 
the ad van ces in nuclear medic ine, clinical and rese a rch, 
under the guidance and supervision of AEC and Ag reement 
S t ates will be severely curtailed. 

It is, therefore, strongly recommended that the Commission 
take ell necessary steps to insure that necessary action 
is taken to protect pub lic health and safety wit hout unduly 

P.O. Box 1245 / Berkley, Michigan 48072 



( 

Secretary of the Commission Page 2 

inhibiting the use of radioactive materials in medicine 
and to assure no disruption in the supply of these drugs, 
which are of vital importance in many medical applications. 
I respectfully submit that without the appropriate changes 
in regulations to permit a continuation of the broad 
license concept, there will occur a serious impediment 
in the delivery of nuclear medicine as currently practiced. 
Equally important, there will be a disruption ±n the 
investigational aspects of the development of nuclear 
medicine in this nation. 

Oscar M. Powell, M.D. 
President 
3135 Webster Street 
Oakland, California 94609 

OMP/kd 
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MEMORIAL SLOAN-KETTERING CANCER CENTER 
1275 YORK AVENUE, NEW YORK, NEW YORK 10021 
(212) 879-3000 

Secretary of the Commission 
U.S. Atomic Energy Commission 
Washington,D.C. 20545 

March 13, 1974 

Attn: Chief, Public Proceedings Staff 

Dear Sir: 

We are responding to the proposed rules 10-CFR, parts 

-t· 0 -• u . . . . 
0 " . . 
~ CoNQut'>' 

and 35, entitled, Group Licensing for Certain Medical Uses, published 
in the Federal Register, Monday, January 21, 1974. The comment 
particularly applies to paragraph 35.14, subparagraph b, subheading (7) 
which states, "For group IV, any licensee who possesses and uses radio­
pharmaceuticals for therapy shall assure that patients containing 
more than 8 mCi of iodine-131 for the treatment of thyroid carcinoma or 
patients containing more than 23 mCi gold-198 shall be hospitalized". 

As physicians with fifteen to twenty years experience in treating 
patients with thyroid cancer with radioiodine, we believe that this 
rule is too restrictive. The previous rule permitted discharge of 
patients containing 30 mCi 0£ I-131, although procedures within the 
hospital required segregation of patients containing levels above 
7 Q~ 8 mCi of I-131. Thus, it has been the practice among us 
using radioiodine to treat thyroid cancer to release patients con­
taining between 8 and 30 mCi to their homes during convalescence 
from therapy. We estimate that an additional two weeks of hospitali­
zation would be required in the patients receiving I-131 therapy for 
thyroid cancer. This will add an estimated $3,000 of expense to 
the therapy, in addition to requiring isolation of the patient within 
the hospital for that period of time. The isolation already required 
is oppressive to many patients with this malignant disease. 

In regard to the treatment of thyroid cancer with I-131, we now 
regard this as a routine therapy, no longer subject to governmental 
support as a research effort and being paid for by patients them­
selves or their insurance. We also believe that this is an estab­
lished therapy applicable to a certain small percentage of all 
patients with thyroid cancer, and of proven effectiveness. We 
believe that this new regulation will be unduly restrictive and 
prohibit the application of this effective therapy to some patients 
with malignant disease who could benefit therefrom. We would 
request that you look at the integral dose delivered throughout the 
quarter of the year rather than directing your attention to the 
2 mR/hour at 1 meter which is emitted from a patient who contains 
8 mCi. 

Memorial Hospital for Cancer and Allied Diseases 
Sloan-Kettering Institute for Cancer Research 
Sloan-Kettering Division, Graduate School of Medical Sciences, Cornell University 

) '-fr1' I ::ii''"' 1'"' :w l -'0 ~1 ··,: .1 .JQ \l..! ; _:1.. ") -t ,l _ .:1 - - .....1 
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Secretary of the Commiss,ion 

It has been our custom to caution patients leaving the hospital 
with these levels of radiation, that is, between 8 and 30 mCi, to 
keep their distance from young people, to sleep alone, and to avoid 
exposure of others unduly. We believe that this conforms to public 
health safety and does not result in the exposure of the general 
public to harmful levels of radiation. 

We respectfully request that this portion of the proposed rule­
making be reconsidered. 

RSB/jcf 
copies to : 
C. Jules Rominger,M.D. 
Philip Johnson, M.D. 

Sincerely yours, 

Richard S. Benua,M.D. 
Chief, Nuclear Medicine Service 

-- ·~ -G ni~), .-e;~~ 
Robert D. Leeper,M.D. 
Associate Attending 
Endocrinology Service 
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lw4... 
Secretary of the Commission 
U.S .A.E C 
Washington D.C . 20545 

Attention: Chief, Public Proceeding 

Gentlemen: 

DOCHTED 
USm£C 

I have reviewed the proposed regulations concerning 
group licensing for certain medical uses, Fed . Reg . 39, 
#14, Monday, January 21, 1974 . ~ 

Upon examinatin of the proposed regulations I note 
they are directed at actual users of radiopharmaceuticals, 
and manufactures and distributors to actual users. The 
question arises do you mean manufactures and distributors in the 
traditional sense of drug nomenclature, i . e . , those who have 
a manufactures or distributors license issued by State 
Boards of Pharmacy? Then the proposed regulations are satis ­
factory as compounding pharmacies are not licensed manufacturers 
or distributors but are separate from manufacturers and 
distributors . If this is the intent of the AEC, then 
clarification of intent could be easily established by using 
the format contained in Section 510 (g) (1) of the Federal 
Food Drug and Cosmetic Act . 

Furthermore, the exclusion of compounding pharmacies 
would bring the proposed regulations into conformance with: 

1. The intent of Congress in writing Section 510 
(g) (1) of the Federal , Food Drug and Cosmetic Act . 

2 . The regulations now enforced by your sister agency, 
the Food and Drug Administration. 

3 . Applicable state laws that provide for the health 
and safety of patients receiving pharmaceuticals 
from a licensed pharmacy and a registered pharmacist. 

The proposed regulations seem to be a part of the broader 
question whether the AEC has the regulatory authority over 
the practice of pharmacy . Please see the attached letter to 
James Malara that identifies the problem and suggests a possible 
answer . 

In essence I support the regulations on any entity (Man ­
ufacturers, distributors or pharmacies having manufacturing 
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or distributors licenses) that is suppling in multidose 
containers radiopharmaceuticals. In this case, individual 
patients are not identified. However, the proposed 
regulations, Fed Reg 39 :/f14, Monday January 21, 1974 should 
not in any d~Y interfer ~.the 1ractice of pharmac¥, i.e, 
tlie compoun 1ng of prescr1pt1onsor radiopnarmaceut1cals 
wherein a prescription for a particular patient is 
received from a licensed physician. 

The best medical care for a patient, involving a 
pharmaceutical, comes from a close physician-pharmacist 
relationship where the prescription is optimized for a specific 
patient. To assume that manufacturers, distributors and 
pharmacies are synonomous assumes that a particular dosage 
form is good for everyone regardless of age, disease and 
physical condition. The exemption of Compounding pharmacies 
from your proposed regulations is the only way in which 
the individual health care can be maximized. · 

RDI: elp 

Your truly 

'ell~%<'it.R..., 

Ice Ph.D 
Associate Professor 
College of Pharmacy 
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January 31, 1974 

Our r eg iona l nuclear pha rmacy is r ece ivi ng requests for radio­
phar~a ceuticals from nuclear med icine physicia n s lic ens ed in the 
State of Michigan . To date, we have only supplie d products to phy­
s:i cia ns ·who o r e under the scope of "broacl 11 specific AE C licenses 
where approvfll authorization has been ma de local ly. The qu es tion 
arises , what is the AEC policy for dispensing radiopharmaceu ticals 
by pharmacist s , on a physiciahs prescription , where the physician 
has on ly a spec ific AEC lic ense ? 

Pharmacy represents a profess ion devoted to the assurance of 
pharn~ ceuticals to all pa tients. This assura nce involves avail­
ab ili ty, quality control and prop e r patient utilization . Pharma ­
c ist s who have met es tablished state standards for education, in­
ternshi p, and examination are licens ed and registered by the states. 
A phar macists profes siona l role is und e r surv e illance by pharma cy 
organiza ti ons ~he re pee r revi ew procedures are u t ilized. Failure 
to mee t e stab l is hed lega l r egulations can r esult in loss of license . 
Patients have recours e to any pharmac ist's actions through mal­
practice ciction. 

Reg i onal nutlear pharmacies represent a met hod through which 
t he pharmaceutical qua lity of radi oac tive materials may be routine­
ly ass essed by qualified pe rsonnel. Und er the aegis of the Univ­
er si ty of Michigan "br oad " specific lic ense, a regional nuclear 
pharmacy was es tablishe d at the Univers ity of Michiga n Medical Cen­
t e :c in 1971. The nuclea r pharmacy is licensed by The Michigan 
State B~ard of Pharmacy a nd all radiopharmaceuticals a re dispensed 
on prescrirtion on l y by Michigan State Regist e1:2 ci Pharma cists (s ee 
attache d l etter from the Michigan Stat e Board of Pharma cy). Since 
our nuclear pharmacy is in confo rmance with appl icable local l aws, 
,, . .;,::-, ore exempt from registration and inspect i on by the FDA (Se e 
au·r1 cbeci l etter from the FD1\ ). The radiation prot\-=:ction aspects 
of c>ur nucl ear pharmacy 1-1cre pr esent0d at th e Third International 
Co t1f~ 1·2ss on l~:ici io.tj_cm Prote ction, ~·}2s hi ngton , D.C., September 11-lLf, 
., ,·17', ( / r ,·r· [) 1"l

0 [•t i'c• 0 11. 0 l'"C:ncJ ) --- j ' .) • ... }. ..!. \,,_. ' . t .:, ..... .._ \..} .. ~ '-· . • 
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i:l l 1011 . r,:·;,t, c~ i o::. lL1·.,::,.'-1c_:1, T ,.., DL~l d ?bjcc t to c:in)~ f\l::C i:c 0u Jations 
o~- ;_-.u;~j ' J Li 1 ·,..:.: tl·2t J(_:_;_~:~~c r: 1y pr uicss.l.o~n ] role ot clS!·;css1i1g p}-tar1na­
c,.,ul:ive1i c;,1::Jiry ()f. ;:, ,y p1:,1ducl . Ph01::11aci2s serve a uniqu~· purpose: 
\:iL.l1jn the: iL_•JL:h cnrL: sysu·rn , i . e ., th ey c.:m indiviciu;:1 J.i.ze the 
pi. c,ciL1c: L .Cur t11c patic·11t . 

OuY pharmacy meets all state requir emen ts . I am a board ce rt i-
fi_ cci health ph/[-; ic:is t: anci rcgisti:•;<,cl pbnrrnacist . If a lic e nsed 
phy,; ician prcscri ·D~~s a ra,.l:i oph2rrnac€:ut icaJ., the manner in h'hich I 

' ) ' - l . 1 . <:O'.,~['C.lL:nc L . 12 p~~YJ~t c ~. tor _t __ 12 p.Ji:t:1.cu_,_2r p2 ti~nt r E: ~r ese::nt: s _my pro-
tc~;~;J.Dn::-,. l. CD.[<Ju_:_l.i.tics . Jt1e~,c p1:oc1·.1cts a r e not b 2 1ng monu ~:a ctur cd 
for ciistrj_l~utioi1. '>10 cl e:21 ,,.;ith an incii 01iclual pre.scrip t ion ,ni tt cn 
fur a s pc· c :I. f i c p r1 t i c n t . 

I have examined thjs ir .. :::t ter ,.-.iith couns e l 2nd have bee n info nned 
thnt , \·: bile the f,j_;:c rn:iy posse: ss statu tory authority to r e gulate in 
t he area , ther e ap~cars to be n o s p2 cific r ules a i~ed at nu c l ea r 
pharma cies. This being the ca se , I wo u ld like to know the exa ct 
ex tent to ,,;hich the AEC r egulat e s such pharmacie s and the authority 
and rule:: s it spe cifically re lies up on and a pplies . 

Assuming the AEC do e s, in fac t, exer cis e j ur isdiction over 
n uclear pharma cies, I would like you to cons id er a s e pa ra tion of 
r egula tions for radi~tion pro t e cti on for occupa tiona l exposed per­
s onne l from the practic e o f pharmacy . Pharma cy practic e should be 
ex empted in ligh t of th e control ex e rc i se d by th e Michiga n State 
Boa rd of Pharmacy , as c;·.1as done in connec tion \,;i th the FDA . 

Any continue::d overlapping of jurisdiction can only present 
poss ible conflic ts , so tha t it wou l d be be tt e: r t o l eave the regu ·· 
l ation of a nuclear phar~acy to the control of an ex pe::rt state body 
design ed specifically to r eg ulate suc h. The AEC shou ld continue 
s ee king evid e nc e of ph~r mac e utical quality where radiopharffiaceuti­
cals ar e not obtain ed from lic ensed pharmacies having qual ifie d 
nu c lear pharma cists. 

The AEC should al s o consider the possibility of requiring a 
qua lified nu c l ea r pharrr.acist (as a hec'.1 lth physicist is r equi re d for 
radiation protect ion) on staff or in cons ulta tion to sta ff where 
net we ll- established product s are being used in lieu of requiring 
deta iled product speci t ications, qua lity control, compounding pro­
c edures, etc . 

Fiftee n Un:Lv e:: r s i t i e s are c urrent l y training nuclear pharma ­
cis ts. I enc l ose a pr epr int describing the Purdue and Michiga n 
Programs . Recog nition of Nuc l ear Pha r mac ists as specia lists i s pr e ­
s ent ly being consid e r ed by the Amer ican Pharm2c e utical Association . 
Nuclear pha rmacies are being initiated in seve ral states. 

Your assistance in clarifying the s tatus of our pha rmacy and 
th e: pnt c,,ti2l nucl2c.,r pl:a :·t1,Jcies op e: rate:d b y my students 1;,;ill be a 
fi,·st ~;te p in irnprov.i11g health care delivery in this ne1.,' area of 
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Yours truly, 

Rodney D. Ice, Ph . D. 
Assoc. Prof. of Pharm3cv 

./ 

Dir ector, 
I{i-1d iophannc. c eu t ica 1 S erv ices 
Nuclear PharmDcy 

c.c. Don VQn Farowe, Chief 

RDI/co 

Michigan Division of Radiation Health 
R.R. Eldredge , Executive Secr e tary 
Boar cl of Plvnn1a cy, State of .Michigan 
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G. Wayne Kerr, Acting Chief 
Agreements and Exports Branch 
Directorate of Licensing 
United States A.E . C. 
Washington, D.C. 20545 

Dear Mr . Kerr: 

ILO:(:'. l~ UIEI 
tlMB 

MAR14 -1974~ 

At the request of the Colorado Department of Health, I have reviewed 
The A.E.C. 's proposed amendment to 10 CFR Parts 31, 32 and 35 per­
taining to group licensing for certain medical uses. In order to 
avoid delay, I am sending my comments to you directly. I strongly 
oppose adoption of t hes~ amendments without incorporation of many 
changes including the followin g: 

l. section J.'.">.14 paragraph b(7) "8 millicuries of iodine 
131" is unrealistic as a limit above wich patients may not 
leave the hospital. The limit mould remain at least as 
high as 30 millicuries . The limit should apply equally to 
treatment of hyperthyroidism as well as carcinoma of the 
thyroid. Patients with hyperthyroidism are often treated 
with doses of 1-131 between 8 and 30 millicuries. It creates 
an unnecessary financial burden and added discomfort for 
patients to require hospitalization. It is inappropriate 
to separate treatment of carcinoma of the thyroid fr om 
treatment of hyperthyroidism f or purposes of r adiation 
protection. If anything, patients wi th hyperthyroidism 
remain hi ghly radioactive longer than patients wi th carcinom2. 
of the thyroid . In the case of Gold-198 in the same paragraph, 
this limit should r~main as it ~as in the past but as noted 
below, this can no longer be considered a "routine" form of 
therapy. It should be replaced by colloidal chromic phosphorus 
P-32 except for experimental purposes. 

2. The proposed section 35.100 of 10 CFR part 35 as amended 
contains a number of uses which can not be considered routine 
because they are now obsolete. Their use should be restricted 
to experimental situations. Just as yo u propose to make 
additions to the groups from t ime .::o time, you should be just 
as ready to make deletions . Otherwise your regulations will 
only tend to promote the use of subop timal diagnostic and 
therapeutic procedures . Specifically, I would recommend 
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deletion of group I, items 11 and 12, Co- 58 and Co-60 
labeled cyanocobalamine . In group I , I also recorrm1end 
substitution of Cr-51 chromic chloroid for Cr-51 labeled 
human serum albumin , in item 14, since the Cr-51 as 
albumin has been shown to move to transferrin and use 
of ionic Cr-51 avoids administration· of foreign pro tein, 
but achieves the same results. Group II' s items (4) 
and (5) 1- 131 macroaggregated and microaggretated alb umin, 
(11) Cr-51 a l bumin for p l ace~t a l localization , (12) Au-198 
for liver imaging, (14) Hg- 203 chlormerodrin for b r a in 
imaging, (16) Sr-85 for bone i maging and Group IV, items 
1 and 2 Au-198 colloid for malignancy should a ll be deleted . 

Since r ely yours , 

;/ ) / ~ , / <>~<r. .... l,-lc/ 4, t.J,'7-£-Z,t,,- \. 

Donald W. Brown, M.D. 
Head 
Di v ision of Nuclear ~edicine 

cc: Willi am R. Hendee, Ph.D . 
Mr . Robert Siek 
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Mr. Gordon M. Grant 
Acting Secretary 
United States Atomic 
Energy Commission 
Germantown, Maryland 20545 

Dear Mr. Grant: 

I would like to express some brief comments in connection with the 
µroposed amendments to 10 CFR, Parts 31, 32, and 35 as published 
in the Federal Register for January 21, 1974. 

In 35. 14, part 7, page 2386, it states that patients containing more 
than eight millicuries of l31Iodine for thyroid carcinoma must be 
hospitalized. This change from the existing level of thirty milli­
curies certainly would add considerably to the extreme cost of 
hospitalization which must be borne by such patients, and would seem 
to allow therapy doses greater than eight millicuries on an outpatient 
basis in conditions other than carcinoma (e.g. Plummer's Disease). 
While I understand and agree completely with the principle of dimin­
ishing environmental contamination, I would suggest that this new 
regulation would seem to elevate the risk far out of proportion to the 
economic problems which are created. 

hairman, Scientific Affairs and 
Research Committee 

JAB:lw 
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GENERAL fJ ELECTRIC NUCLEAR 

ENERGY 

GENERAL ELECTRIC COMPANY, VALLECITOS NUCLEAR CENTER, VALLECITOS ROAD 
PLEASANTON , CALIFORNIA 94566 , Phone (415) 862-2211 

DIVISION 

March 7, 1974 

Secretary of the Commission 
U.S. Atomic Energy Commission 
Washington, D.c. 20545 

Att: Chief, Public Proceedings Branch 

Gentlemen: 

On January 21, 1974, the AEC published proposed changes in lOCFR Parts 31, 32, 
and 33 (38FR2384) concerning the licensing of users and manufacturers of radio­
pharmaceuticals, and requested comments from interested parties. The General 
Electric Company, Vallecitos Nuclear Center, has reviewed the proposals and has 
the following comments and/or questions concerning these proposed regulations: 

1. The proposed regulations are unclear as to whether specific licenses will be 
granted under 10CFR35.11, 35.12, or 35.13 for the medical use of byproduct 
materials not specifically covered under 10CFR35.100. In addition, would 
such licenses be granted for materials listed 10CFR35.100 but of a different 
chemical form, dose unit, or application than specified in 10CFR35.100? We 
believe this should be clarified. 

2. 10CFR35.100, Groups I and II, specify that Xe-133 may be received as "pre­
packaged individual doses onl:w." We are unclear as to why this restriction 
is placed only on Xe-133 and not other diagnostic radionuclides. A conflict 
could ensue if the FDA grants a New Drug Application (NDA) for the manufacture 
and delivery of Xe-133 in bulk. Such an NDA would correctly imply an inherent 
low risk in permitting the receiving licensee to establish the dose unit. 
(Please note that conflicts between the NDA required in 10CFR32.72(b) and the 
provisions of 10CFR35.14 could arise for other byproduct materials.) Again, 
we are unclear as to why under the proposed regulations dose establishment by 
the receiving licensee should be permitted for other byproduct materials but 
not for Xe-133. We recommend that this restriction on Xe-133 be removed. 

3. Byproduct material for radiopharmaceutical users is produced by such AEC con­
tractors as National Laboratories as well as private industry, i.e., licensees. 
We believe that a serious conflict of interest could arise if private licensees 
are required to meet the provisions of 10CFR32.72(b) for the manufacture, 
labeling, and packaging of the byproduct materials under an accepted NDA or IND 
while AEC contractors were exempted. We request clarification of this matter. 

Acknowledged 

gw 

Sincerely, 

J:/. f {_ A-
G. E. Cunnitfgham 
Administrator - Licensing 
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TWELFTH AND NORTH WALKER • OKLAHOMA CITY, OKLAHOMA 73103 • (405) 232-9171 

February 27, 1974 

United States Atomic Energy Commission 
Washington D.c. 20545 

DOCK EiE B 
Ul\£-0 

MAR 14 1974-. 
12 Otte~ of the secretary 

Pllllllc Promdlngs 
Branch 

Re: Proposed AEC Rules 2384-1 

Gentlemen: 

I have reviewed your proposed new rules published in the 
Federal Register Volume 39 #14, Monday January 21, 1974. 
This appears to be a move to simplify licensing and perhaps 
reduce the volume of paper work necessary to maintain a 
Nuclear Medicine Department and reduce the volume of paper 
work necessary by your organization. I therefore encourage 
you to institute these rules and further modify them to 
reduce or simplify the paper work involved. 

Our goals must be to reduce the paper work volume which is 
growing steadily day by day. If the holder of a license 
is competent to use certain agents, new agents which have 
been approved should be easily added to their license with­
out requiring additional applications. You will have 
already determined the proven safety of certain products 
and cou ld there f ore simply advise us of their addition to 
the list of approved materials . 

Thank you. 

Sincerely yours, 

~~ 
David G. Rogers , M. D. 
Chairman of the Isotope Committee 
Mercy Health Center 
Oklahoma City, Oklahoma 73103 

mercy Health Center Meridian and Memorial By 1974 
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Secretary of the Commission March 4, 1974 
U.S. Atomic Energy Commission DOCKET ~auMffER PR ,z ,:1. ~5h4 oq\ 
Washington, D. C. 20545 ~ fi.Ul.E •;>/,.._,'2,._~ {'~ r rR._ '1'3o 'J 
Attn: Chief, Public Proceedings Staff. ~ ~ 

Gentlemen: 

Pursuant to the proposed amendments to 10CFR35 published in 
Federal Register, Volume 39, No. 14 on Monday, January 21, 1974, the 
Committee on Nuclear Medicine of the New England Radiological Physics 
Organization and the Standards Committee of the New England Chapter 
of the Society of Nuclear Medicine (serving jointly) expresse~ its 
concern for the limited calibration and reference source allowance 
covered under 35.14(d). 

The experience gained by the above joint committee over the 
past three years in a regional effort at interhospital calibration 
and standardization of nuclear medicine equipment has convinced us 
that the requirements for calibration and reference sources in a 
well-run nuclear medicine department that might be licensed under 
one of the groups in 35.100 would not be satisfied by the long-lived 
standard allowance proposed under 35.14(d). We therefore suggest 
that the total possession limit for materials of half life greater than 
seven days be increased to three millicuries, of which up to one milli­
curie may be in the form of calibration and reference standards, n o 
single source o f which may exceed 200 microcuries in strength , and 
up to two millicuries may be in the form of a large area , un i formly 
disper s ed "fl ood" source for analysis of gamma camera performance 
(e.g ., employi n g Cobalt-57) . 

The j o int committee feels strongly that the above recommended 
standards requirements are minimal in the operation of a basic Nuclear 
Medicine Program and that the increase in possession allowance suggest­
ed will not significantly increase the radiation hazards associated 
with the ove r all proposal. 

EWW/cam 

lli'I )1 1h1. :: ecrnlarJ 
f'llilli:: ?ra.;J1ings 

rmacll 

Yours truly - ~~=£.trl-J €~~-.... /' 

N.E.R.P.O., Commftte~ on Nuclear~edicii 
S.N . M. , N.E. Ch ap t er, Standards Committ1 
J.C . Brantley , Ph . D., 
J.A. Cardarelli , M.S., 
F.P. Castronovo , Jr. , Ph.D. , 
H. Chandler, M.D., 
S . Genna, Ph.D. , 
F. Masse , M.S. , 
H. Shore, B.S., 
R.E. Zimmerman, M.S., 
E.W. Webster, Ph.D . -- Chairman. 
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~~~~-u1~. 
Dr. Gordon M. Grant 
Acting Secretary 
United States Atomic Energy Commission 
Germantown, Maryland 20545 

Dear Dr . Grant : 
.5- Jlf--1 ~ .fl() ...................... ·-

It is my understanding that Special Amendment 35.14, Section B(b) 7 will require 
hospitalization of any patient who contains more than eight (8) millicuries (mCi) 
of lodine- 131 activity, if this radionuclide has been administered for the treatment 
of thyroid carcinoma. I would like to oppose implementation of this proposed regu­
lation for several reasons: (1) For many years, informed physicians and physi­
cists have retained thyroid cancer patients in a hospital unti I their total body ac­
tivity was less than 30 mCi, having found on the basis of experience and numerous 
observations that this was a safe level in terms of persons with whom the patient 
might have contact, and one which would permit the patient to leave the hospital 
in a reasonable period of time. Any factor which lengthens hospitalization by two 
or three days, such as the proposed regulation, will increase the cost of this pro­
cedure by $200 to $400. This is hardly a sensible way to manage health care costs. 

Further, (2) it is my understanding that the regulation calls for the hospitalization 
of patients who contain the stipulated amount of 1-131 for the treatment of thyroid 
carcinoma, but that they do not stipulate that patients who are being treated for 
benign thyroid disease, whose number significantly exceeds that of patients being 
treated for cancer, need be hospitalized unti I the same body burden is achieved . 
This likewise does not make sense, and suggests that the entire regulation was 
not wel I thought out before pub I ication, and that prior consultation had not been 
conducted with responsible physicians and radiation physicists. I therefore ask 
for the withdrawal of this regulat ion pending open hearings on the subject. 

Thank you very much for your attention to this matter, and best personal wishes. 

Sincerely yours, 

F,2).13~h~ 
Frederick J. Bonte, M. D. 
Dean and Professor of Radiology 
Founding Trustee, American Board 

of Nuclear Medicine 
Chairman of Nuclear Medicine, 

American Board of Radiology 
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March 5, 1974 

Secretary of the Commission 
U. s • . A.tomic Energy Commission 
Washington, D.C. 20545 

Attention: Chief, Public Proceedings Staff 

Dear Sir: 

GOCi E1E D 
~ 

MAR14 1974 

Jn response to your invitation for comment on AEC proposals to 
extend group licensing (federal register Vol. 39, #14) be noted 
that: 

The attempted simplification of group licensing procedure of 
trained personnel is simply beyond the scope of your jurisdiction 
and in m ej>i~ on, nor are changes at present necessary. 

JG: DE 

1.:..L':l.:: ... 1-~ ~ 
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THE SOCIETY OF NUCLEAR MEDICINE 

GREATER NEW YORK AREA CHAPTER 

President 
C. JULES ROMINGER 
Mercy Catholic Medical Center 
54th and Cedar Avenues 
Philadelphia, Pennsylvania 19143 

!Jecretary 
RICHARD N. PIERSON, JR., M. D. 
St. Luke's Hospital 
421 West 113th Street 
New York, New York 10025 

Secretary of the Commission 

March 5, 
President Elect 

LESTER M. LEVY, M.D. 

Treasurer 
PHILIP A. BARDFELD, M.D. 

Historian 
SIDNEY RUBENFELD, M.D. 

U. S . Atomic Energy Commission 
Wa shington, D. C. 20545 

Gentlemen: 

RE: AEC proposal to expand group 
licensing for certain medical 
uses of radioisotopes - released 1/21/74 

I have read proposed rules 2384-1, etc. as published in the :Federal Register volume 
#14, Monday, January 21, 1974. 

I am writing to render objection to paragraph 7 on page 2385-2 where there is a re­
quirement for hospitalization for patients containing more than 8 millicuries of I 131 in 
treatment of thyroid carcinoma. I fail to see the reason for the change in this policy, 
which for years, has been left at a level of 30 millicuries. I think that to change this 
regulation at this time, would result in unnecessary hospitalization at a time when Utili­
zation Committees are pushing for proper utilization of hospital beds. I am writing to 
render this objection as an individual as well as the President of the Greater New York 
Area Chapter of the Society of Nuclear M edicine. 

~owJedged 
~ 

CJR:lcb 

cc: Dr. R. Pierson 
Dr. R. Benua 

Sincerely yours, 

. N THERAPY CENTER 
MERCY RAD IA TIO ER t,1.0., DIRECTOR 

C. JULES ROMING ' VENUE 

530\ CEDA~:YLVANIA 19\43 
PHILADELPHIA, PEN 



., - . 

~;~~~135{.31 Fli;_2.3~'f) 

STATE OF NEW YORK 

DEPARTMENT OF HEALTH 

ALBANY t~.'2.0f 

HOLLIS S . INGRA HAM , M. D. uilUETEO 
U&i.£8 

COM M ISSIONER 

March 4, 1974 

'8_::. L~:-1~i.-~ 

Dear Mr. Grant: 

The New York State Department of Health wishes to comment 
on the proposed regulations published in the Federal Register of 
January 21, 1974 which would amend 10 CFR Parts 31, 32, and 35 
relating to group licensing for certain .. medical groups. 

These proposed changes in federal regulations would help 
to simplify the present New York State licensing process of radioactive 
isotope users. Since the number of clinical radiopharmaceuticals has 
been steadily increasing, there exists a definite need to change the 
licensing procedures to handle the increasing workload. 

At the present time, the New York State Department of 
Health licenses operators of radioactive isotope installations for 
a specific isotope or isotopes. If the licensee desires to use an 
additional isotope, he must file a new application, his training 
and license must be reviewed and, if approved, an amendment to his 
license must be processed. Under this new proposed change in the 
federal regulations, all radioactive isotopes will be categorized 
and placed in one of five different groups. Therefore, when a 
person is licensed in the future, he will be licensed by group and 
will be allowed to use any isotope listed in that group. It will 
avoid the filing of a new application, the unnecessary review of 
the licensee's training and the processing of a new license amendment. 

However, the present proposals by the AEC need some further 
study, particularly in the areas listed as follows: 

1. In the present proposal we are not sure that the 
proper isotopes are in the proper groups. The 
groups should be based upon a selection of common 
criteria, such as: 

a. type and energy of rays emitted, 

b. sealed or unsealed sources, 
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c . in- vitro or in-vivo use, 

d. t ype of instrumentation needed for use of 
isotopes, and 

e . degree of potential hazard of isotopes. 

2. The groups, when established, should be identified 
by name summarizing its use rather than by number. 
A group for "imaging", "scanning" or "therapeutic" 
means more than a designation by .number. In 
addition, since licensing of nuclear medicine 
technologists in the near future is a possibility , 
licensing technologists by the same groups would 
be a natural extension; but here again, the 
collection of isotopes going into each group must 
be done using a workable system. 

With these few suggestions, we endorse the proposed 
regulations. 

SincerelyJ yo~r~ [«" 
1/J-~ 1 
flu/ . i' {~ 

s . Ingr~ U/ 
Corrnnissioner of He(l- th _ / 

Mr. Gordon M. Grant 
Acting Secretary of the Corrnnission 
U. S. Atomic Energy Corrnnission 
Washington, D. C. 20545 

Attention Chief, Public Proceedings Staff 



.. 

~knowledged 
-·--· - -

Radiation Safety Committee 

u. s. Atomic Energy Commission 
Washington, D. C. 20.545 

Attention: Chief, Public Proceedings Staff 

Dear Sir: 

March 7, 1974 

This is to comment upon proposed amendments to 10 CFR Parts 31, 32 and 35, "Group 
Licensing for Certain Medical Uses", as appearing in the Jan. 21, 197,4 FEDERAL 
REGISTER. Our comments are directed to the proposed requirements of 35.14, b, 4, v 
and to the overall coordination with FDA of investigational uses of byproduct ma­
terials in humans. 

We do not believe that FDA should terminate the existing exemption from IND require­
ments for radioactive materials used in humans for investigative purposes until 
suitable application procedures and criteria for approval of IND applications for 
radioactive substances have been formulated, discussed and duly promulgated. By 
extension, we do not believe that AEC should require an accepted IND as a condition 
for investigational uses in any license schema, group licensing or other, at this 
time. 

AEC has for marry years carried the responsibility for investigational uses of radio­
nuclides in humans in view of the FDA exemption and has fulfilled this task with a 
noteworthy balance between control and undue restriction. Even recognizing the ex­
emption from the IND requirements, the IND process has also been followed in appro­
priate circumstances. We believe it important that FDA not fully terminate this ex­
emption without first establishing application procedures and approval criteria. 
This is particularly important in view of the special considerations associated with 
"radiopharmaceuticals". 

Some of these considerations are: 

a) In a majority of instances, "radiopharmaceuticals" are not employed as 
drugs, per se. They are tracers, markers, imaging agents, physiologic indicators, 
a means of depositing energy for therapeutic purposes, or a combination of such. 

b) Investigative uses of radioactive materials in humans often are for purely 
research use having no direct diagnostic or therapeutic purpose or potential purpose. 

c) Physical dosimetry (rads or rems) and evaluation of these considerations. 

We recognize the joint AEC/FDA jurisdiction considerations in this matter. But we 
believe that FDA should show that it is geared to assume the special considerations 
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associated with radioactive materials in investigative human use without either undue 
restriction of such use or inadequate control of such use before the transition is 
effected. We do not believe that this capability can be taken for granted and urge 
that criteria and procedures to be employed by FDA in this regard be established 
and disseminated before AEC changes its current procedures in this regard. 

Sincerely yours 

DSM/mvw 

Do~~rman 
Radiation Safety Cr1ttee 



TRINITY MEMORIAL HOSPITAL 
5900 South Lake Drive - Cudahy, Wiscon•in 53110 Telephone: 414 - 769-9000 

DEPARTMENT OF LABORATORY MEDICINE 

Rocco Latorraca, M. D. 
Director of Laboratories 

March 7, 1974 

Secretary of the Connnission 

Marilyn J. O'Brien, M. D. 
Associate Pathologist 

u. s. Atomic Energy Connnission 
Washington, D.C. 20545 

Attention: Chief, Public Proceedings Staff 

Dear Sir: 

Antonio A. Rabor, Jr., M. D. 
Associate Pathologist 

This letter is in reference to the proposed rules in the Federal 
Registry dated Monday, January 21, 1974 (Vol. 39, #14). 

I would be opposed to any change in the existing rules and regulations 
concerning the medical uses of the Radioisotopes and particularly as 
proposed in the aforementioned release. The necessity of additional 
subdivision eludes me, as does the rigidity of the proposed grouping 
and method of approval. The intention to evaluate the Paramedical personnel 
is something new. 

The latter can only impede further our abilities to both satisfy all 
governmental requirements and at the same time deliver medical care at 
a reasonable cost. 

R. LATORRACA, M. D. 
Director of Laboratories 

ea 
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State of New York 

CHAIRMAN ATOMIC fNfRGY council 
NEAL L. MOYLAN 

COMMISSIONER OF COMMERCE 

Department of Commerce 
99 Washington Avenue 

Albany, New York 12210 

STAFF COORDINATOR 
DR. WILLIAM E. SEYMOUR 
DEPUTY COMMISSIONER 

DIV. OF INDUSTRIAL SCIENCES 
AND TECHNOLOGIES 

~k!t(IWJedged ----- -- - :;_ 

Secretary of the Commission 
U.S. Atomic Energy Commission 
Washington, D. c. 20545 

ATTN: Chief, Public Proceedings Staff 

Dear Sir: 

March 6, 

DOCKETED 
U&AfC 

0 ..,., ..,., 
c-; 
m 

The New York State Atomic Energy Council's Committee on Licensing has 
reviewed the U. s. AEC's proposed amendments to 10 CFR Parts 31, 32 and 35 per­
taining to "Group Licenses for Certain Medical Uses." 

Since the proposed amendments, which were published in the Federal Register 
on January 21, 1974, are essentially the same as the draft proposed amendments 
of October 4, 1973, the Committee has concluded that the comments submitted to 
the U.S. AEC on November 21, 1973 should be restated. 

The Committee generally agrees with the proposal to extend the present group 
license approach to include generators, reagent kits, therapy with radiopharma­
ceuticals, and sources and devices. However, the Committee feels that the group 
licensing procedure should be restricted to routine, well-established medical 
uses of radioactive materials and that any investigational drugs or procedures 
should not be included. 

The specific comments of the New York City Department of Health are contained 
in the enclosure. 

We appreciate the opportunity you have provided for comment on this proposal. 

Enc. 
cc: Connnittee on Licensing 
TKD/HDB:prp 

T. K. DeBoer, Director 
Technological Development Programs 
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·nso Nevi/ v~)1k s~:; +~~ 
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rr.: d S t :rnis<l , Cornm i ttec on Licer~sing 

Saul J . Harris, Diract0r, Office of Radiati0n Control 

Cc.:'.!':: .::1:t ~; r.:1;. u~c 1-·x:oros <>2 l\n,eudrnents to 10 CFR 31, 32 and 35, en 
c; !.o\JP Li. c ,.;ns ... .: ~::. fo.r C0rl:ain .l ·-'c::dical. Uses 

:, 1.1~ce 1 he n,;.s,Lbcr of Fm ~-approvcd Phase IJI clin.tcal radiopha~na cf:v.tica.ls 
;- .... ', r: Bt.C,\-.Li.J~, .1 r. c:cs, c1sing, U1ere exist s a defi.nite nc.c·d to change the Li.ce,1sinq 
· r,. )· .. · . • ~:. to li2.:-, <1 l e i:w ~ incr,~ asing , . .,roi:kload. !Io'.·18VG.L", the liliC propos2.J. cc•.1.l c' 
tt. · .. , ~ l :1 i! loss oJ· r.,;lo.~ dtion c, . .nttol o ver rr.~1nj.r lt~e::; of ::adioactive mate:t·i,:-i.J.s .. 

'r:c have no object.ion t:.o the concepc of licer.!:i.i.ng· :i:adioactive materials 
!,·, n·,, ... , ,, £01: cc r t-::ij:1 i.i v:i_tro or 1ab c::atory use,:;. Eowtve.r, the use of the 

.·. · . .:'" J. J_\ c cns i~g'' upry·oach \-.. ot1l d ·be confus.ir~g. \·;e al r:- o fe~l that t11e pee-·· 

,,. - , - ~- - , ............ . J . " 
- ,u ... '-,1 0\.,, ··' .. , ......... i.tl \.,\,,,,• -~ ...... ~., ,.. ,, -.., 4 ......... ..... ~.1 -

I -. 1 )_ , t:t·-'~J(_;.-_ ~ c~.;; r-·rop0r· .. e d ,:"1:tr~.n,"i·r2nt:s to s):>ociric J_)rov·i~:ic)nR in AEC rt!yulctt .. Lc-n~f 
.,, ',, • ~,;' .. , .. 1. 2 .; ! L<.: l'",. -~ Lr.. en :~c\ric,·.: r.: d :..t t.. s <..:rr\'.:.. J. .:;ngtl1 ·~ .~i t:1J th.c ag:,,:e,-; rnent states as 

uo~nnn 
UstiEC 

MAR14 1974~ 

O,u: sDc. c.U:ic cc,m;neJJts en th1~ two large dccur:,e nts are: 

1. Thr. classification of x~6ioactive materials should be done based 
i.:pon G. CQrcfuJ. selection of t;o ·n.-r1on criteria, such as : 

a . Type a nd cn,•rcn· of 8mitt.t!r 

c1 . TYfe <1f f~icill.ties or instrumentation needed to use 

f. HhetLC!r co:n°)liancE: ir.spection 1·rould be needed, \vhether 
labcli ng w~n ·1.d bP n.pcded 

l am UPt:. sure thfat the :;rrcup:-" I,;roposed are properly col lectcJ. togethe r . 
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2 .. 'rhc u~~c r:1i t)1e te:tf~ HG2rJ.ej:·~J L.i.::·cnse.H ~·hould f.;e avoided, 
aln;,ol,1L•./.l y ~ I \.-?ouJ.d t:ve;,n sugqest t.hat t~be nse of the te2.,n in 
31. ll fer ii~ vi t:i:o ·~it:; be r0sci t,ded , The '' certificate of reg­
istrat : .. c.n'' for: iri:,,•d::-.,well ,1ua:,U':ies of Io,line·~l25 cannot fit the 
tJ:C dci.iJL~:--.J_i.Jn of 11 Cc:·1t?ra1 u.lCl::<n.:.:c:," as \·iC old-·,ti111ers krI(Yh" it. 
1 HcuJd lff(JC the l\EC to n~t1?ct 31 .11 a.nd issue a "Registration 
Liccn:::.L" if tho2y are reluctdl''t to issue specific licenses. 

3. I wt1u1<.°: sc.gqc:.;t that the gro:::ps, when csta] ... lished, be easily 
ickn b fiec. by a work ·· or two a.S ucll as by a number or a letter. 
A gro,:!) for "inaging" or for "te.lc:!therapy" rPeo.ns more than des­
i gnating these by Group II or Gro1~ XIX, or Group B or Group L. 
l'lhy aC.d m-.::re ''jargon" to the licensing process? 

4., T.1icen~:i.i't':J o.r-· users shcn1! d. fccus on 'his Ability to use 011e or more 
group:_: :;;: fr..d.y . v:e couJ.d st iJ.l .i.ssue broad, human use or non-human 
1.1sc li.c:~:::ri!..:t~~, \vhici1 v:ould permit: ti:e .-~nsti t.ution to issue group 
cut!1o~iz~1tion::_.... ''"le co~',;.1(1 :~n.::;ist that t.:.hcSC::! ii1Stituticns g:rant 
t:lJcsc a1.1t!,u1:izac.ions, Cll the sainr--- criteria (~·:hatever they· are) 
tl:c:t \·le \·:ould use, This is why the "jargon" should be simplified 
or e:i.in,i.natcd. 

5, t-ihen and if fu.rt:he;: c;oz: troJ. of nucJear nedi(:i.ne technicians is 
proposed or cs t:abli shed, the teci·,ni. cia.ns rn:i. ght be licensed us ins 
the sa;n2 grc,ups. Aqai.n, the identification of the groups, assuming 
the cL::~;s.L f:i.cation has been dc,ne with a sys1:8m of criteria. easily 
1,;~nJ.e~J:-s tood i)y t.ccf.:.nicians r is i.r.1r.,o:cta2"!t" 

E. It s~"! ·:; 1..11d 1-:",9 a1:;':l'101-~~:: t1-~7~t t~·:? !~C:'. \'7 classi.f.i.c:-..tic~:-..: for J.i,;cn.sing 
\·.rill 1-,;.!vc scn:e 0£fcct t.!J')On co::rr,Ii~.!J1cc; i11spc~i. .. t.i..ons. 'I1he .?iliC's new 
"C;:31:c9c,rics of Vic/L<1 U c:ms" sho,.ild 1-.,he:r. e r:,o:3s:i.b1 e be reflected in 
the new categories of lj.censes. Our chief concern with the use 
of "Gener.al License" term.ino:loqy for the inb2tween in vit:r.o kits 
is the assurnot ion that. such ki.ts never need to be inspected by 
ariyoPe, If the J1.}~C finds, and deems , cert&iri uses of radioactj_ve 
matQrials tu he so inherantly safe that no i~spections are needed. 
or thax ir,srx:,ctions nE,ed be :na.dci only every f:L ve or ten years, 
t:hc,1 U,e uses and m;;;terials st~.ould be cla.ss.ified a.s "exempt". 
Can we a~:::t•mc U:.c:.t t.he sir.iplifiE~d group licensing will result. in 
s irnpl 'i. f ied co:11J?li.::-~.nce inspecticr .. ? 

7 . Wh1;;.n~ a. p:.roqr ,01.m h .:.s t:=stabl i.s1,ed licensin9 fees, (such as ours, 
the N.;c' f" , l~("w Jcr.sey' s, e-tc.) a study of the cost of licensing 
and co:1,pl i ar,r:e inspection by groups sho-:.il.d be started. A. system 
of fecs for each group might be feasible, wi~h different fees for 
different r;osts. 

8. A national catalog o f cl.assificd use s v,iJ.l be needed, each section 
of which would include these products, licensing criteria, safety 
pro9ran c:r.itP.ria_ , required e'1ui~)nicnt and instrumentation, lab­
oratory or office engineering features ~na layout, and inspection 
guide:.; ilppropri.J.tc t_o the c.las::;ifi.;;cition. The AEC could publish 
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these dS a ~:et fm: -:.-v,-•ryo:1c, · s use. ·rhc A.:..SC, FDJl,, and the agree­
n·,ent '..,tc1tes shouJ.,- r}e,·c::..op ti-:e:-:-e cc;;talogs toge ther. 

In gentcraJ, as l cnq ;_'.:.; ~he AEC .is considering l:(!va..mping the licensing 
(a·to co::i~·liance .1n ~~~·-'C:i..ion) ._,f :.H~:h.,:i\l us,?::;, why not. g0 a l l the way and get 
cvcry:::i,i.ng in l.~11e at tf,e s .,:~c. t1.r:.c. 'I'hi.s cou]d ill.elude: forms, fi.l.ing system, 
c1~-~"~CL ~torage ut ~at~, inspect~on re~orts, deficiency letters, penalties , etc. 

(' 

,, {: 
(!.'.:_\ 

·~-~---,-~---
3aul J . P.arri.s 



STANFORD 

~ a°:PR -8/ ,~. ,s D~·~j 
UNIVERSITY 

(1>? F ~ t..!>'6'1-) 

67 Encina Hall 
Stanford, Calif. 94305 
Phone (415) 321-2300, Ext. 2308 

HEALTH PHYSICS AND OCCUPATIONAL HEALTH 

ecretary of the Commission 
U.S. Atomic Energy Commission 
Washington, D.C. 20545 

Attn: Chief, Public Proceeding Staff 

Dear Sir: 

R. C. Barrall, Director 
Ext. 4767 

March 5, 19 7 4 

1:J).:.2~ 
As regards proposed rulemaking in 10 CFR Parts 31, 

32, and 35, I would like to submit the following suggestion: 

With reference to 35 . 14. (b)(7),(requires hospitalization 
of patients containing more than 8 millicuries of 1-131 or 
23 millicuries of Au-198) I wish to point out that this re­
quirement will in many cases cause an ambulatory radioiodine 
therapy patient to be hospitalized for as long as 5 days when 
it may not be necessary for purposes of the patient's health 
or the public's safety. No doubt the 8 mCi limit for I-131 
was drawn from NCRP Report No.37, but it is also true that 
Section 4 of that report provides for exceptions to this limit 
(release with less than 80 mCi if all persons in household are 
over 45, release with less than 50 mCi if some members of 
household are under 45) provided that "circumstances leading 
to the decision to make an exception, the evaluation of the 
exposure conditions, and the means of controlling individual 
exposures shall be documented", and that "the local health 
authorities shall be notified of the action" . Certain res­
trictive procedures are required in Sec . 4.l.2(d). 

Furthermore, in the case of patients who have received 
radioiodine following previous thyroidectomy surgery from 
which they have recovered, there is no reason for them to be 
hospitalized as far as their own c are is concerned. If the 
rationale for hospitalization is to control radiation exposure 
of others, it is worth noting that the population density in 
the typical hospital ward or suite is much greater than in the 
typical home . The population exposure, in terms of person-rems, 
is likely to be lower if such a patient is released under res­
trictive procedures, rather than hospitalized . There is nothing 
"magical" about hospitalization. 



I note that 35.14. (b) (7) does not apply to patients 
treated for hyperthyroidism, some of whom receive 8-10 mCi . 
Was this purposeful? Why apply the rule to thyroid carcinoma 
patients only? 

"# 
Is it not possible to reword 35.14(b)(7) to allow for 

release of patients according to Table 4 of NCRP No.37? This 
would reduce unnecessary hospitalization and still provide 
for protection of the public. 

RAF/eh 

Sincerely, 

d?4u-l?d~ 
ROLAND A. FINSTON, Ph.D. 
Sr. Health Physicist 

Attachment: Section 4 of NCRP No.37 

·~ +or example 
I 
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4. Release from Hospital of Pa­
tients Containing Radioactive 
Material 

The Atomic Energy Commission has usually required that pa!ients 
receiving radioactive materials be hospitalized until their content of 
radioactivity is less than 30 mCi.7 Since the exposure rates and half­
lives of various radionuclides differ greatly, a more meaningful basis for 
release from the hospital is the possible exposure to other individuals 
with whom the patients are likely to associate. 

There may be some relatively rare and unusual situations where it 
would be necessary, or highly desirable, to send a patient home in spite 
of his carrying a burden that could result in a dose to other persons in 
excess of 0.5 rem. Such cases may be permitted, as exceptions, pro­
vided in general that 

(1) No person under the age of 45 years shall be permitted to re­
ceive a dose in excess of 0.5 rem in a year. 

(2) No person over the age of 45 years shall be permitted to receive 
a dose in excess of 5 rems in a year. 

(3) The circumstances leading to the decision to make an exception, 
the evaluation of the exposure conditions, and the means of 
controlling individual exposures shall be documented. 

( 4) The local health authorities shall be notified of the action. 
The division at the age of 45 is suggested by that made in NCRP 

Report No. 17 [1] which permits weekly doses twice as high for the 
individual over 45 as for those under that age. A higher permissible 
dose as an exception for the older group is recommended here for the 
probably small number of exceptional patients to be sent home. The 
alternative would be to declare someone in the household a radiation 

• Exceptions to this requirement are provided when it appears likely that the 
release of the patient will not result in radiation exposure to members of the house­
hold, or others, greater than that permitted for members of the general public. In 
this report it is recommended that exposure rate rather than activity constitute 
the basis for patient release. 

17 
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TABLE 4-Radioactivity levels for discharge of radioactive patients from hospital 

All Persons in Some Members of 

No Restrictions Household Over 45 Years Housel:cld Under 45 Years 
of Age. Restriction as in of Age. Restrictions as in 

Radionuclide cction 4.1.2(d)" Section 4.1.2 (d)b 

Exposure Activity at Exposure Activity at Exposure Activity at 
Rate Discharge Rate Discharge Rate Discharge 

at 1 Meter at 1 Meter at 1 Meter 

mR/h mCi mR/h mCi mR/h mCi 

Cr-51 0.5 35 5 350 1.5 100 
Au-198 5.3 23 53 230 16 70 
I-125 0.2 8-80° 2 20-800° 0.6 25- 250• 
I-131 1.8 8 18 80 11 50 
Rn-222 3.8 4.6 38 46 15 18 
Ir-192 0.2 0.4 2 4 0.6 ' 1.2 
Ta-182 0.1 0.2 1 2 0.3 0.6 

• These levels are in general higher than any likely to be encountered. 
b These values are rather arbitrarily selected on a basis of the probability of the 

situation. They represent complete integrated doses of between 1.5 and 2.5 R. 
0 These values cover a large range, due to the variable attenuation of the 35 

keV x rays in the patient. 

worker, and to institute the necessary system of supervision and moni­
toring. 

Table 2 presents data for total integrated exposure from specific 
therapeutic doses of several radionuclides. Based on this information, 
further tables for permissible exposure times for the two levels assigned 
to persons under and over 45 years of age have been developed (see 
Table 4 and Section 4.1). It is recognized that as far as people in the 
household are concerned, exposures taken from these tables will be 
approximate, since it is certain that specified distances will not be 
maintained for specified periods. The object here is to present reason­
able limits. Longer distances and shorter times will lead to smaller 
exposures and need cause no concern. But shorter distances and longer 
times lead to higher exposures and are to be avoided. 

On the basis of Table 4, it is seen that in some cases a 30-millicurie 
limit for discharge of the patient from the hospital is unnecessarily 
restrictive, especially when treatment has been with short-lived radio­
nuclides. On the other hand, adequate protection for other individuals 
is not necessarily assured by a 30-millicurie limit when long-lived 
nuclides are used. The following recommendations have been formu­
lated to correlate discharge from hospitals with possible exposure to 
persons in patients' homes. 
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4.1 Discharge of Radioactive Patients from the Hospital 

4.1.l Patients Containing Radioactive Nuclides wif}h Half-lives 
Greater than 125 Days. It is recommended that for therapeutic proce­
dures involving the use of gamma-ray emitting nuclides with half-lives 
greater than 125 days, the patients shall be hospitalized for the dura­
tion of the treatment. Radium-226, cobalt-60, and cesium-137 are 
nuclides in this category; these sources shall be removed before dis­
charge of the patient. Exposures to other patients can be calculated as 
discussed in Section 3.5 and the provisions of that Section shall be 
observed. Such a situation has been analyzed in Section 3.7. 
4.1.2 Patients Containing Radioactive Nuclides with Half-lives Less 
than 125 Days. 

(a) It is recommended that in the case of iodine-125, iodine-131, 
chromium-51, and radon, patients may be released without restrictions 
when their radioactive content does not exceed the amount listed in 
Table 2. The physician, with the concurrence of the Radiation Protec­
tion Supervisor, shall be permitted to increase these values slightly for 
the short-lived nuclides. However, it is suggested that rather than 
making any substantial increase he should make use of one of the 
restrictive procedures discussed in Section 4.1.2 ( d) 

(b) It is recommended that hospitalization be required for at least 
48 hours following the intraperitoneal or intrapleural administration of 
colloidal gold-198. Accidental loss of colloidal gold occurs usually via 
the insertion site and a period of at least 48 hours permits observation 
of the progress of healing of the puncture wound. After this period 
release can be in accordance with Section 4.1.2 (a) 

(c) Patients treated with the long-lived tantalum-182 or iridium-192 
need special consideration (see 4.1.2 (e) below) 

(d) Following hospitalization, as recommended in (a) and (b) 
above, discharge of all patients who have received therapeutic amounts 
of any radioactive nuclide shall be governed by the following provisions. 

(1) A patient shall not be discharged from the hospital if the maxi­
mum integrated exposure, at a distance of one meter from the patient, 
for continuous exposure, exceeds 5 R in one year. 

The initial exposure rates at one meter, or the activities which will 
result in an integrated exposure (for continuous exposure) of approxi­
mately 5 R in one year, can be obtained from the last two columns of 
Table 2, by multiplying the values there given by a factor of 10. 

(2) If the initial exposure rate at one meter, or the activity re­
maining in the patient, indicates by the above application of values in 
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the last two columns of Table 2, that the integrated exposure will not ex­
ceed 5 R in one year, provision for release from the hospital shall be 
made for one of two different situations, as follows: 

(i) In the event that all persons in the household of the radioactive 
patient, and hence all those persons with whom the patient will have 
appreciable contact, are over the age of 45 years: 
-The patient should be instructed to remain at distances greater 
than 3 feet from other people, except for brief periods for necessary 
procedures. 
-Babies and young people (of ages less than 45 years) should not 
visit the patient, but if they do, the visits should be · brief, and a 
distance of at least 9 feet from the patient should be maintaine~. 
(ii) In the event that a person under the age of 45 years lives in the 
household of the patient: 
-Stricter precautions shall be observed than when all contacts are 
with persons over 45 years of age. 
-Children and persons under 45 years of age shall not be allowed 
in the same room, nor at a distance of less than 9 feet, for more than 
a few minutes a day. Observance of these conditions will insure that 
persons under 45 years of age will not be exposed to more than 0.5 R 
per year from the radioactive individual. 
-Other restrictions may be specified by the physician. 
All restrictions may be removed when the activity reaches that listed 

in Table 2. The Radiation Protection Supervisor shall determine this 
time, and give the necessary instructions . The instructions should be 
printed or typewritten. A form similar to that given in Appendix IV, or 
at least the pertinent parts thereof, may be used. 

These conditions for release are summarized in Table 4. 
(e) Permanent implants with the relatively long-lived iridium-192 

and tantalum-182 constitute more serious problems than arise with 
the shorter-lived nuclides. It is difficult to maintain precautions for a 
year or more. Accordingly, permanent implants with these nuclides 
should be limited. A patient with such an implant should be discharged 
only when it is reasonably certain that precautions will be observed. 
The precautions shall be given in detail by the physician or the Radia­
tion Protection Supervisor to the responsible persons in the household. 

For doses of these long-lived nuclides such as might be encountered, 
and also for larger doses of short-lived nuclides, for households con­
taining young people (under 45 years of age), more detailed data may 
be useful to the physician and the Radiation Protection Supervisor. 
Accordingly, Table 5 has been developed for this purpose. 

Three categories of contact with the patient are used in Table 5: "no 

r 

1 

I 
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TABLE 5--Approxirnate times for permissible exposures (!or persons under 45 years 
of age) at indicated distances from patients with indicated exposure rates at 

1 meter, or indicated radion1iclide content, at time of hospital discharge 

[These rates at the time of discharge from the hospital are arbitrarily selected 
on the basis of probability of the situation.] 

Exposure Category of Contact with the Patient 
Rate at I Approxi-Meter at 
Time of mate 

Radioactive Discharge Activity at "No Cont.act" }O Hour/Day at 
Nuclide Time of I Meter Plus 4 Hours/day from Discharge (Greater than 2 Hours/Day at 1 Meter Hospital 2 Meters Distance) at 2 Meters 

I II III IV V VI 

mR/h mCi weeks following 
discharge 

weeks following 
discharge 

weeks following 
discharge 

Chromium-51 1.5 100 (see column 1st, 2nd & 3rd 4th, 5th & Gth 
V) 

Gold-198 1G 70 1s t 2nd & 3rd no restrictions 
Iodine-125 0.G 75 1st thru 4th• 5th thru 10th" 11th thru 18th• 
Iodine-131 11 50 1st 2nd , 3rd & 5th thru 8th 

4th 
Radon 15 18 1st 2nd & 3rd 4th , 5th & Gth 
Iridium-192 8.0 15 1st thru 24th 25th thru 35th 3Gth thru 45thb 
Tantalum-182 5.0 17 ls t thru 27th 28th thru 44th 45th thru GOthb 

• For the very unpenetrating radiation from this nuclide, a fluoroscopic type 
leaded rubber apron should provide good protection. On the advice of the Radia­
tion Protection Supervisor, such a garment may be used to permit spending more 
time near the patient. 

b It is recognized that these conditions are extremely difficult to maintain. Ac­
cordingly, use of permanent implants of these nuclides should be limited. The 
a ctivities given arc much greater than ten times the values of Table 2. They repre­
sent, however, clinically possible situations. 

conta~t", "Y2 hour per day at 1 meter (3 feet) plus 2 hours per day at 
2 meters", and "4 hours per day at 1 meter". These obviously do not 
meet all practical situations; they serve, rather, as practical guides. 

(i) There should be "no contact" with the patient after discharge 
from the hospital for the period specified in column IV, Table 5. By "no 
contact" is meant that the distance between the patient and an individ­
ual under 45 years of age should be greater than 2 meters (6 feet). In 
practice it should be considerably greater most of the time. 

(ii) For the period listed in column V, Table 5, the individual un­
der 45 years of age may spend half an hour a day at 1 meter, and 2 
more hours per day at 2 meters. For the remainder of the time he should 
be farther away. 

(iii) At the expiration of the period listed in column V, Table 5, 
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restrictions can be considerably relaxed, but the conditions listed in 
column VI should be observed-not more than 4 hours a day at 1 
meter. 

(iv) Holding of infants by the patient should not be allowed until 
the period listed in column VI has passed, and then only for a brief 
period each day. 

(v) Brief periods of closer contact, such as shaking hands, may be 
permitted. 

(vi) Following the period in column VI, Table 5, definite restric­
tions are removed, but prolonged close association with the patient 
should be limited. 

For somewhat smaller initial exposure rates, observation of the same 
times will result in a larger margin of safety, and this is probably 
simpler than trying to make adjustments in the table. If the initial rates 
are as little as half those tabulated, the times per day in each category 
can be doubled or distances reduced to % of those tabulated. 

For initial exposure rates exceeding those tabulated by more than 15 
percent, corresponding reductions should be made in the permissible 
times. Thus for a patient with 30 mCi of radon (25 mR/h at onset), the 
time at one meter in the second week should be reduced to 40 minutes 
per day. The appropriate instructions should be given to the responsible 
family member at the time of discharge. This may well be in the form 
of a typewritten memorandum embodying the times for the two 
specified "contacts". A suggested form for such instructions is given in 
Appendix IV. 

When such a patient is sent home, it will be noted on his chart. A 
specific statement concerning instructions given the family is desirable. 
A suitable form for insertion in the history is given in Appendix III. 

\ 
'I' ADLE 6-Approximate activity which will produce an exposure rate of 0.25 R/h 

at 25 cm• 

Radionuclide Aplr~xi.mate 
ctlv1ty 

mCi 

Gold-198 70 
Iodine-131 70 
Iridium-192 30 
Radon-222b 20 
Tantalum-182 20 

a Values for Cr-51 and I-125 are not given in this table because the amounts re­
quired to produce this exposure rate are not ordinarily u5ed in clinical practice. 

b In equilibrium with short-lived daughters and filtered by 0.5 mm Pt . 
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4.2 Return of Patient to Work 

The patient with a permanent implant may feel well enough to return 
to work after a short period. In such a case there would be a possi­
bility of his irradiating his fellow workers, or in the case of a teacher, of 
irradiating his students. Accordingly, any such case should be studied 
by the Radiation Protection Supervisor before permission to work is 
granted. The same rules should be followed as for individuals under 45 
years of age at home. Workers who are always at least 2 meters from 
others would be governed by the provisions of column IV of Table 5, 
but those who may be closer will need to wait longer. Particularly when 
school children might be exposed, the patient with iridium-192 or 
tantalum-182 should not return to work for the first year withoi.N;, the 
advice of the Radiation Protection Supervisor. Exposure to "innocent 
bystanders" in travel to and from work by public transport must be 
considered and conditions set by the Radiation Protection Supervisor. 

4.3 Death of Radioactive Patient at Home' 

It must be impressed upon the responsible family member that if the 
patient dies at home or in another hospital, the radiation therapist shall 
be informed immediately. (A statement to this effect should be included 
in the instruction sheet. See Appendix IV.) The embalmer is not to be 
considered a radiation worker, and hence his maximum exposure should 
not exceed 0.5 R/year. Table 6 gives the approximate millicuries which 
will result in one half of this total exposure in one hour (see Section 
5.2). If the patient received iodine-131, gold-198, or radon, embalming 
can be safely performed provided the body is not opened. If there is to 
be an autopsy the provisions of Section 5 shall apply and the autopsy 
shall be performed in an institution with a Radiation Protection Super­
visor. 

Section 5 contains detailed information covering many contingencies 
for patients who die or need emergency surgery while in the hospital. 
Pertinent parts of this section can be applied to the patient who dies or 
has an emergency illness at home. 
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11, March 8, 1974 l ",'i FR t ~v 
Secretory of the Commission 
U.S. Atomic Energy Commission 
Washington, D.C. 20545 

Attention: Chief, Public Proceedings Staff. 

Dear Sir: 

I send you these remarks for your consideration in 
connection with proposed amendments to the rules in 
Title 10 of the Code of Federal Regulation part 35 
in particular Section 35.14 (d) as published on 
page 2386 of the Federal Register, vol. 39, No. 14 
of Monday, January 21, 1974. 

Section 35.14 (d) reads "Any licensee who is 
licensed pursuant to paragraph (a) of this section 
for one or more of the medical use groups in 35.100 
also is authorized to receive, possess and use for 
calibration and reference standards any byproduct 
material with an atomic number not higher than 83 
in amounts not to exceed 15 millicuries total of 
materials with half lives not longer than seven days 
and not to exceed 200 microcuries total of materials 
with half lives longer than seven days." 

These proposed amendments would, in my opinion, 
place an unnecessarily low limit on licensees in 
regard to calibration standards, particularly 
those with half lives longer than seven days. 

Calibration standards soon to be sponsored by the 
Society of Nuclear Medicine would exceed these limits. 
Flood pools for imaging devices exceed these limits 
and are needed for day to day activity in nuclear 
medicine laboratories. 

Licensees handle and keep safe much larger amounts 
of radioactive materials for other matters in 
medicine. It seems unnecessary to so restrict 
amounts of radioactivity allowed for calibration 
standards. 

I urge that you consider less strict limits for 

P.O. Box 1245 / Berkley, Michigan 48072 
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calibration standards and suggest that you solicit 
members of your advisory committee for limits in 
keeping with current safe practice. 

7;::_l~~u~ 
Oscar M. Powell, M.D. 
President 
3135 Webster Street 
Oakland, CA 94609 

OMP:rp 



TRINITY .MEMORIAL HOSPITAL 
5900 South Lake Drive 

Telephone: 769-9000 

Secretary of the Commission 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

CuJahy, Wisconsin 53110 

Area CoJe 414 

Attention: Chief, Public Proceedings Staff 

Dear Sir: 

This letter is in reference to the proposed rules in the 
Federal Registry dated Monday, January 21, 1974 (Vol. 39, #14). 

I would be opposed to any change in the existing rules and 
regulations concerning the medical uses of the Radioisotopes 
and particularly as proposed in the aformentioned release. The 
necessity of atiitional subdivision eludes me as does the rigidity 
of the proposed grouping and method of approval. The intention 
to evaluate the Paramedical personnel is something new that the 
commission has taken on to itself, I would suggest that it con­
fine its attention to its present regulatory function without 
attempting extension of its scope. The latter can only impede 
further our abilities to both satisfy all governmental require­
ments and at the same time deliver medical care at a reasonable 
cost. 7-:str~, . 
G.
1

~ rt:.-:::.~ingmai r, 
Rat~~ogist · 
Director, Department 

M.D . 

of Radiology 
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Secretary of the Commission 
U.S. Atomic Energy Commission 
Washington, D. c. 20545 

Roy E. Woodard, Jr., R.T. 
Rt. 3, Box 329 P 
Mobile, AL 36608 

ATTN: Chief, Public Proceedings Staff , . ,. 
At'k.now1ecigea 

Dear Sir: 

(NM) 

Having read the AEC Notice of Proposed Rules Change, Dated 21 Jan. 74, 
Relating to Expansion of Group Licensing for Certain Medical Uses of 
Radioisotopes, it appears that the provisions of this expansion do indeed 
represent one of the most significant advances in simplification of the 
burden of licensing procedures that has been made in years. It is a 
laudable achievement, particularly with respect to paragraph 35.100. 

There is however a section of paragraph 35.14 (section 7) that leaves 
much to be desired 1n terms of clarity. The specification reads to the 
effect that 'any licensee who possesses and uses radiopharmaceuticals 
for therapy shall assure that patients containing more than 8 millicuries 
of iodine 131 for the treatment of thyroid carcinoma or patients contain­
ing more than 23 millicuries of gold 198 shall be hospitalized'. It appears 
from the wording of this section that although hospitalization is necessary 
for all thyroid cancer patients containing more than 8 millicuries of 
iodine 131, hospitalization would be unnecessary for a hyperthyroid 
patient containing 25 millicuries of iodine 131 administered for the treat­
ment of hyperthyroidism. I submit that the current wording of section 7 
is inadequate since the hyperthyroid patient containing 25 millicuries 
of iodine 131 would certainly be much more of a radiation hazard for a 
much longer period of time (if all technical and physiological factors 
are considered) than would the thyroid cancer patient who in most cases 
will demonstrate a very low 24 hour retention due to the fact that most 
of these cancer patients will have undergone surgical tbyroidecto:my. 

I propose that a more realistic guide would be along those lines found 
in NCRP 37, relating to hospitalization of the iodine 131 containing 
patient. In many cases hospitalization of the patient containing the 
8 millicuries, or even the patient containing 25 millicuries of iodine 131 
would not necessarily be hospitalized if all pertinent factors, including 
medical, occupational, and environmental situations were carefully con­
sidered. 

I respectfully request that section 7 of paragraph 35.14 be carefully 
reviewed with respect to improvements in both clarity of wording, and 
functional practicality. 

~-/L k 
ROY E.~wo~;:: R.T. (NM) 
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·AMERICAN SOCIETY OF HOSPITAL PI-IARMAC~ .: 

&:ULA COOS :llU 1--· Ma,y-1 
~-oN• ••1-:aooo 

April 30, 1973 

4630 Montgom'6ry Ave"nue / W11shington. 0. C. 20011 

Secretary of the Conunission 
o.s. Atomic Energy Cow.mission 
Washington, D.C. 20545 

Attention: Chief, Public Proceedings Branch· 

Dear Sir: 

The American Society of Hospital Pharmacists desires to comment 
on the proposed revision of 10 CFR Part ·135 as published by the 
Atomic Energy Conunission. {AEC) on March 9, 1973, at 38 Federal 
Register 6399. We appreciate the extension of time granted in 
which to submit our comments. 

The ASHP is the national ~pecialty so~iety of pharmacists praci­
ticiny .in 1wspitals and related insticu-cions t:hruughout this 
country. We have a naturar interest in the proposed regulation 
since ASHP members are practicing radiopharmacy in a wide variety 
of institutional settings and are highly-qualif~ed professionals 
in the field of nuclear medicine. As a result of this involve­
ment, ASHP has supported expansion of radiopharmacy education and 
practice since the development of the specialty. Conunittees were 
formed to· bring radicpharrnacists together and provide a forum for 
continuing education. The American Hospital Formulary Service, a 
comprehensive drug compendiuin published by ASHI> and updated 4 
times a year is a leading reference for the institutional use of 
radioisotopes. As an example of Section 78:00 (Radioactive ~gents) 
from AHFS, we have attached the general statement on radioohanna­
ceuticals as well as a listing of the former Advisory Panei on 
Radiopharmaceuticals (Appendix A). ASHP's American Journal of 
Hospital Pharmacy, an important source of professional literature, 
has published articles dealing with the practice of radiopharmacy. 
Attached is the most recent article from AJHP, Brown, M.L.: Radio-
immunoassay and Its Application in the Measurement of Triiodo­
thyronine, Amer. J. Hosp. Pharm. 30:336 (Apr.) 1973. (Appendix B). 
Previous articles in this area include: Fincher, J.H. and Jones 
F.E. : Current Handling Piocedures of Radiopharrnaceuticals in U.S. 
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Hozpitals, Amer. J. Hosp. Pharm. 27:38 (Jan.) 1970: Bowen, B.M. 
and Wood, D.E. : The Radiopharmacist in Nuclear Medicine -
Preparation of Technetium-99m Human Serum Albumin Macroaggregatcs, 
l~"nSr.._~. Hosp. Pharm. 26:5~9 (Sep.) 1?69 an~ Bari:3ett, t-~. a:1d 
Bar.Ietta, F. : The Pharmacist's Role in Radiological Healtn, 
~,.mar. J. Hoso. Phann. 24:361 (Jul.) 1967. 

Pharmacists are an integral part of the nuclear medicin~ team and 
p$rform specialized activities bused upon education aod :training 
that were first develcped in pharmacy. Pharmacists are generally 
responsible for selection, storage and distribution of drugs and 
maintaining security over drug stocks. Preparation and compound­
ing of pharmaceuticals are traditional duties in the practice of 
pharmacy. More recently, pharmacists have expanded their activi­
ties to include consultation with both patients and other pro­
fessionals, drug administration and ed~cation and research among 
peer groups and teclmica l personnel. 

J'u!lt as with · physicians in the area of nuclear medicine, relati v~1~, 
little additional training is needed to qualify pharmacists to 
work with radiopharmaceuticals. Duties of radiopharmacists in­
clude: 

l. Responsibility for Radiopharmacy Preparation and 
J\ .. .dministration: 

Synthesis of radiopharmaceut.icals;Compounding 
and dispensing radiopharmaceuticals;Advising 
on eosage form and incompatibilities; and, 

Overseeing radiation safety proceaures; 
Improving and rnaintaini!"lg radiosotope 
facilities; 
Handling radiopharmaceutical aspecta of State 
and Federal Food and Drug laws. 

2. Involvement in Research and Development: 

Improving existing preparative and dispensing techniqu.~s; 
Studying synthesis and metabolism of new radio-ph~rma­
ce~ticals; 
P..ssisting with research involving labeled compounds, 

3. Participation in Ts3ching: 

Educating the patient; 
Training nurses and technicians; 
Lecturing to interns anq residents; 
Instructing other pharmacists in radiopharmacy• 
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;~ with all other drugs, the preparation of radiopharmaceuticals 
~equires a knowledge of drug characteristics, chemistry and efficacy 
which a pharmacist is uniquely qualified to exercise,. His abili­
ties are also useful in the supervision of technical personnel. 

Aswe understand the proposed regulations they would, in part, 
establish which activities must be performed by licensed .physicians 
and which uses may be performed by other persons when ~aking medical 
use of radioisotopes. However, we note the absence of any reference 
to the important duties perfo:i:med by qualified pharmacists on a 
daily basis in comprehensive nuclear medicine programs. It seems 
appropriate that the regulations should clearly recogniz~ the 
pharmacist's role in nuclear medicine. Therefore, we recommend 
that the following changes be made to accomplish this goal: 

1. Amend S35.32(c) to read: 

Subject to the provisions of paragraphs 
(b), {d), (e), (f), and (g) o.f this sec­
tion, an authorized physician £E_2.!:._arm~cist 
may permit technicians and other paramedical 
personnel to perform the following activi­
ties: ... 

2. i\mend--.-§3-S.31 (d}- to- -rsoo:. . . 

Authorized physicians or oharmacists who 
permit activities to b~perrormed by 
technicians and other paramedical personnel 
pursuant to paragraph (c)~ of this section 
:!hall: ••• 

With the preceeding modifications, the proposed regulations shorJ.d · 
provide an improved approach to the control of radioisotopes for 
nedical use. We appreciate this opportunity to provide our cor.Lr.1r,mts 
to you and would be pleased to meet with representatives of th(a l.EC 
to discusa the matter further. 

i;~r,;.-6, lvt~/~ 
Carl T. DeMarco, J.D. 
General Counsel 

CTDH: jm 
B?.icloGure 
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Centralized radiopharmaceutical services of 
the Indiana University Medical Center 
Michael P. Kavula, Jr. 

The facilities of a centralized radiopharmacy service are describ.ed, and the formulations 
of the routine radiopharmaceuticals prepared by the service are presented in detail . 

The radiopharmaceuticals discussed are sodium pertechnetate used for cerebral imaging, 
99mTc-sulfur colloid for reticuloendothelial system imaging, 99mTc-macroaggregated albu­
min for lung imaging, 99mTc-diethylenetriamenepenta acetic acid for renal imaging, 99mTc­
human serum albumin for placental and blood pool imaging, and 99mTc-l-hydroxy-ethyli­
dene-l , 1-disodium phosphonate for bone imaging. 

Key words: Formulations; Pertechnetate; Pharmacy, institutional, hospital; Planning and 
design; Radiopharmaceuticals ; Radiopharmacy ; Technetium 

Radiopharmaceutical services at the Indiana Universi­
ty Medical Center are offered by a centralized radio­
pharmacy that supplies radiopharmaceutical kits and 
radiopharmaceutical unit doses to the Medical Center's 
three nuclear medicine clinics. 

The current trend in Nuclear Medicine is to prepare 
routine diagnostic radiopharmaceuticals from kits, a 
"kit" being any combination of sterile , pyrogen-free , 
nonradioactive reagents packaged in unit-of-use or unit 
dose type containers. In order to prepare the needed ra­
diopharmaceutical , one must usually just add the ra­
dioactive ingredient and follow a simplified procedure 
using aseptic technique. 

Within the past year, nuclear medicine has witnessed 
a plethora of commercially available radiopharmaceuti­
cal kits. Even if the nuclear medicine clinic in a hospital 
relies entirely on commercially supplied kits, the phar­
macist can extend his consultative services by advising 
the nuclear medicine physician or technologist on which 
kit is best for the particular study intended . The consul­
tant role of the pharmacist in nuclear medicine is most 

Michael P. Kavula, Jr ., Pharm.D. , is a radiopharmacist and Instructor 
in Radiology at Indiana University School of Medicine, Indianapolis 
46202. 

Copyright © 1974, American Society of Hospital P ha rmacists, Inc. All 
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important when one considers that radiopharmaceut ical 
advertising is not regulated as "legend" drug advertising 
is; thus, the commercial suppliers have concentrated 
their advertising campaigns on the nuclear medicine 
physician and the nuclear medicine technologist, both of 
whom have had little or no pharmaceutical training. 

It is the philosophy of our radiopharmacy service to 
rely as little as possible on commercial suppliers and to 
prepare most radiopharmaceutical kits " in-house." Our 
reliance on commercial suppliers is in the form of clini­
cal investigation for manufacturers who are obtaining 
the necessary clinical data for FDA approval. 

In 1963, Briner published an article in the Journal de­
scribing the methodology of preparing radioactive chem­
icals for human use. 1 Ten years later this article remains 
as the first paper a pharmacist should read prior to de­
veloping a radiopharmacy service . In an article entitled, 
"Radiopharmacy-The Emerging Young Speciality," 
published by Briner in 1968,2 he describes the scope of 
radiopharmacy as consisting of: (1) formulation, (2) con­
trol, (3) research and development and (4) consultation; to 
this list can now be added the fifth category of educa­
tion . 

Before a pharmacist can perform control, research and 
development , consultative and educational services re­
lating to radiopharmaceuticals, an adequate and thor­
ough knowledge of the formulation of radiopharmaceuti­
cals is necessary. It is the objective of this paper to pres­
ent, in detail, the formulations of the routine radiophar-



flow hood modified with a center plastic window to di­
vide the counter lengthwise into two sections. This mod­
ification allows the use of the air system from either side 
of the dispensing counter. Clear plastic side windows ex­
tend down from the sides of the laminar flow hood to the 
dispensing counter to form a box-like structure . A lead­
shielded refrigerator (B) to the right and a lead-lined 
storage module (C) to the left of the dispensing counter 
allow for quick availability of radiopharmaceuticals from 
either side. 

A record/ calculation bench (D) displays records for 
each radiopharmaceutical and permits calculation of 
doses to be done away from a radiation area. Receipt of 
radiopharmaceuticals from vendors is handled through a 
window separating the bench (D) from the check-in and 
distribution area (E). A door leading only to the distri­
bution area from the traffic lane prevents unauthorized 
persons access into the radiopharmacy. 

Counter areas (F & G) provide approximately 18 linear 
feet each for quality control equipment such as micro­
scopes, chromatography apparatus and pH meters. Be­
neath each counter are drawers for miscellaneous 
supplies and two removable trash receptacles for nonra­
dioactive materials. A bathroom sink and stall shower 
(H) are available for personnel decontamination. 

A "barrier" wall separates the dispensing area from 
the high-level activity area (I). Radioactive gases and 
oral iodine solutions are stored under a chemical exhaust 
hood (J) and also dispensed from this area . Fixed stain­
less steel counters with drawers and a stainless steel sink 
adjacent to the exhaust hood are adequate for the iodine 
preparative techniques. Elutions of short-lived radionu­
clides from radioactive generators are also handled in 
this area. 

A "hot" storage area (K) permits storage of filled ra­
dioactive gas spirometers and aerosol equipment. A 55-
gallon drum serves as a temporary radioactive waste dis­
posal bin within this area. 

An entrance (L) allows passage from one room to the 
other avoiding security problems at traffic lane doors. 
Sliding doors at entrances within the radiopharmacy 
allow more space and avoid the hazards of hinged doors 
when radioactive materials are being transported. Ex­
temporaneous preparations of nonradioactive materials 
are compounded in the manufacturing area (M). Radio­
pharmaceuticals that require specific equipment and 
long preparation times are also prepared in this area . A 
laminar air flow hood (N) is provided for aseptic proce­
dures, and a portable autoclave and pyrogen oven are 
available for sterilization. Wall-mounted storage cabi­
nets allow for the storage of glassware and chemicals. 

The low-level counting area (0) has been located away 
from the high-level activity areas (J and K). For mea­
surement of low-energy radionuclides (50-500 keV) a so­
dium iodide well scintillation system will adequately ac­
commodate routine counting requirements. A lithium­
drifted germanium detector sensitive to gamma radia­
tion between 10 keV and 1.5 MeV would be desirable to 
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measure very low energy radionuclides with better reso­
lution. 4 

Areas P and Q are the teaching area and technician/ 
secretary area, respectively . Since most nuclear medi­
cine departments have radioisotope technician programs, 
a generous amount of space should be used for teaching 
aids and tape cassette/film strip for individual instruc­
tion. Radiopharmacy students and technicians, nuclear 
medicine resident physicians and technicians, and phar­
macy students can rotate through the learning program 
without affecting the clinical functions of the radiophar­
macy service. 

The administration section (R) is the office for the su­
pervision of radiopharmacy services and library for the 
drug information service. An intercommunications sys­
tem within the radiopharmacy allows for conversations 
among the various rooms without having to handle a 
telephone. A separate intercommunication system allows 
for conversation between radiopharmacy and nuclear 
medicine personnel. 

The climate of the radiopharmacy is regulated by cen­
tral air conditioning in all areas. 

Lighting is with standard fixtures strategically located 
over working areas. 

Research 

In most hospitals, animal studies are not allowed in 
the same areas used for patients. Although many phar­
maceutical research projects and quality control proce­
dures require the use of test animals, the clinical envi­
ronment is not the place for such studies. Arrangements 
should be made to have a small area outside the hospital 
for research and animal holding quarters. Vivaria facili­
ties are available to most investigators upon request. 

Summary 

The steps involved in the planning and construction of 
a radiopharmacy depend upon the services offered and 
the types of radioactive materials to be handled. A sim­
ple compounding type radiopharmacy program obviously 
requires only limited equipment and physical space 
whereas a more complex operation requires a "hot" labo­
ratory with a variety of equipment. Although specific re­
quirements will vary for each facility, guidance for a 
step-by-step development of a model radiopharmacy is 
outlined. 
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maceuticals that are currently being used at the Indiana 
University Medical Center. 

Physical Facilities 

The radiopharmacy is an integral part of the nuclear 
medicine clinic at the University Hospital and is com­
posed of four separate rooms. 

Radiopharmaceutical Preparation-Hot Lab (Figure 
1). In this laboratory most extemporaneous mixing of the 
radiopharmaceuticals is done. All the technetium-99m 
radiopharmaceuticals are prepared in this room. Note 
the "L-shield" for added personnel protection and the 
plastic backed absorbent paper on the bench top. Per­
sonnel who prepare the radiopharmaceuticals also wear 
long laboratory jackets and disposable gloves for added 
protection. 

Chemistry and Pharmacy Laboratory (Figure 2). In 
this laboratory preparative chemistry and final packag­
ing of the radiopharmaceutical kits are accomplished . 
All work is done using aseptic technique and presteril­
ized equipment, and all packaging procedures are per­
formed within a laminar flow hood . An analytical bal­
ance is used to weigh accurately the various ingredients. 
A chemistry exhaust hood is used for labelling proce­
dures that involve radioactive iodine3 and other volatile 
radionuclides or for chemistry procedures that require 
the use of an exhaust hood .4 

Chromatography and Additional Chemistry Laborato­
ry (Figure 3). In this laboratory we have set up our chro-

Figure I. Radiopharmaceutical preparation- hot lab; radiopharmacy as­
sistant preparing a radiopharmaceutical using accepted radiation safety 
procedures (jacket, gloves, tongs, lead shielding) 
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Figure 2. Chemistry and pharmacy laboratory 

Figure 3. Chromatography and chemistry laboratory 

Figure 4. Dispensing radiopharmacy 
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matography chambers and· various chemistry procedures 
that do not require the exhaust hood. 

Dispensing Radiopharmacy (Figure 4) . The dispensing 
radiopharmacy is located within the clinical area of nu­
clear medicine. After the radiopharmaceuticals are pre­
pared in the radiopharmaceutical hot lab (Figure 1), 
they are assayed in the dose calibrator, labelled and en­
tered into the log books. Every radiopharmaceutical 
must be entered into a log book and each patient dose 
must be recorded in a manner very similar to controlled 
substances. We have devised a rubber stamp that 
simplifies the entry and calculation of doses (Figure 5). 

Vials and lead containers are labeled with a special ra­
dioactive label that is in International Radiation Colors 
and dose syringes and syringe lead containers are la­
belled with Monarch labels that include the patient's 
name, name of the radiopharmaceutical, assay, time 
and date (Figure 6). After the patient has been dosed, 
the label on the lead container is removed and placed in 
the patient's record . Unit doses for the other laboratories 
are calculated, assayed and dispensed through this area. 

Radioactive iodine-131 and iodine-123 for therapeutic 
and diagnost ic purposes are stored in a chemist ry ex­
haust hood in the dispensing radiopharmacy. Our source 
of xeiJ.on-133 gas for pulmonary ventilation studies is also 
stored under the hood. 

Routine Radiopharmaceuticals-Formulation Procedures 

Sodium Pertechnetate, Na99mTc04: Cerebral Imaging. 
This radiopharmaceutical is primarily used for imaging 
of the cerebrovascular space but has also found use in 
thyroid, cardiac and placental studies.5 Sodium pertech­
netate is the eluant as obtained from the commercially 
available molybdenum-99-technetium-99m anion ex­
change generators, the chemistry and physical properties 
of which have been adequately covered in the litera­
ture.6-8 Suffice it to say that all molybdenum-99-techne­
tium-99m generators are not alike and the pharmacist 
can offer consultative services to the nuclear medicine 
laboratory in regard to purchase of a generator. Some of 
the criteria I use in the selection of a generator are: 

1. Compatibility of generator eluant with radiopharmaceu­
tical kits, 

2. Radiation exposure from generator, 
3. Elution technique and radiat ion exposure during elution 

procedure, 
4. Method of preparation of molybdenum-99, 
5. Radionuclidic purity of eluant, 
6. Strengths available and calibration date , and 
7. Price. 

99mTc-Sulfur Colloid: Reticuloendothelial System 
Imaging. 99mTc-sulfur colloid is the most commonly used 
agent for reticuloendothelial system imaging although 
other agents have been proposed and employed.9,10 The 
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Figure 5. Rubber stamps used to aid log book entries; the top stamp is 
used to log in generator elutions and the bottom stamp is used to log in 
various radiopharm<iceuticals 

DATE: 

AM 
Generator of milked a• PM 

TOTAL AM DISPO· VIAL NO. 
ACT'VITY ~ VCLUME = CONCE~'.TRATION AT INITIALS 

PM SITION 
(mCi) {IT'I) (mC~ml) -

DATE: 

AM 
prepared a• PM 

mCi ~--- ml• mCi/m l at__~~ 

PT NAME TIME C' 'HRENT DOSAGE CALIBRATE[ INITIALS 
mCi DESIRED - mCi:ml = VOLUME mCi · {vial no.) 1ml} 

Figure 6. Radiopharmacy labels; label on right is used to label vials and 
outside lead containers; label on left after being filled out is placed on 
the dose sy ringe and lead syringe container 

Indiana University Medical Center 
• • Nuclear Medicine 

.... '1!!~--
• mCl/ml 

-------- mCI 
. f:!:ad'Ie:at:tfve Material Otte Tim• ____ AMIPM 

Sterile Solution 



history and development of 99mTc-sulfur colloid has 
been covered in a recent issue of the Journal11 and I 
shall present the formulation used at Indiana University 
Medical Center. Our formulation is based on the method 
published by Patton et al.12 and consists of a reaction 
vial, hydrochloric acid vial and phosphate buffer vial. 

Formulation of Kit Reagents: 
A. Premix sulfide stock solution. 

1. Decant 600 ml of 0.9% NaCl from a 1500-ml Abbott 
Urogate container. 

2. Dissolve 1.2 g of sodium thiosulfate (Na2S20a · 
5H20) and 250 mg of potassium perrhenate in the 
Urogate bottle. 

3. Dissolve 9 ml of benzyl alcohol in the Urogare bottle. 
Mix well . 

4. Using 0.9% sodium chloride for injection (i.v. con­
tainer), q .s. to the 1000-ml mark. Mix well. 

5. Attach a Venotube 20-inch to the cystoscopy set, at­
tach 0.22-µ Millipore filter and 23-gauge needle. 

6. Package 10-ml portions in precalibrated 30-ml vials. 
7. Change the Millipore filter and needle frequently 

throughout the packaging procedure. 
8. Autoclave for 30 minutes at 15 psi. 
9. Fill out the appropriate reagent control form and 

label the containers. 
B. Hydrochloric acid, 1.0 N. 

1. Decant 325 ml of sterile water from a 500 ml Abbott 
Urogate container. 

2. Add 16.4 ml of concentrated HCI. Mix well . 
3. Using sterile water for injection (i.v. container), q.s. 

to 200 ml. Mix well . 
4. Attach a Venotube 20-inch to the cystoscopy set, at­

tach a 0.22-µ Millipore filter and a 23-gauge needle . 
5. Package 1.5-2.0-ml portions in 5-ml vials. 
6. Change the Millipore filter and needle frequently 

throughout the packaging procedure . 
7. Autoclave for 30 minutes at 15 psi. 
8. Fill out the appropriate reagent control form and 

label the containers. 
C. Phosphate buffer. 

1. Decant 750 ml of sterile water from a 1500-ml Ab­
bott Urogate sterile water container. 

2. Dissolve 152.4 g of disodium phosphate (Na2HP04· 
7H20) and 9.2 g of monosodium phosphate 
(NaH2P04-H20) in the Urogate container. 

3. Add 9 .0 ml of benzyl alcohol. Mix well . 
4. Using sterile water for injection (i .v. container), q.s . 

to 1000 ml. Mix well. 
5. Attach a Venotube 20-inch to the cystoscopy set, at­

tach a 0.22-µ Millipore filter and a 23-gauge needle. 
6. Package 2-3-ml portions in 5.0-ml vials. 
7. Change the Millipore filter and needle frequently 

throughout the procedure. 
8. Autoclave for 30 minutes at 15 psi . 
9. Fill out the appropriate reagent control form and 

label the containers. 
D. Preparation of 99mTc-sulfur colloid. 

1. Begin heating water for boiling 5- 10 minutes before 
continuing. 

2. Add 1- 5 ml of 99mTc sodium pertechnetate to the 
30-ml reaction vial containing 10 ml of the premix 
sulfide solution . 

3. Add 1.0 ml of 1.0 N HCl to the 30-ml sterile vial and 
equip the vial with a vent needle (e.g., 23-gauge) . 

4. Heat the reaction vial in the boiling water bath for 
4-5 minutes. 

5. Remove the reaction vial from the water bath and 
allow to cool to room temperature (about 10- 15 min­
utes). 

6. Add 2 ml of phosphate buffer. Mix well. 
7. Compute the total volume by adding the volume of 

99mTc pertechnetate added to 13 ml. Divide the 
total volume into the final assay figure (mCi) in 

American Journal of Hospital Pharmacy Vol . 31 FEB. 1974 

.DIOPHARMACEUTICAL SERVICES 

order to obtain mCi / ml. 
8. Label properly and enter in log book. 
9. Shake well before removing dose . 

E . Discussion of formulat ion: Sulfur colloid preparations 
have a tendency to settle and aggregate upon standing 
and for this reason various stabilizers have been uti­
lized to prevent this aggregation and eventual lung up­
take upon injection. Gelatin,13 mannitoJ14 and PVP15 

have been reported in the literature as possible stabi­
lizers for sulfur colloid preparations . Most commercial­
ly available sulfur colloid kits employ gelatin as the 
stabilizer. 

A stabilizer is not used in our preparation because we 
feel that the majority of adverse reactions that have 
been attributed to colloidal prepartions are due to the 
stabilizer.16 Potassium perrhenate, a homologue of 
technetium, is used as a carrier and stabilizer in our 
preparation and apparently prevents the technetium­
labelled sulfur colloid particles from hydrolyzing into 
free technetium .17 Our preparation will aggregate and 
in order to prevent this, it is necessary to shake the vial 
well prior to withdrawing a dose. 

Quality control chromatography is performed on this ra­
diopharmaceutical using Whatman 3MM paper and 
85% methanol. 

99mTc-Macroaggregated Albumin (MAA) : Lung Imag­
ing. We recently reported on the formulation for this ra­
diopharmaceutical which consists of one reaction vial 
containing all the ingredients.18 

Formulation of Kit Reagents: 
A. Hydrochloric acid , 0.25N. 

Transfer 2.1 ml of concentrated HCl, ACS reagent , to a 
sterilized 100-ml volumetric flask . Add water for injec­
tion (no preservative) to the 100-ml mark. Mix well . 
Filter through a 0.22-µ Millipore filter into 2.0-ml ster­
ile vials . Store in the refrigerator. Fill out the appropri­
ate control form and label. 

B . Stock macroaggregated albumin (MAA) suspension, 3 
mg/ ml. 
1. Add 1 ml of 5% human serum albumin (salt-poor) to 

a 30-ml sterile vial. 
2. Add 15 ml of0.9% NaCl solution (no preservative). 
3. Add 6 drops of 0.25 N HCl (use 1-ml syringe with 

18-gauge needle) . 
4. Autoclave at 250 F for 15 minutes . 
5. Allow to cool to room temperature. 
6. Mix gently and centrifuge at 190-200G for 2 min­

utes. 
7. Draw off the supernate and reconstitute with the 

same volume of 0.9% NaCl (no preservative ). 
8. Resuspend and package 3-ml portions in 10-ml ster­

ile vials. 
C. Stock tin solution : 15.0 mg SnCb·2H20 / 100 ml. 

1. Weigh 15 .0 mg of stannous chloride (SnCb,2H20) 
and place in a 100-ml volumetric flask. 

2. Add 0.25 ml of concentrated HCl and dissolve the 
stannous chloride with heat. 

3. Add sterile water (no preservative) that has been 
previously purged with sterile N2 gas up to the 
100-ml mark. Mix well . 

4. Filter through a 0.22-µ Millipore filter and package 
1.0-ml portions in the vial containing the MAA sus­
pension . 

D . Phosphate buffer: 0.8 M NaH2P04 ,H20 . 
1. Weigh out 11.04 g of NaH2P04 and place in a 100-ml 

volumetric flask. 
2. Add sterile water (no preservative) to the 100-ml 

mark. Mix well. 
3. Pass the solution through a 0.22-µ Millipore filter. 
4. Package 0.15 ml of the solution in the 10-ml sterile 

vial containing the MAA suspension and stock tin 
solution. 

E. Processing of 10-ml reaction vial. 
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1. Purge the atmosphere of the vial containing the 
MAA suspension, tin solution and buffer with ster­
ile nitrogen for 5 minutes . 

2. Remove the vent needle and leave a positive pres­
sure of sterile nitrogen in the vial. 

3. Label properly and include a two-week expiration 
date . 

F. Preparation of99mTc-MAA. 
1. Remove the positive pressure within the reaction 

vial with a 25-gauge needle. 
2. Gently add 5 ml of Na99mTc04 to the reaction vial. 
3. If less than 5.0 ml of Na99mTc04 is used, bring the 

volume up to 5 ml with 0.9% sodium chloride injec­
tion. 

4. With forcep, swirl the vial for 1 minute (do not 
shake vigorously). 

5. Centrifuge the reaction vial at 190-200G for 2 min­
utes . 

6. Remove the supernate and resuspend the particles 
with 8.0 ml of 0.9% sodium chloride (10-ml syringe 
with 20-gauge needle.). 

7. The final product has a volume of9.15 ml. 
8. Assay in the dose calibrator and determine the con­

centration (mCi/ml) . 
9. Label properly. 

10. Shake the vial gently before withdrawing a dose. 
G. Discussion of formulation: A longer shelf life than two 

weeks can probably be obtained by packaging the three 
ingredients separately and then adding all three to a 
vial at the time of preparation. However, we feel that 
by including all ingredients in one vial there is less 
chance of error, and emergency lung procedures are also 
expediated by having a single vial that needs only min­
imal manipulation in order to prepare the radiophar­
maceutical. 

Reagent preparation is rather straight forward with the 
following exceptions: 

(1) Macroaggregated albumin suspension: It is important 
to use a 1-ml syringe with an 25-gauge needle in order 
to obtain the proper pH for coagulation ( ~5.5). In the 
packaging of the MAA suspension in the 10-ml vials, a 
5-ml syringe with a 20-gauge x l1h-inch needle is used . 
This size needle homogenizes the albumin particles to 
the proper size needed for lung imaging (20- 30 µ). 

(2) Stock tin solution: Care must be taken in the prepa­
ration of this solution in order to insure that the tin 
used is all in the Sn(II) state. Reagent grade stannous 
chloride (SnC'2,2H20) from any reputable chemical 
firm is adequate. Start with a clean lump of the salt 
and not the powder on the bottom of the reagent bottle 
(oxidation products) , triturate in a sterilized mortar 
and pestle and then weigh out the required amount. 
Add the concentrated hydrochloric acid with a sterile 
glass pipet or a Teflon catheter. Do not use an alumi'. 
num hub needle! 

The heating of the stannous chloride-hydrochloric ac id 
solution is critical. If too much heat is applied, the 
Sn(II) will be oxidized to Sn(IV) and reduction of per­
technetate to the lower valence state necessary for la­
belling will not be obtained. I place the volumetric 
flask about one inch above a hot plate (on hottest set­
ting) and heat the flask until it is warm to the touch . 

Sterile nitrogen gas is necessary in all formulations that 
utilize tin as the reducing agent. An inert atmosphere 
must be maintained in order to keep the tin in the (II) 
state. 

Quality control chromatography on this radiopharma­
ceutical is performed with Whatmann-3MM paper and 
85% methanol. 

99mTc-Diethylenetriamenepenta Acetic Acid (DTPA): 
Renal Imaging. Three formulations for 99mTc-DTPA 
have been proposed and an evaluation of the three prep­
arations has been published.19 We employ the formula­
tion proposed by Eckelman and Richards in 1970.20 
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99mTc-DTPA prepared by this method is suitable for 
static renal imaging and also dynamic renal imaging be­
cause it is solely excreted by glomerular filtration . 

The kit is composed of one reaction vial which re­
quires the addition of the pertechnetate solution and 
mixirig for one minute. 

Formulation of Kit Reagents: 
A. Hydrochloric acid, 0.25 N. 

Transfer 2.1 ml of concentrated HCl, ACS reagent, to a 
sterilized 100-ml volumetric flask. Add water for injec­
tion (no preservative) to the 100-ml mark. Mix well. 
Filter through a 0.22-µ Millipore filter into 2.0-ml ster­
ile vials. Store in a refrigerator. 

B. CaNaa DTPA solution: 100 mg/ ml. 
1. Aseptically weigh a desired amount of CaNa3 DTPA 

powder into a tared sterile 10-ml vial. 
2. Add sufficient sterile water to produce a 100 mg/ ml 

solution. 
3. Tare the final container to determine the exact 

amount of sterile water added. 
4. Purge the solution with sterile N2 for 5 minutes and 

leave a positive pressure of N2 in the vial. 
5. Label properly . 

C. CaNaa DTPA- SnC'2,2H20 stock solution. 
1. Aseptically weigh out 5 .0 mg of powdered 

SnC'2·2H20 into a 30-ml sterile vial. 
2. Add 1-ml of the CaNaa DTPA (or that volume of 

the solution that contains 100 mg of the salt) to the 
sterile vial containing the SnC'2. 2H20 . 

3. Purge the vial with sterile N2 for 10 minutes and 
leave a positive pressure of N2 in the vial. 

4. Place in the autoclave and heat at 100 C for 15 min­
utes. Let cool to room temperature. 

5. Add 17 .0 ml of sterile water and mix well. 
6. Adjust the pH to 4.0 with 0.25 N HCl (usually 

about 1.3 ml)-check with pH paper (2 ranges) . 
7. Add sufficient sterile water to bring the final vol­

ume to 20 ml. Mix well. 
8. Purge the final solution with sterile N2 for 15 min­

utes. 
9. Package 1.0-ml portions into 5-ml sterile vials 

through a 0.22-µ Millipore filter . 
10. Purge the atmosphere of each vial with sterile N2 

and leave a positive pressure within the vial. 
11. Label properly and include a one-week expiration 

date (7 days from day of preparation). 
D. Preparation of CaNaa DTPA: U.S. Patent 3,062,719, 

Ruben & Dexter. 
1. Slurry 78.6 g of DTPA powder in 400 ml sterile 

water. 
2. Add 20 g of calcium carbonate. 
3. Heat to reflux with stirring and slowly add 24 g of 

sodium hydroxide and 100 ml of sterile water for 
injection. 

4. Concentrate in vacuum on a steam bath to a volume 
of approximately 250 ml. Cool. 

5. Precipitate the CaNa3 DTPA by adding 625 ml of 
ethyl alcohol. 

6. Filter on a Buchner funnel and dry. 
E. Radiochemical purity check. 

1. Prepare a sample with a dilute solution of Na-
99mTc04 as described in section F. 

2. Assay on a Sephadex G-25M column using N2-
purged 0.9% NaCl as the eluting fluid. 

3. Collect 5.0 ml void volume. 
4. Collect 25 X 2-ml samples. 99mTc-DTPA(Sn) will be 

in the 12- 20-ml portion of the eluant and 99mTc04-
will be in the 38-46-ml portion. 

5. Apply approximately 2.0 ml of hydrogen peroxide 
(0.1%) to the column and collect 25 x 2-ml sam­
ples. 

6. Hydrolyzed technetium (Tc02) originally adsorbed 
on the column will be eluted as 99mTc04 - in the 
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38- 46-ml portion . 
7. Combine the 99mTc-DTPA(Sn) and 99mTc04 - por­

tions from the first elution with the 99mTc04 - por­
tion from the second elution (corrected for decay) 
and determine the percent of each species. Typical 
formulations will contain greater than 98% 99mTc­
DTPA(Sn) , 1- 2% hydrolyzed and usually no free 
pertechnetate (from first elution) . 

F. Preparation of 99mTc-DTPA. 
1. Remove the positive pressure within the vial with a 

vent needle. 
2. To the reaction vial containing the CaNa3 DTPA-Sn 

solution add 3 ml of Na99mTc04 • 

3. Swirl the vial gently for 1 minute using forcep. 
4. Assay in the dose calibrator and determine the con­

centration (mCi/ ml). Final volume of preparation 
is 4.0 ml. 

5. Label and enter in the Jog book. 
6. Use the preparation within 4 hours from the time of 

preparation. 
G. Discussion of formulation: Of all the preparations pre­

sented, the DTPA formulation is by far the most criti­
cal in regard to time and temperature . The procedure 
must be followed religiously in order to obtain activity 
greater that 98% of labelled amount . A poorly labelled 
product (e.g., unlabelled 99mTc04 - or 99mTc02) will 
produce clinically unacceptable static and dynamic im­
ages that may be interpreted as poorly functioning kid­
neys . 

The major problem in the formulation of this kit is that 
the calcium, trisodium salt of DTPA is not available 
commercially and must be manufactured by following 
the U.S . Patent procedure as described in D.21 This is 
a simple procedure and all pharmacists have sufficient 
chemistry background to prepare this chelate. One 
reaction can produce enough CaNa3 DTPA powder to 
last a few years. 

Sephadex Gel Filtration using G-25M gel and 0.9% sodi­
um chloride purged with nitrogen is the only method 
currently available to assay this radiopharmaceutical. 
Gel chromatography, to say the least, is difficult and 
the only suggestion I can give is: practice makes per­
fect . Eckelman and Richards have adequately de­
scribed gel chromatography22 and this article is re­
quired reading before anyone undertakes the prepara­
tion of DTPA kits. The theory, techniques and prob­
lems encountered in gel chromatography are adequate­
ly covered in Pharmacia's booklet.23 

99mTc-Human Serum Albumin (HSA): Placental and 
Blood Pool Imaging. This radiopharmaceutical is pri­
marily employed for placental and blood pool imaging al­
though other uses such as radioisotope cisternography 
and brain imaging have been described .24 ·25 Our method 
of preparation is based on the method published by Eck­
elman et al.26 and consists of a reaction vial to which is 
added three other ingredients. 

Formulation of Kit Reagents: 
A. Tin solution: SnCl2-2H20 . 

1. Aseptically weigh 12.5 mg of stannous chloride to a 
tared 30.0-ml vial. 

2. Add 0.25 ml of concentrated hydrochloric acid and 
dissolve the stannous chloride. 

3. Heat on hot plate for a few minutes. Let cool to 
room temperature . 

4. Dilute to 25 ml with sterile water (no preservative) 
that has been previously purged with sterile nitrogen 
gas. 

5. Pass through a 0 .22-µ Millipore filter and package 
0.5-ml portions into 10-ml sterile vials . 

6. Purge the atmosphere in the vial with sterile nitro­
gen gas and leave a positive pressure within the vial. 
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7. Label and place a two-week expiration date on the 
label. 

B. Phosphate buffer : 0.8 M NaH2P04 -H20 . 
1. Weigh out 11.04 g of N aH2P04 • H20 and place in a 

100-ml volumetric flask. 
2. Add Sterile Water, USP (no preservative) to the 

100-ml mark . Mix well. 
3. Pass the solution through a 0.22-µ Millipore filter . 
4. Package 1.0-ml portions in 1.0-ml sterile vials. 
5. Label properly . 

C. Preparation of 99mTc-HSA. 
1. Remove the positive pressure within the HSA kit 

vial with a 23-gauge needle. 
2. Add 0.1 ml of 250 mg/ ml of human serum albumin 

(salt-poor) to the HSA kit vial. 
3. Add 0.1- 2.0 ml of Na99mTc04. If 2.0 ml of Na-

99Tc04 is not used, add sufficient sodium chloride 
0.9% (no bacteriostat or preservative) in order to bring 
the total volume added up to 2.0 ml. 

4. Mix for 30 minutes on a Vortex mixer. 
5. Remove from Vortex mixer and add 0.15 ml of phos­

phate buffer. 
6. The final volume of the preparation is 2.75 ml. 
7. Assay in the dose calibrator and determine the con­

centration (mCi / ml) . 
8. Label and enter in the log book . 

D. Discussion of formulation: The precautions used in 
handling the tin solution as described in the section on 
99mTc-macroaggregated albumin above also hold true 
for this kit. Radiochemical purity, ideally, should be 
performed using Sephadex Gel Filtration in the manner 
described in the section on 99mTc-DTPA. 99mTc-HSA 
filters out immediately after the void volume and the 
99mTc04 - and Tc02 fractions filter out as described 
above . 

99mTc-1-hydroxy-ethylidene-l, 1-disodium phospho­
nate (EHDP): Bone Imaging. In April 1971, Subraman­
ian et al.27 introduced a 99mTc-Sn-tripolyphosphate for 
bone imaging procedures. This complex is characterized 
by a P-0-P bond and is labelled with technetium by 
using Sn(II) as the reducing agent. One problem that 
has been experienced clinically with this preparation is 
that the P -0-P bond is apparently broken down in vivo 
by phosphatase enzymes thus increasing the soft tissue 
uptake .28 

During 1972, condensed linear polyphosphate polymers 
were introduced for bone imaging again using Sn(II) to 
reduce the technetium .29 Soft tissue uptake is also expe­
rienced with this preparation due to the enzyme degra­
dation , as mentioned above , and depolymerization of one 
or two phosphate units per month. 

Another inorganic phosphate compound, sodium pyro­
phosphate, has been labelled with technetium-99m using 
Sn(II) as the reducing agent. This compound has been 
reported to produce skeletal images of the same quality 
as 99mTc-EHDP.30 

99mTc-EHDP is an organic phosphate characterized by 
a P-C-P bond which apparently does not undergo en­
zyme degradation. We are currently evaluating a kit for 
the preparation of 99mTc-EHDP (supplied by Proctor & 
Gamble , Cincinnati, Ohio) which employs the Sn(II) 
method of reduction .3 1 Castronovo4 and Subramanian2s 
have reported methods used to prepare this compound. 
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Conclusion 

Upon completion of a batch of kits, the radiopharma­
ceutical must be tested in an animal (e.g., rabbit) prior 
to initial clinical use. This is done routinely in our labo­
ratory on new batches of kits when the formulation is 
being developed. Once the method of kit preparation has 
been established, I find it necessary to only spot check 
routine batches. Sterility and pyrogen tests must be per­
formed prior to initial clinical use to prove that the 
methods and techniques used produce a radiopharma­
ceutical suitable for intravenous administration . The 
short shelf-life of some of the kit reagents and the short 
physical half-life of technetium-99m prevent the perfor­
mance of USP sterility and pyrogen tests prior to clinical 
use of these radiopharmaceuticals. After the initial stud­
ies during the developmental stages of a kit, these tests 
are performed post facto. 

The formulations presented in this paper are currently 
being used by our radiopharmacy with excellect clinical 
results . 
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Planning a radiopharmacy 
Tom Kawada, Walter Wolf and Stanley Seibert 

A radiopharmacy planning guide featuring operational planning as well as architectural 
planning is discussed to assist hospital pharmacists in their planning of a radiopharmacy 
either in existing construction or blueprint models. 

Operational planning factors such as "radiopharmaceutical type" and "service contribu­
tion" are discussed to show their influence on architectural planning requirements. Space 
requirements are discussed in detail and a model for an ideal radiopharmacy facility is ex­
plained. 

Key words : Pharmacy, institutional, hospital; Planning and design ; Radiopharmaceuticals; 
Radiopharmacy 

Every hospital pharmacy at some time or another will 
be faced with the task of planning a new pharmacy facil­
ity. With the current emphasis on pharmacy specialities 
such as clinical pharmacy and radiopharmacy, the key 
to avoiding early obsolescence of a " new" pharmacy fa­
cility is to incorporate space for these specialities. The 
purpose of this paper is to assist hospital pharmacists in 
their planning for a radiopharmacy either in existing fa­
cilities or blueprint models. 

A Planning Guide 

Most facilities designed for the use of radiopharma­
ceuticals must cope with the same basic problems. Pro­
tection of personnel from internal and external radiation 
exposure, elimination of interferences on radiation de­
tection systems and safe disposal of radioactive materi­
als are special problems arising because a pharmaceuti­
cal emits radiation. 1 However, all likenesses among ra­
diopharmacys end here . Before one is able to design a 
radiopharmacy, it is necessary to establish a planning 
guide. 2 This planning guide may be divided into two 
parts: operational planning and architectural planning. 
Operational planning determines current roles and pro-
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visions for future growth and change, while architectural 
planning translates these into physical space, fixtures 
and instrumentation. 

Operational planning for a radiopharmacy can be di­
vided into two major parts: radiopharmaceutical type 
and service category. Service category can be subdivided 
into three parts: 

1. Compounding service (Category 1) - radiopharmaceuti­
cals are prepared in the radiopharmacy and delivered to 
the requesting department (nuclear medicine) for stor­
age. 

2. Bulk distribution service (Category 11)-radiopharma­
ceuticals are prepared, stored and dispensed in toto as 
requested. 

3. Unit dose distribution service (Category Ill) - radio­
pharmaceuticals are prepared, stored, dispensed and 
delivered in unit dose packages (individual patients) at 
specified times. 

Radiopharmaceutical type can be subdivided into three 
types: 

1. Liquids, 
2. Powders, and 
3. Gases. 

These types may be further classified into light-sensi­
tive, volatile, cool-refrigerated and humidity control. 

Operational planning factors definitely influence ar­
chitectural planning requirements. If the radiopharmacy 
plans to provide only a compounding service for specific 
radiopharmaceuticals, a large radiochemical type labora­
tory would not be indicated. On the other hand, if the 
service functions as a unit dose distribution service, a 



larger facility to accommodate the storage of items in 
addition to increased equipment will be required. The 
space requirements depend primarily on the type of ser­
vices to be rendered, the type of radiopharmaceuticals to 
be handled and the number of personnel required to per­
form all tasks. 

Radiopharmacy Design 

With the trend toward low-energy, short-lived radi­
onuclides, facilities for compounding radio-pharmaceuti­
cals (Category I) can be as small as a 12 x 12-foot room . 
With the appropriate use of minimal shielding, back­
ground radiation can be maintained at a very low level 
and radiation exposure reduced. A small radiopharmacy 
(Category I with Type I and II radiopharmaceuticals) 
can be conservatively equipped with the following fix­
tures: 

1. Fixed workbenches (Formica or stainless top) placed 
along two walls. 

2. Foot-operated stainless steel sink. 
3. Multiple electrical outlets for both 110-V and 220-V cur­

rents from two different circuits strategically placed 
along the work bench. Two circuits will reduce over­
loading of circuitry. 

Sterile, nonradioactive solutions can be prepared in the 
main pharmacy manufacturing facility; therefore, dupli­
cation of pharmacy equipment is avoided. Equipment 
required in the radiopharmacy (Category I) include the 
following (see Figure 1): 

A. Assay 
1. Scaler and scintillation well counter 
2. Dose calibrator ionization chamber 
3. Radiation survey meter 
4. Multi-channel analyzer (optional) 

B. Quality control 
1. Microscope with 1/10 mm deep,hemocytometer (labor­

atory type) 
2. Chromatography apparatus (instant thin layer 

sandwich type) 
3. Radiochromatogram scanner (optional) 

C. Manufacturing/ compounding 
1. Laminar air flow hood (mini-bench) 
2. Electric heating element for water bath 
3. Refrigerator (under counter) 
4. Portable autoclave 
5. Centrifuge (bench model) 
6. Remote handling tongs 

D. Inventory control 
1. Record books 
2. Calculator 

The radiopharmacy will be operational only during the 
time of radiopharmaceutical compounding and prepara­
tion. After all procedures are completed, the radioactive 
materials (syringes , vials) are stored in a corner sur­
rounded by 2 x 4 x 8-inch lead bricks to physically 
decay to nonradioactive states. Since most hospitals 
have a designated area for radioactive waste disposal to 
be shared by all departments, the radiopharmacy's ra­
dioactive waste can be disposed on a daily basis if de­
sired. The daily disposal of radioactive waste to a central 
area eliminates high levels of radiation in the radiophar-
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Figure 1. Schematic drawing of Category I radiopharmacy with basic 
equipment 

D SINK! 
STORAGE c::J 0 WATERBATH CHROMATOGRAPHY 

REFRIGERATOR t 

AUTO 
CLAVE 

o~ CENTRIFUGE STERILE 
AIR 
LAMINAR 

D~ MICROSCOPE FLOW 
HOOD 

SURVEY METER 

D+- ION 
CHAMBER 

Dt- SCALER 

WELL. 0 
CALCULATOR 
DESK 

macy. The compounded radiopharmaceuticals are im­
mediately delivered in lead containers to the requesting 
department. 

If the radiopharmacy remains as a Category I, Radio­
pharmaceutical Type I and II facility, future work load 
for the department has been identified. It should be 
kept in mind that an increase in work load in the nucle­
ar medicine service does not necessarily mean an in­
crease in radiopharmacy work load. The same number 
and types of radiopharmaceuticals are prepared in ex­
actly the identical manner; only the quantity of radionu­
clide (radioactivity of radiopharmaceuticals) need be in­
creased to provide more patient doses per item. 

As the radiopharmacy expands to a bulk distribution 
service (Category II) , the physical size of the facility in­
creases. Since radioactive materials are now to be stored 
in the facility, the compounding area must be separated 
from the storage area by distance or partitioning. One 
might assume that another small room will solve this 
problem; however, it is a common mistake in planning 
to always think about additional small rooms. Too many 
"little cubicles" produce built-in inflexibility. There also 



Figure 2. Schematic drawing of Category II radiopharma cy in a single 
room 
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exists a problem in work flow. The radiopharmaceutical 
must be transferred from one room to another then back 
again. The work pattern should be as uninterrupted as 
possible. 

The radiopharmacy expansion dictates a larger room 
(900 square feet) (Figure 2) or two rooms of approxi­
mately the same dimensions (450 square feet each) (Fig­
ure 3). A small portion of the room should be reserved 
for storage of radiopharmaceuticals. Small wall storage 
cabinets can be lined with 1/8 - 1/4 -inch flat lead or lead 
cylinders Cl/4-3/s-inch) can enclose individual radiophar­
maceuticals. If cabinets are not available, a metal box 
with lead shielding (%-inch) can be placed on a sturdy 
table. The metal box should be about 18 X 30 inches in­
side dimension with a lid capable of being locked. 3 Any 
accidental spills will be confined to the metal box and 
removed from the area in toto. Those items requiring re­
frigeration can be handled in the same manner. Lead 
cylinders (1/4 -inch) around each radiopharmaceutical do 
not present a weight problem for ordinary home-type re­
frigerators. The remaining area of the radiopharmacy is 
used in the same manner as in a Category I facility. 

With the introduction of volatile and gase.ous radio­
pharmaceuticals (Radiopharmaceutical Type III) to the 
radiopharmacy drug formulary, problems of ventilation 
become of concern. Although all gases are confined in 
glass ampoules or rubber stoppered vials, the possibility 
of escaping radioactive gas should be examined. Volatile 
radiopharmaceuticals should be stored in an area where 
escaping vapors do not pose a hazard to the personnel. 
The obvious remedy to these situations is to install a 
constant flow type radiochemical fume exhaust hood ca­
pable of removing air at a rate of 500- 700 cubic feet per 
minute. Rapid removal of escaping vapors and gases and 
prevention of backflow into the radiopharmacy can be 
achieved at this air flow rate. The ventilation pattern of 
air flow in the radiopharmacy exhausts exclusively by 
way of the radiochemical hood if undisturbed by forced 
air. Air conditioners forcing air directly toward the ra­
diochemical hood have been known to create turbulence 
and interrupt air flow causing considerable backflow. 

With an increase in physical space, movable work 
benches can be used to rearrange the equipment. Instru­
ments for radiation detection and measurements can be 
relocated to an area farthest away from the "hot" stor­
age area and designated as the counting room/ area. 
Since most radiation detection systems utilize shielding 
to minimize background radiation, measurements are 
not grossly affected by extraneous low level radioactivi­
ty. However, it should be emphasized that precise mea­
suring equipment should be separated from instruments 
used in the measurement of moderate- to high-level ra­
dioactivity. For example, a sodium iodide scintillation 
detection system should not be used near an ionization 
chamber dose calibration system. Caution must be exer­
cised to limit the radioactivity level for a designated 
area and to the appropriate instrumentation . 

Up to this point, this article has discussed a radio­
pharmacy located within the main pharmacy area. Ra-
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diopharmaceuticals have been delivered or picked up by 
the various departments in shielded containers. Trans­
portation of these few items through the hospital was not 
a problem. 

As the radiopharmacy service expands to a total radio­
isotope service and a unit dose distribution service (Cat­
egory III), the radiopharmacy must be closely coordinat­
ed with the operations of the nuclear medicine depart­
ment. Although not always necessary, it is advantageous 
to have the radiopharmacy immediately next to or on 
the same floor as the nuclear medicine department. 
Such an arrangement permits easy distribution of radio­
pharmaceuticals on a scheduled basis and more impor­
tant, in nonroutine emergency situations. However, cau­
tion should be exercised in that accessibility to this area 
by patients should not be overlooked. Areas of uncon­
trolled traffic can present a problem and should be 
avoided. Since the radiopharmacy is removed from the 
central pharmacy area, it becomes necessary to identify 
the staff and the work area each member will occupy 
during a normal workday. Each individual should have 
an adequate working space and a desk for recording in­
format ion. The total physical size of the radiopharmacy 
now increases to multiple rooms to accommodate the re­
quired personnel. An ideal arrangement of space in­
cludes the following (Figure 5): 

1. Office area-administrative activities. 
2. Counting area- low-level activity for identification or 

measurement purposes. 
3. Dispensing area- equipped with a laminar air flow 

mini-bench with a protective shield. Low-energy, short­
lived materials that are most frequently used can be 
stored in the hood behind minimal shielding. Dose cali­
brator for measuring dose activity. 

4. High-level activity storage area-storage of gases and 
iodine preparations under exhaust hood. 

5. Compounding area (radioactive) . 
6. Manufacturing area (nonradioactive) . 
7. Decontamination/ safety shower. 

Note that the high-level storage area has been placed in 
an area farthest removed from the administrative office 
and dispensing area. Radioactive materials are kept 
away from areas where personnel spend most of their 
working day. Exact arrangement of the department is 
not pursued because each person has his own remodeling 
abilities. 

Planning a New Facility 

Let's suppose that we have been asked to design and 
equip a radiopharmacy for a new hospital building. 
Given only 1,200 square feet adjacent to the nuclear 
medicine department, let us theoretically design a prac­
tical model of a radiopharmacy. 

The radiopharmacy extends 40 feet down the hospital 
traffic lane and 30 feet back for a total of 1,200 square 
feet. The center of work activity is a perforated stain­
less steel dispensing counter (see A in Figure 5) approxi­
mately 6 feet long, 4 feet wide and 31h feet high. Directly 
over the dispensing counter hangs a vertical laminar air 
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Figure 4. S chematic drawing of Category III radiopharmacy; note that 
the storage area is farth est rem oved from the administrative area 
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flow hood modified with a center plastic window to di­
vide the counter lengthwise into two sections. This mod­
ification allows the use of the air system from either side 
of the dispensing counter. Clear plastic side windows ex­
tend down from the sides of the laminar flow hood to the 
dispensing counter to form a box-like structure. A lead­
shielded refrigerator (B) to the right and a lead-lined 
storage module (C) to the left of the dispensing counter 
allow for quick availability of radiopharmaceuticals from 
either side. 

A record/calculation bench (D) displays records for 
each radiopharmaceutical and permits calculation of 
doses to be done away from a radiation area. Receipt of 
radiopharmaceuticals from vendors is handled through a 
window separating the bench (D) from the check-in and 
distribution area (E). A door leading only to the distri­
bution area from the traffic lane prevents unauthorized 
persons access into the radiopharmacy. 

Counter areas (F & G) provide approximately 18 linear 
feet each for quality control equipment such as micro­
scopes, chromatography apparatus and pH meters. Be­
neath each counter are drawers for miscellaneous 
supplies and two removable trash receptacles for nonra­
dioactive materials . A bathroom sink and stall shower 
(H) are available for personnel decontamination. 

A "barrier" wall separates the dispensing area from 
the high-level activity area (1). Radioactive gases and 
oral iodine solutions are stored under a chemical exhaust 
hood (J) and also dispensed from this area. Fixed stain­
less steel counters with drawers and a stainless steel sink 
adjacent to the exhaust hood are adequate for the iodine 
preparative techniques. Elutions of short-lived radionu­
clides from radioactive generators are also handled in 
this area. 

A " hot" storage area (K) permits storage of filled ra­
dioactive gas spirometers and aerosol equipment. A 55-
gallon drum serves as a temporary radioactive waste dis­
posal bin within this area. 

An entrance (L) allows passage from one room to the 
other avoiding security problems at traffic lane doors. 
Sliding doors at entrances within the radiopharmacy 
allow more space and avoid the hazards of hinged doors 
when radioactive materials are being transported. Ex­
temporaneous preparations of nonradioactive materials 
are compounded in the manufacturing area (M) . Radio­
pharmaceuticals that require specific equipment and 
long preparation times are also prepared in this area. A 
laminar air flow hood (N) is provided for aseptic proce­
dures, and a portable autoclave and pyrogen oven are 
available for sterilization. Wall-mounted storage cabi­
nets allow for the storage of glassware and chemicals. 

The low-level counting area (0) has been located away 
from the high-level activity areas (J and K) . For mea­
surement of low-energy radionuclides (50-500 keV) a so­
dium iodide well scintillation system will adequately ac­
commodate routine counting requirements. A lithium­
drifted germanium detector sensitive to gamma radia­
tion between 10 keV and 1.5 MeV would be desirable to 
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measure very low energy radionuclides with better reso­
lution. 4 

Areas P and Q are the teaching area and technician/ 
secretary area, respectively. Since most nuclear medi­
cine departments have radioisotope technician programs, 
a generous amount of space should be used for teaching 
aids and tape cassette/film strip for individual instruc­
tion. Radiopharmacy students and technicians, nuclear 
medicine resident physicians and technicians, and phar­
macy students can rotate through the learning program 
without affecting the clinical functions of the radiophar­
macy service. 

The administration section (R) is the office for the su­
pervision of radiopharmacy services and library for the 
drug information service. An intercommunications sys­
tem within the radiopharmacy allows for conversations 
among the various rooms without having to handle a 
telephone. A separate intercommunication system allows 
for conversation between radiopharmacy and nuclear 
medicine personnel. 

The climate of the radiopharmacy is regulated by cen­
tral air conditioning in all areas. 

Lighting is with standard fixtures strategically located 
over working areas . 

Research 

In most hospitals, animal studies are not allowed in 
the same areas used for patients. Although many phar­
maceutical research projects and quality control proce­
dures require the use of test animals, the clinical envi­
ronment is not the place for such studies. Arrangements 
should be made to have a small area outside the hospital 
for research and animal holding quarters . Vivaria facili­
ties are available to most investigators upon request. 

Summary 

The steps involved in the planning and construction of 
a radiopharmacy depend upon the services offered and 
the types of radioactive materials to be handled. A sim­
ple compounding type radiopharmacy program obviously 
requires only limited equipment and physical space 
whereas a more complex operation requires a "hot" labo­
ratory with a variety of equipment. Although specific re­
quirements will vary for each facility, guidance for a 
step-by-step development of a model radiopharmacy is 
outlined. 
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Centralized radiopharmaceutical services of 
the Indiana University Medical Center 

The facilities of a centralized radiopharmacy service are described, an · the formulations 
o :!!_e routine radiopharmaceuticals prepared by the service are presente · detail. 
~~ radiopharmaceuticals discussed are sodium pertechnetate use · for cerebral imaging, 

99mTc ulfur colloid for reticuloendothelial system imaging, 99mT -macroaggregated albu­
min for . ng imaging, 99mTc-diethylenetriamenepenta acetic aci or renal imaging, 99mTc­
human se albumin for placental and blood pool imaging, nd 99mTc-l-hydroxy-ethyli­
dene-l , 1-dis ium phosphonate for bone imaging. 

Key words: For · ulations; Pertechnetate ; Pharmacy, ins tutional, hospital ; Planning· and 
design; Radiophar aceuticals; Radiopharmacy; Technet ·. m 

Radiopharmaceutical services at the Indi a Universi ­
ty Medical Center are offered by a cen alized radio­
pharmacy that supplies radiopharmac tical kits and 
radiopharmaceutical unit doses to the 
three nuclear medicine clinics. 

The current trend in Nuclear 
routine diagnostic radiopharma . 
"kit" being any combination f sterile, pyrogen-free, 
nonradioactive reagents packa ed in unit-of-use or unit 
dose type containers. In ord to prepare the needed ra ­
diopharmaceutical, one m st usually just add the ra­
dioactive ingredient and follow a simplified procedure 
using aseptic technique. 

Within the past ye , nuclear medicine has witnessed 
a plethora of comm cially available radiopharmaceuti ­
cal kit s. Even if th nuclear medicine clinic in a hospital 
relies entirely on ommercially supplied kits, the phar­
macist can exte his consultative services by advising 
the nuclear me icine physician or technologist on which 
kit is best for e particular study intended . The consul­

e pharmacist in nuclear medicine is most 

Michael P. Kavula, Jr., Pharm.D ., is a radiopharmacist and Instructor 
in Radiology at Indiana University School of Medicine, Indianapolis 
46202. 
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im rtant when one considers that radiopharmaceutical 
adve ising is not regulated as "legend" drug advertising 
is; thus, the commercial suppliers have concentrated 
their ad ertising campaigns on the nuclear medicine 
physician a d the nuclear medicine technologist, both of 
whom have had little or no pharmaceutical training. 

It is the phi osophy of our radiopharmacy service to 
rely as little as , ossible on commercial suppliers and to 
prepare most rad1 harmaceutical kits "in-house." Our 
reliance on commer 'al suppliers is in the form of clini­

anufacturers who are obtaining 
the necessary clinical da for FDA approval. 

In 1963, Briner publish an article in t he Journal de­
reparing radioactive chem­

icals for human use.1 Ten yea slater this art icle remains 
as the first paper a pharmacist hould read prior to de­
veloping a radiopharmacy service In an article entitled, 
"Radiopharmacy- The Emerging Young Speciality," 
published by Briner in 1968, 2 he de . rib es the scope of 
radiopharmacy as consisting of: (1) for ulation , (2) con­
trol, (3) research and development and (4) ,onsultation ; to 
this list can now be added the fifth cate ry of educa­
tion. 

Before a pharmacist can perform control , res 
development, consultative and educational serv1 s re­
lating to radiopharmaceuticals, an adequate and thor­
ough knowledge of the formulation of radiopharmaceuti­
cals is -necessary . It is the objective of this paper to pres­
ent, in detail, the formulations of the routine radiophar-
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A product standards form for new 
radiopharmaceuticals 
Ann Warbick 

A model form is presented for developing standards on new radiopharmaceutical prod­
ucts. 

The form is divided into the following sections: (1) pharmaceutical properties, (2) radio­
active properties, (3) pharmaceutical chemistry and (4) pharmacology. 

Key words: Forms; Radiopharmaceuticals; Standards 

The increasing involvement of the pharmacist in nu­
clear medicine demands that he conform to the changing 
trends in radiopharmaceuticals used in diagnostic pro­
cedures. The radiopharmacist must use his skill and re­
sources as a pharmacist in developing new radiopharma­
ceuticals as the need for such products arises. 

The United States Pharmacopeia and the British 
Pharmacopoeia have not yet established standards for new 
radiopharmaceuticals on the market or in the literature. 
The radiopharmacist must therefore find some way to cope 
with the problem of establishing standards for radio­
pharmaceuticals which he may develop himself. 

Standards and limitations for each new radiopharma­
ceutical should be established in a responsible and orderly 
manner. In the standards, a review should be made of the 
pharmaceutical, radioactive, chemical and pharmacolog­
ical properties of the product. In addition, standards and 
methods of determining labelling efficiency, sterility and 
apyrogenicity must be devised and maintained. 

The following outline may serve as a guideline for the 
radiopharmacist in setting up a new product standards 
form when developing a new radiopharmaceutical. 

Ann Warbick is a radiopharmacist at The Princess Margaret Hospital, 
Toronto, Canada M4X 1K9. 
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New Product Standards Form 

Note: Fill in and check the appropriate informat ion and attach data to 
substantiate. 

Radiopharmaceutical: ___________ ______ _ 

I. Pharmaceutical Properties 
Pharmaceutical Classification 
(A) Solution- (1 ) Clear, particle free 

(2) Color 
(B) Colloid- (1) Clear, particle free 

(2) Color 
(3) Particle size (a) Electron microscope 

(b) Coulter counter 
(c) Other . 

( 4) Tyndall effect 
(5) Brownian motion 

(C) Suspension-(1) Free of contaminant particulate matter 
(2) Color 
(3) Particle size (a) Light microscope 

(b) Other 
(D) Capsule- (1) Color 

(2) Appearance (a) Small amount of solid or 
solids 

(bl Empty 
(3) Content uniformity (a) Dissolution rate ___ _ 

(b) Other 
Stability 
Note: Indicate stability range where applicable. 
(A) Temperature . 
(BJ pH 
(C) Time 
(DJ Light 
(E) Effect of radiation 
Sterility 
Microbiology 

Pyrogenicity 
(1 ) USP test . 
(2) Other 



Packaging 
(A) Primary package- (1) Vial 

(2) Plastic pill container 
(B) Secondary package-(1) Lead container 
Storage 
(A) Room temperature 
(B) Refrigerate . 
( C) Presence of light 
(D) Other 
Container Labelling 
Note: Indicate the following that are applicable . 
(A) Solut ion ; Injection ; Capsule 
(B) Date . 
(C) Activity 
(D) Specific activity 
(E) "Caution Radioactive" label 
(F) Appropriate dispensing label (1) " Shake well" . 

(2) "Refrigerate" 
(G) Other 

II. Radioactive Properties 
Radionuclide 
(A) Physical half-life 
(B) Energy 
(C) Production-(1) Fission 

(2) Fusion 
(3) Reactor (indicate reaction)• . 
(4) Generator (indicate manufacturer) 

(D) Radioactive contaminants 

Ill. Pharmaceutical Chemistry 
Preparation 
(A) Reagents (indicate strength) (l) _____ ________ _ 

(2), ___________ _ 

(3) ___________ _ 
(4) ____ ________ _ 

(5)~-----------
(6) ___________ _ 
(?), ___________ _ 
(8) ___________ _ 

(B) Equipment (l), __________________ _ 
(2) ________ _________ _ 
(3) ________________ _ 
(4) _________________ _ 
(5) _________________ _ 

(6) ________________ _ 
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(?) ________________ _ 

(8) ________________ _ 

Method 
Carrier 
Concentration (if a constant) 
Labelling Efficiency 
(A) Chromatography (1) Solvent,. 

(B) Electrophoresis 
(C) Other 

IV Pharmacology 
Indication 

Mechanism 

(2) ITLP type or other 
(3) Running time 
(4) rf. (a) Radiopharmaceutical 

(b) Free isotope 

(A) Hypothesis----------------- ---­
(B) Organ distribution data (animal studies) 

(1) Radiopharmaceutical 
(2) Reagents or stabilizers 

(C) Biological half-life 
(D) Effective half-life 
(E) Route of excretion 
Toxicology 
Toxic dose (1) Radiopharmaceutical 

(2) Reagents or stab ilizers (a) ____ _ 
(b) ___ _ 

(c) ___ _ 

(d) ___ _ 

Adverse Effects (Inclu.de possible effects of reagents or stabilizers) 
(A) Allergic manifestations (l) ________________ _ 

(B) Other 
Contraindications 
(A) Pregnancy 
(B) Less than 18 years old 
(C) Other 
Dosage 
(A) Adult 
(B) Child 

(2), ______ _______ _ 

(3) ____________ _ 
(4) _____________ _ 

(5) _____________ _ 
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Secretary of the Commission 
U.S. Atomic Energy Commission 
Washington, D.C. 20545 

Attention: Chief, Public Proceedings Branch 

Dear Sir: 

On January 21, 1974, the Atomic Energy Commission published 
proposed rulemaking at 39 Federal Register 2384, concerning 
Group Licensing for Certain Medical Uses. This proposal 
would amend certain provisions of Title 10, Code of Federal 
Regulations. The American Society of Hospital Pharmacists 
has reviewed the proposal and wishes to comment on it. 

ASHP is the national specialty organization of over 
10,000 pharmacists practicing in hospitals and related 
institutions in this country. A significant number of our 
members practice in the field of radiopharmacy and have 
contributed to patient care and research in this specialty. 
Because radiopharmacy practitioners are essential members 
of the nuclear -medicine team, we believe that the AEC 
should specifically recognize their activities and responsibilities 
within the agency regulations. In this regard, your attention 
is directed to the attached discussion of these issues 
presented in our comments on proposed rulemaking for 10 CFR 
Part 135, published at 38 Federal Register 6399, March 9, 
1973. 

In the rulemaking presently under consideration, §35.14(a) (3) 
establishes one of several conditions which must be met for 
approval of a special license application. As written, this 
section does not acknowledge that pharmacists have a primary 
responsibility in the preparation of radioactive material 
and training of technical personnel. 

The national specialty society of pharmacists practicing in hospitals and rela ted institutions 
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Therefore, we recommend that the section be amended to 
read: 

(3) The applicant or the physicians, 
pharmacists, technologists, radio­
logical safety personnel and other 
paramedical personnel who will use 
the byproduct material have adequate 
training and experience in the 
handling of radioactive material 
appropriate to the uses included 
in the group or groups; (new 
language underlined) 

Amending the proposal in the foregoing manner would accomplish 
two important objectives. It would recognize that pharmacy 
practitioners share primary responsibility for the safe and 
effective use of radiopharmaceuticals as with all other 
drugs. Secondly, the amended language would be in alignment 
with the changes previously suggested by ASHP for Conditions 
of Licenses for Medical Use of Radioisotopes at 10 CFR 
3 5 . 3 2 ( c ) and ( d ) . 

The Atomic Energy Commission has developed a comprehensive 
proposal for group licensing for certain medical uses. The 
regulations discuss storage, labeling, dosages and formula­
tions of radioactive materials, among others. We believe 
the effective implementation of these . criteria demands 
supervisory, quality control and radiochemistry methodology 
experience within the licensed group. Radiopharmacy educators 
and practitioners have advised ASHP that such standards are 
difficult to maintain when program responsibility is divided 
among various disciplines and technological specialties. On 
the other hand, it is possible to achieve optimum standards 
through the direction, supervision and activities of radio­
pharmacy services. While we realize that not every nuclear 
medicine activity has the capability to employ a full-time 
radiopharmacist on its staff, it is still reasonable to 
encourage the development of radiopharmacy services within the 
AEC regulatory framework. 

To illustrate the continuing interest of health care institu­
tions and pharmacists in radiopharmacy facilities and 
procedures, we have attached copies of three recent articles 
from the American Journal of Hospital Pharmacy, the official 
publication of ASHP. Attached for your review are: Kawada, 
T., Wolf, W. and Seibert, S., Planning a Radiopharmacy, 
Amer.J.Hosp.Pharm., 31:153-157 (Feb) 1974; Kavula, M.P., Jr., 
Centralized Radiopharmaceutical Services of the Indiana 
University Medical Center, Ibid.: 158-164; Warbick, A., 
A Product Standards Form for New Radiopharmaceuticals, Ibid.: 
165-166. 
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The modifications suggested in §35.14(a) (3) would be an 
appropriate recognition of pharmacy practice in nuclear 
medicine. Such changes would stimulate potential and 
current utilization of pharmacy services in this area. 
We appreciate the opportunity to provide the AEC with our 
views and would be pleased to meet and discuss the matter 
further. 

Carl T. DeMarco, J.D. 
General Counsel 

CTDM/ni 
Attachments 
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DEPARTMENT OF RADIOLOGY 

DIVISION OF NUCLEAR MEDICINE 
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Secretary of the Commission 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

4 March 1974 

Attention: Chief, Public Proceeding Staff 
Ref.: FR Doc. 74-1678, 10 CFR Parts 31, 32, and 35 

Dear Sir: 

DOCKETED 
USe\EC 

I wish to comment on two portions of the Notice of Proposed Rulemaking published 
by the Commission in the Federal Register, Volume 39, No, 14, 21 January 1974, 
pages 2384-2388, which relates to Group Licensing for Certain Medical Uses. 

The first of these comments relates to 35.14 (b) (7), page 2386, in which the 
requirement is stated that patients containing more than 8 millicuries of iodine 
131 for the treatment of thyroid carcinoma shall be hospitalized, When contrasted 
with the current limit of 30 millicuries, it is quite obvious that it will incur 
considerable extra hospitalization expenses for patients undergoing this type of 
therapy, should this lower limit be codified. Indeed, when one considers the 7,2 
day effective half-life for this radionuclide, the additional expense may approach 
$1000.00 or more, just to reduce the body burden from the currently acceptable limit 
of 30 mCi to the suggested limit of 8 mCi --- at a time when other instrumentalities 
of the U.S. Government are imposing controls to reduce the costs of health care 
delivery. The fact that the suggested limit of 8 mCi is the most restrictive value 
to be found in NCRP Report No. 37 (Table 4, p, 18) makes it appear to be an even 
more arbitrary requirement, since under certain circumstances, up to 80 mCi of 
iodine 131 is permitted by this same Report at the time of release of the patient 
from a hospital. Since, to my knowledge, there has been no demonstrable harm which 
has resulted from the use of the currently permissible 30 mCi body burden of iodine 
131 on the day of discharge from the hospital, it is recommended that the 30 mCi 
limit continue to be permitted in the new regulations when finally codified. 

My second comment concerns 35. 14 (d), page 2386, which imposes an unnecessarily low 
limit on licensees with regard to the radioactivity contained in calibration stand­
ards, particularly those with half-lives longer than 7 days (a 200 microcurie limit 
is suggested). It is a rather questionable philosophy that assumes that a licensee 
is capable of handling activity levels several orders of magnitude larger than this 
200 microcurie level when the licensee administers radionuclides to patients for 
therapeutic or diagnostic purposes, but infers that he loses that capability when 
handling calibration standards of usable activity levels. In addition, the Proposed 
Rule fails to take cognizance of the fact that calibration standards, including 
phantoms for imaging systems, may be obtained as essentially sealed sources, reducing 
even further the probability of contaminating incidents. It is therefore strongly 
suggested that the opinions of the AEC Advisory Committee on Medical Uses of Isotopes 
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(continued) 

and other AEC consultants be obtained regarding eractical limits on radioactivity 
to be contained in calibration standards prior to codification of this section. 
The Commission's effort to facilitate the procurement, possession, and use of 
calibration standards in this Proposed Rule is laudable. However, practical limits 
must be set, if the intent of this Rule --- that is, the proper calibration of 
instruments --- is to be realized. 

The remainder of the Proposed Rule is satisfactory as written and represents a 
desirable approach to simplifying the licensing procedure without sacrifice of 
appropriate control. 

Sincerely, 

W.1-~ 
William H. Briner 
Captain, USPHS, (Ret.) 
Assistant Professor of Radiology 
Director, Section on Radiopharmacy 
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~-:1:J_'f~ 
Secretary of the Commission 
U.S. Atomic Energy Commission 
Washington, D.C. 20545 

Attention: Chief, Public Proceedings Staff 

Dear Sirs: 

These comments are submitted for your consideration 
in connection with the proposed amendments to rules 
of Title 10 Code of Federal Regulations part 35 -
in particular Section ~ 35.14 (b)(7) as published 
on page 2386 of the Federal Register, Vol. 39, 
No. 14 - Monday, January 21, 1974. 

§ 35.14 (b)(7) reads "For Group IV, any licensee 
who possesses and uses radiopharmaceuticals for 
therapy shall assure that patients containing 
more than 8 millicuries of iodine 131 for treat­
ment of thyroid carcinoma or patients containing 
more than 23 millicuries of gold 198 shall be 
hospitalized." 

My first concern is to ask if the figure of 
8 millicuries is what is truly intended, or may 
it be a typographical error? Most nuclear 
medicine practitioners probably would agree 
that 8 millicuries is a very modest dose that 
should not require hospitalization. 80 milli­
curies or even 50 millicuries probably should 
be a level at which hospitalization should take 
place, but not 8 millicuries. 

Hospitalization for such small doses would add 
considerably to cost of therapy. Such cases 
require private rooms which cost in the neighbor­
hood of $100 per day. 

How long should hospitalization continue? For 
as long as the patient ~ontains" more than 8 milli­
curies? 

Adequate sequestration of the radioiodine treated 
patient in the home cuts down on unnecessary 
radiation exposure to nursing personnel, a potentially 
recurrent problem. At the same time this management 
keeps to a minimum radiation exposure to the family 

P.O. Box 1245 / Berkley, Michigan 48072 
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which is usually a one time occurrence. 

The paragraph specifies the limit of radioiodine 
for treatment of thyroid carcinoma. Such cases 
usually have a low uptake and retention of radio­
iodine and consequently excrete most of the treat­
ment dose in the first 48 hours leaving little 
residual radioiodine in them to produce a radiation 
health hazard for other persons. 

It seems that these regulations will work a 
financial burden on patients and insurors. We 
urge that you consider either less stringent 
limits or allow an acceptable alternative such 
as sequestration of the patient at home. 

7;::_~~?~ 
Oscar M. Powell, M.D. 
President 
3135 Webster Street 
Oakland, CA 94609 

OMP:rp 
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Secretary of the Commission 
U. S. Atomic Energy Commission 
Washington, D.C. 20545 

Attention: Chief, Public Proceedings Staff. 

Dear Sir: 

DOCKETED 
tJ~,EC 

The following connnents, relating to the proposed amendments to 10 CFR Parts 31, 
32 and 35, entitled "Group Licensing for Certain Medical Uses," dated January 15, 
1974, are submitted for consideration: 

1. The proposed amendment, as presented, should be rejected because of the 
inclusion of Groups IV and V, which establishes group licensure for the 
therapeutic use of radioactive materials. Primary considerations for 
this rejection, as noted in my letter of November 1, 1973, are (a) the 
large and varying therapeutic doses used, (b) the physician's qualifica­
tions for each procedure, (c) specialized procedures peculiar to therapy, 
and, (d) possible inclusion, by precedence, of non-agreement materials 
in the Group License of Agreement States. 

2. To insure compliance with the Regulations, the Department should have 
the opportunity to review the proposed dose schedule, the physician's 
qualification for each type of therapy, and the special procedures and 
nursing instructions peculiar to the specific therapeutic procedure. 
Under the proposed amendment, the individual review of each of these 
factors may not be possible; therefore, what administrative actions 
will be initiated to exclude a therapeutic procedure from the Group, 
based on a physician's lack of qualifications and/or equipment? 

3. Please refer to the proposed Section 35.14, paragraph (a) (3). The 
inclusion of this requirement may be premature because the term "use" 
is questionable as it relates to the human use of radiopharmaceuticals 
by technologists, radiological safety personnel and other paramedical 
personnel. Additionally, has criteria been developed to evaluate the 
adequacy of the training and experience of technologists, radiological 
safety personnel and other paramedical personnel? 

Continued ••••• 
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Secretary of the Commission USAEC 
Attn.: Chief, Public Proceedings Staff. 

-2- March 1, 197 4 

4. Under the proposed amendment, will it be necessary for non-agreement 
materials to be included in Group Vin Agreement States programs? 

Thank you for the opportunity to comment on this proposed amendment. 

s, 

e ir., Director 
n of Radiological Health 
of Environmental Health Services 

DDSjr:ef 
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Secretary of the Commission 
U.S. Atomic Energy Commission 
Washington, D.C. 20545 

ATTN: Chief, Public Proceedings Staff 

Dear Sir: 

February 26, 1974 

DOCH TED 
US!AfU 

MAR 5 1974r> 
Gtrtn Bl :llr. zem:tary 

p,,;;;::. ;:;r,:;· ·.1!ings 

We wholeheartedly concur with your proposal to streamline 
licensing procedures by Amending 10CFR31, 32 and 35 to allow 
Group Licensing for certain Medical Uses ( Federal Register, 
January 21, 1974). 

Specific comments are as follows: 

1. The six month periodic leak test requirements 
(35.14 (b) (8) (i)) may be too frequent for the 
3M-Cesium-137 ceramic microspheres encased in 
needles and applicator cells. 

2. The quarterly physical inventory should be in addition 
to a "use-logbook" for recording each withdrawal and 
replacement to storage. 

3. Par. 35,100 (a) Group I should include Cobalt-57 
labeled cyanocobalamin and (12) should be Cobalt 60-----

4. Par. 35.100 (e) Group V add Iodine 125 as sealed 
sources for interstitial therapy of cancer, 

'rhank you for this opportunity to comment on a worthwhile proposal. 

FWW/naz 

Sincerely, 

~JWlwlfi/J 
Floyd W. Wil c:J -
Certified Radiation Physicist 
Certified Health Physicist 
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DAVID C. LOWRY, M.D. 

HAVEN W . MANKIN, M.D. 

JOYCE EISENBRAUN, M .D . 

JOHN D . BUSH , M .D . 

DAVID G. ROGERS, M .D . 

DOCKETED 
~c 

Secretary of Commission MAR 5 1974 
U.S. Atomic Energy Connnission 
Washington D.C. 20545 

Attention: Chief Proceedings Staff 

Dear Sirs: 

Re: January 21 release 
Human Use Groups 

Thank you for your recent publication noting the 
proposed changes in license procedure, 

I heartly agree with the proprosed change. This will 
eliminate many unnecessary man hours on the part of the 
physicians and physicists as well as the A.E.C. 

Sincerely, 

DCL:jd 



WINFIELD DUNN 
GOVER NOR 

Eugene W. Fowinkle, M.D, M.P.H. 
Commissioner 
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STATE OF TENNESS E E 

DEPARTMENT OF PUBLIC HEAL TH 

NASHVI L LE 37219 

February 22, 1974 

J_ ... 5 ... ,'L~ ____ ..... _____ . -~ 

Secretary of the Commission 
U.S. Atomic Energy Commission 
Washington, D.C. 20545 

ATTENTION: Chief, Public Proceedings Staff 

Gentlemen: 

A review has been made of the proposed amendments to Parts 
31, 32, and 35 of AEC regulations concerning 1~roup licensing of 
certain medical use of radioisotopes" which were published in 
the Federal Register on January 21, 1974. 

The proposed amendments appear to be a continuation of an 
approach to licensing initiated by the AEC some years ago. At 
that time, we, as an agreement state, did not believe such an ap­
proach an acceptable method for licensing medical uses of radio­
active materials in this State and, therefore, did not include 
"group" licensing for medical use in our Regulations. It appears 
that expansion of the group licensing concept could result in very 
little benefit and possible deleterious effect to our licensing 
program for medical uses of radioactive materials; therefore, we 
are not planning to incorporate such a concept in our Regulations. 

We appreciate the opportunity afforded us to review and com­
ment on your proposal. 

RHW:CPW:mf 

Wolle 
Director 
Division of Occupational and 

Radiological Health 
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February 25, 1974 

Gordon M. Grant 
Acting Secretary of the Commission 
United States Atomic Energy Commission 
Washington, D.C. 20545 

REFERENCE: FR Doc. 74-1678, Filed 1-18-74; 8:45 am 

Dear Mr. Grant: 

I n response to requests for comments concerning notice of proposed 
rule making : Group Licensing for Certain Medical Uses, 10 CFR Parts 
31, 32 and 35, we encourage the proposed amendments to expand 
licensing of g roups of medical uses of byproduct material; the speci­
fication of licensing requirements for the distribution of byproduct 
material licenses to such licensees, and the addition of new byproduct 
materials to general license s for certain in vitro clinical and 
laboratory testing. 

I n our view, the proposes rules would enhance the AEC regulatory 
program and assist user understanding of the AEC-FDA relationship. 

We urge t hat the Commission consider strengthening 35.14, items 1, 2, 
3, 4 and 5 by development of specific education criteria t o be met 
by physicians, technologists , radiological safety personnel, and other 
para-medical personnel. The physicia n educational protocol could follow 
that which is required for American Board of Nuclear Medicine eligi­
bility; and for the technologists - that proposed and published in the 
Federal Register of March 9, 1973. 

What is the disposition of the proposed rules published on March 9, 
1973, amending 10 CFR Part 35? 

Sinc-erely, 

l>~~~~ 
Ray W. Dielman 
President 

RWD ~rm 

6600 WEST COLLEGE DRIVE 

Aoknowiedged 

• PALOS HEIGHTS, ILLINOIS 60463 • (312) 388-5800 



,/ 

3mUJl:'(::::,sv 
G E N ER A L OFFICE S, 3M CEN TE R• S A INT P A UL, MINNESO T A 55101 • TEL. (61 2l 7 3 3-11 10 

NUCLEAR PRODUCTS FOR MED1l. l NE • 3M COMPANY 

BUILDIN G 209- B S • 3M C ENTER• SA INT PA UL , MINNE S OT A 55 1 01 

March 1, 1974 

T E L . (612) 733-7 4 5 4 

Acknowi~~lged -~::2.:_l'L~ 
- -·- -

Mr. Gordon M. Grant 
Activity Secretary of the Corrunission 
U.S. Atomic Energy Corrunission 
Washington, D.C. 20545 

Attention: Chief Public Proceedings 

Dear Sir: 

DOCKETED 
USlal 

MAR 5 1974• 

This letter is in response to the proposed amendments to 
Parts 31, 32 and 35 of AEC Regulations. In general, we 
find the proposed regulations acceptable and desirable, 
but feel very strongly that the following points should 
be considered and the regulations amended accordingly: 

1. Section 35.14 (Paragraph b-4) 

This paragraph requires a licensee using an 
investigational new drug for which an IND has 
been filed with the FDA to also register with 
the AEC. The stated purpose is to identify 
the drug, its use, the supplier and to certify 
compliance with FDA requirements. This paragraph 
amounts to dual regulation of investigational 
new drugs by the AEC and FDA. It would increase 
the amount of forms required and also delay the 
investigation while the AEC waited for confirma­
tion by the FDA that the investigator has been 
accepted as qualified. 

The FDA requires all of the information requested 
b y the AEC on form AEC , and the FDA is 
quite capable of assuring that FDA requirements 
are complied with. It is redundant and inefficient 
for the AEC to require the same information as the 
FDA as well as to be responsible for enforcing 
FDA regulations. 

ffllNNESDTA ffllNING AND fflANUFACTURING CDfflPANY 



Gordon M. \.J £ant 
AEC 

-2- March 1, 19 :Z 4 

2. Section 35.14 (Paragraph b-8i) 

This paragraph states that all radioactive 
devices containing more than 100 microcuries 
of by-product material with a half life greater 
than 30 days be tested for leakage every six 
months. 

This requirement is not needed for all devices. 
This paragraph should be amended to state that 
devices should be tested for leakage or con­
tamination at intervals not to exceed 6 months 
unless the manufacturer has submitted adequate 
evidence to the AEC that a longer test period 
is acceptable. We would like to point out that 
we have supported, and the AEC has allowed, a 
longer test period for some of our sources. To 
unnecessarily require a shorter test period for 
all devices would be costly, unwarrented and 
inefficient. 

3. Section 32.74 (Paragraph b-4) 

This paragraph requires the applicant to furnish 
the radiation profile around a prototype device. 
The requirements of this paragraph are extremely 
vague. It is not clear as to whether th i s would 
pertain to individual radiation sources used in 
radiation therapy or to assembled applicators 
(which are after-loaded in an almost infinite 
variety of source loadings and geometries) - or 
both. It may be reasonable to request this in­
formation for individual sources. This in­
formation for the applicators, however, would be 
impossible for anyone to provide. 

In addition, if this information is required for 
the safety of the general public for Cs-137 and 
Co-60 sources, it is also imperative that radium 
sources should meet all of the requirements 
listed in the entire section 35. 74. Otherwise this could 
cause manufacturers to switch to radium for 
entirely the wrong reasons. 

Since we feel very strongly on these points, I would welcome 
a chance to discuss them with you. Please contact me if any 
clairfication or further elaboration is needed. 

TFB/ss 

T. F. Bolles, Manager 
Nuclear Medical Laboratory 
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R. G. Lane, Ph.D. 
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Secretary of the Conunission 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

Attention: Chief Public Proceedings Staff 

Dear Sirs: 

M. P. Siedband, M.S. , P.E . 
J. R. Tesmer , Ph.D . 
R. P. Torti , Ph .D. 
D . D. Tolbert, Ph.D. 
K. L. Watkin, Ph .D. 
C.R . Wilson, Ph.D. 
J . A. Zagzebski , Ph.D. 

I would like to comment on the proposed amendments to parts 31, 
32 and 35 of AtC regulations, specifically section 35.1 4-7. In the 
proposed change you require that any patient containing more than 8mCi 
of Il31 shall be hospitalized. We believe this is unnecessarily restrictive 
and will increase the hospitalization costs for patients with no significant 
benefit to the public, 

It is clear that 8mCi Il31 will give an integrated exposure of 0,5 R 
at 1 meter during total decay. However, if one assumes that general 
exposure to the patient is no more than 8 hours daily for 7 days a week 
than the initial allowed activity could be increased to 24 mCi. Although 
the exposure in some isolated conditions may be for more than 8 hours 
daily it would be unlikely that the distance would be as close as 1 meter 
for all of this time. Thus we believe that the proposed restriction in 
35.14-7 should be relaxed. 

If 30 to 40 mCi of Il31 is given for hyperthyroidism the proposed 
requirement will require an extra 10 to 20 days of hospitalization to 
reduce the concentration to 8 mCi. At an average cost of $100 per day 
this would add at least an extra $1,000 per patient for hospitalization 
cost. In our opinion the slight reduction in radiation exposure to a 
limited number of people is not worth the added hospital cost. 



.,,. .,,, . 

. .; 

- 2 -

One alternative which should be considered is to add a qualifying 
sentence which says that the concentration of I131 in patients discharged 
from the hospital shall give an integrated exposure of less that 0.5 R 
during total decay for persons likely to be in contact with the patient. 
Alternately the limit chould be raised to a value of 20 to 30 mCi. 

Thank you for the opportunity to provide these connnents. 

CAK:mw 

cc: Robert Radtke 

Charles A. Kelsey, Ph.D., Chairman 
University of Wisconsin Radiation 
Safety Committee 
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Secretary of the Commission 
U.S. Atomic Energy Cormnission 
Washington, D.C. 20545 

February 26, 1974 

ATTENTION: Chief, Public Proceedings Staff 

Gentlemen: 

Please accept the following comments on your "Notice of Proposed 
Rulemaking" related to 10 CFR Parts 31, 32, and 35 as published in the 
Federal Register, Vol. 39, No. 14 on January 21, 1974. 

1. Although the proposed group licensing is good in principle, there 
is enough disparity between items within some of the groups to 
cause an increase in the licensing workload rather than the in­
tended decrease. For example: 
a) The inclusion of Xenon-133 in Groups I and II would require 

either (1) that each application for any item in either of 
those groups be evaluated to determine that adequate room 
size, ventilation, and exhaust-stack location are available 
to properly dissipate the maximum feasible spill of Xe - 133, 
or else (2) that the resulting license include a condition 
excepting that nuclide from the authorized usage of those 
groups. 

b) Similarly, an applicant for any radiopharmaceutical in Group 
II would have to (1) possess a nuclear camera for use of Tc-99m 
as pertechnetate for placenta localization and make the usual 
preprequisite statements about placenta localization with Tc - 99m 
as pertechnetate and with I-131 (IHSA), or else (2) those 
usages would have to be excepted by condition of licensure . 

c) Similarly, the diagnostic use of sealed sources of Am- 241 
or I-125 in Group V would be restricted to physicians qualified 
to do cancer therapy with sealed sources of Co-60, Au -198, 
or Ir-192 and to do treatment of superficial eye conditions 
with Sr-90, unless a restrictive condition were added to the 
license for each usage for which the applicant was unqualified. 
That is , the reviewer would have to consider the qualifications 
for each item in the group instead of perhaps two or three 
actually needed. 
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2. The registration requirement for IND investigators is good in 
theory, but our attempts in Colorado to get FDA confirmation of 
IND investigators have not functioned. Only one Colorado investi­
gator for one radiopharmaceutical, to our knowledge, has been con­
firmed as an IND investigator by the FDA, and that information 
was made available several weeks after the investigation . was auth­
orized on the basis of our Medical Advisory Committee review. We 
have had to burden our Medical Advisory Committee with many non­
routine protocols because of our inability to get timely FDA con­
firmation. 

3. We have not seen evidence that the Food and Drug Administration 
is prepared and willing to accept the additional responsibilities 
that the promulgation of this proposed rule would place upon it. 
Although we encourage any changes that will restrict the cognizant 
area of our licensing staff to the health physics aspects of the 
licensees' programs, we would caution against excessive haste in 
the changes. 

4. If the propsed rule is to be promulgated, we reconunend addition 
of provisions (a) to limit the maximum quantities ofradiopharma­
ceuticals and sealed sources contained in each group and (b) to 
require the users of radiopharmaceuticals, generators, kits, and 
sealed sources to follow the procedures recommended by the res­
pective manufacturers unless exceptions are granted by license 
conditions. 

5. It is obvious that proliferation of radioactive materials in 
medical offices and institutions will result from promulga-
tion of this rule and will increase the workload of our compli­
ance personnel. This may not be conducive to compliance with the 
conunents of the GAO on control over medical licensees unless more 
manpowercan be made available. 

Sincerely, 

.1.- '~~ 
Iv' Assistant Director 

AJH/ljw 
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February 25, 1974 

Gordon M. Grant 
Acting Secretary of the Commission, 
Atomic Energy Commission 
Washington, D.C. 20545 

Dear Mr. Grant: 

I am writing you in response to the proposed rule 
changes published by the Atomic Energy Commission 
in the Federal Register, Vol. 39, No. 14 on Monday, 
January 21, 1974. This has to do with proposed 
changes in relation to group licensing for certain 
medical uses (10, CFR, Parts 31, 32 and 35.) 

I would like to comment on changes proposed under 
Section 35.14 of 10 CFR, Part 35 as published under 
Paragraph 7 on page 2385 of the Federal Register. As 
proposed No. 7 states that for group IV (prepared 
radiopharmaceuticals for therapy) any licensee who 
possesses and uses radiopharmaceuticals for therapy 
shall assure that patients containing more than 8 
millicuries of 1311 for the treatment of thyroid 
carcinoma shall be hospitalized. 

At the present time the AEC does not require hospital­
ization unless an amount of 30 millicuries of radio­
active 1311 is contained within the body. This 
proposed change reducing the amount to 8 millicuries 
would produce an inordinate hardship on patients with 
thyroid carcinoma since it could greatly prolong the i r 
hospital stay. These patients frequently receive in 
excess of 100 millicuries of radioiodine as a thera­
putic dose. In the usual case, a 48 to 72-hour 
period of hospitalization is required to get body 
levels down to 30 millicuries. This hospitalization 
is generally only for custodial care and supervision 
of the radioactive disposal, and it is usually very 
costly. If the body level required for discharge 
from the hospital was reduced to 8 millicuries, this 
would require on the average 2 to 3 additional days 
of hospitalization. The terminal portion of the excre­
tion rate is considerably slower than the initial 
portion and it is this last amount that is usually 
fixed in active tumor and is released from the body 
slowest of all. In certain instances, extremely 
prolonged (an unnecessary) hospitalization in excess 
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of a week would be required to comply with this regulation. 

I see no basis for this change and would strongly object to 
it primarily because of the tremendous increase cost burden 
for patients with cancer who are already burdened with an 
expensive medical care program. I see no reason to imple­
ment the change in the interest of public health and safety 
since these individuals can be carefully instructed and 
usually are exposed to very limited numbers of individuals 
during post-treatment period. 

Moreover, I see no reason to make a distinction between 
those patients with thyroid carcinoma and those patients 
who may be receiving radioiodine therapy for hyperthyroidism 
for example. Thus the rule of change proposed is discrim­
inatory against cancer patients . 

I trust you will take these remarks under careful consider­
ation. If you have any questions, I would be happy to dis ­
cuss this with you personally. My telephone number is 
(206) 543-3538. 

Most sincerely , 

\ , J LL '(s . Ne.lyz.-
Wil B. Nelp, M.D. 
President 

WBN:mo 

Dictated by Dr. Nelp but signed in his absence. 

cc: Richard E. Cunningham, Assistant Deputy Director for 
Fuels and Materials, 
Director of Licensing , AEC 

Dixy Lee Ray, Ph.D., Chairman, Atomic Energy Commission 
Senator Henry M. Jackson 
Senator Warren G. Magnuson 
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DEPARTMENT OF RADIOLOGY 

DIVISION OF NUCLEAR MEDICINE 

Mr . Gordon M. Grant 
Acting Secretary 
U. S. Atomic Energy Commission 
German Town, Maryland 
February 25, 1974 

Dear Mr . Grant: 

;l)ulte ~niuersitii JNebical CIJ:enter 

DU RH A M , NORTH CAROL INA 

Re: Proposed rule changes 

~~.@!wie_aie~ -

I am writing in response to the proposed rules changes regarding uses 
of radioisotopes which appeared in the Federal Register, January 21, 1974 . 
My comments are in regard to the amendment 35 . 14, Section (b), Item #7 
which ireads as follows: 11 For Group IV, any licensee who possesses and uses 
radiopharmaceuticals for therapy shall assu r e that patients containing more 
than 8 millicuries of iodine-131 for treatment of thyroid carcinoma or 
patients containing more than 23 millicuries of gold-198 shall be hospitalized. 11 

As a practicing nuclear medicine physician, I must protest the truly 
unnecessary restrictions placed on the management of thyroid carcinoma patients 
imposed by the 8 millicuries iodine-131 restriction noted above . The present 
limit of 30 millicuries is restrictive enough and has resulted in additional 
financial hardship to patients with thyroid cancer . To lower this limit to 8 
millicuries will add a minimum of 2 and possibly 3 days to the presently 
required 3 to 4 days of hospitalization of thyroid cancer patients receiving 
I-131 therapy . At present average hospital day costs of $100 . 00, the added 
burden of $300 . 00 to $400 . 00 is truly excessive . 

•-If S·millicuries I-131 truly represents a radiation hazard to the general 
population, it certainly should not be applied only to the relatively small 
number of thyroid cancer patients, but also to the infinitely larger group of 
hyperthyroid patients . 

In summary I feel that the 8 millicuries I-131 amendment to current regulations 
is arbitrary, discriminatory, unnecessary, and will place an undue hardship 
on the families of thyroid cancer patients . 

-s~;JJ} btli) 
~ - Wendell Tyson, !'ho. 

~ ~ ivision of Nuclear Med i cine 
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Secretary of Commission 
U.S. Atomic Energy Commission 
Washington, D.C. 20545 

WALTER H. GARY, M. D. 

ATTENTION: Chief, Public Proceedings Staff 

Dear Sir: A~kµowit~gscl ----~ 

With reference to the proposed amendments Parts 31, 32 and 
35 of AEC regulations as published January 21, 1974, may I 
draw attention and request revision of Section 35.100, 
Group IV, Subscript 7 which states "For Group IV any licensee 
who possesses and uses radiopharmaceuticals for therapy shall 
assure that patients containing more than 8 millicuries of 
Iodine 131 for the treatment of thyroid carcinoma or patients 
containing more than 23 millicuries of Gold 198 shall be 
hospitalized." 

While this specifically refers to the treatment of thyroid 
carcinoma, there are cases of thyrotoxicosis or hyper-thyroid­
ism which necessitate a calculated measured initial dose of 
radioactive Iodine 131 that is greater than 8 millicuries. 
rt has not been our experience that a dosage greater than 
10 millicuries has been required as the initial dose. rt 
is therefore suggested that this regulation be changed to 
read "more than 10 millicuries of Iodine 131". As the 
regulation is now stated, it would seem that even though 
we are treating a benign condition as an out-patient, should 
the dosage be greater than 8 millicuries, we would have to 
hospitalize. 

Respectively, 

A. Paul Compton, M.D. 

APC:mt 
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Pr11c1ice UmiJed To 
Internal Medicine 
Nuclear Medicine 

Mr. Gordon M. Grant 
Acting Secretary of the Commission 
United States Atomic Energy Commission 
Germantown, Maryland 20767 

Dear Mr. Grant, 

744-8822 " ~~..a.~ 
February 25, 1974 

DOCKETED 
~ 

I am writing this letter to protest 35.14 (b) Section 7, Page 2385 of the Federal Register which 
will require hospitalization of patients treated for thyroid cancer until the body burden is 
8 millicuries or less of 1-131 instead of 30 millicuries as previously required. 

This, in my opinion, would create a hardship on people who are treated for Ca of the thyroid. 
It also wou ld create -' a hardship for the hospitals involved. I would like to see this paragraph 
deleted. If this cannot be done, at least it should be discussed by the Medical Advisory 
Board of the Atomic Energy Commission, which I understand has not qeen done. 

Sincerely yours, 

fl '~ 
Cttff ·~m, Jr. , M • D • , P. r. 

CR/jrb 
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February 21, 1974 

Secretary 
U. S. Atomic Energy Commission 
Washington, D. C. 

ATTENTION: Chief, Public Proceedings Staff 

Dear Sir: 

,,,,11£1 
•• 

FEB 261974• 
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,-C PIii I P .... 
Reference is made to the January 21 publication of proposed amendments to 
10 CFR Parts 31, 32 and 35, dealing with group licensing for certain medical 
uses of radioisotopes. The following comment is submitted by the undersigned 
as Chairman of the Commission on Nuclear Medicine of the American College of 
Radiology and can be taken to represent the considered opinion of that 
Commission on behalf of the 9000 members of the College. 

Members of the College are among the experts who were allowed to review some 
of this material in an earlier draft form. In general, they are p1eased with 
the intentions of the review and are encouraged by the willingness of the AEC 
to take them into its confidence in the draft process. 

There is one proposal to be found in paragraph 35.14 (b) (7) as stated on 
page 2386 of the Federal Register for January 21. This has reference to a 
proposed requirement that any patient who contains in the course of a procedure 
more than 8 millicuries of iodine 131 or more than 23 millicuries of gold 198 
be hospitalized for the duration of his treatment. 

In the opinion of members of the ACR Commission, this is an unnecessarily 
strict recommendation and would be more practical if the amounts requiring 
hospitalization were fixed at 30 millicuries of each agent. It should be 
pointed out that a treatment for hyperthyroidism can involve as much as 8 
millicuries of iodine in a patient without producing any circumstance which 
would warrant that patient 1 s isolation in a hospital. 

It seemed to the members of the Commission that, in making these recommendations, 
they were exercising valid professional judgment concerning the safety of the 
patient, of his acquaintances and family and of others who might come into 
contact with him. Furthermore, with the current concerns and federal initiatives 
to hold down the cost of medical care, such a requirement as is now proposed 
would contribute significantly to an unnecessarily high expense for patients 
undergoing this kind of treatment without any benefit resulting therefrom. 
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Thank you for your consideration of our comments. 

Sincerely, 

~ e. () lM.- Th 
James L. Quinn, III, M.D. 
Chairman, Commission on Nuclear Medicine 

cc: J. Richard Crout, M.D., Food and Drug Administration 
Robert E. Wise, M.D. 
Robert D. Moseley, Jr., M.D. 
Jack K. Goodrich, M.D. 

,.' 
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DOCKET NUMBER hlef iGt.c. l ~ 

MCCONNELL, FULLER & RESTREPO 
A PROFESSIONAL ASSOCIATION PR0°osrn Rl/lf ert. 3 t, ~ 35 

NUCLEAR MEDICINE 
ROBERT W . McCONNELL, M. 0 . 

BETTY G. MCCONNELL, M . 0 , 

CARLOSE . LUG0 1 M, D. 

Mr. Gordon M. Grant, 
Acting Secretary 
United States Atomic 
Energy Commission 
Germantown, Maryland 

Dear Mr. Grant: 

6011 HARRY HINES BOULEVARD 
LOCKE MEDICAL BUILDING, SUITE 208 

DALLAS, TEXAS 75235 
TELEPHONE (214 ) 637-0774 

February 18, 1974 

20545 

( :.It FfL l ~ 'f'i ) 

RADIATION THERAPY 
DALEE . FULLER , M. D . 

ROBERTO RESTREPO , M . D . 

CHESTER A . MATEJA 1 M . 0 . 

It is my understanding that the Federal Register for January 21, 
1974, contains a Special Amendment 35.14, Section B (b) Item 7, 
dealing with the total body burden which a patient may have 
without hospitalization when being treated with radioiodine 
(131I) for carcinoma of the thyroid. 

Present Regulations require hospitalization for a total body 
burden of 30 millicuries or more of radioiodine (131I) when 
this radionuclide is used in the treatment of a variety of 
diseases. It is pure lunacy to single out cancer patients 
for this kind of discretionary action. Radioiodine is used 
in the treatment of several other disease processes and in 
many instances more than eight millicuries is the initial 
amount given. 

Requiring hospitalization for patients with hyperthyroidism, 
chronic cardiopathy, and patients with carcinoma of the 
thyroid in whom less than 30 millicuries would be the total 
body burden will essentially quadruple the cost of medical 
care for these patients. It seems paradoxical that in these 
days when we are attempting to decrease the cost of medical 
care such a Federal Regulation would be promulgated which 
would materially increase it. 

I would hope that you would seriously consider striking this 
amendment from the Regulations. 

Sincerely yours, 

K~~{~~,(JA 
Robert W. McConnell, M.D. 

RWM/cb 
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THE STATE 

W~en/ ~g&J/f -and[hctaf(/eJltl~ce.J 
<PlJeiweim ei/ ~a& and ~tkcal'Ql{J,JLi,L,aJ 

STATE OFFICE BUILDING 

February 19, 1974 

~:15_:1~-~ 
Secretary 
Atomic Energy Commission 
Washington, D. C. 2Q545 

Attention: Chief, Public Proceedings Staff 

Dear Sir: 

Re : Release T-26 (January 21, 1974) 

CHEYENNE, WYOMING 82001 

DOCKETED 
U&AEC 

During our field evaluation of the radiology sections of hospitals, we 
encounter several situations with respect to the use of radio-pharma­
ceuticals. 

We agree that the expanded class system will enable the increased use of 
the procedures by making such increase simpler under license. Our 
applications, even in the largest hospital, would be considered minor 
as to hazard level in other states. However, we have limited disposal 
capability in some cases and I believe that very low flow rates of sani­
tary systems should be considered in these c:ases. 

We see licenses authorizing an individual to use isotopes at a hospital. 
We believe that this is the only feasible way to initiate the use at a hos -
pital o r in a community. Such a license often forces the responsibility 
of handling the material on the hospital staff in some cases without the 
procedures being firmly established and documented in advance. This 
is contrary to the basic concept of hazard recognition and control under 
license. 

Because of such problems, it would be best for a hospital to be licensed 
and the practicioner be listed as an authorized user. In some ways, this 
would insure more direct responsibility lines within the hospital. But 
cost recovery would have to be considered and the break even point 
would probably be a higher level of procedure use than most of our 
small hospitals could support. 
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T herefore, we w ould ask that the commission firm up the assumption of 
responsibility for isotope control in public facilities such as a hospital 
by an individual licensee, considering the impact on the facility of other 
possible licensees also. 

Qualifications of persons responsible for storage of material and wastes, 
for dose preparation, for control of exposure to associated personnel 
and procedures for clean up of spills, etc., should be specific license 
conditions, 

We trust that the foregoing will lead you to consider problems peculiar to 
the state where, however, the individual need is no less tha n elsewhere 
and special procedures may permit safe applications of radio-pharma­
ceuticals. 

Sincerely yours, 

/J //)r~ -/:f'c~~: 
~vVC-''-p'( ?I ,~/, 

Raymond A. Shader 
Radiological Health Specialist 

RS /kdr 



ASSOCIATED UNIVERSITIES, INC .. UPTON , L.I. , N.Y. 11973 

MEDICAL DEPARTMENT 

Secretary of the Commission 
U.S. Atomic Energy Commission 
Washington, D.C. 20545 
Attn: Chief, Public Proceedings Staff 

Dear Sir: 

TELEPHONE: (516) 345- 3590 

February 19, 1974 

I am writing in regard to proposed amendments to lOCFR, parts 31, 32 
and 35 as published in the Federal Register for January 21, 1974. 

In paragraph 35.100, Schedule A, groups of medical uses of byproduct 
materials are classified in five categories. The separation of uses in 
group I and II appears arbitrary and obsolete with regard to current use 
for most materials listed. It is difficult, and indeed without purpose 
to separate measurement of uptake, dilution and excretion (i.e. function 
tests) from imaging procedures. Most modern usage combines both function 
and imaging. The localization of a radiopharmaceutical in an organ or 
space is directly related to function and any separation is artificial. 

The listing of established procedures includes placental locali­
zation with pertechnetate and the use of technetium-99m macroaggegated 
human serum albumin for lung imaging while excluding technetium-99m human 
serum albumin for blood pool imaging. Placental localization is, in 
effect blood pool imaging and is preferably performed with the labeled 
albumin rather than pertechnetate so as to further reduce fetal irradi­
ation. Since the labeled albumin is necessary to the use of macro­
aggregated albumin I vnuld suggest it be included on the well established 
list, particularly for blood pool (placental) imaging. 

Furthermore, in paragraph 35.14, part 7 it states that patients 
containing more than 8 millicuries of iodine-131 (previously 30 millicuries) 
for thyroid carcinoma must be hospitalized. Firstly, why the diagnosis of 
thyroid carcinoma must be specified is unclear. Secondly, this rule places 
an undue hardship on patients who must pay over $100.00 per day for hos­
pitalization. A few simple rules for behavior on the part of the patient 
would avoid any undue radiation exposure to other individuals. The neg­
ligible risks do not appear to be balanced with the very high costs to the 
individuals involved. 

HLA/jab 

DO Ci'.[.iE D 
USrtfC 

Sin~e/ely: Al~ 
H~~kins, M.D. 

INFORMATION OPERATOR (516) 345 -2123 
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Box 3223 
DEPARTMENT OF RADIOLOGY 

D I V I SION OF NUCLEAR MEDI C IN E 

A~kllOWie~giad - . -- --- -

;i)uke ;Nni\Jersitti ~ebicnl <lienter 

DURHAM , NORTH CAROLINA 

Z 7 7 1 0 

February 14, 1974 

_i_:..2:-1=.:lJl+eAa-
Mr. Gordon M. Grant, Acting Secretary 
U.S. Atomic Energy Commission 
Germantown, Maryland 

re: Proposed Rule Changes 

Dear Mr. Grant: 

\l liCHH. ll 
\ls.Ait 

TELEPHONE 919-684-2466 

FEB 2 2 1974.,.. 4 
~w:, 11 '.t.~ :-it?e:an 
· P~Jl~; .. ;nc .1GIR&S 

urm'ii;.,1 

I am writing in response to the proposed rule changes with respect to uses of 
radioisotopes which appeared in the Federal Register, January 21, 1974. My comments 
are in regard to the specific Amendment 35. 14, Section B(b), Item 7 which reads as 
follows: 11 For group lV, any licensee who possesses and uses radiopharmaceuticals 
for therapy shall assure that patients containing more than eight millicuries of 
iodine-131 for treatment of thyroid carcinoma or patients containing more than 
twenty-three millicuries of gold-198 shall be hospitalized." 

As Director of the Division of Nuclear Medicine, Department of Radiology, Duke 
Medical Center including Nuclear Medicine Service of the Durham VA Hospital and 
drawing on more than fifteen years experience limited to the practice of Nuclear 
Medicine I must protest the unnecessary restrictions which will be placed on the 
management of thyroid carcinoma patients as a result of the eight millicurie iodine-131 
regulation cited above. The present limit of thirty millicuries is sufficiently 
restrictive to assure protection of family members and others in the general pop­
ulation who might find themselves in the immediate social company of a treatment 
patient. This restriction of thirty millicuries has resulted in additional financial 
hardship to patients with thyroid cancer by requiring their restriction to the 
private room of a hospital well beyond the needs which would be dictated by their medical 
status in the vast majority of cases. Should the proposed rule changes be imposed 
with the limit of eight millicuries then the unfortunate patients will have the added 
hardship of as much as four added days hospital stay as opposed to the present 

. experience of three to four days of hospitalization. As you may know, the present average 
hospital day cost is $100. The proposed rule-making is quite likely to cost the 
individual patient treated for thyroid cancer to have a basic hospital bill in excess 
of $1,000 for the sole purpose of therapy administration. 

The author of this ill-advised portion of the proposed rule has generated a most 
discriminatory article in that the limit is applied to cancer patients only. The 
eight millicurie level which is cited however is one which is often applied to patients 
in the treatment of thyrotoxicosis or in thyroid ablation for cardiac disease. 
Hospitalization of these patients would add a significant burden to the already 
expanded hospital census and would in the strictest sense represent an unnecessary 
hospitalization legislated by the Atomic Energy Commission's rule-making. If indeed 
the eight millicuries of iodine-131 represents a radiftion hazard to the general 
population it certainly should not be applied to the relatively · s~all number of thyroid 
cancer patients but the considerably larger population of hyperthyroid patients. This 
clearly is absurd. 
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In summary this aspect of the proposed rule-making to which I limit this discussion 
is discriminatory, ill-founded, and if adopted will represent an undue financial 
hardship on a small number of unfortunate patients who have experienced and still face 
extreme financial hardship as a result of their disease. It is ironic that patients 
are caught in the pincers movement of a bureacracy on the one hand excercising all 
possibl e means to reduce hospital costs and reduce hospital patient admissions while 
on the other hand another bureacracy is attempting legislation which would indeed 
require unnecessary hospital admissions as well as extended hospital stays. It is 
difficult for me to conceive of a government of the people, by the people and for the 
people tolerating such inconsistencies. 

I respectfully urge the Commission to withdraw this aspect of the proposed rule­
making for lack of justification in the face of compelling reasons to the contrary. 

Sincerely, -:7/,,,,,- ~

1 /7 ,:/~ . -:¥3,/,,,~~~ . ~c~ 
. Goodrich, Di rector ~ ­

D1 v1 s1 on of Nuclear Medicine 



G . W . BOL E S . M D 
RON C RAMER. M .D . 
GLE N D H ALLUM . MD 
H J K EA RN S. M .D 
RAL P H C WI L SO N . M .D 

RADIOLOGY GROUP 
(405) 231- 18 11 

601 NW. 9 th 

D IPLOM A TES 

AM ERI CAN B OA RD 
O F R A D IO LOGY 

February 8, 1974 

OKLAHOMA CITY, OK LA HOMA 73102 
MAILING ADDRESS 

PO BOX 60262 
OK LAHOMA CITY, OK LA. 73106 

u. s. Atomic Energy Commission 
Isotope Branch 
Division of Materials Licensing 
Washington, D. C. 20545 

ATTENTION: Chief, Public Proceedings Staff 

Gentlemen: A~k!_i@,~' kdgJ~ - ---·---~ 
This letter is in response to the publication released 
Monday, January 21, 1974 discussing the amendments to 
Atomic Energy Commission regulations which are presently 
under consideration. These amendments would span the 
group licensing of medical uses of radioisotopes, adding 
three more groups of uses to the present coverage, and 
adding more diagnostic uses to the first two groups. 

It is our opinion that the group licensing method will 
greatly simplify the licensing procedures, without dimi­
nishing in the least the quality of the regulation of 
usage. Ne feel that the proposed changes would constitute 

0817 

a logical extension of the present method and should be 
instituted. The clerical work involved in Commission acti­
vities would doubtless b e . greatly simplified by eliminating 
redundant license applications for similar usages. 

Therefore, we wish to indicate our hearty approval of the 
proposed amendments and certainly hope that they may be 
adopted. 

Very truly yours, COPiES .r -..,,.,.~T ~ 
REGULA - -- i ~ I I ,,, -)/f ~~., h i? TORY OPERATJON 7/~/ 

/ . 
H.J. Kearns, M.D. Glen D. Hallum, M.D. 

:;x:· ~1 (~ JJ~()f,jA:µ~J 
G. W. Boles, M. D. Ra~ C. W1ls6~ D. 

--~ ///) / 0 
>/~~ ~ ~ft!O 

( Ronald I . Cramer, M. D. 

HJK:sf 
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L.aBDRaTDRleS, inc. 

8700 N. STEMMONS F"RWY. DALLAS, TEXAS 75247 P . O . BOX 47864 PHONE 214 638- 0130 

~knowiedged ---- --- -~ 

AIR MAIL 

Secretary of the Corrunission 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

February 13, 1974 

Attention: Chief, Public Proceedings Staff 

Gentlemen: 

Enclosed is a letter submitted in March of 1973. Since the 
suggestions made at that time also pertain to the "Notice 
of Proposed Rulemaking" published in the Federal Register 
January 21, 1974, pages 2384-2389, I have enclosed a copy 
of this letter. 

It is particularly essential that co57 be added to Section 
31.11 since this is the only means by which vitamin B12, 
employed in serum assays, can be suitably labeled. In ad­
dition, it is necessary to include co57-labeled B12 in 
Schedule A of Part 35.100 because of the decreased radiation 
dose to · patients which I documented in the letter of March 26. 

I would very much appreciate your careful consideration of 
these recommendations. 

Very truly yours, 

~~ -.;? ~\. ~ 
Mary Sue McCall 
Executive Vice President 

MSM:kg 

SPec1aUSTS 
1n VITRO ISOTOPIC TeSTlnGi 
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LaBCRaTORleS, inc. 

B7DD N, STEMMONS F'RWY, CALLAS, TEXAS 75247 P, 0, BOX 47B64 PHONE 214 639-0130 

March 26, 1973 

AIR MAIL 

Secretary of the Commission 
U.S. Atomic Energy Commission 
Washington, D. C. 20545 

Attention Chief, Public Proceedings Staff 

Gentlemen: 

I have noted certain proposed changes in 10 CFR, Part 35 as 
published in the Federal Register, Vol. 38, No. 46, pages 
6399-6401. 

I would like to suggest additional changes in Part 35 as follows: 

1. Most cyanocobalamin absorption studies are now 
performed with co57 which delivers approximately 
50 percent of the critical organ dose of co58 
and about 4 percent of the dose delivered by co60. 
(See Page 867, Principles of Nuclear Medicine, 
ed. H. N. Wagner Jr., W. B. Saunders Co., 1968 and 
Diagnostic Nuclear Medicine, ed. E. R. Powsner 
and D. E. Raeside, Grune & Stratton Inc., 1971, 
Page 463.) 

Therefore, co57 Vitamin B1 2 certainly should be added 
to Parts 35.31 and 35.100. Because of the exceptionally 
high counting efficiency of this 122 KeV gamma, no 
increase in the dose of 0.5).lc is required. 

2. Since it has been demonstrated that chromic chloride 
(CrCl3) labeled serum albumin in vivo, this chemical 
form of cr51 should also be added to Part 35.100, 
(a) (6). (Note listing on Page 868 of the above 
reference by Wagner.) 

3. Although numerous users are rather broadly licensed 
under Part 35.31 for in vivo use, such users find 
themselves uniquely not licensed for in vitro use 
of the same isotopes-.~ 

SPec:1aLISTS 



Secretary of the Conunission 2 March 26, 1973 

We, therefore, strongly reconunend that Il31 and 
Il25 for in vitro studies and co57 labeled B12 
for serum B12 assays be added to Part 35.31 and 
35.100. In 35.100, it may be appropriate to add 
a separate Group III to include such isotopes 
corning into very widespread use in the isotopic 
assay field. 

We recognize that the preceding recommendation (3) may more 
appropriately find correction elsewhere. However, since the 
title of Part 35 is to be changed from "Human Uses of Byproduct 
Material" to "Medical Uses of Radioisotopes (Byproduct Material)", 
it may not be inappropriate to include in vitro tests in such 
general licenses. Surely it follows that if a user qualifies to 
use isotopes accepted for routine in vivo procedures, such users 
should automatically qualify for in vitro , usage of the same 
isotopes. 

One simple solution may in fact be to add a section to Part 35 
which states that one generally licensed under Parts 35.31 and 
35.100 would automatically be licensed under the General License 
outlined in Part 31.11. With the expanding use of rl25, co57, 
and H3, for numerous isotopic assays, it appears inevitable that 
Part 31.11 will require amendment to include rl25 in any form 
and include co57 and H3 in any form. Packaging and possession 
limits could remain the same. 

We would very much appreciate your consideration of the above 
suggestions. 

MSM/bj 

Enclosures: 

Sincerely yours, 

M. S. McCall 
Executive Vice President 

(1) Principles of Nuclear Medicine 
Ed. H. N. ttagner Jr., 
W. B. Saunders Co., 1968 
?ages 867 and 868 

(2) Diagnostic Nuclear Medicine 
Ed. E. R. Powsner and D. E. Raeside 
Grune & Stratton, Inc., 1971 
Page 463 and 464 
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OllOAN 

Liver 

Spleen 

Bone and marrow 

Thyroid 

Kidney 

AVERAGE DOSES ·TO SELECTED ORGANS FOR ·v ARIOUS AGES IN 
RADS/MICROCURIE ADMINISTERED FOR DIAGNOSTIC TESTS 

EMPLOYING RADIOACTIVE ISOTOPES• 

RADIONUCLID& 
ROUTE OP 

DOS& 

ADMINISl'RATION 

NEWrORN 1 YR, 5 YR. 10 YR. 

RADS/ RADS/ RADS/ RADS/ 
l,CICROCURIK IUCROCURI& MICROCUIU& MICROCURI& l Na,H•PO, I nh·avenous 0 .55 0 . 17 0 .10 0 .06 

Colloidal IIIAu Intravenous 0.49 0 .20 0.12 0.08 
"Cobalt,labcled vitamin Bu Oral 1.5 0 .68 0.41 0.28 
"Cobalt-labeled vitamin Bu Oral 2.3 1 .2 0 .76 0 .54 
•°Cobalt-labclcd vitamin B11 Oral 30.0 15 .0 10.0 6 . 9 

{ Na,! 1321'0• I 11travenou1 0.55 0 . 17 0 .10 0.06 
Colloid 1HAu . lntravenoua 0,49 0 .20 0.12 0 .08 
Nal'Cr10. "altered red cell" Intravenous 0.49 0 . 16 0.10 0 .05 
Na~l 1"1'0• lntravenoua 0.55 0.17 0.10 0.06 

{ Nall'I Oral 32.0 10 .0 4.3 3 .1 
Naml Oral 19.0 6.1 2.6 1.8 
Nau21 Oral 1.2 0:'40 0.17 0.12 

{ Chlurnu:rodrin Intravenous 0 .66 0 .22 0.14 0 .09 
11 ippuran 1111 Intravenous 0 .01 0 .004 0.003 0.002 
II ippuran m1 Intravenous 0 .002 0 .0006 0 .0004 0 .0002 

STANDARD 

15 YR, MAN 

RADS/ RADS/ 

MICROCURr& MICROCURI& 

0 .04 0 .03 
0.05 0 .04 
0 .21 0.16 
0 .42 0 .33 

,) /2..,;, 5.3 4 .2 
0.04 0 .03 
0 .05 0.04 
0 .04 0.04 
0 .04 0 .03 
1.7 1 .3 
1.0 . 0 .82 
0.07 0.05 
0.07 0 .06 
0.001 0 .001 
0.0002 0 .0002 __,,. 

• From Seltzer, R. A., Kcrciakcs, J. G., and Saenger, E. L.: Radiation ~xposure Crom Radioisotope, in Pediatria. Ntw England J. M,d. 271 :84, 1964. Repro-
duced with pcrmiasion of The New England Journal of Medicine. 

Principles of Nuclear Medicine 
Ed. H. N. Wagner Jr., 
v1. B. Saunders Co., 1968 
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AVERAGE WHOLE-BODY DOSES FOR VARIOUS AGES IN 

MILURADS/MICROCURIE ADMINISTERED FOR DIAGNOSTIC 
TESTS EMPLOYING RADIOACTIVE ISOTOPES• 

DOSE 

IIADIONUCUDB ROUTE OP PURPOSI!. 01' PROCEDURE 
ADMINISTRATION ITANDARD 

NEWBORN 1 YR, 5 YR, 10 YR, 15 YR, •tAN 

MILLIRADS/ Mlll'RADS/ MILLI RADS/ IULLIRADS/ MILLIRADS/ MILLIRADI/ 
MICROCURIB MICROCURIB MICROCURIB MICROCURJ& MICROCURIB MICROCURl& 

11Fe,Cl1 Oral Iron absorption 12 .0 3.4 2.0 1.2 0.75 0.59 
11Fe2CI, Oral 40.0 15.0 9. 1 5.9 3 .9 3.3 
11Fc2Cl1 Intravenous Plasma iron transport 120.0 34.0 20.0 12.0 7.5 5.9 
11Fc2Cl1 In tr a venous Degree and site of erythropoicsis 290.0 110 .0 65.0 42 .0 27.0 23.0 
Na,''Cr01 I ntravcnous Red-cell volume, survival, gastroin- 4.5 t.6 0 .98 0.63 0.41 0 34 

tcstinal blo0d loss, and splcnic ecan 
11 CrCl2 Intravenous Plasma volume, ga~?"ointcstinal pro- 2 .3 0.80 0 40 0 . 31 0 .20 0. 17 

kin loss 
11Cohalt-labcled vitamin Il11 

} 
54 .0 22.0 14.0 9 .1 6. 1 5 .3 

11Col,alt-labcled vita11iin Il,1 Vitamin Du ab5orption 210.0 85.0 54.0 35.0 24.0 21 .0 
1°Cohalt-labcled vitamin ll11 2400.0 1000.0 630.0 410 .0 270.0 240 .0 
Na,11'11'0, Intravenous Tumor localization 170.0 48.0 29.0 17.0 11.0 8.4 
Colloidal 111Au I ntravcnous Liver blood flow., scan 5.4 2 .2 t.4 0.92 0 .62 0.54 
Chlonncrodrin I ntravcnous Kidney scan, brain scan 2. 1 0.84 0.53 0 .36 0 .23 0.20 
Nalllf o .. al 

} 
10.0 2.0 t.3 . 0.81 o.s1 0.45 

Na1211 01al Thyroi<.I fum:tion, scan 9.4 t.6 ' t.O 0.67 0.44 0.39 
Naml Oral t. 1 - 0 .44 0.27 o. t7 0 . tt 0.09 
RlllJSA Intravenous Plasma volume, cardiac output, gas- 28.0 B.9 5.4 3 .4 2 . 1 1.7 

trointestinal protein loss, and brain 
scan 

Olcic acid 1111 or Oral or intra- Lipid absorption, blood clearance 10.0 3.3 2.0 1.2 0.78 0 .65 
Triolcin 1111 venous 

PVP m1 Intravenous Gastrointc~tinal protein loss, brain scan 18.0 5.8 
' 

3.5 2.2 t.4 1.1 
Rose Bengal 1111 Intravenous Liver blood flow, scan, function 3.7 1.5 0 .92 0.61 0.40 0.36 
Hippuran 1111 Intravenous 

Kidney function 
0.33 0.13 0.08 0.06 0.04 0.03 

Hippuran 1211 Intravenous 0.09 0.04 0.02 0.02 0.01 0.01 

• From Seltzer, R. A., Kcrciake~, J. G., and Saenger, E. L.: Radiation Exposure from Isotopes in Pediatric~. Nna England .7. Mttl. 271 :84, 1964. Rrpro<.luced 
with p,·nui"iun nt Thr Ni,w F.ngland Journal of Mr,lidnr,. 

Principles of Nuclear Medicine 
Ed. H. N. Hagner Jr., 
W. B. Saunders Co., 1968 

' 
\, 

... . 
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Diacrnostic Nuclear Medicine 
Ed. E. R. Powsner and D. E. Raeside 
Grune & ~tratton, Inc., 1971 
GASTROINTESTINAL ABSORPTION MEASUREMENTS 483 

fig. 10--6, Relative effectiveness of each of the 
daily flushing injections of nonradioactive 
cyanocobalamin (I to 4 mg) following a single 
oral dose of labeled cyanocobalamin (0.5 to 
l l'g). The first of the flushing doses is given 
within a few hours of the oral. Data are from 
both normal subjects (Doscherholmen and 
Hagen, 1962; Ellenbogen ct al., 1955; Miller ct 
al., 1957) and pernicious anemia patients who 
also received oral intrinsic factor (Ellenbogen 

et al., 1955). 
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Flushing dost 

of saturation achieved by the single flushing dose make the test results relatively 
insensitive to the interval between oral and flushing doses. Flushing doses may be 
given immediately after the oral dose or as long as 8 h later (see below). Convenience 
and custom have made the 2 h flushing dose the most popular. Plasma activity may 
be measured at 8 h whether or not the flushing dose was given at 2 h. Some experimental 
data [Baker and Mollin, 1955; Callender and Evans, 1955(a)] suggest a small but 
definite decrease in absorption of oral B12 as measured by excretion of unabsorbed 
vitamin in stools when the parenteral flushing dose is given 2 h after the oral dose. 
Despite this effect on absorption, the flushing dose does not appear to reduce the 
activity present in the plasma. As has been pointed out, plasma activity is reported 
to be increased by the flushing dose (Doscherholmen and Hagen, 1958; Doscherholmen, 
1962). Nevertheless, parenteral cya,nocobalamin in large amounts definitely decreases 
absorption if given before the oral dose (see below). 

Although the measurement of plasma vitamin B1 2 concentration is not strictly 
a measurement of intestinal absorption, it is sometimes used as such. The traditional 
method has been the microbiologic assay; a newer method, competitive binding 
radioassay, is outlined in Chapter 13. In this method, labeled cyanocobalamin is added 
to an unknown amount of natural vitamin B12 extracted from the test plasma. The 
mixture is allowed to saturate a limited quantity of intrinsic factor. Vitamin not bound 
by the intrinsic factor is removed by dialysis or by adsorption onto protein-coated 
charcoal. The latter binds vitamin B1 2 strongly but not as strongly as does intrinsic 
factor. The labeled and the natural vitamin compete for the limited number of binding 
sites on the intrinsic factor. The concentration of natural vitamin in the test plasma 
can be calculated by measurement of the radioactivity bound to the intrinsic factor 
and by comparison with appropriate standards. For details refer to the bibliography 
(Barakat and Ekins, 1963; Beal, 1964; Gottlieb et al., 1965; Lau et al., 1965; Raven 
et al.. 1966; Rothenberg, 1963). 

d. Bg_diation Dose. Several radioisotopes of cobalt have been used for labeling 
the cyanocobalamin. Cobalt 60 was the first one available. It had the disadvantage 
of a 5 year half-life, two energetic photons per decay, and energetic beta radiation, 
all of which contributed to the radiation dose to the liver. Other isotopes used have 
included 56Co, 57Co, and 58Co. The best is generally accepted to be ·57Co. The 
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half-life of 270 days is perhaps longer than might be desired, but this is offset by the 
absence of beta radiation and by the low energy of the photons, 0.122 and 0.136 MeV 
(Fig. 5-1). The combination results in a comparatively low radiation dose and a 
high counting efficiency in the sodium iodide crystal scintillation detector. 

The radiation dose to the liver from 0.5 µ.Ci of ·57Co cyanocobalamin is 0.02 rads. 
For this calculation, it is assumed that the normal liver accumulates about 25 per cent 
of the oral dose when no parenteral flushing dose is given (Fig. 10--4), that the flushing 
dose washes out about one third of the absorbed cyanocobalamin, and that the flushing 
also reduces the amount of vitamin deposited in the liver (Doscherholmen and Hagen, 
1962). If the reduction in liver radioactivity is directly proportional to the reduction 
in body activity, the liver will retain about 17 per cent of the oral dose. A second 
flushing dose should further reduce the amount deposited in the liver. The mean 
value of 520 days used here for the biologic half-life was calculated from published 
data for both normal anJ pernicious anemia subjects (Bozian et al., 1963). 

f 

2. Procedures for Measuring the Intestinal Absorption of Vitamin 812 

CL Advance Preparation. 
(1) Prepare 5 7 Co counting standards. 
(2) Prepare collection bottles .ind tubes. 
(3) Prepare patient. 
(1) Prepare 51Co counting standards. Prepare urine or plasma standards or both 

u appropriate. 
(a) Urine standard. Select a clean specimen bottle of the kind to be used for counting 

the urine specimens. lf the radioactive cyanocobalamin bas been purchased in solution, 
pipct one oral dose into a partially filled I 00 ml volumetric flask. fill to volume, mix. 
and transfer 10 ml to the specimen bottle. Add enough distilled water to make l liter. 
(This liter now contains IO per cent of the oral dose.) If cyanocobalamin has been 
purchased in capsule form, dissolve one capsule in about 30 ml of hot distilled water 
in a 100 ml volumetric flask. When the capsule is completely dissolved and when the 
flask bas cooled to room temperature, fill to volume, mix, and transfer IO ml to the 
specimen bottle as above. In either case, save the remainder for the plasma standard, 
below. 

(b) Plasma standard. If a urine standard has been prepared, pipet 5 ml of the 
dilution remaining in the flask to a clean 50 ml volumetric flask, fill to volume, mix, 
and pipet 4 ml into a clean counting tube. This standard contains 0.1 per cent of the 
oral dose per milliliter. 

H no urine standard has been prepared. proceed as follows: Starting with radio­
active cyanocobalamin purchased in solution, pipet one oral dose into a partially 
filled 1000 ml volumetric flask. fill to volume, mix. and transfer 4 ml to a clean counting 
tube. The concentration of this solution is 0.1 per cent of the dose per milliliter. If the 
cyanocobalamin has been purchased as capsules. dissolve one capsule in about 30 
ml of bot distilled water in a 1000 ml volumetric flask. When the capsule is completely 
dissolved and when the flask has cooled to room temperature, fill to volume, mix, 
and transfer 4 ml to the counting tube as above. 

(2) Prepare collection bouies and tubes. Collection bottles must be free of any 
trace of radioactivity. New, 2 liter plastic jugs with handles are excellent. No jug 
should be reused unless it has been. counted, to be certain it is free of radioactive 
material. 

.. 

1 .. 
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PROVIDENCE HOSPITAL 
16001 W NINE MILE RD. • SOUTHFIELD, MICHIGAN 48075 • PHONE 353-3000 

Community 

Service: 

A Comm itment 

February 11, 1974 

~knowie~g~d - -
Secretary of the Conunission 
U.S . Atomic Energy Conunission 
Washington, D.C. 20545 
ATTENTION: Chief, Public Proceedings Staff 

REF: AEC Proposed Rules: Dated January 21, 1974. 

Dear Sir: 

DOCKETED 
tla\EC 

FEB191974• 

In the Federal Register, Vol. 39, No.14-Mon. January 21, 1974, 
Section 35.14 (B) (7), says that patients containing more than 
8 mci I-131 or 23 mci Au-198 shall be hospitalized. 

These are unreasonable values, and the wording of (7) should be 
stricken or changed. NCRP Report 37 "Precautions in the 
Management of Patients Who Have Received Therapeutic Amounts of 
Radionuclides" suggests that no person under 45 years old shall 
be permitted to receive a dose in excess of .5 rem, (persons over 
45 may receive up to 5 rem in certain conditions). 

From the guideline of 500 mrem, a value of 8 mci I-131, or 23 mci 
Au-198 was calculated as that activity which would give 500 mrem 
to another person. That calculation conseals the following 
condition: 

(1) There is no absorbtion by the person with the isotope. 

(2) The i sotope has an infinite biological half life, i.e. none 
is excreted. 

(3) A person is constantly one meter away from the person with 
the activity for the entire decay of the isotope (not just 
one half life). 

In real life, these assumptions turn a reasonable NCRP reconunendation 
into a ridiculous regulation, if the 8 mci and 23 mci quantities 
are blindly followed. 

" A Da ughte rs o f Charit y Hospital " 



Secretary of the Commission 
Page 2 
February 11, 1974 

If implemented, it means that the nursing and hospital staff 
receives needless radiation. 

If implemented, it means that elderly patients will spend an 
additional week sitting in a hospital room (cost: 7 days time 
$100.00/day equals $700.00). 

If implemented, it means that someone else will be denied a 
hospital room. 

For these reacons, I strongly urge the AEC to remove 35.14 (B) 
(7) from the proposed amendment. 

Yours truly, 

G_,.;/ a ~cdi.,:.-
Ronald A. Rocchio, M.Sc. 
Great Lakes Assoc. Medical Physicist 

RAR/mg 

cc: Dr. Wil B. Nelp 
President, Society of Nuclear Medicine 
Radioisotope Lab RC-70 
University Hospital 
Seattle, Washington 98195 



TEXAS 
PHARMACEUTICAL 

ASSOCIATION 

o-oc_ JtCT NUf:/lDERPR -i1 ~l ,a5 /1" rR t""~l,f \ u s HIGHWAY 183 EAST 
AUSTIN, T EXAS , 78751 

P.ROOOS!D RULf~ t l!J / 
~ul( ~ February 12, 1974 

U.S. Atomic Energy Commission 
Washington, D.C. 20545 

Attn: Chief, Public Proceedings Staff 

Gentlemen: 

After review by our staff and practicing radiopharmacists of the p ro­
posed rule-making ap pearing in the Monday , January 21, 1974 issue of 
the Federal Register (Volume 39, Number 14), and we would like to offer 
the following comments for your consideration in preparing the final 
regulations: 

Section 35.14 (b) (2), to be changed to read: " ... reagent kits 
which are approved b y the Commission or by an Agreement State upon 
recommendation b y the FDA for use b y persons licensed pursuant to this 
Section 35.14 and Group 3 of Schedule A, Section 35.1000, or equivalent 
Agreement State regu l ations." 

Inclusion of such wording would insure, we feel, the involvement of the 
FDA, and aid in clarifying the precise areas of responsibility. 

We appreciate your consideration of the above suggestion. 

PFD/cw 

DOCKETED 
U&\EG 

Acknow1ed:ed 

Sincerely, 

Paul F. Davis, R.Ph. 
Director of Public Affairs 

MA ILI NG ADDRESS: P. 0 BOX 4487, AUST I N, TEXAS 78765 • 51 2 836 -8350 
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;i)uke ;llinium;itn ~ebical Clienter 

DEPARTMENT OF RADIOLOGY 

DIVISION OF NUCLEAR MEDIC I NE 

Secretary of The Commission 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

DURHAM, NORTH CAROLINA 

2 7 7 I 0 

February 15, 

Attention: Chief, Public Proceedings Staff 

Dear Sir: 

DOCKF. f ED 
tlS!lEC 

TELEPHONE 919-68A-2466 

I write in comment on rulemaking proposed by the Atomic Energy Commission, 
amendments to Section 35.14 10 #CFR, Part 35 as published in the Federal Register, 
Volume 39 No. 14, Monday, January 21, 1974. I write in opposition to a provision 
of this proposed rulemaking contained in paragraph (b), subparagraph (7) of 
Section 35. 14 that requires the hospitalization of patients containing more than 
8 millicuries of iodine-131 for the treatment of thyroid carcinoma. 

The present requirements of the Atomic Energy Commission are that patients 
containing more than 30 millicuries of iodine-131 must be hospitalized. In effect, 
the Commission proposes to reduce this level a factor of 4 (approximately) but 
offers no justification for such a step. This kind of proposal essentially places 
the medical community in the position of having to show cause why it should not be 
done. I believe, on the other hand, that the Commission should be required~ 
show a cause why it should be done. 

This unjustified proposal by one branch of the Federal Government will increase 
the cost of medical care to a population of patients whose financial resources 
already are strained by their illnesses . By requiring extra days of hospitaliza­
tion, at a time other branches of the Federal Government are pl acing considerable 
pressure on deliverers of health care to reduce costs to the patients, the 
Commission is in direct conflict with the Cost of Living Council. The proposed 
rulemaking would require that the patient be hospitalized for sufficient additional 
time that his body activity can drop from 30 millicuries to 8 millicuries, a factor 
of nearly 4. The mean effective half-time of iodine-131 in patients with some 
functioning portions of thyroid glands is about 2.5 days (the range is from about 
2 to 3 days among many patients)(l). A reduction of a factor of 4 requires 2 half­
times. Therefore, the average patient would have to be hospitalized 5 additional 
days, with some patients having to remain 6 or 7 days. With current costs of 
hospitalization, about $100 per day of stay, the Commission, in effect, is proposing 
that from $400-$700 be added to the cost of medical care for patients who, in many 
cases, are already in financial trouble. These facts are readily evident in any 
practical analysis of how the proposed rulemaking would be operative. To offset 
this compelling disadvantage, the Commission offers not one word of justification 
nor did it see fit to obtain the approval of its own Medical Advisory Committee. 

A~nowledged . 
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Secretary of The Cammi ss ion 
Attention: Chief, Public Proceedings Staff -2- February 15, 1974 

I respectfully request that the Commission rescind its proposed rulemaking 
in the aforementioned subparagraph and retain the present level of 30 millicuries 
of iodine-131 as the threshold of patient body burden above which hospitalization 
is required. 

Ref. (1) Saenger, E. L. et al, Experiences with I 131 In The Management of Carcinoma 
of The Thyroid,~adTology 83: 892-901, November 1964. 

Sincerely yours, 

/g ~ ' ( r 

C. Craig arris 
Associate Professor of Radiology 

CCH:cmb 



VETERANS ADMINISTRATION 
HOSPITAL 

1400 VETERANS OF FOREIGN WARS PARKWAY 

WEST ROXBURY, MASS. 02132 

February 13, 1974 

Secretary of the Commission 
U.S. Atomic Energy Commission 
Washington, D. C. 20 545 

Attention: Chief, Public Proceedings Staff 

Dear Sir /Madam, 

IN REPLY 690-172 
REFER TO: 

DOCKETE D 
USo\Etl 

FEB 191974 

Your proposed Amendments dated January 21, 1974 to parts 
31, 32 and 35 of AEC regulations to expand the group licensing of 
medical uses of radioisotopes will simplify the procedure for 
users in applying for licensing. 

We endorse these propased amendment s. 

Sii7erely, ~ 

~JJ \ .. ·~ 

Donald E. Tow, M. D. 
Chief, Nuclear Medicine Service 

Acknowledged 1.- Ii•? ____ ___.. __ 

Show veteran's full name, VA file number, and social security number on all correspondence. 



Secretary of Commission 
U.S . Atomic Energy Com.mission, 
Washington, D.C. 20545 

Actn_owtedged -~-=-li:.1~ .. _m 

Dear Sir: 

SUBU1.JAN COMMUNITY HOSPITAL 

February 11,1974 

Attention: Chief, Public 
Proceedin~s Staff 

I am writing in regards to a recent document released by the 
Atomic Energy Commission with regards to proposals to expanded 
Group Licensing for certain medical uses of Radioisotopes. 

As head of a department authorized by initial licensing dating back 
some ten years and numero~s additional amendments, permittin~ the 
use of radioisotopes for medical diagnosis and treatment, I stron~ly 
concur with the proposals which would obviate the necessity of 
taking the necessary steps to have a licensed amended with the 
appearance of a new and accepted Radioisotope for diagnosis or treatment. 
I think the group licensing concept as proposed would certainly 
simplify the procedure not only for the licensee and the A. E.C. but even 
for the supplier, avoiding the delay involved in procurin~ amendments 
for original license . 

Looking forward to an early acceptance of the proposals stated 
in this latest bulletin, I remain 

HAS;ep 

~J'uly yours; ~~*!ff) 
Chief, Department of Radioloi:zy 
and Nuclear Medicine. 

Fully Accred1ied /Jy the Joint Commission on Accreditetion of Hospitals 
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KUAKINI HOSPITAL AND HOME 
347 NORTH KUAKINI STREET / HONOLULU , HAWAII 96817 

TELEPHONE 536-2236 

~kg_awJed&ed --- . 

Secretary of the Commission 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

February 8, 1974 

DOCKETED 
US!lEC 

FEB121974~ 

Attention: Chief, Public Proceedings Staff. 

Dear Sir: 

I would like to express my unqualified support for the proposed amendments 
concerning medical uses of radioisotopes. I would urge prompt enactment of 
these amendments. 

I also feel that the specialty of Nuclear Medicine, and our patients, 
would benefit from more stringent regulations regarding qualifications of 
physicians and allied personnel. There remain too many personnel who do not 
have the appropriate training or experience in this rapidly moving field, 
particularly with regard to radiation safety and techniques for reducing 
patient exposure. I would urge consideration of these factors in the licensing 
of individual laboratories ; this could do more to improve safety and quality 
control than any of the regulations regarding specific radiopharmaceuticals, 

Sincerely, 

/ //~~_, 
R~Wasnich, M, D, 
Director of Nuclear Medicine 



DANIEL G . LAREAU, M . D. 

NORTHWEST SAVINGS BUILDING 

P. 0. BOX 295 

WARREN, PENNSYLVANIA 16365 

February 6, 1974 

Secretary of the Commission 
U. S. Atomic Energy Commission 
Washington, D.C. 20545 

Attention: Chief, Public Proceedings Staff 

KARL J . FRITZ , JR., M . D. 

RE: AEC Proposal to Expand Group Licensing for Certain 
Medical Uses of RAdioisotopes, released Jan 21, 1974 

I. Previous regulations required hospitalization of patients 
containing more than 30 millicuries of Iodine 131 regard­
less of diagnosis; but your new group licensing concept, 
proposed to simplify licensing procedfure on Page 2385-2 
Paragraph 7, requires hospitalization of patients con­
taining more than 8 millicuries of I-131 for treatment 
of thyroid carcinoma. 

It is recommended that this be changed to the original 
regulation of 30 millicuries for the following reasons: 

1. Thyroid carcinoma is no more catching than hyper­
thyroidism for which you have no similar restriction. 

2. Unnecessary hospitalization will result from this 
regulation. 

3. Physicians treating these conditions with I-131 are 
quite aware of the hazards and are capable of control­
ling them without this blanket regulation which could 
result in greater exposure of personnel in loosely 
policed small community hospitals than if the patient 
(frequently living alone) were allowed to return home. 

II. While I am at it, I would like to register another personal 
objection to the format of CFRs. Would you consider sepa­
rating these many pages of small print information into 
cateijories of isotopes (a) "frequently used", (b)"rarely 
used, and (c) "for inv'estigation, research, and educational 
use only". This would save readers considerable time wading 
through so much print to read the areas that concern them. 
It would be further helpful if items representing change 
were written in italics; surely not all the small-typed five 
pages of this recent communication represents change. 
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Page 2 - Chief, Public Proceedings Staff - AEC - 2/6/74 

I realize you have a difficult job and that you want to be 
all inclusive, but the above suggested changes would result 
in more recipients reading your material; I do not believe 
it is your intention to hide changes like the above in the 
camouflage of multiple pages of not very exciting prose. 

Sincerely, 

f ~'~ /Ir::/> ' 
Daniel G. Lareau, M.D., FACP 

DGL/s 
cc: Milton A. Friedlander, M.D. 

Chairman on Nuclear Radiology 
Penna Radiological Society 
Polyclinic Hospital 
Harrisburg, Penna 17105 

C. Jules Rominger, M.D.,FACR 
Mercy Catholic Medical Center 
54th and Cedar Avenues 
Philadelphia, Penna 18201 



SURGERY 
H ;; ;npton St. Clair, M.D. 
Edward J. Flynn, Jr., M.D. 
R. W. Neilson, Jr., M.D. 
James P. Thomas, M.D. 
Riaz A. Rana, M.D. 

NEUROSURGERY 
Wm. F. Hillier, Jr., M.D. 
E. Lyle Gage, Jr., M.D. 

~~Ut~~~i"-35 (,;err~ 1~q) 
..,.ti.,l..caJ( ~ INTERNAL MEDICINE 

t J. R. Shanklin, M.D. 

BLUEFIELD SANITARIUM Karl E. Weier, M.D. 
H.F. Warden , Jr., M.D. 

BLUEFIELD SANITARIUM CLINIC ~-. g: ~ri;:~;.~~~·M.D. 

BLUEFIELD, W . VA. '-.q'7t,f 
Phone: 325-6176 

UROLOGY 
T. B. Baer, M.D . 
Steve J. Misak, M.D. 

DEPARTMENT OF PATHOLOGY 
David F. Bell, Jr., M.D. 

ROENTGENOLOGY 
S. G. Davidson, M.D. 
George C. King, M.D. 
Brennan Purkall, Jr., M.D. 

John J. Bryan, M.D. 
llmia S. Bano, M.D. Febr uary 8, 1 9 7 4 

OBSTETRICS AND GYNECOLOGY 
E.W. McCauley, M.D. 
Charles S. Flynn, M.D. 
Frederick T. Edmunds, M.D. 
M. S. Hajjar, M.D. 
T. Keith Edwards, M.D. 

RADIOISOTOPES 
C. D. Pruett, M.D. 
R. O . Rogers, Jr., M.D. 

_k~11wtiJ6ed J.::../.1.:..l.'t+Do.. 
-:.. . . ... . · .~- -··-'- ---

Chie f, Public Proceedings Staff 
Secretary of the Commission 

EYE, EAR, NOSE, and THROAT 
F. D. White, M.D. 

ANESTHESIOLOGY 
David H. Gatherum, M.D. 

PEDIATRICS 

H. Grady McRae, Jr. , M.D. 
Edward M. Spencer, M.D. 

of the United States Atomic Energy Commission 
Washing ton, D. C. 2054 5 

Dear Sir: 

I concur wholeheartedly wi t h the g roup licensing concep t 
proposed by the Atomic Energy Commission. I have ahvays 
t h ought that those o f us that did not possess and qualify 
£or a general license have been discriminated against, but 
it seems p rudent to me that once a man ' s qualifications and 
e q uipment that he possess is on record with the Atomic Energy 
Commission that it is superfluous to go through the laborsome 
procedure of getting amendments to use new kits and generators 
which have been app roved by the A.EC. I would also like to suggest 
that when a ne1N procedure or kit, and so fort h is a pproved by 
the AEC that the A.EC notify each individual licensee that this 
procedure or kit £alls within the scope o f the particular 
individual's license. I think that this proposed change in 
licensing procedure is an excellent one. 

I would also like to state that since my license was issued in 
1957 that all AEC personnel with whom I have delt have been 
extremely courteous, efficient, and help ful. 

Sincerely your s, 

f '/ J l ( ) ).'---l- ),;cJ) 
( / t j.. -, ., ' ),h-' .; . 
- I 

Charles D. Pruett, M. D. 

CDP:bsr.1 



,, •1, 
/....o., ; "" coo, '" , m "" 

, ,1753 

Secretary 
United States Atomic Energy Commission 
Washington, D.C. 20545 

February 7, 19 7 4 

Attention: Chief Public Proceedings Staff 

Dear Sir, 

I support without restriction the proposed rules (2384-1) 
amending lOCFR parts 31, 32 and 35 of the AEC Regulations as 
published. 

RCS/jn 

DOCK ETE D 
oo.\EC 

FEBl l 1974~ 

"- K ,',(, l A'-""PY WING o CORUES, STEINBACH, THOMAS WING 
< >< ~ • •,. t "llvN,L'"-1 •JAMESF ACKERMAN WING 

> D 1904 

of Radiology 



/ ,,,,,~ ,,.,,,•' / 
/TELEPHONE /. AREA CODE 201 / 775-5500 

]945 Corlies Avenue / Neptune I New Jersey 07753 

Secretary of the Commission 
U.S. Atomic Energy Commission 
Washington, D.C. 20545 

February 7, 1974 

Attention: Chief, Public Proceedings Staff 

Dear Sir or Madam: 

As an AEC licensee for medical uses of radioisotopes I would like 
to express my approval concerning the proposed amendments to Parts 
31, 32 and 35 of the AEC regulations being published in the Federal 
Register of January 21, 1974. I feel that implementation of these 
proposals would be beneficial and simplify the cumbersome present 
situation. 

ANN MAY SCHOOL OF NURSING • BOOKER PAVILION • CASPARY l'AVILION • 

CORLIES, STEINBACH, THOMAS PAVILION • DcCOl'l'l:T HALL • FORD AUDITORIUM • JAMES F. ACKERI\IAN PAVILION 

FOUNDED 1904 



DEPARTMENT OF RADIOLOGY 

D I VISION OF NUCLEAR MEDICINE 

Mr. Gordon M. Grant 
Acting Secretary 
U. S. Atomic Energy Commission 
Germantown, Maryland 

Dear Mr. Grant: 

DU RHAM , NORTH CAROLINA 

27710 

February 5, 1974 

TELEPHONE 919-684-2466 

Re: Proposed Rules Changes 

I am writing in response to the proposed rules changes regarding uses 
of radioisotopes which appeared in the Federal Register, January 21, 1974. 
My comments are in regard to the amendment 35.14, Section (b), Item #7 
1...,hich reads as follows: "For Group IV , any licensee who possesses and uses 
radi opharmaceuti ca 1 s for therapy sha 11 assure that patients containing more 
than 8 millicuries of iodine-131 for treatment of thyroid carcinoma or 
patients containing more than 23 millicuries of gold-198 shall be hospitalized." 

As a practicing nuclear medicine physician with more than twenty years 1 

experience in the field, I must protest the truly unnecessary restrictions 
placed on the management of thyroid carcinoma patients imposed by the 8 
millicuries iodine-131 restriction noted above. The present limit of 30 
millicuries is restrictive enough and has resulted in additional financial 
hardship to patients with thyroid cancer. To lower this limit to 8 millicuries 
will add a minimum of 2 and possibly 3 days to the presently required 3 to 4 
days of hospitalization of thyroid cancer patients receiving I-131 therapy. 
At present average hospital day costs of $100.00, the added burden of $300.00 
to $400.00 is truly excessive. 

Patients with cancer of any type incur large hosp i tal expenses from the 
initial diagnostic and therapeutic procedures. To add additional expense to 
such a patient should be avoided where possible and particularly where it is 
unnecessary . 

The 8 millicuries I-131 limit actually seems discriminatory since it 
applies only to thyroid cancer patients. If such a limit truly has merit, it 
should also be applied to the larger number of hyperthyroid patients who receive 
more than 8 millicuries I-131 for treatment. Hospitalization of these patients 
would truly overload the already expanded hos pital census due to the large 
number of patients receiving I-131 therapy for hyperthyroidism. If 8 milli­
curies I-131 truly represents a radiation hazard to the general population, it 
certainly should not be applied only to the relatively small number of thyroid 
cancer patients, but also to the infinitely larger group of hyperthyroid 
patients. Personally, I do not believe this is possible. 



'. ~ 

Mr. Gordon M. Grant -2- February 5, 1974 

In summary, I believe the 8 millicuries I-131 amendment to current 
regulations is discriminatory, unnecessary and, if adopted, will represent 
an undue hardship on a small number of already financially deoleted patients. 

Sincerely, 

Jos \x~]~~~ 
Ass~te Professor of Radiology 

JBW:cmb 

3223 - DNM .. D _ Box 
workman, 1~1 • • 

~ 
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VETERANS ADMINISTRATION 

HOSPITAL 

ALEXANDRIA, LOUISIANA 71301 

February 5, 1974 

Secretary of the Commission 
U. S. Atomic Energy Commission 
Attention: Chief, Public Proceedings Staff 
Washington, D. C. 20545 

IN REPLY 
REFER TO: 

SUBJ: Proposed Amendments to Parts 31, 32, and 35 of the AEC Regulations 
Published in the Federal Register on January 21, 1974 

l. The undersigned is greatly in favor of the proposed amendments since 
they will enable us to obtain isotopes more easily and for a greater variety 
of tests. 

2. We are a dean's committee hospital but have been unable to obtain a 
broad license. Therefore, it has been very difficult for us to obtain 
amendments, especially for the different reagent kits. Thus, we have had to 
limit the scope of our work. 

3. In the recent hotline conference with area chiefs of nuclear medicine, 
they all felt as the undersigned. 

Sincerely yours, 

~ lrj./,,//at-e/J /jJ_/) 
WILLIAM H. KASTL, M. D. 
Chief, Nuclear Medicine Service 

A ... U'"" 19 c,.'24 
~ .. . , , .... ~ 

Show veteran's full name, VA file number, and social security number on all correspondence. 



14519 DETROIT AVENUE LAKEWOOD, OHIO 44107 PHONE ( 216 ) 521-4200 

February 6, 1974 

Secretary of the Commission 
U. S . Atomic Energy Commission 
Washington, D. C. 

Attention: Chief, Public Proceedings Staff 

Dear Sir: 

The proposed amendments to Parts 31, 32 and 35 of AEC 
regulations expanding the group licensing of medical 
uses of radioisotopes is a much needed change. It 
would be a great aid to the clinical practice of Nuc­
lead Medicine in the community hospitals. 

I heartily support this proposal. 

Truly yours, 

~ 
William J. Fayen, M.D. 
Director 
Nuclear Medicine 

WJF:mlf 

D1JCKEHD 
4*E 

FEBll 1974_. 



February 6, 1974 

U.S. Atomic Energy Commision 
Washington, D. e . 20545 

Attention: Chief, Public Proceedings Staff. 

Dear Sir: 

We are most in favor of the new proposed amendments 
to parts 31, 32 and 35 of AEC regulation according to th~ir 
letter of January 21, 1974. I feel that this would greatly 
facilitate the use of necessary radiopharmaceuticals and 
markedly deminish the costs acquired in trying to necessitate 
paper work for such. I highly recommend adoption of such 
amendments. 

For further information please feel free to contact me. 

Sincerely, 

~ 
Harold C. Pap ~ 

HCP/mn 
C 

ST. JOSEPH HOSPITAL<JP 
Sisters of Chari ty • 

MOUNT CLEMENS .s 
, MICHIGAN 48043 ·~· ..• 



DEPARTMENT OF LABORATORY MEDICINE 

BERTE . STOFER , M , D , , DIRECTOR EMERITUS GEORGE£ , FRITZ , M . O , 

LEO P. CAWLEY , M , O , , DIRECTOR H. H . MARSH , M.O. 

TEO STREET, ADMINISTRATIVE ASSISTANT DWIGHT K . OXLEY, M . O. 

JESSE H . MARYMONT , M , D, CAROL SLEEPER, M.O . 

TOM HIRATZKA, M.O . DAVID L, PALMER, M , 0, 

Secretary of the Commission 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

January 31, 1974 

DOCKETED 
tlEl 

Attention: Chief, Public Proceedings Staff 

Dear Sir: 

With regard to the Notice of Proposed Rulemaking, "Group Licensing 
for Certain Medical Uses" (lOCFR Parts 31, 32 and 35), published in the 
Federal Register Vol. 39, No. 14, Monday, January 21, 1974, pp. 2384ff, 
the following questions and comments are offered. 

1. In the amended paragraph (a) of 35. 14 (page 2385), reference is 
made to " •••• an application for a specific license ••• "(emphasis MINE). 
It is correct to conclude that the provisions of 35. 14, including the filing 
of a Registration Certificate, 35. 14(b)(4), will apply only to holders of 
specific licenses and not to institutions operating under a broad institutional 
license? 

2. A new registration process is described in the proposed 35. 14 (b)(4), 
page 2385, which requires approval from the AEC prior to the use of 
investigational radiopharmaceuticals. Will holders of specific licenses 
issued by Agreement States proceed with this through the AEC or through 
the regulatory office of their Agreement State? 

3. I suggest that Cobalt 5 7 as labelled cyanocobalamin for intestinal 
absorption studies be added to the list in paragraph (a), 35.100,(Group I). 
Cobalt-57 is widely used for this purpose; the physical half-life, and 
therefore the radiation dose received by the patient, are much more favor­
able than the equivalent properties of Cobalt-60 which is on the approved 
list. 

cc: Dr. Leo P. Cawley 
Dr. David Palmer 
Mr. Robert J. O'Brien 
Mr. Gerald Allen 

DKO:ld 
"YOUR NEED IS OUR CONCERN . . WE 

Sincerely, 

~ey/, .... ~-, 

Chief, Nuclear M 

CARE" 




