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Release of Radioactive Patients from Radiation Safety Quarantine
at The University of Texas MD Anderson Cancer Center

Comments to the United States Nuclear Regulatory Commission Regarding Docket NRC-2015-0020

The Department of Nuclear Medicine of The University of Texas MD Anderson Cancer Center performs a

large number of radionuclide treatments. Those with the potential for an appreciable external exposure,

which excludes Y-90-labeled agents and devices and Ra-223-1abeled agents, include at least a brief

isolation of the patient for radiation safety purposes.

Summary of Practice

In the case of 1-131 sodium iodide, the treatment of the patient is coordinated between the

Departments of Endocrinology and Nuclear Medicine. The physicians who are caring for the patient will

agree upon the activity to be administered and, in consultation with the patient, whether the patient

will be treated as an inpatient or as an outpatient. The ultimate treatment decision is based upon either

a 24-hour uptake study, usually a quantitative whole-body 1-123 or 1-131 scan, or a multi-day 1-131

dosimetry study.

Each potential 1-131 therapy patient is interviewed by a physician in the Nuclear Medicine Department.

In most cases this is at least one day prior to potential administration of 1-131 for therapy. As part of the

discussion, the ability and willingness of the patient to follow radiation precaution instructions is

assessed. The nature of the release restrictions and typical durations are also discussed with the

patient. While patients are made aware in advance by the referring endocrinologists that radiation

precautions will need to be followed, they are informed that specifics will be provided by nuclear

medicine.

Patient-specific instructions are determined after the whole-body radioiodine scan has been performed

and the administered activity has been decided upon. The patient-specific release plan is then provided

to the patient at the time of therapy. Our release restrictions for each patient are based upon the

regulatory guidance in NUREG 1556 Volume 9 Appendix U Revision 21 and the work of Siegel, et al. 2. We

have written a computer program that calculates when the patient may be released in order to keep the

dose to the most exposed person below 5 mSv (or a user-specified dose limit). It computes when the

patient may travel, how long the patient should absolutely avoid children and pregnant women and

then how long he or she should limit exposure to them, and how long the patient should avoid others

and wait to return to work or school in order that persons exposed in those circumstances would

receive doses less than 1 mSv (or a user-specified dose limit). This program generates the required

documentation for our records and a sheet of instructions for the patient. Samples of these documents

for a hypothetical thyroid cancer patient named Mary Chant, medical record number 000000, are shown

in Appendices A and B.

The factors that are taken into consideration include whether or not the patient

* Can follow instructions



* Suffers from urinary incontinence
* Can care for him- or herself

* Lives alone

* Lives with or is visited by children or pregnant women

* Routinely sleeps close to someone else

* Has the sole use of a bathroom

* Can avoid crowds

* Works or attends school outside of the home, and

* Comes in close proximity to others at work or at school

and

* For how long and at what distance to others the patient will travel after release, and

* Personal circumstances (such as an unusual work assignment or an upcoming birthday or

holiday) that should be accommodated by the release plan

Our usual practice is to keep outpatients quarantined in shielded therapy rooms for at least two hours

after administration. This allows that patient to be observed for post-treatment complications. It also

reduces the likelihood of appreciable contamination because most of the ingested iodine will have been

absorbed from the stomach and the patient will have voided at least once in our toilet that is designated

for radionuclide therapy patients. The release instructions are reviewed with the patient shortly before

the patient is released and the patient is provided with a written copy.

A Recent Year's. Experience

With the approval of the MD Anderson Institutional Review Board, we performed a retrospective chart

review of our records of radionuclide therapy patients who were released by these means between 14

January 2015 and 15 January 2016. Two-hundred eleven patients were studied. Because some of the

treatments were fractionated, there were 218 treatments.

Eighty-seven of the patients were male and 131 were female. They ranged in age from 8 to 84 years

with a mean of 45.5 years and a standard deviation of 16.5 years. They weighed 83.2 _+ 21.8 kg and

stood 168 ±+ 10.2 cm tall with a body mass index of 29.3 + 6.73.

Of the 218 treatments, seven were Lu-177-DOTATE and 211 were 1-131, consisting of 195 for patients

with differentiated thyroid carcinoma, eight for hyperthyroidism and eight mIBG administrations.

The uptake of the thyroidal component was 0.0133 ± 0.0265 for the 186 thyroid cancer patients and

0.450 ± 0.247 for the eight hyperthyroid patients who were released based upon the three

compartment model of Equation B-5. The measured whole body effective half-life of the nine thyroid

cancer patients who underwent dosimetric studies and were released based upon measured exposure

rate and effective half-life was 1.43 ±+ 0.754 days. The histogram of the uptakes of the thyroid cancer

patients is shown in Figure 1.
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The eight mlBG treatments had an effective half-life of 1.50 + 1.28 days, and those patients were
released based upon measured exposure rate and effective half-life.

The activity that was administered to the thyroid cancer patients was 80.1 + 60.4 mCi (2.96 ±2.23 GBq).

The hyperthyroidism patients received 17.2 + 6.25 mCi (636 ±_231 MBq). The histogram of the activities

administered to the thyroid cancer patients is shown in Figure 2. The Lu-177-DOTATATE and 1-131-mlBG

patients were treated on protocols with nominal administered activities of 200 mCi (7.4 GBq) and 500

mCi (18.5 GBq) respectively.

Over all releases, the estimated dose to the most exposed person was 1.60 ±_1.05 mSv. The median was

1.15 mSv, the maximum was 4.81 mSv, the minimum was 0.22 mSv, and the mode was 0.60 mSv. The

histogram of these doses is shown in Figure 3. The dose to the most exposed person includes the

standard internal dose from Equation B-6 of the regulatory guidance', except for 1-131-mlBG.

The duration of quarantine of all the patients, including those treated as inpatients, was 7.59 ± 17.2

hours, with a maximum of 113 hours, a mode of 2 hours, a median of 1.69 hours and a minimum of 0.08

hours. The histogram of these times is shown in Figure 4.

In 61 of the releases, the patient was leaving the institution and returning home alone. For the 157

patient releases in which the patient traveled in close proximity to others, the patients were instructed

to wait for 12.4 ±- 11.1 hours after release to start traveling. The mode of this delay was zero, i.e., the

patient's planned travel could commence immediately upon release. The histogram of these waiting

times is shown in Figure 5. The histogram of estimated doses to the fellow traveler is shown in Figure 6.

Even when patients report sleeping alone or that they have no contact with children or pregnant

women, we calculate and provide to the patients restrictions for these situations out of an abundance of

caution. The duration of the time that the patients should sleep alone was 60.4 ± 127 hours with a

minimum of zero, a maximum of 830 hours, a mode of zero and a median of 25.4 hours after release.

The histogram of the duration of sleeping alone is shown in Figure 7..

There is a trade-off that we exploit in the durations of total avoidance and then limited exposure to

children and pregnant women. The longer the duration of total avoidance, which we set in consultation

with the patient, the shorter the duration of limited exposure and often the shorter the overall time to

resumption of normal interactions. The duration of total avoidance was 23.3 ± 26.5 hours, with a

maximum of 254 hours and a median and mode of 24 hours after release. The duration of limited

exposure after the period of total avoidance was 20.6 +_ 68.1 hours, with a maximum of 491 hours and a

median and mode of zero. The histogram of the estimated dose to children and pregnant women is

show in Figure 8.

The exposure rate per unit activity measured shortly after administration of 1-131 sodium iodide was

found to have a power law fit to the patients' body mass index, as shown in Figure 9, of

X =1.249 xBM"10
"

6 7 1 , R' = 0.2992 (1)
where X is the exposure rate in mR/hr per mCi of administered activity.
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Discussion

Most of our 1-131 sodium iodide patients are being treated after having undergone a thyroidectomy.
The vast majority of patients whose surgery had been performed at MD Anderson had residual thyroid
Uptakes that were well under 1%, whereas the default thyroidal compartment uptake for Equation B-S
of the regulatory guidance' is 5%. The data reported here should be understood in this context.

Although we do not often release patients based upon the measured exposure rate, we had noticed that
the external exposure rate shortly after administration of 1-131 sodium iodide, measured in mR/hr at a
meter, tends to be around one-tenth of the administered activity measured in millicuries, albeit with

variation among patients. For our cohort's average body mass index of 29.3, the fit to the data plotted in

Figure 9 gives a factor of 0.13.

Thyroidal Tissue Uptake in Thyroid Cancer
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Figure 1: 24-hour uptake fraction in the thyroidal tissue (including visible metastases) of thyroid cancer patients.
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Administered Activity for Thyroid Cancer
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Figure 2: Activity administered to thyroid cancer patients.
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Dose to the Most Exposed Person
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Figure 3: Estimated dose to the most-exposed person.
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Release from Quarantine'-.
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Figure 4: Duration of the isolation between administration and the release from quarantine.

February 16, 2016 - 7



Delay of Travel after Release
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Figure 5: Delay between release and starting travel.
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Dose to Fellow Travelers
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Figure 6: Estimated dose to the fellow traveler.
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Duration of Sleeping Alone after Release
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Figure 7: Duration of sleeping alone.
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Dose to Children and Pregnant Women
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Figure 8: Estimated dose to children and pregnant women.
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Figure 9: The relationship of exposure rate to body mass index for 1-13 1 sodium iodide treatments.
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Appendix A: Sample Release Record

Release of a Patient from Radiation Safety Restrictions

Patient: Mary Chan ID: 000000
Radionuelide: 1-131 Half-life: 8.0 days Dosage: 200 mCi
Date and Time of Administration: Tue, Feb 16, 2016 at 12:00 PM
Measured Exposure Rate: 26 mR/hr at 1.0 m on Tue, Feb 16, 2016 at 12:10 PM by JS using instrument 451B #3
Date and Time of Planned Release: Tue, Feb 16, 2016 at 2:30 PM

Interviewed by: JS Interview Summary: This patient

Can follow instructions.
Does not suffer from incontinence.
Sleeps close to another person.
Is visited by children and pregnant women.
Works or attends school outside the home, close to coworkers or others.

Can care for him- or herself.
Lives with others including children and pregnant women.
Has sole, exclusive use of a bathroom.
Cannot avoid crowded places.
Will travel with others at a distance of 2 feet for 4 hours.

Determination of Release from Radiation Safety Restrictions: Based upon the three compartment model parameters below,this patient may be released after Tue, Feb 16, 2016 at 2:17 PM. Under the conditions of this release, the most exposed person is
unlikely to receive a total dose of more than 500 mrem.

Compartment Uptake T-effective Occupancy Start Stop
Circulating 0.8 8.03 days 0.75 0.0 days 0.33 days
Extrathyroidal 0.95 0:32 days 0.25 0.33 days 100.0 yrs
Thyroidal 0.05 7.3 days 0.25 0.33 days 100.0 yrs

Instructions for the Patient: This patient has been given the following instructions orally and in writing.

TFhese are your personal instructions. They are different from those given to other patients. They use the information that you have
tiven us. Please follow them to protect the safety of others.

* Do not start your travel before Wed, Feb 17,2016 at 12:59 PM.
* Sleep alone (farther than six feet from anyone else) until Sun, Mar 20, 2016 at 12:47 PM.
* Completely stay away from children and pregnant women until Wed, Feb 17, 2016 at 2:30 PM.
* Then limit time closer than six feet to children and pregnant women until Mon, Feb 29, 2016 at 3:13 PM.
* Stay farther than six feet from others until Sat, Feb 20, 2016 at 12.:06 AM.
* Do not go hack to work or school before Sat, Feb 20, 2016 at 12:06 AM.

Estimated Doses to Exposed Persons:

Most Exposed Person: 494 mrem I Fellow Traveler: 100 mrem j Children and Pregnant Woman: 100 mlrem

Version: 0.7.2
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Appendix B: Sample Patient Instructions

Department of Nuclear Medicine
The University of Texas MD Anderson Cancer Center

Specific Instructions for Mary Chan

Patient: Mary Chan ID: 000000
Radionuclide: 1-131 Half-life: 8.0 days Dosage: 200 mCi
Date and Time of Administration: Tue, Feb 16, 2016 at 12:00 PM
Measured Exposure Rate: 26 mR~hr at 1.0 m on Tue, Feb 16, 2016 at 12:10 PM
Date and Time of Planned Release from Radiation Safety Restrictions: Tue, Feb 16, 2016 at 2:30 PM

These are your personal instructions. They are different from those given to other patients. They use the information
that you have given us. Please follow them to protect the safety of others.

* Do not start your travel before Wed, Feb 17, 2016 at 12:59 PM.
* Sleep alone (farther than six feet from anyone else) until Sun, Mar 20, 2016 at 12:47 PM.
* Completely stay away from children and pregnant women until Wed, Feb 17, 2016 at 2:30 PM.
• Then limit time closer than six feet to children and pregnant women until Mon, Feb 29, 2016 at 3:13 PM.
* Stay farther than six feet from others until Sat, Feb 20, 2016 at 12:06 AM.
* Do not go back to work or school before Sat, Feb 20, 2016 at 12:06 AM.

Upon Discharge: After you have been discharged, please leave the premises immediately and return to your
accommodations. Please do not stop into the clinics, pick up prescriptions, eat at a restaurant or go shopping after
your discharge.

For the next week, please

• Rinse the bathroom sink well after use.
* Flush the toilet three times after each use.
• Sit to urinate (both ladies and gentlemen). This will minimize splashing.

You should carry with you a copy of your specific release instructions for the next few days. The information about
your therapy might be helpful in an emergency situation.

Contact Information: If, in the next day or two, you have questions about your instructions, please contact the
Nuclear Medicine Department at (713)563-7762 (telephone, 6 am-6 pm) or (713)404-3704 (pager, 6 pro-6 am) or
your home clinic.

Version: 0.7.2
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