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ABSTRACT

This regulatory analysis was developed to respond
to three petitions for rulemaking to amend

10 CFR parts 20 and 35 regarding release of
patients administered radioactive material. The
petitions requested revision of these regulations to
remove the ambiguity that existed between the
1-millisievert (0.1-rem) total effective dose
equivalent (TEDE) public dose limit in Part 20,
adopted in 1991, and the activity-based release
limit in 10 CFR 35.75 that, in some instances,
would permit release of individuals in excess of
the current public dose limit.

Three alternatives for resolution of the petitions
were evaluated. Under Alternative 1, NRC would
amend its patient release criteria in 10 CFR 35.75
to match the annual public dose limit in Part 20
of 1 millisievert (0.1 rem) TEDE. Alternative 2
would maintain the status quo of using the
activity-based release criteria currently found in
10 CFR 35.75. Under Alternative 3, the NRC
would revise the release criteria in 10 CFR 35.75
to specify a dose limit of 5 millisieverts (0.5 rem)
TEDE.

The evaluation demonstrates that adoption of
Alternative 1 would be considerably more
expensive to the public compared to Alternative 2

(the status quo), primarily due to increased health
care costs associated with more patients remaining
in the hospital than under the current
activity-based requirements. The evaluation also
demonstrates that adoption of the S-millisievert
(0.5-rem) dose limit under Alternative 3 would
result in a higher net value to the public
compared to Alternative 2 (the status quo),
primarily due to lower health care costs and the
increased psychological benefits to patients and
their families by permitting earlier release from
the hospital.

Based on this analysis, the decision was made that
adoption of the 5-millisievert (0.5-rem) TEDE
limit is consistent with the provisions in

10 CFR 20.1301(c), and the recommendations of
the International Commission on Radioiogical
Protection that an individual be allowed to receive
annual doses up to 5 millisieverts (0.5 rem)
TEDE under certain circumstances. Further, it
no longer restricts patient release to a specific
activity, and therefore, permits release of patients
with activities that are greater than currently
allowed. The primary benefit is in reduced
hospital stays that provide emotional benefits to
patients and their families, and result in lower
health care costs.
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FOREWORD

This regulatory analysis was developed to respond
to three petitions for rulemaking to amend

10 CFR parts 20 and 35 regarding release of
patients administered radioactive material. The
petitions requested revision of these regulations to
remove the ambiguity that existed between the
1-millisievert (0.1-rem) total effective dose
equivalent (TEDE) public dose limit in Part 20,
adopted in 1991, and the activity-based release
limit in 10 CFR 35.75 that, in some instances,
would permit release of individuals in excess of
the current public dose limit.

In order for the NRC staff to assess the costs and
benefits associated with a change in the criteria
for the release of patients administered
radioactive materials, it was necessary to obtain

extensive information about the radionuclides
used for the diagnosis or treatment of disease.

This report represents a compilation of this, and
other information on the release of patients
administered radioactive materials, such as the
estimate of maximum likely doses to individuals
exposed to these patients, assessment of doses to
breast-feeding infants, the corresponding collective
doses, and the costs and benefits of a release criteria
that is dose based compared to one that is activity based.

This report contains information on the release of
patients administered radioactive material that was
considered by the NRC staff for the rulemaking on
radiological criteria for patient release. The
results, approaches and methods described in this
final NUREG are provided for informaion only.

(349 M Mhrnrs
Bill M. Morris, Director

Division of Regulatory Applications
Office of Nuclear Regulatory Research
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1 STATEMENT OF THE
PROBLEM

Each year in the United States, radioactive
pharmaceuticals or compounds or radioactive
implants are administered to roughly 8 to

9 million patients for the diagnosis or treatment
of disease. These people can expose others
around them to radiation until the radioactive
material has been excreted from their bodies or
has decayed away.

NRC'’s patient release criteria in 10 CFR 35.75,
"Release of Patients or Human Research Subjects
Containing Radiopharmaceuticals or Permanent
Implants,” are as follows:

(a) A licensee may not authorize release from
confinement for medical care any patient or
human research subject administered a
radiopharmaceutical until either: (1) The
measured dose rate from the patient or the
human research subject is less than

5 millirems per hour at a distance of 1 meter;
or (2) The activity in the patient or the
human research subject is less than

30 millicuries; (b) A licensee may not
authorize release from confinement for
medical care of any patient or human
research subject administered a permanent
implant until the measured dose rate from
the patient or the human research subject is
less than 5 millirems per hour at a distance of
1 meter.”

On May 21, 1991, the NRC published a final rule
that amended 10 CFR Part 20, "Standards for
Protection Against Radiation" (56 FR 23360).

The rule contained limits on the radiation dose
for members of the public in 10 CFR 20.1301.
However, when 10 CFR Part 20 was issued, there
was no discussion in the supplemental information
on whether or how the provisions of 10 CFR 20.1301
were intended to apply to the release of patients,
thereby creating the need to address this issue.

Because some licensees were uncertain what effect
the revised 10 CFR Part 20 would have on patient
release criteria, three petitions for rulemaking
were received on this issue. The first petition,

submitted by Dr. Carol S. Marcus (PRM-20-20,
56 FR 26945), requested that the NRC:

(1) Raise the annual radiation dose limit in
10 CFR 20.1301(a) for individuals exposed to
radiation from patients receiving radiopharma-
ceuticals for diagnosis or therapy from 1 milli-
sievert (0.1 rem) to 5 millisieverts (0.5 rem).

(2) Amend 10 CFR 35.75(a)(2) to retain the
1,110-megabecquerel (30-millicurie) limit for
iodine-131 (I-131), but provide an activity
limit for other radionuclides consistent with
the calculational methodology employed in
the National Council on Radiation Protection
and Measurements (NCRP) Report No. 37,
"Precautions in the Management of Patients
Who Have Received Therapeutic Amounts of
Radionuclides” (NCRP70).

(3) Delete 10 CFR 20.1301(d), which requires
licensees to comply with provisions of EPA’s
environmental regulations in 40 CFR Part 190
in addition to complying with the requirements
of 10 CFR Part 20.

The second petition, submitted by the American
College of Nuclear Medicine (ACNM) (PRM-35-10,
57 FR 8282, as revised by PRM-35-10A,

57 FR 21043), requested that the NRC:

(1) Adopt a dose limit of 5 millisieverts (0.5 rem)
for individuals exposed to patients who have
been administered radiopharmaceuticals.

(2) Permit licensees to authorize release from
hospitalization any patient administered a
radiopharmaceutical even if the activity in the
patient is greater than 1,110 megabecquerels
(30 millicuries) by defining "confinement” to
include confinement in a private residence.

A third petition (PRM-35-11, 59 FR 37950)
dealing, in part, with these same issues was submitted
by the American Medical Association (AMA).
The main point of the petition is that the
radiation dose limits in 10 CFR 20.1301 should
not apply to individuals exposed to the patient.

Since the petitions submitted by Dr. Marcus, the
ACNM, and the AMA all address the patient
release criteria in 10 CFR 35.75, the NRC decided
to resolve these petitions in a single rulemaking.

NUREG-1492




2 OBJECTIVE OF THE
RULEMAKING

The objective of this rulemaking is to respond to
the three petitions for rulemaking by amending, as
deemed appropriate, the patient release criteria in
10 CFR 35.75.

3 ALTERNATIVES

As the petitions and the public comments that
were submitted to the Commission on the
petitions made clear, some licensees were
uncertain about whether dose limits imposed by
10 CFR 20.1301(a) or the patient release criteria
established by 10 CFR 35.75 govern patient
release. In the Commission’s view, 10 CFR 35.75
governs patient release as explained in the Notice
of Proposed Rulemaking (59 FR 30724). The
public comments received on the three petitions
and on the Notice of Proposed Rulemaking also
made it clear that the majority of commenters
favored an annual dose limit of 5 millisieverts
(0.5 rem). Given that 10 CFR Part 35 was
deemed to be the controlling regulation, the
Commission was faced with the decision regarding
the regulatory approach to be pursued in

10 CFR 35.75. To evaluate the issues raised by
the petitioners and those who commented on the
requests made by the petitioners and the Notice
of Proposed Rulemaking, the NRC determined
that the following alternatives should be evaluated:

" @ Alternative 1: 1 millisievert (0.1 rem) total
effective dose equivalent

This alternative evaluates a dose limit of

1 millisievert (0.1 rem) to an individual
exposed to a patient as the limiting factor for
determining when a patient may be released
from the licensee’s control.

e Alternative 2 < 1,110 megabecquerels
(30 millicuries) or < 0.05 millisievert
(5 millirems) /hr at 1 meter

In this alternative, the current patient release
criteria in 10 CFR 35.75 are evaluated as the

NUREG-1492

controlling requirements for determining
when a patient may be released from the
licensee’s control.

e Alternative 3: 5 millisieverts (0.5 rem) total
effective dose equivalent

This alternative evaluates a dose limit of

5 millisieverts (0.5 rem) to an individual
exposed to a patient as the limiting factor for
determining when a patient may be released
from the licensee’s control.

4 CONSEQUENCES

To evaluate the impacts of the three alternatives,
it is necessary to determine which current
procedures involving the administration of
radiopharmaceuticals or permanent implants
might be affected by the imposition of a dose
limit of 1-millisievert (0.1-rem) total effective dose
equivalent for individuals exposed to released
patients. For convenience, procedures involving
the administration of radioactive materials to
patients may be classified as: (1) diagnostic
procedures involving administration of
radiopharmaceuticals to obtain information about
normal and pathological processes in the patient;
or, (2) therapeutic procedures involving
administration of radiopharmaceuticals or
implantation of a radioactive source to destroy
diseased tissue in the patient.

4.1 Current Uses of
Radiopharmaceuticals

Radiopharmaceuticals can be defined as "drugs”
that are radioactive. Although radiopharma-
ceuticals, diagnostic or therapeutic, may be
classified as drugs, it should be noted that
radiopharmaceuticals are not given for the
purpose to exert any pharmacological action.

Radiopharmaceuticals are generated from two
sources: nuclear reactors and accelerators.
Nuclear reactors can produce radionuclides
through neutron capture reactions (e.g., (n, ),

(n, p), and (n, ), as well as by nuclear fission

(m, f). Other radiopharmaceuticals are accelerator



produced, in which a highly pure target material is
bombarded with protons, deuterons, or alpha
particles. Many have relatively short half-lives.
Some radiopharmaceuticals may be produced by
either reactor or accelerator (e.g., palladium-103
(Pd-103) and iodine-125 (I-125)). The choice in
production method is dictated by cost
considerations and vendor access to a high
neutron flux reactor facility. While most
iodine-125 has in the past and continues to be
produced by reactors, the production of
palladium-103 has shifted from reactor to
accelerator (personal communication, C. Jacobs,
August 1993).

4.1.1 Diagnostic Administrations

41.1.1 Estimates of the Number of Diagnostic
Procedures Performed

Estimates regarding the frequency and total
number of diagnostic nuclear medicine procedures
have been reported over the years in several
studies reviewed and analyzed by Mettler, et al.
(MES85). Among the earliest data reported was a
study supported by the American College of
Radiology (ACR75), which reflects data collected
in 1972 by J. Lloyd Johnson Associates.
Additional data for the years 1973 and 1975 were
obtained in a similar fashion and also published in
the American College of Radiology Manpower
Survey (ACR82).

In 1975, the Bureau of Radiological Health
(BRH; now the Center for Medical Devices and
Radiological Health, CDRH) of the United States
Food and Drug Administration initiated a pilot
study that surveyed information reported by six
hospitals to the Medically Oriented Data System
(MODS). This project was later expanded to
include 26 stratified hospitals that provided data
for 1977 and 1978 (FDASS).

Comprehensive data on 1980 diagnostic imaging
procedures were obtained by J. Lloyd Johnson
Associates by mail questionnaire using a stratified
random sample of general hospitals and selected
office practices in the U.S. (JO83). The sample
included 6,109 hospitals and was estimated to
reflect about 90 percent of the total diagnostic
imaging examinations. Additional studies were
conducted by the BRH for the years 1980, 1981,
and 1982. The hospital-based survey was called
the Radiation Experience Data (RED 1 and

RED 2 studies) (ME85). The RED 1 study
examined the computer billing records of

81 hospitals. Data for the subsequent RED 2
study reflect information obtained by mail survey
from 500 hospitals.

Data for 1982 were also provided by Parker, et al.
(PA84) in which a randomized sample of

10 percent of the U.S. hospitals were surveyed.
Although his survey was specifically directed to
thyroid examinations, survey data also provided
estimates of total examinations.

All of the studies mentioned above are
summarized in Table 4.1 and represent hospital
data only. However, the exclusion of non-hospital
facilities should not significantly affect the
accuracy of estimates since less than 1 percent of
all nuclear medicine procedures are performed
outside hospitals (JO83). Inspection of Table 4.1
reveals several important trends. While the total
number of diagnostic procedures has shown a
general increase, the number of specific
procedures has in some cases dramatically
increased or decreased. By 1982, there were
fewer radionuclide brain imaging examinations
than in 1972, undoubtedly due to replacement by
computerized tomography (ME85). For the same
period, liver imaging increased tenfold. The
largest percent increase involves cardiovascular
imaging, which increased from an estimated
25,000 procedures in 1972 to about 950,000 in
1982. Other procediires such as renal, lung, and
tumor imaging have experienced only modest
increases in numbers,

A search of the open literature revealed no recent
comprehensive studies to assess more current U.S.
use of radiopharmaceuticals. It is generally
thought, however, that the frequency and usage of
radiopharmaceuticals have stabilized because of
the competing technologies of computerized
tomography, magnetic resonance imaging, and
gray-scale ultrasound (personal communication,
F.A. Mettler, March 1993). For this report, the
most recent RED 2 frequency distribution and the
cumulative frequency of 16 diagnostic nuclear
medicine procedures per one-thousand population
will be used to estimate current usage. Table 4.2
provides frequency estimates of diagnostic
procedures adjusted to reflect the 1993 U.S.
population, which is projected at 256,466,000 by
the United States Bureau of the Census.
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Table 4.1 Estimated Number of Diagnostic Radiopharmaceutical Procedures Performed in the
United States Between 1972 and 1982

Year
1972 1973 1975 1978 1980 1980 1981 1982 1982
Source
Examination
Type ACR ACR ACR MODS Johnson RED1 RED2 RED2 Parker
Brain 1260 1510 2120 1546 870 1176 1038 812
Hepatobiliary 26 --- --- --- --- --- 109 179 -
Liver 455 535 676 1302 1180 1399 1445 1424
Bone 81 125 220 1160 1270 1307 1613 1811
Respiratory 332 47 597 1053 830 898 1005 1191
Thyroid 35 460 627 699 650 506 664 677 533
Urinary 108 122 154 205 200 164 402 236
Tumor 10 4 2 166 130 125 121
Cardiovascular 25 33 49 160 580 558 708 950
Other 686 294 338 120 120 368
Total 3339 3510 4803 6411 5830 6374 7199 7401 7690
W0 @) @ @) @) () () () ()
Source: MESS.

* Numbers not in parenthesis indicate number of examinations x 1,000.
t Numbers in parenthesis indicate number of examinations/1,000 population.

The identity, chemical form, and typical quantity
administered of radionuclides used for diagnostic
in-vivo procedures are cited in Table 4.2 and
reflect values cited by Mettler, et al. (MES6).

It can be assumed that the typical quantity per
examination has not significantly changed since
the time of original publication (personal
communication, F.A. Mettler, March 1993).

As the results in Table 4.2 indicate, there are
approximately 8.2 million diagnostic examinations
employing radiopharmaceuticals performed
annually in the United States. Of these, more than
85 percent use technetium-99m (Tc-99m) as the
label, about 5 percent use xenon-133 (Xe-133),
about 5 percent use thallium-201 (T1-201), about

NUREG-1492

3 percent use iodine-131 or iodine-123 (I-123),
and about 2 percent use gallium-67 (Ga-67).

4.1.12 Age and Sex Distribution of Patients

The age and sex distribution of the United States
population that underwent nuclear medicine
examinations in 1980, as cited by Mettler, et al.
(MES6), is shown in Table 4.3. For the period of
observation, more than three-fourths of all nuclear
medicine examinations were performed on
persons over the age of 45; nearly 40 percent of
these patients were 64 years and older. With the
exception of the youngest age category, the
percentage of females exceeded males.




Table 42 Estimated Radiopharmaceutical Use for Diagnostic Procedures in the

United States in 1993*

L

Typical Activity Number of

Examination Type per Examination Examinations
(Radiopharmaceuticaly (MBg) (mCi) (x 1,000)
Brain . ‘ |

;- Tc-99m DTPA 740 (20) 450

- Tc-99m O, (Pertechnetate) 740 (20) 450
Hepatobiliary '

-, Tc-99m IDA 185 ® 198
Liver

- Tc-99m Sulfur Colloid 185 ) 1,578
Bone

- Tc-99m Phosphate 740 (20) 2,007
Lung Perfusion

- Tc-99m MAA 185 &) 871
Lung Ventilation

- Xe-133 370 (10) 449
Thyroid '

- Tc-99m O, (Pertechnetate) 185 ®) 600

- 1123 111 (03) 75

- 11131 3.7 (0.1) 75
Renal

- Tc-99m DTPA 740 20) 157

- I-131 Hippuran 93 " (0.25) 105
Cardiovascular

- Tc-99m RBC 740 (20) 421

- Tc-99m Phosphate 740 20) 211

- TI-201 Chloride 11 3 421
Tumor

- Ga-67 Citrate 111 )] 134

Total 8,202

L

* Based on MES6; and personal communication, F. A. Mettler, March 1993, but adjusted for the 1993 United

States population.
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Table 4.3 Age and Sex Distribution of Patients Having Nuclear

Medicine Examinations

Male Female Total
Age (%) (%) (%)
<15 0.9 0.7 16
15-29 33 4.9 82
30 -44 52 8.7 139
45 - 64 158 21.6 374
> 64 17.0 219 389

e

Source: MES6.

4.1.2 Therapeutic Administrations

Therapeutic use of radioactive materials involves
two distinct approaches. The first involves the
oral, intravenous, or intracavity administration of
a radiopharmaceutical that may subsequently be
distributed, concentrated, retained, and eliminated
by physical, chemical, and metabolic actions
occurring within the body. The second approach
involves the implantation of radioactive sources
(i.e., seeds) directly into a solid tumor. While
both temporary and permanent implants are
performed, all patients receiving temporary
implants are hospitalized until the implants are
removed. Thus, only permanent implants are
potentially affected by this rulemaking.

4,12.1 Radiopharmaceuticals Used in Therapy

The in-vivo use of radiopharmaceuticals in therapy
1is based on the ability to differentially deliver
lethal radiation doses to the selected target tissue.
Most desirable are beta emitters that can deliver
intense irradiation of target cells while sparing the
surrounding tissues. In contrast to diagnostic
procedures for which the gamma emission is
essential, the emission of energetic gammas is
undesirable for therapeutic purposes since it
results in unwanted irradiation of surrounding
healthy tissues and doses to individuals in close
proximity to the patient. The more significant
therapeutic applications are described below.

Hyperthyroidism

Hyperthyroidism is characterized by an increased
production of thyroid hormone. Hyperthyroidism
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is most commonly associated with Graves’
Disease. Graves’ Disease is an autoimmune
disease in which the body’s own immune system is
directed against cellular and secretory products of
the thyroid gland. Hyperthyroidism can also be
the result of excessive hormone production by a
single "toxic" nodule, thyroid carcinomas, and
medications inclusive of potassium iodide.

Hyperthyroidism is not a condition reportable to
public health agencies. As a result, data on rates
of occurrence and treatment must be inferred.
Incidence of hyperthyroidism is reported at 3 per
10,000 adults per year, with peak incidence
occurring between 30 and 50 years of age (DGT79).

From the most recent data (1990) available from
the United States Bureau of the Census, it can be
assumed that about 75 percent of the United
States population (approximately 191,500,000
persons) is 18 years of age or older. Thus, it can
be estimated that about 57,500 individuals per
year require medical treatment for
hyperthyroidism.

Although medical treatment may in some cases
involve the use of anti-thyroid drugs or surgery, it
may be assumed that about 85 percent of the
cases of hyperthyroidism are treated with
therapeutic doses of iodine-131 (personal
communication, M. Pollycove, November 1993).
The resulting estimate is about 50,000 treatments
per year.

In the past, therapeutic quantities of iodine-131
for treatment of hyperthyroidism tended to be of
a magnitude (185 to 550 megabecquerels

(5 to 15 millicuries)) that would reduce the



hormone production of the hyperactive thyroid
gland to normal levels. However, experience
demonstrated that over a period of years the
therapeutically induced euthyroidal condition
(normal or healthy thyroid) deteriorated to one of
hypothyroidism requiring thyroid hormone
replacement therapy. As a result, today
hyperthyroid therapy also involves the use of
iodine-131 to ablate the thyroid. Approximately
50 percent of all hyperthyroid patients undergo
ablation (personal communication, M. Pollycove,
January 1996). Typically, activities in the range
from 550 to 1,110 megabecquerels (15 to

30 millicuries) are used but about 2 percent of all
patients require as much as 2,220 megabecquerels
(60 millicuries), the maximum typically
administered. Such doses quickly result in the
total loss of thyroid function and the patient is
given hormone replacement therapy from the
onset (personal communications, F. A. Mettler,
March 1993 and M. Pollycove, January 1996).

Thyroid Nodules

Single or multiple nodules of sufficient size may
cause obvious enlargement of the thyroid. A
nodule(s) refers to a replacement of the normal
homogeneous cytostructure of the thyroid with a
histologic pattern ranging from colloid-filled cysts
and colloid adenomas to follicular adenomas.
Since the incidence is 4 to 5 times as great in
women as in men, and since it develops and
progressively increases in size during life, it is
most frequently found in females 50 to 70 years of
age. It is not uncommon for nodules to remain
undetected until a post-mortem examination.

Small nodules in euthyroid subjects require no
therapy. If the gland is grossly enlarged and
causes a cosmetic problem or tracheal
compression, treatment may be indicated along
with thyroid hormone replacement therapy.

A small percentage of thyroid nodules tend to
produce thyroid hormones uncontrollably and in
excess (i.e., the nodule is not under the regulatory
control of the pituitary gland and is clinically
referred to as toxic nodular goiter). The presence
of these autonomously functioning thyroid nodules
leads to hyperthyroidism (i.e., thyrotoxicosis).

Toxic nodular goiter, like Graves’ Disease, may be
treated surgically (i.e., thyroidectomy) or by
therapeutic dose(s) with radioactive iodine.

Estimates of the frequency of radioactive iodine
treatment for this condition are included under
the estimates for hyperthyroid treatment above.

Thyroid Cancer

There is no nationwide cancer registry that
accurately defines the number of new cases of
cancer diagnosed each year. However, the
American Cancer Society (ACS) annually
publishes data on cancer incidence and patient
survival based on information provided by the
National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER) program.

The ACS estimates of United States cancer cases
diagnosed for 1992, are based on age-specific
incidence rates from the SEER program for 1986
to 1988 applied to the Census Bureaw’s population
projections for 1992. The ACS’s estimate of new
thyroid cancers in 1992, is 12,500 (ACS93). This
report assumes that 100 percent of these cases
will be treated by the surgical removal of thyroid
gland tissue (i.e., thyroidectomy). Following
surgery, about 20 percent of these cases will not
require additional thyroid cancer therapy but
about 80 percent will require additional
therapeutic administrations of iodine-131 to
eliminate residual thyroid cancer tissue (personal
communication, M. Pollycove, January 1996).
Therefore, this report assumes that about

10,000 cases per year will be treated with
therapeutic doses of iodine-131.

The quantities of iodine-131 used in thyroid
cancer therapy depend upon the type of cancer,
the status of the cancer, and the degree of uptake
and retention of iodine-131 by residual cancerous
thyroid tissue. As a result, current therapeutic
quantities range from 1,850 to

11,100 megabecquerels (50 to 300 millicuries)
(personal communications, F.A. Mettler and K.L.
Miller, March 1993). The typical quantity
administered is 5,500 megabecquerels

(150 millicuries) (personal communication, M.
Pollycove, January 1996).

Therapy for Polycythemia Vera

Since the introduction of radiophosphorus (P-32)
in 1936, patients with polycythemia vera have been
treated successfully with this radioisotope to control
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rather than cure this disease. Polycythemia vera
is a relatively rare disease that is characterized by
an autonomous proliferation of marrow cells
leading to an over production of red blood cells,
white blood cells, and platelets. Typically,
phosphorous-32 is administered intravenously in
doses of 111 to 185 megabecquerels (3 to

5 millicuries) per treatment over a period of time
with average cumulative quantities of

740 megabecquerels (20 millicuries) per patient.

Bone Therapy

Since the use of radioactive strontium for the
treatment of bone metastases was first described
in early 1942 (PE42), bone therapy has included
other radionuclides. Bone therapy may involve
the treatment of primary bone tumors such as
osteosarcoma (BL87) in which bone-seeking
radiopharmaceuticals are in fact tumor seeking.
Bone therapy may also be the treatment of painful
skeletal metastases, which may be palliated by
bone-seeking radionuclides. Although the
literature references the palliative and tumor
therapeutic use of these radionuclides
(phosphorous-32: CH80, RO77; strontium-89
(Sr-89): BL8S8, KL87, RO87, ROE90, SI85;
rhenium-186 (Re-186): KE87, MASS, SC90;
samarium-153 (Sm-153): LA90, TU89), there are
no databases and no studies have been performed
that would allow quantitative estimates regarding
the number of patients given bone therapy with
radiopharmaceuticals. These other therapies are
performed so seldom that they have negligible
impact in comparison with the radioiodines.

Therapy with Radiolabelled Cells

For lymphoid cell malignancies, the tumor cells
(i.e., lymphocytes) may retain their ability to
migrate and recirculate into the lymphoreticular
tissues (i.e., spleen, liver, bone marrow, and lymph
nodes). The harvesting, labelling, and reinjection
of lymphocytes has been demonstrated to deliver
therapeutic levels of radiation doses to tumors of
the lymphoreticular system (CO87). Indium-114-
labelled lymphocytes have a potential therapeutic
role in the management of lymphoma, and clinical
studies are underway. Because use of this new
therapy is not widespread, it will not be
considered any further in this analysis.
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Intra-Arterial Therapy

Some primary tumors as well as metastatic lesions
are highly vascularized. Direct arterial injection
with insoluble radiolabelled particulates that lodge
in arterioles and capillaries of the tumor is the
basis of this form of therapy (EHS87, ZI84).
Insoluble carriers of radionuclides that have been
clinically tested include iodine-131-labelled oil
contrast medium, iodine-131-lipoidal or -ethiodol
(PA87), yttrium-90-glass microspheres (HESS),
and yttrium-90 (Y-90) resin particles (ROE90).
Since these therapies are so seldom used, their
impact may be ignored in this analysis.

Intracavitary Tumor Therapy

For tumors that are spread over the serosal
linings of the body cavities or for ascites tumors,
one approach to delivering therapeutic doses of
radiation is to inject the radiopharmaceutical
directly into the body cavity. For this approach,
colloids, chelates, and, more recently, monoclonal
antibodies labelled with gold-198 (Au-198),
phosphorous-32, yttrium-90, or iodine-131 can be
used.

Initially, gold-198 colloids were used, but
phosphorous-32 is now preferred due to its longer
half-life, more energetic beta particles, and the
absence of gamma radiation. Intracavitary
radionuclide therapy with phosphorous-32 in
quantities of 185 to 370 megabecquerels (5 to

10 millicuries) has been applied to malignancies
involving the pleural, pericardial, and peritoneal
cavities (JASL, KA81, MA78).

More recently, iodine-131- or yttrium-90-labelled
tumor-associated monoclonal antibodies have
been used in intracavitary therapy (FI89, PES86,
RI90) in doses of 740 to 2,220 megabecquerels
(20 to 60 millicuries). Superiority of monoclonal
antibodies over colloids is expected due to the
enhanced affinity of the labelled antibody for the
target cells. At present, these therapies are rarely
used and thus have no impact in comparison with
radioiodines.

Radioimmunotherapy

Radioimmunotherapy involves the use of
radiolabelled antibodies directed against
tumor-specific antigens such as the
carcinoembryonic antigen (CEA) and ferritin,




Only a very limited number of cancer patients
have been treated experimentally with
radiolabelled antibodies in combination with
chemotherapy and external beam irradiation.
Among cancers treated are hepatomas, Hodgkin’s
disease, and non-Hodgkin’s lymphoma (LESS,
NE90, OR85). In the past, radioimmunotherapy
involved the use of iodine-131- and yttrium-90-
labelled polyclonal antibodies raised against
tumor-associated antigens in a variety of animal
species. Based on avidity of tumor cells and
exposure considerations of the bone marrow,
single doses of 370 to 1,110 megabecquerels

(10 to 30 millicuries) have been used.

The development of the hybridoma technique by
Kohler and Milstein (KO75) has caused significant
shift in radioimmunotherapy. The hybridoma
technique allows the development of monoclonal
antibodies against tumor-associated antigens. At

- this time, however, the use of radiolabelled
monoclonal antibodies for therapeutic applications
has been limited to experimental treatments. At
present, these therapies are rarely used and thus
have no impact in comparison with the
radioiodines.

4122 Radioactive Materials Used in Permanent
Implants (Brachytherapy)

In-situ radiotherapy may involve permanent
implants or brachytherapy. Brachytherapy has
been around almost since the discovery of X rays.
Brachytherapy can be divided into temporary
implantation using high activity sources or
permanent brachytherapy using the interstitial
implantation of encapsulated radioactivity. In
1911, Pasteau reported the first treatment of
prostate cancer by brachytherapy using radium
inserted through a urethral catheter (PA11).
Currently, iridium-192 (Ir-192) is the radionuclide
of choice for temporary implantation. For
temporary implantation, the sources are removed
from the patient before the patient is released
from licensee control. Radionuclides used for
temporary implants are, therefore, of no concern
to this report and will not be discussed further.

Over the past 20 years, several radionuclides have
been introduced to brachytherapy, allowing for the
permanent implantation of radioactive "seeds."
Seeds are miniature capsules that are strategically
inserted within a solid tumor and over the period
of their decay deliver a lethal dose of radiation to

tumor cells within a short distance of the implant.
The major advantage of brachytherapy over
external irradiation in the treatment of solid
tumors is the favorable ratio of dose delivered to
tumor cells versus normal tissue. This is
particularly true of prostate cancer where the
surrounding normal tissue includes the bladder,
rectum, and urethra. The presence of these
normal tissues limits the dose of external beam
radiation therapy that can be administered safely
to the prostate.

The radionuclides primarily used in permanent
implants are iodine-125 and palladium-103. Less
frequently used radionuclides include gold-198 and
ytterbium-169 (Yb-169).

The most frequently used radionuclide in
permanent implants is iodine-125, which has the
advantage of an extremely low energy (27 keV)
photon and a physical half-life of 60 days. Besides
minimizing dose to surrounding healthy tissue, the
low photon energy also limits doses to hospital
personnel and others when compared to
temporary implants with iridium-192 or
permanent implants with gold-198 (CL89, RU92).
Although iodine-125 implants are most commonly
used to treat cancer of the prostate (DE86, FU91,
HES2, MO88, PR92, WHSS), they have also been
used on a very limited basis for brain tumors
(AG92, 0592, SC92), carcinomas of the pancreas
(MO92), non-oat cell lung carcinomas (FL92),
breast cancers (RU92), and tumors of the head,
neck, and eye.

Palladium-103 seeds were developed for use in
brachytherapy to reduce some of the problems
associated with iodine-125. Its average photon
energy of 21 keV is lower than iodine-125, but,
given its shorter 17 day half-life, it has a higher
initial dose rate. Recently, palladium-103 seeds
have been developed with the same physical
parameters as iodine-125 seeds to ensure
compatibility with the brachytherapy tubes and
templates used for iodine implantation (ME90).

Ytterbium-169 has been hailed as a replacement
for iodine-125 in brachytherapy. Compared to
iodine-125 and palladium-103, it has a slightly
higher initial dose rate, and its average 93 keV
beta energy allows for a more favorable dose
distribution and negligible tissue self-attenuation
(PO90). However, its use as a permanent implant
is nominal due to the presence of a small (less

NUREG-1492

e




than 3 percent) average photon peak at 300 keV,
that can significantly impact radiation doses to
individuals in proximity to the patient.

Gold-198 implants have been used in a few
instances of prostate cancer (CA88, FR88). The
potential advantage of delivering a high dose
within a relatively short time, however, is offset by
its energetic gamma emissions, which has caused
its use in recent years to fall into disfavor and be
used only rarely (CA87).

A thorough search of the literature and personal
communications with several prominent members
of the medical and scientific community (see
Acknowledgements) indicates that there is no
published data available to quantify the annual
number of cancer patients receiving permanent
implants. However, the scientific literature and
consensus opinion among the experts identified in
the acknowledgments to this report does support
the following:

1. permanent implants are currently considered
an appropriate treatment for only a few sites
of solid tumors;

2. among the cancer sites for which permanent
implants are currently employed, prostate
cancer represents the overwhelming majority;

3. among the 132,000 annual new cases of
prostate cancer (ACS93), only a small
fraction is treated with permanent implants;

and,

4, for the purposes of this analysis, implants
involving gold-198 (largely discontinued) and
ytterbium-169 (isolated use only) may be
ignored.

In the absence of documented clinical data,
information was sought from the implant vendors
on numbers of administrations and typical
activities of radioactive material used per
administration. Currently, there are only three
vendor sources. Vendor supplied data suggests
that approximately 2,000 implants involving
iodine-125 are performed annually, at activities
ranging from 1,110 to 1,850 megabecquerels
(30 to 50 millicuries). For palladium-103,
approximately 1,500 implants are performed
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annually, at activities ranging from 2,775 to
4,625 megabecquerels (75 to 125 millicuries).

4123 Summary of Therapeutic
Administrations

Table 4.4 summarizes the range of the activities of
gamma-emitting radionuclides used in therapeutic
administrations and the estimates of the numbers
of each therapy performed annually.

4.2 Assessment of Doses to
Individuals Exposed to
Patients Administered
Radioactive Materials

To identify the potential impacts associated with
each of the alternatives, it is necessary to know
the magnitude of doses that could be received by
an individual exposed to a patient who has been
administered radioactive materials. While
exposure can occur via any of the elimination
pathways by which radionuclides are removed
from the body (e.g., exhalation, feces, saliva,
sweat, urine, and possibly vomit), experience
indicates that for iodine-131 and other gamma
emitters, these pathways will generally be
insignificant in relation to the doses that can
result from exposure to the direct gamma
radiation from the patient, with the exception of
intake from the milk in breast-feeding infants.
This section of the report assesses the external
and internal doses to individuals, including a
breast-feeding infant, exposed to patients who
have been administered radioactive materials.

4.2.1 Methodology for Calculating
External Gamma Dose

The methodology for calculating the external
gamma dose from exposure to the released
patient is also described in the associated
regulatory guide for the final rule (NRC97). The
methodology is based on the one employed in the
National Council on Radiation Protection and
Measurements (NCRP) Report No. 37,
"Precautions in the Management of Patients Who
Have Received Therapeutic Amounts of
Radionuclides" (NCRP70).



Table 4.4 Number of Annual Therapeutic Administrations in the United States (significant

gamma-emitting radionuclides only)

Range of Activities

Estimated No. of

Therapeutic Radionuclide Administered Administrations

Procedure Employed (MBgqg) (mCi) (per year)

Thyroid Ablation and I-131 370 - 2,220* (10 - 60) 50,000

Hyperthyroidism

Thyroid Cancer I-131 1,850 - 11,100% (50 - 300) 10,000

Permanent Implant I-125 1,110 - 1,850 (30 - 50) 2,000

Permanent Implant Pd-103 2,775 - 4,625t (75 - 125) 1,500
Total 63,500

* Based on personal communications, F. A. Mettler, March 1993 and M. Pollycove, January 1996.
¥ Based on personal communications, F. A. Mettler and K.L. Miller, March 1993.

1 Based on information supplied by implant vendors, August 1993.

To calculate the dose to total decay D( ), the
regulatory guide uses the following equations.
For radionuclides with a half-life greater than 1 day

34.67'Q,7,(0.25) o)

D() =
= (100 cm)?

and for radionuclides with a half-life less than or
equal to 1 day
34.6TQ, T,

—_Se'p @
(100 cm)?

D(e) =

where I' = exposure rate constant for a
point source, R/mCi-h at 1 cm,

Q, = initial activity of the point source in
millicuries, at the time of release,
T, = physical half-life in days.

42.1.1 Occupancy Factor

Equation 1 assumes, for radionuclides with
half-lives greater than 1 day, that the individual
likely to receive the highest dose from exposure to
the patient would receive a dose of 25 percent of
the dose to total decay (0.25 in Equation 1) at a
distance of 100 centimeters (1 meter). For
radionuclides with half-lives no greater than 1 day,
the factor 1.0 is used in Equation 2 because the
assumption that the time that individuals will
spend near the patient will be limited is not valid

when most of the dose is delivered in a relatively
short time.

Doses among individuals who may come in
contact with a released patient are highly variable
and reflect the crucial, but difficult to define,
parameters of time, distance, and shielding.

Based on time and distance considerations, it is
reasonable to conclude that for the overwhelming
majority of released patients, the maximally
exposed individual is likely to be the primary care-
provider, a family member, or any other individual
who spends significant time close to the patient,

Based on time, distance, and shielding factors,
which describe normal lifestyles of the United
States population, it is highly unlikely that doses
equal to spending 100 percent of time at a
distance of 1 meter from a patient would result to
any individual including a patient’s spouse. As a
standard medical practice, patients undergoing
therapeutic treatments with radiopharmaceuticals
are given firm instructions, both verbally and in
writing, regarding basic principles on how to
minimize doses to other individuals,

Given all considerations, a reasonable estimate of
the maximal likely dose to an individual exposed
to a patient is 25 percent of the dose to total
decay at a distance of 1 meter (except for the
short-lived radionuclides). The selection of an
occupancy factor of 25 percent at 1 meter for
estimating maximal likely exposure is based on the
authors’ professional judgment of time-distance
combinations that are believed likely to occur
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Table 4.5 Family Doses from Patients Treated with Iodine-131 for Thyroid Carcinoma
- - ]

Measured Predicted
Total Body Burden Doses to Dose Based on
Activity at Time of Family Occupgncy Factor of
Administered Discharge Members 25% at 1 meter
Patient (mCi) (mCi) (mrem) (mrem)

1 210 252 80, 70, 30 386
2 311 26.4 50, 20, 20 404
3 209 184 80, 40 282

Source: HA74.

when instructions to minimize time spent close to
the patient are given.

The occupancy factor of 0.25 at 1 meter is also
supported by empirical data. Harbert and Wells
(HA74) monitored the external dose of 8 family
members of 3 patients treated for thyroid
carcinoma using iodine-131. All doses to family
members were far below 5 millisieverts (0.5 rem)
as shown in Table 4.5. The last column of
Table 4.5 provides dose estimates based on the
occupancy factor of 25 percent at 1 meter in
Equation 1. The actual doses are far below the
calculated doses for an occupancy factor of

25 percent at 1 meter, indicating that the model
generally provides a conservative estimate of the
dose.

Harbert and Wells (HA74) also measured the
external doses to 11 family members of seven
hyperthyroid patients. All doses to family
members were far below 5 millisieverts (0.5 rem).
In each case, the measured doses were at least a
factor of 10 below the doses predicted by Equation 1
using an occupancy factor of 0.25 at 1 meter.

Jacobson et al. (JA78) measured the external
doses to 10 family members of 7 iodine therapy
patients. In each case except one, the external
dose to the family member was below that
predicted by Equation 1 using an occupancy factor
of 0.25 at 1 meter and well below 5 millisieverts
(0.5 rem). In the case of the exception, the family
went on an extended vacation spending much of
the time together in an automobile. This
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demonstrates that if reasonable efforts to maintain
distance are not made doses can be higher than
predicted by Equation 1.

Buchan and Brindle (BU71) monitored the doses
of 54 family members of patients who underwent
iodine therapy for hyperthyroidism. This study is
interesting because no instructions on minimizing
dose were given. Thus, the results can be taken
to represent the doses that would be received if
no instructions were given or if instructions were
totally disregarded. The highest measured dose to
a family member was 2.7 millisieverts (0.27 rem),
much below the 5-millisievert (0.5-rem) limit.

The effective occupancy factor at 1 meter was less
than or equal to 0.25 in 45 of the 54 cases (83
percent). Thus, even in the complete absence of
instructions, the occupancy factor at 1 meter was
usually less than 0.25.

In conclusion, both empirical measurements and
professional judgement support an occupancy
factor of 0.25 at 1 meter as a generally
conservative value. Using this value in Equation 1
should generally overpredict the dose even if
instructions are not given or are not strictly
followed. However, higher occupancy factors are
certainly possible in situations where instructions
are disregarded and are not considered a problem
for this rulemaking, The NRC’s rulemaking
based on Alternative 3 provides an adequate level
of protection with a significant margin of safety
for those families that make a reasonable effort to
follow the instructions. The NRC considers that
to be sufficient.



42.12 Exposure Rate Constant

The exposure rate constant I' expresses the dose
rate per hour at 1 centimeter in air for a
37-megabecquerel (1-millicurie) point source of

a given radionuclide. The exposure rate constants
and the physical half-lives of radionuclides used in
medicine are shown in Table A.1 of Appendix A.

For permanent implants, a significant reduction in
the dose and dose rate occurs from the shielding
effects of the source capsule. For iodine-125 and
palladium-103 implants, the dose to total decay at
1 meter was calculated using an exposure rate
constant corrected for capsule shielding as shown
in Table A.1 of Appendix A. The physical
characteristics of other radionuclides used in
permanent implants (e.g., gold-198 and
ytterbium-169) are also given in Appendix A.

42,13 Biological Retention and Elimination
Effective Half-Life

A licensee may replace 7, in Equations (1) and
(2) with the effective half-life T, of the
radioactive material to demonstrate compliance
with the dose limit in the revised 10 CFR 35.75.
T, is characterized by T, and the biological
half-life T, of the radionuclide (which accounts for
the biological retention and elimination of the
radionuclide from the patient’s body) according to
the equation

)

Under the final rule a licensee could authorize
release on a case-by-case basis based on the
biological half-life rather than only the physical
half-life of the radiopharmaceutical.

Biological Retention and Elimination of Iodine-131

For iodine-131, biological retention and
elimination are characterized by the fractional
amounts that reside in the thyroid (i.e., thyroidal
component) and in the rest of the body (i.e.,
extrathyroidal component). Each component has
a specific fractional uptake and biological half-life,

13

both of which are dependent upon the physical
condition of the patient. Table 4.6 provides the
uptake fraction and biological half-life for each
component with respect to patients being treated
for hyperthyroidism (and thyroid ablation) and
thyroid cancer. The extrathyroidal and thyroidal
uptake fractions for thyroid cancer assume
surgical removal of the thyroid gland prior to
iodine-131 therapy.

To determine the total dose to an individual
exposed to a patient administered iodine-131,
considering biological retention and elimination by
the patient, Equation 1 must be split into two
terms that separately represent the dose
contribution from the thyroidal and extrathyroidal
components. The following equation was used to
calculate the total dose to complete decay
assuming an occupancy factor of 0.25 at 1 meter:

34.6T'Q,T,,, F,(025)
(100 cm)?

D(=) = @

34.6T'Q, T, F,(025)
(100 cm)?

where T, = effective half-life of the extrathyroidal
component in days (based on the
biological half-life T}, of the

thyroidal component),
F, = extrathyroidal uptake fraction,

T, s = effective half-life of the thyroidal
component in days (based on the
on the biological half-life T, of the
thyroidal component),

F, = thyroidal uptake fraction,
I’ = exposure rate constant for a point
source, R/mCi-h at 1 cm,
Q, = initial activity of the radionuclide in

millicuries, at the time of release.

This equation is only valid if the release occurs at
the time of administration.
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Table 4.6 lodine-131 Biological Retention and Elimination Parameters for Hyperthyroidism, Thyroid

Ablation, and Thyroid Cancer*

Extrathyroidal Thyroidal
Component Component
Uptake Biological Uptake Biological
Fraction Half-Life Fraction Half-Life
Disease F, T,, (days) E, T;, (days)
Hyperthyroidism and 0.10 0.33 0.90 10
Thyroid Ablation 0.20 0.33 0.80 15
0.30 0.33 0.70 20
0.40 0.33 0.60 20
0.50 0.33 0.50 25
0.60 0.33 0.40 40
0.70 0.33 0.30 65
Thyroid Cancer 0.95 0.33 0.05 80

L |
* Data taken from ICRP Publications 30 ICRP78), 53 (ICRP87), and 56 (ICRP89), and personal communication, M. Pollycove,

March 1996, based on his clinical experience.

4.2.1.4 Tissue Shielding for Permanent Implants

In addition to the shielding effects of the source
capsule (see 4.2.1.2 Exposure Rate Constant), a
significant reduction in the dose and dose rate
also occurs from the tissue surrounding the
implant. For a prostate implant, tissues that serve
to reduce photon flux about the patient include
the soft and bone tissues of the thighs, pelvis,
buttocks, abdomen, etc. The linear attenuation
coefficient and corresponding soft tissue half-value
layer for the 27 keV photon of iodine-125 are
0.387 cm™ and 1.8 cm, and for the 21 keV photon
of palladium-103, 0.770 ¢cm™ and 0.9 cm,
respectively (JOHS3).

To assess the impact of tissue shielding by the
patient, the medical physicist of the Memorial
Sloan Kettering Cancer Center was consulted
(personal communication, J. St. Germain, March
1993). Based on empirical assessment involving
patients with prostate implants, tissue shielding for
iodine-125 is likely to exceed 5 or more half-value
layers (HVLs), which would reduce the dose and
dose rate by a factor of at least 32. For
palladium-103 implants, in which the HVL in
tissue is less than 1 centimeter, the shielding
afforded by the patient’s tissue is even more
extensive. For other implants involving
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the lungs, brain, pancreas, etc., tissue shielding
values of similar magnitude can be assumed for
an adult male and female. However, for certain
implants involving primary cancers of the neck
and head, overlying tissues may provide less than
5 HVLs of attenuation. In such instances, it is
standard practice to provide the patient with a
small portable "shield" which effectively attenuates
all emissions (personal communications, C. Jacobs,
August 1993, and R. Nath, J. St. Germain and

K. Suphanpharian, March 1993). A shield consists
of a vinyl sheet impregnated with lead and molded
to fit the anatomical surface over the implant.

For the purposes of this analysis, implants will be
evaluated considering shielding by tissue
equivalent to 5 half-value layers.

4.2.2 Assessment of Internal Exposure

4221 Internal Exposure Pathways

Upon oral administration or direct injection into
the circulating blood, the radiopharmaceutical
undergoes the normal processes of absorption,
distribution, and excretion. Removal of
radionuclides from the patient’s body may follow
the pathways of breast milk, exhaled air, feces,
saliva, sweat, urine and vomitus.




Breast Milk. Radionuclide excretion via the
mammary gland constitutes a potential exposure
pathway to the breast-fed infant. This can be a
very important pathway after the administration of
radioiodines. Relatively small administrations of
radioiodine to a breast-feeding women can cause
very large doses to the thyroid of the infant.
Cessation of breast-feeding for iodine
administrations avoids the potential for thyroid
ablation in the infant.

Exhaled Air. Exhalation is the principal pathway
for the elimination of radioactive gases such as
xenon-133, which is used for lung ventilation tests.
Through passive diffusion, unbound iodide in the
circulating blood may also be exhaled.

Feces. Radiopharmaceuticals retained or
catabolized by the liver may be secreted into
the gastrointestinal lumen via the bile. Biliary
secretion of a radionuclide may be followed by
intestinal reabsorption.

Saliva. Salivary excretion of radionuclides is also
proportional to the unbound or diffusible fraction
in the plasma. However, salivary excretion is
seldom an important elimination route, since
nearly all saliva is swallowed rather than
expectorated.

Sweat. Radionuclides present in the extracellular
fluid will tend to be excreted in the sweat in
accordance with the fraction that is unbound in
the plasma.

Urine. Radionuclide excretion in the urine is the
dominant and almost universal elimination
pathway.

Vomitus. The occurrence of vomiting is not
related to the administration of iodine-131 or any
other radiopharmaceutical (personal
communication, M. Pollycove, August 1995).
Furthermore, vomiting is seldom an important
elimination route, since orally administered
radiopharmaceuticals such as iodine-131 are
rapidly absorbed, within a half hour, by the
gastrointestinal system. However, a significant
portion of the administered radionuclide could be
excreted if vomiting occurs immediately following
the administration. In this case the patient
typically would not have been released, and the
licensee would be able to limit exposure and clean
up contamination,

4222 Measurements of Internal Exposure

The potential for contamination by patients
treated with radiociodine which may serve as a
source for internal exposures to others have been
assessed for various excreta pathways (BL71,
MAT73, NI80). Maximum excretion rates are
observed shortly after an administered dose.
Excretion rates decline rapidly thereafter due to
renal clearance and thyroidal uptake. Almost all
the excreted activity is excreted in the urine.
Contamination through urinary excretion may be
readily controlled by cautious but reasonable
hygiene practices.

In a thorough study of two patients treated for
thyroid carcinomas, Nishizawa, et al. (NI80)
observed maximum excretion rates of iodine in
exhalation, perspiration, and saliva of

3.2 x 10%/hr, 2.4 x 10/hr, and 6.3 x 10°/hr of the
administered dose, respectively. Thus, the
amounts in exhalation and perspiration were very
small. The amount in saliva is larger, but transfer
of saliva to other people is likely to be limited.

A British study (BU70) estimated thyroid
radioiodine activity in 39 subjects who, as family
members, were associated with patients treated
for hyperthyroidism. Administered quantities
ranged from 148 to 740 megabecquerels (4 to

20 millicuries) per patient. Of the 39 patients, 28
were instructed to take precautionary measures to
minimize exposure to family members. Eleven
patients volunteered to disregard special
precautions against contamination and minimizing
spousal and family exposure. On the basis of one
measurement per family, subject thyroid burdens
ranged from less than 37 to 1,110 becquerels (1 to
30 nanocuries) with an average of 259 becquerels
(7 nanocuries). Thus, the uptake of radioiodine
by family members was only about 1 millionth of
the administered quantity, and the dose from the
uptake was less than 0.01 millisievert (1 millirem)
committed effective dose equivalent. This internal
dose is negligible compared to the external dose.
The authors concluded that contamination is not
important and "except where young children are
involved, precautions to minimize contamination
should be abandoned."

In a 1978 study by Jacobson, et al. (JA78), seven
families were studied in which one family member
had been treated with iodine-131 doses ranging
from 296 to 5,500 megabecquerels (8 to
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150 millicuries). Non-patient family members
were assessed for external exposures by means of
thermoluminescent dosimeters (TLDs) worn at
the wrist for the full duration of exposure.
Internal exposure (i.e., thyroid burden) was
determined at discrete time intervals by means of
a pair of 30-inch Nal crystals. Although all family
members proximal to the patient had measurable
thyroid burdens, dose estimates in nearly all cases
indicate that internal committed effective dose
equivalents were always less than 10 percent of
the S-millisievert (0.5-rem) dose limit, even when
no precautions were taken, and the external dose
substantially exceeded the internal dose.

The investigators also concluded thatit" ...
appears certain from our study of these subjects
that for spouses, there is a relation between
thyroid activity and intimacy. Of the 12 husbands
and wives questioned, . . . none were willing to
adjust living habits with their spouses because of
the radiation therapy. Most, however, are concerned
for their children and are willing to listen to
suggestions which minimize exposure to their
children." While the authors are vague about
what they mean by "adjust living habits," it appears
that couples are often unwilling to abstain from
brief periods of close intimate contact for prolonged
periods of time. This should not be a problem
because the brief times will be too short to add
significant external dose and transfer of contamination
is not a significant contributor to internal dose.

Thus, the studies on internal exposures suggest
that internal doses from intake of contamination
are likely to be much smaller than doses from
external radiation and much smaller than the
public dose limit. Therefore, internal exposures
will not be considered in this analysis other than
for the breast-feeding infant. .

4.2.3 Estimate of Maximum Likely
Doses to Individuals Exposed to
Patients

Assessments were made of the doses that could
result from exposure to a patient treated with
each of the radionuclides used.

423.1 Diagnostic Procedures

The results of the dose calculations for diagnostic
procedures are summarized in Table 4.7.
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Table 4.7 indicates that, except for some
procedures using iodine-131 to detect thyroid
cancer, none of the other diagnostic procedures
currently being performed have the potential to
deliver a 1 millisievert (0.1 rem) dose to an
individual exposed to a patient. However, in the
case of iodine-131, the effective half-life of the
extrathyroidal component is much shorter than
the physical-life used to calculate doses.
Therefore, the dose would be much lower than
the value shown in Table 4.7. Since the doses in
all cases are much below 1 millisievert (0.1 rem),
diagnostic procedures will not be considered any
further in this analysis.

4232 Therapeutic Procedures

The results of the dose calculations for
therapeutic procedures using the physical and
effective half-lives (as applicable) are summarized
in Table 4.8. All calculations assume an
occupancy factor of 25 percent at a distance of
1 meter and immediate release of the patient by
the licensee (i.e., no hospitalization). For
hyperthyroidism (and thyroid ablation), doses
based on effective half-life have been calculated
using the four thyroidal uptake fractions that
characterize the majority of patients with this
disease. Table 4.8 indicates that the model
considering biological retention and elimination
provides dose estimates that are significantly less
than the model that considers physical half-life
only.

For the purposes of this analysis, the dose
estimates for iodine-131 based on the biological
model will be used because this model more
closely reflects the behavior of iodine-131 in
humans. For permanent implants, biological
modeling does not apply. In this case, this
analysis uses the dose estimates based on the
physical half-life. Only the therapies involving
radioiodine would be affected by any of the
alternatives under consideration.

4.2.4 Assessment of Doses to Breast-
Feeding Infants

If a radiopharmaceutical is administered to a
woman who is breast-feeding an infant, a fraction
of the quantity administered may be deposited in
the breast milk and may be transferred to the
infant. In considering the dose to the individual
likely to receive the highest dose from exposure to




Table 4,7 Maximum Likely Doses to Total Decay to Exposed Individuals from Diagnostic Procedures
e - -~ - " """

Activity per ‘

Examination Type Examination* Gamma Dose!
(Radiopharmaceutical) (MBq) (mCi) , (@mSv) (rem)
Brain

- Tc-99m DTPA 740 (20) 013  (0.013)
- Tc-99m O, 740 (20) 013 (0.013)
Hepatobiliary

- Tc-99m IDA 185 Q) 003  (0.003)
Liver

- Tc-99m Sulfur Colloid 185 ) 0.03  (0.003)
Bone

- Tc-99m Phosphate 740 (20) 013  (0.013)
Lung Perfusion

- Tec-99m MAA 185 ®) 003  (0.003)
Thyroid

- Tc-99m O, 185 ) 0.03  (0.003)
- 1131 37 (01) 0.02  (0.002)
- I-131 (maximum) 370 (10) 15 (0.15)
Cardigvascular .

- Tc-99m RBC 740 (20) 013  (0.013)
- Tc-99m Phosphate 740 (20 013  (0.013)
- TI-201 Chloride 111 )] 004  (0.004)
Renal

- Tc-99m DTPA 740 (20) 013 (0.013)
- 1-131 Hippuran 93 (0.25) 0.04  (0.004)

L ______________________________________________________________|
* The activity is the typical quantity administered per examination (see Table 4.2). The maximum diagnostic activity of 1-131
is shown because it yields gamma doses exceeding 1 millisievert (0.1 rem).
? Calculations assume no biological elimination, no attenuation of gamma rays in air or body of patient, and occupancy factors
of 100 percent at a distance of 1 meter for Tc-99m and 25 percent at a distance of 1 meter for I-131 and TI-201.
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Table 4.8 Maximum Likely Doses to Total Decay to Exposed Individuals from Therapeutic Procedures
Assuming No Hospitalization
000
Gamma Dose Based on Effective Half-Life*

Gamma Dose Extrathyroidal Thyroidal

Based on Component Component
Therapeutic Activity Physical Uptake Uptake
Procedure Administered Half-Life* Fraction Fraction Dose
(Radionuclide) (MBq) mCi) (mSv) (rem) F, E, (mSv) (rem)
Hyperthyroidism &
Thyroid Ablation**
- iodine-131 370 (10) 1.5 (0.15) 0.40 0.60 0.67 (0.067)
0.50 0.50 0.61 (0.061)
0.60 0.40 0.58 (0.058)
0.70 0.30 045 (0.045)
1,110 (30)* 4.6 (0.46) 0.40 0.60 2.01 (0.201)
0.50 0.50 1.83 (0.183)
0.60 0.40 174 (0.174)
0.70 030 135 (0.135)
2,220 (60) 9.2 (0.92) 0.40 0.60 402 (0.402)
0.50 0.50 3.66 (0.366)
0.60 040 348 (0.348)
0.70 0.30 2.70 (0.270)
Thyroid Cancer |
- iodine-131 1,850 (50) 7.6 (0.76) 0.95 0.05 0.62 (0.062)
5,550 (150 229 (229) 0.95 0.05 1.86 (0.186)
7,400 (200) ° 30.6 (3.06) 0.95 0.05 248 (0.248)
Permanent Implant
- iodine-125 1,110 (30) 0.54 (0.054) Effective Half-Life Not Applicable to
1,480 (40)" 0.72 (0.072) Permanent Implants
1,850 (50) 0.90 (0.090)
- palladium-103 2,775 (750 029 (0.029)

3,700 (100)* 0.39 (0.039)
4,625 (125) 049 (0.049)
5
* Maximum likely dose based on an occupancy factor of 25 percent at a distance of 1 meter.
** Doses have been calculated for the four thyroidal uptake fractions that characterize the majority of patients treated.
t Typical activity administered.
1t These dose values account for the 5 HVLs of tissue shielding by the patient and, therefore, are equal to the point source
dose in air divided by 32.
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a patient who has been administered a
radiopharmaceutical, it is necessary to consider
both the internal and external dose to the infant
from breast-feeding.

42.4.1 Internal Dose

The potential internal dose to the breast-feeding
infant was calculated for the maximum normally
administered quantities of commonly used
diagnostic and therapeutic radiopharmaceuticals.
The results of the calculations are shown in
Appendix B,

The doses can be represented as a range where
the range covers the minimum and the maximum
transfer of radioactive material from published
data, The range is due to individual variability
and measurement variability as indicated by
concentrations measured in breast milk. Doses
were calculated for newborn and one-year-old
infants, Since the doses for newborn infants are
higher, those doses were used in the analysis.
The internal dose ranges for commonly used
radiopharmaceuticals assuming no interruption of
breast-feeding are shown in Column 3 of

Table B.5 (see Appendix B). The radionuclides in
the table that are not regulated by the NRC

(e.g., Ga-67) are omitted from further
consideration in this analysis.

42.4.2 External Dose

To determine a realistic estimate of the external
dose to total decay to the infant during breast
feeding, an occupancy factor must be selected that
specifically reflects the variables involved. It can
be assumed that the average infant feeds for a
period lasting 30 minutes every 3 hours, resulting
in an occupancy factor of 16 percent. Breast-
feeding requires close contact, the analysis uses
20 centimeters as the distance between the infant
and the source. Also, since only the physical
half-life is considered, the analysis is conservative.
The results are shown in Column 4 of Table B.5
assuming no interruption in breast-feeding,

The final rule requires that instructions, including
written instructions, on maintaining the doses to
other individuals as low as is reasonably
achievable be given to the released patient if the
dose to another individual is likely to exceed
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1 millisievert (0.1 rem). If the sum of the doses
in Columns 3 and 4 of Table B.5 (i.e, internal
(maximum value) and external doses, respectively)
for a radiopharmaceutical exceeds 1 millisievert
(0.1 rem), then instructions would be required.

42.4.3 Special Considerations for Iodine-131
Sodium Iodide

There are specific issues associated with the
administration of iodine-131 sodium iodide in that
following both diagnostic and therapeutic
administrations, the dose to a breast-feeding child
could exceed 5 millisieverts (0.5 rem) if there was
no interruption of breast-feeding. In particular, if
the woman does not cease breast-feeding after
administration of millicurie quantities of
iodine-131 sodium iodide, the internal dose to the
breast-feeding infant could be large enough to
cause the infant’s thyroid to be severely damaged,
resulting in hypothyroidism. If hypothyroidism
were undiagnosed in very young children, severe
mental retardation may occur. However, if the
patient was provided instructions to discontinue
breast-feeding, as well as being advised of the
consequences of not following the instructions, the
NRC believes that the probability of a woman
failing to cease breast-feeding after being
administered iodine-131 sodium iodide is small.
For example, in 1990 an administered dosage of
185 megabecquerels (5 millicuries) of iodine-131
sodium iodide to a patient resulted in her
breast-fed infant receiving an unintended radiation
dose of 300 grays (30,000 rads) to the infant’s
thyroid gland. This dose would result in ablation
of the infant’s thyroid. This situation was
recognized in 2 days, which allowed prompt action
to be taken thereby reducing potential
consequences such as mental retardation. The
NRC is aware of two other cases that occurred
during 1991 and 1995. In each of these cases,
there was a breakdown in communications, rather
than lack of intent to prevent breast-feeding. This
rule might therefore be expected to provide a
benefit by reducing the probability of a woman
breast-feeding an infant after administration of
large quantities of iodine-131.

In some cases, instructions to interrupt or
discontinue breast-feeding may not be effectively
communicated. To deal with this issue, the NRC
considered a range of options which varied from
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maintaining the status quo to the extreme option
of confining a woman for a period of time after
administration of millicurie quantities of
iodine-131 sodium iodide to ensure her milk
production has stopped. Included within this
range of options was the option to enhance
communication between the licensee and woman
regarding instructions to interrupt or discontinue
breast-feeding before the woman is released from
the hospital. It is estimated that approximately
400* breast-feeding women could be administered
millicurie amounts of iodine-131 sodium iodide each
year for diagnosis and treatment of thyroid disease.

The option of maintaining the status quo does not
provide the assurance that instructions will be
provided to a breast-feeding woman and could
still allow for a breakdown in communications.
As indicated above, the NRC is aware of three
cases of unintended exposure to a breast-feeding
child during the last five years. There would be
no costs associated with this option.

At the other end of the range, for the extreme
option, a woman would remain in the hospital
until she stopped producing milk. However, this
option would result in psychological impacts to
both the woman and breast-feeding infant, by
requiring them to be physically separated for
some period of time, which are not quantified by
this analysis. This option was also considered to
be impractical as it would be difficult for a
medical institution to separate a woman and
breast-feeding child. That is, this option does not
prevent the breast-fed child from being brought
into the patient’s room, nor does it address the
situation of the patient releasing herself against
medical advice. Also, to require cessation of
breast-feeding after administration of iodine-131
sodium iodide by hospital retention, or prior to
administration (to avoid hospital retention),
directly impacts the practice of medicine, since it
would in effect dictate when a treatment could be
given. It is estimated that each woman would
remain in the hospital for an average of 7 days at
a cost of $1,000 per day. The estimated annual

* The number of breast-feeding women was
determined as follows: 60,000 patients
administered millicurie quantities of iodine-131
sodium iodide x 0.135 child bearing age x 0.05
breast-feeding = 405 patients administered
millicuries of iodine who could be breast-feeding,
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cost for the extreme option is 400 x 7 x $1,000

= $2.8 million. In addition, there would be
associated costs for providing women with
instructions and information as to the need for
hospital retention. The circumstances of a woman
choosing to ignore the warning that breast-feeding
would cause significant harm to the infant and to
continue to breast-feed are considered to be very
rare. As stated above, NRC is not aware of any
instance where this has occurred. Therefore, the
extreme option was not selected because of the
negative psychological impact to both the woman
and infant, as well as the high annual dollar cost.

Regarding the preferred option to enhance
communication, although instructions to keep
doses to household members and the public as
low as is reasonably achievable are currently
required for radiopharmaceutical therapy in

10 CFR 35.315(a)(6), there is no requirement
specific to the dose from breast-feeding. To
enhance communications, amended 10 CFR 35.75(b)
will require licensees to provide guidance on the
interruption or discontinuation of breast-feeding
and information on the rationale for following the
guidance. Compliance with the regulation
provides NRC with confidence that the licensee
will give the instructions to breast-feeding women
and it is expected that almost all women will
follow instructions to interrupt or discontinue
breast-feeding to protect their children from
potentially harmful effects. The NRC is not
aware of any instances where instructions were
given to the woman but she ignored the warning
and continued breast-feeding a child. Since the
estimated costs per patient for providing
instructions and recordkeeping are $22 and $17,
respectively (see 4.3.1.1 Estimates of the Direct
Costs of Patient Retention), the estimated costs
for this option would be about $16,000 per year.
Therefore, the option to enhance communication
is selected as the preferred option. It should be
noted that since the extreme option was not
selected for administrations of millicurie
quantities, then it would follow that for microcurie
quantities it would not be cost effective.

42.4.4 Summary of Doses to Breast-Feeding
Infants

The dose to the breast-feeding infant can be
controlled by giving the woman instructions, as
required by the revised 10 CFR 35.75, to
discontinue or to interrupt breast-feeding as




appropriate. The decision to require instructions
as shown in Column 5 of Table B.5 is based on
both the external and internal dose to the nursing
infant. It can be seen from Column 4 that for
some radiopharmaceuticals the external dose from
breast-feeding can be a significant part of the total
dose. The duration of the interruption shown in
Column 6 is selected to reduce the maximum dose
to a newborn infant to less than 1 millisievert

(0.1 rem).

The actual doses that would be received by most
infants for the recommended interruption periods
shown should be a small fraction of 1 millisievert
(0.1 rem) due to the conservatism of the analysis.
The conservative factors are based on: (1) the
maximum measured level of activity in breast
milk, (2) the longest biological half-life, and

(3) the lowest body weight (i.e., the newborn).
These factors are explained in Appendix B.

4.2.5 Collective Dose

To evaluate each alternative, it is also necessary
to estimate not only the dose to the maximally
exposed individual, but also the collective dose to
other individuals who may be exposed to patients
administered radioactive materials. To calculate
precisely the collective dose that would be
received under any of the alternatives would
require detailed information of a highly diverse
group of patients relative to lifestyles, living
arrangements, work environments, social activities,
etc. This information does not exist and is
essentially impossible to precisely determine. In
place of a precise estimate we have made a rough
estimate of the collective dose per therapeutic
procedure which we believe is adequate for the
purposes of this rulemaking.

42.5.1 Collective Dose to Individuals

Based on considerations of the written instructions
provided patients, the demographics of the patient
population (see Table 4.3), and time, distance,
and shielding factors, we estimate that the
collective dose per procedure is 3 times the
maximal dose (i.e., the dose to the most exposed
individual). This 3 times factor could occur in the
following manner, based upon intuitive
assumptions about a typical family and friends. In
addition to the person receiving the maximal dose,
who is likely to be the primary care-provider,
there could be two other people who will average
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about half as much time near the patient. There
might also be about four other people who will
average about a quarter as much time near the
patient as the maximally exposed individual. The
sum of the collective dose to all these people is

3 times the dose to the maximally exposed individual.
This situation could represent a typical family and
friends. Of course some patients will spend more
time near other people, but other patients will
spend less. A collective dose of 3 times the dose
to the maximally exposed individual is thus a
reasonable average representation.

Finally, as data are not available on the
distribution of the quantities of radionuclides
administered for each therapeutic procedure, the
estimates of collective dose for each alternative
are based on the typical activities used within the
ranges of activities administered and the
maximum activity used for thyroid ablation.

By using the results from Table 4.8 (based on the
biological model described by Equation 4) Tables 4.9,
4.10, and 4.11 present the estimates of the
collective doses for Alternatives 1, 2, and 3,
respectively, for therapeutic administrations that
could be affected by the choice of alternative. For
the typical administration of iodine-131 for thyroid
ablation, this analysis uses 1.73 millisieverts

(0.173 rem) (the maximum likely dose to an
individual exposed to a patient assuming no
hospitalization) as the basis for estimating the
collective doses. This value is the average of the
four doses calculated for the thyroidal uptake
fractions that characterize the majority of patients
undergoing thyroid ablation. In a similar manner,
the dose from the maximum quantity administered
(2,220 megabecquerels (60 millicuries)), was
determined to be 3.47 millisieverts (0.347 rem).
For thyroid cancer, this analysis uses

1.86 millisieverts (0.186 rem) (assuming no
hospitalization) as the basis for estimating the
collective doses. Implants using iodine-125 are
included becaunse doses to exposed individuals
approach 1 millisievert (0.1 rem). However,
palladium-103 implants are not included because
doses to exposed individuals are always less than

1 millisievert (0.1 rem).

In Table 4.9 (Alternative 1), the collective dose
per procedure was determined in the following

manner. It was assumed that all patients would
remain hospitalized until the dose dropped to

1 millisievert (0.1 rem). Thus, the dose to the
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Table 4.9 Estimates of Collective Dose from Therapeutic Radioiodine Procedures for Alternatlve 1:
Annual lelt of 1 millisievert (0.1 rem)

Therapeutic Typical Activity Collective Estimated Total
Procedure Administered Dose/Procedure  Procedures Collective Dose

(radionuclide) (MBg) (mCi) (mSv) (rem) per Year (person-Sy (rem))
Thyroid Ablation
- iodine-131 1,110 (30) - 3.0 0.3) 49,000 147 (14,700)

2,220  (60)* 3.0 (0.3) 1,000 3 (300)

Thyroid Cancer
- iodine-131 5,550 (150) 3.0 (0.3) 10,000 30 (3,000)
Permanent Implant
- iodine-125 1,480 (40 .22 (022) 2,000 44 (440)
All Therapeutic Procedures 62,000 1844  (18,440)

* Maximum activity administered. This analysis assumes that 98 percent of the patients are typically administered
1,110 millisieverts (30 millicuries) and that 2 percent are administered the maximum quantity.

Table 4,10 Estimates of Collective Dose from Therapeutic Radioiodine Procedures for Alternative 2:
Limits of 1,110 megabecquerels (30 millicuries) or 0.05 millisievert (5 millirems)/hr

Therapeutic ‘ Typical Activity Collective Estimated " Total
Procedure Administered Dose/Procedure  Procedures  Collective Dose
(radionuclide) (MBq) (mCi) (mSv) (rem) per Year  (person-Sv (rem))
Thyroid Ablation 4
- iodine-131 1,110 (30) 52  (0.52) 49,000 255 (25,500)
2,220 - (60)* - 920 (09 1,000 9 (900)

Thyroid Cancer

- iodine-131 5,550 (150) 30 (03) 10,000 30 (3,000)
Permanent Implant

- iodine-125 1,480  (40) 22 (022) 2,000 44 (440)
All Therapeutic Procedures 62,000 298.4 (29,840)

* Maximum activity administered. This analysis assumes that 98 percent of the patients are typically administered
1,110 millisieverts (30 millicuries) and that 2 percent are administered the maximum quantity.
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Table 4.11 Estimates of Collective Dose from Therapeutic Radioiodine Procedures for Alternative 3:
Annual Limit of 5 millisieverts (0.5 rem)
- -~~~ - -~~~ = ]

Therapeutic Typical Activity Collective Estimated Total
Procedure Administered Dose/Procedure  Procedures  Collective Dose

(radiorniuclide) (MBgq) (mCi) (mSv) (rem) per Year  (person-Sv (rem))
Thyroid Ablation '
- iodine-131 1,110 30) 52  (0.52) 49,000 255  (25,500)

2,220 (60)* 104 (1.04) 1,000 104  (1,040)

Thyroid Cancer
- iodine-131 5,550  (150) 56  (0.56) 10,000 56 (5,600)
Permanent Implant
- jodine-125 1,480 (40) 22 (022 2,000 44 (440)
All Therapeutic Procedures 62,000 3258 (32,580)

L _______________________________________________________________ |
* Maximum activity administered. This analysis assumes that 98 percent of the patients are typically administered
1,110 millisieverts (30 millicuries) and that 2 percent are administered the maximum quantity.

most exposed individual is 1 millisievert (0.1 rem).
For iodine-125 implants, the dose is already less
than 1 millisievert (0.1 rem) so no hospitalization
is required. The collective dose per procedure is
then assumed to be 3 times the dose to the most
exposed individual.

Under Alternative 1, patients administered the
typical and maximum quantities of iodine-131 for
thyroid ablation require about 7 and 14 days of
hospitalization, respectively, before release can be
authorized. Whereas, thyroid cancer patients
administered the typical quantity of iodine-131
require about 1.5 days of hospitalization.

In Table 4.10 (Alternative 2), the collective dose
per procedure was evaluated in the following
manner. For thyroid ablations using the typical
activity of iodine-131, no hospitalization is required
since the activity is equal to the release limit of
1,110 megabecquerels (30 millicuries). The
collective dose is 3 times the individual dose (i.e.,
1.73 millisieverts (0.173 rem)) or 5.2 millisieverts
(0.52 rem). On the other hand, patients
administered the maximum activity require about
1 day of hospitalization before release can be
authorized, When released, the maximum dose
from these patients will be greater than the dose
from a patient administered 1,110 megabecquerels
(30 millicuries) due to biological considerations.
The estimated dose to the most exposed individual

is 3 millisieverts (0.3 rem). The collective dose is
3 times the individual dose or 9 millisieverts

(0.9 rem). The collective dose per procedure for
iodine-125 implants was calculated similar to that
for the typical activity administered for thyroid
ablation. For thyroid cancer, an administration of
5,500 megabecquerels (150 millicuries) requires
about 1 day of hospitalization to allow the
retained activity to reach the release limit. Upon
release, the estimated dose to the maximally
exposed individual is 1 millisievert (0.1 rem).
Therefore, the collective dose is 3 millisieverts
(0.3 rems).

In Table 4.11 (Alternative 3), based on the
biological model described by Equation 4, the
collective dose per procedure was determined in
the following manner. For thyroid ablation,
patients administered the typical or maximum
activity can be released immediately because the
dose from each activity is less than 5 millisieverts
(0.5 rem). The individual doses from the typical
and maximum activities are 1.73 millisieverts
(0.173 rem) and 3.47 millisieverts (0.347 rem),
respectively. Thus, the collective dose is

5.2 millisieverts (0.52 rem) for the typical activity
and 10.4 millisieverts (1.04 rem) for the maximum
activity. The collective dose per procedure for
iodine-125 implants was calculated in the same
manner assuming no hospitalization. For thyroid
cancer, administrations of 5,500 megabecquerels
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(150 millicuries) require no hospitalization
because the dose to the maximally exposed
individual is 1.86 millisieverts (0.186 rem). The
collective dose is 5.6 millisieverts (0.56 rem).

4252 Collective Dose to Breast-Feeding
Infants

The dose to the nursing infant from breast-
feeding can be controlled to less than 1 milli-
sievert (0.1 rem) by giving the woman instructions
to cease or to interrupt breast-feeding (see
Section 4.2.4.4 Summary of Doses to Breast-
Feeding Infants). The actual doses that would be
received by most infants after interruption should
be a small fraction of 1 millisievert (0.1 rem) or
nothing in the case of cessation. Consequently,
there is no reason to calculate the collective dose
to nursing infants from breast-feeding since it
does not affect the choice of alternative.

4.3 Value Impact Analysis

4.3.1 Estimates of the Potential Costs

The analysis in Section 4.2 indicates that the

1 millisievert (0.1 rem) per year dose limit
imposed by Alternative 1 would result in the
smallest collective dose to individuals exposed to
released patients. The benefit of smaller doses
estimated for Alternative 1 will only be achieved if
the patients to whom the radioactive materials
have been administered are retained under the
control of licensees for longer periods of time.
The impact of retaining patients must be assessed
in terms of the patient, family, and society as a
whole. At a minimum, the economic cost must
consider the direct cost of medical resources
required to retain the patient in a hospital and the
indirect cost resulting from the loss of human
resources. Additional consideration should be
given to the psychological impact of retention on
the affected individual and family members.
Hospitalization will also cause an increase in the
dose to the hospital staff and other patients in the
hospital. However, the increase in dose to the
hospital staff is expected to be low relative to a
patient going home earlier because of the
precautions taken during hospitalization;

e.g., patients are isolated and the hospital staff
rarely enters the patient’s room.
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In the analysis that follows, these costs are
calculated assuming that all retained patients will
be hospitalized. While retention costs might be
less for non-hospital locations, no attempt is made
in this analysis to quantify the potential costs.

4.3.1.1 Estimates of the Direct Costs of Patient
Retention

Durations of Patient Retention

Estimates of the periods of hospitalization that
patients would need to remain under licensee
control for each alternative were discussed in
Section 4.2.5.1 Collective Dose to Individuals.
Table 4.12 summarizes the duration of retention
per therapeutic procedure.

Cost of Patient Retention

To estimate the annual dollar costs for these
periods of retention, one needs only multiply the
number of days required for each procedure by
the number of procedures per year and the
average cost per day of hospitalization. In 1990,
the average cost per day in a community hospital
was $687 (SA92). The per diem cost at the
beginning of 1995 is estimated to be $800.
However, as the current regulations require that
patients who are hospitalized due to a therapeutic
administration of radiopharmaceuticals be placed
in a private room, the $800 per day estimate is
adjusted to $1,000 per day. Using this figure, the
potential cost of retaining patients under
Alternative 1 is estimated to be $427 million.
Under Alternative 2, the estimated cost is

$16 million. And, under Alternative 3, there is no
related cost because hospitalization is not
required.

Estimates of the Numbers of Breast-Feeding
Women Requiring Records and Instructions
Under Alternative 3

The rule associated with Alternative 3 establishes
additional requirements for recordkeeping and
providing instructions. Before one can determine
the costs of these requirements, it is necessary to
calculate the number of patient releases involving
breast-feeding women that apply to each
requirement.



Table 4.12 Duration of Retention per Therapeutic Procedure

Alternative 1 Alternative 2 Alternative 3
(days) (days) (days)
Typical
Activity hospital total hospital total z
Therapeutic Administered | days per hospital days per hospital | days per procedures
Procedure (MBq) (mCi) | procedure days procedure days procedure  (x 1000)
Thyroid Ablation
I-131, 50,000
procedures/year
1,110 (30) 7 343,000 0 0 0 0
2,220 (60)* 14 14,000 1 1,000 0 0
Thyroid Cancer
I-131, 10,000
procedures/year
5,550 (150) 15 70,000 1.5t 15,000 0 0
Permanent Implant,
1-125, 2,000
procedures/year
1,480 (40) 0 0 0 0 0 0
Total for All Therapeutic ' 427,000 16,000 0
Procedures

¥ Maximum activity administered. This analysis assumes that 98 percent of the patients are typically administered 1,110 millisieverts
(30 millicuries) and that 2 percent are administered the maximum activity.

¥ The analysis under Section 4.2.5.1 Collective Dose to Individuals shows 1 day of hospitalization. However, patients are typically
hospitalized for 1 to 2 days. Thus, the actual observed value is shown.
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The number of releases involving breast-feeding
women that require instructions under
Alternative 3 is calculated in the following
manner. First, the total number of
administrations potentially requiring instructions
for breast-feeding, approximately 4 million, was
determined by summing up the number of
administrations for all of the radionuclides in
Table 4.2 that would require instructions based on
Table B.5. For radiopharmaceuticals not
identified in Table 4.2 but listed in Table B.5, the
number of administrations was assumed to be
negligible. Next, from Table 4.3 it was estimated
that 13.5 percent of the radiopharmaceuticals are
administered to females of childbearing age and
that 5 percent of them, based on information in
Statistical Abstracts of the United States (SA94),
could be breast-feeding (assuming an average
breast-feeding period of 1 year). To estimate the
number of releases that require instruction, one
needs only multiply 4 million by 13.5 percent, and
then by 5 percent. Thus, 27,000 reieases of
breast-feeding women require instructions.

The number of patient releases involving breast-
feeding women that require a record of
instructions under Alternative 3 was calculated in
the following manner. Using Table B.5, only the
radiopharmaceuticals resulting in a dose to the
breast-feeding infant exceeding 5 millisieverts

(0.5 rem) with no interruption were identified. Of
the identified radiopharmaceuticals, only those
with a significant number of administrations using
the data in Table 4.2 were considered. Based on
this analysis, the total number of administrations
potentially requiring records for issuance of
breast-feeding: instructions was estimated at

1.06 million (i.e., 60,000 iodine-131 administrations
for thyroid cancer and ablation plus 1 million
technetium-99m pertechnetate administrations).
As discussed above, 13.5 percent of the
radiopharmaceuticals are administered to females
of childbearing age and 5 percent of them could
be breast-feeding. To estimate the number of
releases that require a record, one needs only
multiply 1.06 million by 13.5 percent, and then by
5 percent. Thus, 7,200 releases of breast-feeding
women require a record.

Costs of Providing Instructions
Alternatives 1 and 2 have no requirements for

instructions, and therefore, have no related costs.
However, the rule associated with Alternative 3
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imposes additional costs for providing instructions,
including written instructions, on the estimated
1,350 licensees. In the case in which the
administered activity could cause a dose from
direct radiation exceeding 0.1 rem (1 millisievert),
instructions would have to be given to 62,000
patients per year at a cost of $1.4 million per year.
In addition, instructions would have to be given to
approximately 27,000 breast-feeding women at a
cost of $0.6 million per year. In both cases, a cost
of $22 per patient is estimated. The total
estimated cost of instructions is $2 million per year.

Costs of Providing Recordkeeping

Alternatives 1 and 2 have no recordkeeping
requirements, and therefore, have no related
costs. However, the rule associated with
Alternative 3 imposes additional paperwork and
recordkeeping requirements on the estimated
1,350 licensees (NRC- and Agreement State-
licensed) that provide diagnostic and therapeutic
administrations of radiopharmaceuticals. For
therapeutic administrations where releases are not
based on the default table of activities and dose
rates in Regulatory Guide 8.39, "Release of
Patients Administered Radioactive Materials"
(NRC97), a record must be maintained for 3 years. -

Additionally, if the released patient is a breast-
feeding woman and the radiation dose to the
nursing infant could result in a total effective dose
equivalent exceeding 5 millisievert (0.5 rem)
assuming no interruption of breast-feeding, then a
record must be maintained, for 3 years, that
instructions were provided. In this case, both
diagnostic and therapeutic administrations of
radiopharmaceuticals could require a record.

It is estimated that approximately

17,200 procedures per year would be subject to
these requirements (i.e., (1) 10,000 patients
treated with iodine for thyroid cancer and

(2) 7,200 administrations to breast-feeding
women). A cost of $17 per patient is estimated.
This results in an annual estimated cost of
approximately $0.3 million.

43.1.2 Derivation of Indirect Costs
Loss of Time

Indirect costs principally reflect the time and
output lost or forfeited by the patient while




Table 4.13 Annual Attributes of Alternatives 1, 2, and 3
]}

Cost Estimates
Hospitalization Value of Records &
Hospital cost lost time Instructions Psychological
Collective Dose Retention $ $ $ cost
Alternative (person-rem) (days) (millions) (millions) (millions) (relative)
1 18,400 427,000 427 25.62 0 High
2 29,840 16,000 16 0.96 0 Moderate
3 32,580 0 0 0 23 Low

retained in a controlled environment. Indirect
costs may also be incurred by individuals other
than the patient who may forgo economic
activities to accommodate a family member’s
hospital retention. Economic activities include
occupational work that is lost to either the patient
or his or her employer as well as non-occupational
(e.g., domestic) work which must be performed by
someone else at the expense of the patient.

The conversion of time lost from economic
activities to equivalent dollars is most fairly
achieved by means of the gross national product
(GNP). The GNP is considered the most
comprehensive measure of the country’s economic
activity and includes the market value of all goods
and services that have been bought for final use
during a year. From the GNP of about

$5,600 billion in 1991, the gross average annual
per capita income of about $22,000 is derived.
The value of $22,000 per year corresponds to

$60 per day. To estimate the equivalent dollar
value for the number of days lost due to retention
of an individual for a therapeutic procedure, one
need only multiply $60 by the days of retention
for the procedure presented in Table 4.12. The
value of the days lost for each alternative is shown
in Table 4.13.

43.1.3 Evaluation of Psychological Costs

Retention of patients in a hospital by design
necessitates that the patient be "isolated” and that
human contact, inclusive of family members, is
either avoided or minimized. Such isolation may
bring about numerous changes and impositions in
the lives of the patient and family members that
may in part be linked to, but are not reflected in,
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the direct and indirect economic costs identified
above. The wide variety of deterioration in the
quality of life brought on by illness is frequently
referred to as psychological costs. For thyroid
cancer or dysfunction requiring therapeutic doses
of iodine-131 for example, a deterioration in the
quality of life may be precipitated by the loss of
bodily function, a lifetime dependence on
medication, hormonal instability, uncertainty of
normal life-expectancy, disruption of normal daily
routines, and reduced financial security related to
employment, lost earnings, and medical expenses.

While some of these elements of psychological
costs are the result of the disease itself, others
such as disruption of normal routines, social
isolation, and enhanced financial strain are clearly
elements of psychological costs that are directly
related to patient retention. The conversion of
psychological cost from patient retention to
equivalent dollars is complex such that an
evaluation is highly subjective and dependent upon
the individual situation. Instead, this analysis uses
a qualitative and reasonable approach to scope
the range of possible responses. As shown in
Table 4.13, comparison is provided on a relative
scale.

4.3.2 Costs and Benefits of Alternatives

Table 4.13 summarizes the data pertaining to the
annual attributes for each of the three alternatives
under consideration. To determine the preferred
alternative, the costs and benefits that result when
Alternatives 1 and 3 are each compared with
Alternative 2 (the status quo) were analyzed. The
results are shown in Table 4.14. A value of $2,000
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Table 4.14 Annual Costs and Benefits of Alternatives 1 and 3 Compared to Alternative 2

(The Status Quo)

Collective-Dose* Costs
Associated Hospitalization, Lost Time,
Value Records and Instructions Net Benefit
Dose Averted $ $ $
Alternative  (person-rem) (millions) (millions) (millions)

1 11,440 (savings) 23 (savings) 435 (cost) -412 (net cost)
2 0 0 0 0
3 -2,740 (cost) -5 (cost) -14 (savings) 9 (net savings)

* A value of $2,000 per person-rem was used as the conversion factor for dose averted.

per person-rem was used as the conversion factor
for dose averted (NRC95).

Because the benefits and costs for all alternatives
occur in the same year, and remain the same each
year for the therapeutic procedures discussed, a
discounted flow of the benefits and costs of this
rulemaking is not required.

4.4 Evaluation of the Alternatives
With Respect to Accepted
Radiation Protection Principles

Selection of the 5-millisieverts (0.5-rem) total
effective dose equivalent per year criterion is
consistent with: the Commission’s provision in

10 CFR 20.1301(c) for authorizing a licensee to
operate up to this limit; the recommendations of
the International Commission on Radiological
Protection (ICRP) in ICRP Publication 60, "1990
Recommendations of the International Commission
on Radiological Protection"; and the
recommendations of the NCRP in NCRP Report
No. 116, "Limitation of Exposure to Ionizing
Radiation." Each of these provide a basis for
allowing individuals to receive annual doses up to
5 millisieverts (0.5 rem) under certain
circumstances. Both ICRP and NCRP
recommend that an individual be allowed to
receive a dose up to 5 millisieverts (0.5 rem) in a
given year in temporary situations where exposure
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to radiation is not expected to result in doses
above 1 millisievert (0.1 rem) for long periods of
time. The recommendations of the ICRP and
NCRP are based on their finding that annual
doses in excess of 1 millisievert (0.1 rem) to a
small group of people, provided that they do not
occur often to the same group, need not be
regarded as especially hazardous. Although the
risk is potentially greater under Alternative 3, it is
still within the range of acceptable risk for
radiation exposure accepted by the NRC (as
implemented under the revised 10 CFR Part 20).

5 DECISION RATIONALE

1. All of the alternatives are acceptable
according to generally accepted radiation
protection principles, such as those expressed
by NRC, NCRP, and ICRP (see Section 4.4
Evaluation of the Alternatives With Respect
to Accepted Radiation Protection Principles).

2. Alternative 1 is considerably more expensive
to the public compared to Alternative 2 (the
status quo) or Alternative 3. Even neglecting
the psychological costs, which have not been
expressed in dollar terms, the additional cost
of Alternative 1 relative to Alternative 2 is
about $412,000,000 per year, mostly due to
increased national health care costs. In view
of this, Alternative 1 may be dismissed.




3. Alternative 3 relative to Alternative 2 has a

net value of about $9,000,000 per year, mostly
due to lower health care costs. Also,
Alternative 3 has psychological benefits to
patients and their families. Thus,

Alternative 3 is cost effective in comparison
with Alternative 2.

Basing the patient release criteria in

10 CFR 35.75 on the dose to individuals
exposed to a patient provides a consistent,
scientific basis for such decisions that treats
all radionuclides on a risk-equivalent basis.
The dose delivered by an initial activity of
1,110 megabecquerels (30 millicuries) or a
dose rate at 1 meter of 0.05 millisievert

(5 millirems) per hour varies greatly from one
radionuclide to another. Thus, while the
values in the current 10 CFR 35.75 may be
appropriate for iodine-131, they are too high
for some other radionuclides and too low for
others.

A dose-based rule no longer restricts patient
release to a specific activity, and therefore
would permit the release of patients with
activities that are greater than currently
allowed. This is especially true when case-
specific factors are evaluated to more
accurately assess the dose to other individuals.
For the case of thyroid cancer, in those
occasional cases where multiple administrations
in a year of 1,110 megabecquerels

(30 millicuries) or less of iodine-131 are now
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administered to a patient, it may be possible
to give all of the activity in a single
administration. This would reduce the
potential for repeated exposures to hospital
staff and to those providing care to the
released patient. Additionally, this would
provide physicians with the flexibility to not
have to fractionate doses to avoid
hospitalization to meet the current
requirements, which may lead to a more
effective treatment.

6. Shorter hospital stays provide emotional
benefits to patients and their families.
Allowing earlier reunion of families can
improve the patient’s state of mind, which in
itself may improve the outcome of the
treatment and lead to the delivery of more
effective health care.

6 IMPLEMENTATION

No impediments to implementation of the
recommended alternative have been identified.
The staff has prepared a regulatory guide
(NRC97) for licensees which provides, in part,
simple methods to evaluate the dose to the
individual member of the public likely to receive
the highest dose from the released patient. This
will enable licensees to determine when a patient
may be released from their control.

NUREG-1492




ACRS82

ACR75

ACS93

AG92

BLS88

BLS87

BL71

BUT1

7 REFERENCES

American College of Radiology,
"Manpower III: A Report of the
ACR Committee on Manpower,"
Chicago, IL.

American College of Radiology,
"Survey on Regionalization in
Nuclear Medicine," Washington, DC.

American Cancer Society, "Cancer
Facts & Figures - 1992," Atlanta, GA.

Agbi, C.B., M. Berastein, N.
Laperriere, P. Leung, M. Lumley,
1992, "Patterns of Recurrence of
Malignant Astrocytoma following
Stereotactic Interstitial
Brachytherapy with Iodine-125
Implants," Int. J. Radiat. Oncol. Biol.
Phys. 23(2):321.

Blake, G.M., M.A. Zivanovic, R.M.

Blaquiere, D.R. Fine, A.J. McEwan,
D.M. Ackery, 1988, "Strontium-89
Therapy: Measurement of Absorbed
Dose to Skeletal Metastases,"

J. Nucl. Med. 29:549.

Blake, G.M., M.A. Zivanovic,

A.J. McEwan, B.R. Condon, D.M.
Ackery, 1987, "Strontium-89
T