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AllSTilACT

This report is intended as an informational resource and gulds for the U.S. Nuclear llegulatory
Commission (Ni1C) and NitC licensees who prod ree or use radiolabelod antibodios (ItAlla).
Coutponents of quality assurance programs reintal to the production and use of 11 Alls are
reviewed and evaluntml, and reconunendations are made on dosage calibrations, exposure
control, monitoring, and personnel requirements. Spects! emphasis is placal on dose
calibrators because these instrutnonts are used extensively to tsaasure the dosages of

radiopharmaceuticals to be administered to patients. The difficultion of using dose calibrators
to quantify dosages of beta- and alpha-emitters are discunsed. The advantages and
disadvantages of using other instruments are examinut, and recommendations are tumle on
the types of instruments to be usmi for different applications,

_

N

111



.. . .

.-. _ _ _ - _ _ _ _ _ _ _ _ _ _ _ .__ - _ _ _ - _ - -

TAllLE OF CONTENT 8

Page

AB STRA CT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . il l

TAB LE 0 5' C O NTE NTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v...

LIffr OF TABLES .........................................,.............vil

EXE C UTIVE SU MMAIW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix

ACKNOWLEDGEMENTS ................................................. x1

1. I NTR O D U CTI O N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1 Peculiarities of Radiolabeled Antibodies (RABs) . . . . . . . . . . . . . . . . . . . . . I
1.2 Obj ectives o f this Wor k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.3 Points of Control 3............................................

1.4 Radionuclides of Special Concern . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.5 Diological Considerations 4.....................................

2. I N STR U M E NTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.1 General Comments 5.................................... ......

2.2 Practical Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.3 Alph a-d etecto rs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.4 B et a-d e tecto rs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.5 Beta-gamma-detectors . . . . . . . . . . . . . . . . . . . . 8....................

2.6 The Dose Cs.11brator . . . . . . . . . . . . . . . 8..........................

2.6.1 Principles and Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . U
2.6.2 A ccuracy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.6.3 Deta-radiation and Dremsstrahlung . . . . . . . . . . . . . . . . . . . . . . . . . D

,
^

2.6.4 Range of Activity M easured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ?O
2.6.5 Lin earit y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.6.0 E n e r gy D e pend e n ce . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.6.7 G eometry D epe ndence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.6.8 C o ns t an cy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , 15

2.7 Survey Instruments 16.........................................

2.8 Recomme nded Ins t rume nts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

3. CALIBRATION AND CIIECK SOURCES 17..................................

3.1 D os e C alib r ato rs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3.2 GeLi or HPOo Spectrometers 17..................................

3.3 Alph a-s u rv ey M e te rs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
3.4 B et a-s urv ey M ete rs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
3.5 Exposure Rate M ete r s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
3.6 Nsl Detectors 10..............................................

Y

_
.

- _ _ --
.

_- -



_ _ _ _ _ _ _ . _ . -_ _ _ _ . _ _ _ - . _ . _

4

s

i

TADLE OF CONTENTS (riontinued)

Page !

-4. DOSAG E CALIB RATIO N S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

4.1 Produoem ................................................. 19
214.2 Radiopharmacles ...........................................
214.3 Use rs . . . . . . . . . . . . . . . . . . . . . . ............................
214.4 Unit vs. Multidoenge Vials ....................................

5. ' EXPOSURE CONTROL AND MONITORING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

5.1 Occu pat io nal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sa i

5.1.1 External Dose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SS
5.1.9 Internal Dose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . as |

-5.1.3 Exposure frutu Inpatients 23......................... .....
;

f

5.2 Release of Patter.ts frorn the Hospital . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 |

5.3 Outpatients and the Publio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 :

|5.4 Waste Cont rol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
,

6. PERSONNEL AND KNOWLEDGE. REQUIREMENTS 88........................

1

6.1 Th e Team . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 i

298.2 - Radiation Safety Offloors .....................................

6.3 Radiation Safety Comunittee . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . 29 |

6.4 Indiv4',a n1 Users . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 I

7. SUMMARY AND RECOMM ENDATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
i

7.1 Oonera1~,.................................................. M
,

- 7.2 : Inst ruments -. . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 30 '

7.3 Calibralton and Check Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 31
7.4 Dosage Calibrations . . . . . . . . . . . . . ' . . , . . . . . . . . . . . . . . . . . . . . . . . . . 31

' 7.5 Exposure Control and Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
7.8 Personnel and Knowledge Requirennents 8 '. t.........................

>
-L

8. ; R E FE RE N CE S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 -

,

r

APPENDIX I. UNPUBLISHED REFERENCES 38 +
................................

3

>

r

.

r

*p.

v$ '

,

. . . - . - . - -



.. - .. . . . . . - . -. _ -- - - .- - - -- - ... ~ ~ _ - .-. . ..

r

.

:

LIST OF TABLES i

IPage i

'Tablo 1.1 Char =ff ristics of some radionuclides usmi for labeling antibodios. 1... ...

|Table 1.2 Examples of the radionur*.aios and dosages unmi in RADS in clinical trials. 2..

Table 2.1 Approxinuun activity required to saturate a dose ca11brator for conunon standard
souroo4 ...................................................... 11 (

Table 2.2 Approximate activity required to saturate a dose calibrator for some radio-
nuclides used in RAUs 12..........................................

Table 2.3 Radiation detection and measurement instruments reconunended for users and
producers for dosage determinations and radiation safety purposes related to
RADS by type of radiation to be measured . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

Table 3.1 Sources suggested by DOE (1990) for calibrating GeLi or IIPOo spectrome.
ters......................................................... 18 :

Table 5.1 Most restrictive derived air concentrations (DACs), and environmental
release concentrations from 10 CF3 20 (NRC.1991) for radionuclides :

'used in RABs 20.................................................

Table b.2 Ratios of oonoentration of a given radionuellde to the comparable
concentration for I 131 based on the most restrictive derived air
concentrations (DACs). and envirotunental release concentrations given
in 10 CPR 2 0 (NRC. 19 91) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

*

vil

._.m. _ . . _ . . . _ . , _ _ . . _ _ _ ._. , - _ . , _ , . _ , _ - _ - . _ , , . - _ . _ _ . _ , _ - ~ ~ _ . ,.



_ _ .- - _ _ _ . _- _ ___._m.___ ____m_____-- ._

j

|
t

'EXECUTIVE SUMMARY
5

This report is intendal as an informational resource and guide for the U. S. Nuclear Regulatory
Commission (NitC) and NitC licensees on quality assurance related to the use of radiolabelmi
antibodias (RADS)in patientra. Instrumentation components of quality assurance programs are ,

addressm!, and retatni to the peculiarities of H ads. The implications of using dose calibrators
to quantify RAB dosagas are emphasismi because these tatruments are often the only
instruments used in clinics to quantify the dosages adudnistered to patients.

The levels of activity used for imaging or therapy are sufnciently high that even when the
relative abundance of photons per disintegration of a radionuclide is low, there are sill! '

4

sufficient photons to enable them to be detectal and measured in a dose enlibrator, Also, '

bremsstrahlung from pure beta-emitters is detectal easily from clinical dosages. However, for
these radiations, careful attention must be given to goemetry and calibration of the dose
calibrator. ;

Producers nnd users of RAlls must have the equipment necessary to detect and measure the
radiations emitted by the radioactive material at all levels of concern. Mansurements are ,

required that discriminate between the types and energies of radiation, and quantify the
dosage before it is administeral to a patient. Alpha , beta , or gamma-radiation spectrometry
is necessary to identify and quantify the radioactivity in RABs because contaminants can be
present, depending on the method by which the radionuclid was produomi. Produoars of RAlls
should use spectormetry equipment in their quality assurance programs. Ilowever such
equipment is impractical in a clinical setting. In many situations, the user must rely on
speelfications and calibrations provided by the producer, Producers include organizations and ;

individuals who prepare anu/or label IIAlls, it is essential that they have in p', ace the quality
control and quality assurance procedures to assure that the specined RAH, in the speciftmi
form and quantity, is delivered to the user.

Quality control measurements madejust before a RAD is administered to a patient must be fast
and accurate so they do not delay a tention to the patient, and unnecessarily increase the oost
of healthcare. In some instances, it is impossible to be fast and accurate because of the
complexity of quantifying the dosage. In such instances, the user must rely on the producer's
alibration. Consequently, producers bear - a special responsibility to supply reliable

. calibrations with their products.

Quality control procalures also must be expulltlous when radionuclides with short half 11res
are used. In many cases. It may be necessary to administer a IIAB to a patient before final
quality control measurements are performed. - Under such circumstances, RAD quality depends
on good manufacturing practices (as defined by the U.S. Food and Drug Administration),
process control, rapid quality control procedures, and, in some cases, retrospective testing
(e.g., for sterility and apyrogenicity) for RABs that have a history of satisfactory use.
Administrations of new RABs require confirmation of the radiological, biological, chemical, and
pharmaceutical quality before the RAD is admir'stered to a patient. Such practices rely on a -

well-quallflod and trained staff.

Those responsible _for the prept'ation and administration of the prescribed dosage to the
patient must be trained and skilled in quality assurance procedures. One person (no matter
how competent) cannot do all thr.. must be done. A team approach la required. The medical
director, medical physicist, and radiopharmacist (or radiochemist) have quality control and .

quality assurance responsibilities. The medical director is responsible for the overall quality
of care provided to patients. The medical physicist is responsible for radiation safety and

ix
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quality control, as well as data handling atul computations for nuclear medicine tests. The
twilopharmacist (or rmitochemist) la responsible for the development, pruiuction, quality
assurance, and quality control of itAlls.

The instrutnents requirwt for quality assurance prograans depend on the particular
environment- the clinic, pharmacy, or manufacturing facility. The apliropriate histrument
to be used depends on the level and type of ruitation to be measurmi, and the intendal purpose

,

of the results. From the standpoint and therapy, the objective is to administer the prescribed
activity of a speciflo radionuclide. Protn the standpoint of radiation safety, the objective is to
minimize the dose to patients and staff (without jeopardizing the effectiveness of the
proculure), and to control contamination of the envirotunent.

The requirements for measurhig and tuonitoring of radiation for itAns labeled with photon.
emitting rmilonuclides are similar to those for conunon ruilopharmaceuticals because the
detection and measuretnent of x rays, bretnsstrahlung, or gamma rays has little to do with
whether a rmilopharmacentleal is a RAD or not. Ilowever, IIABs that etnit prmiominantly beta
particles require careful attention to the calibration of the instruments usmi to quantify them.
If alpha-emitters are usmi, alpha <letectors are a necessary addition to the lustrument
inventories of producers and users.

RAHs labeled with Y 90 present the potential for extraordinarily high beta < loses to the skin
of the fingers and hands if intervening tnatorials (gloves, vinis, syringes, shields) are not thick
enough to absorb the beta particles, liretnsstrahlung can produce measurable exposure, but
it is only a small fraction of the exposure produced by gamma or x radiation.

The extent of control requirmi for RAH outpatients who receive dosages less than 30 mC1(1110
MBq) and therapy patients who are released from the horpital cannot be dateriniLal until the
whole-body effective half lives of RADS a known. The risk related to internal exposure of the
public, family members, and the patient's attendants appears to be little different from the risk
associated with patients with comparable levels of 1131 activity. Ilowever, the adual levels
of environmental contamination associatal with patients containing alpha- and beta-emitting
RABs have not been deterndumi. This could be especially important in cases where a patient
cares for a family.

The potential for external exp ::ure could be higher with IIAUs than with cominon radiopharm-
aceuticals because of longer whole body half lives. Ilowever, assoesment of ik hxposure
potential for people in the occupational and pubPs, domsdna requires the evalaation of
infortnation on the whole body half lives of itADs that is net yet available. Comparative riska
between RADS and cornmon twilophartnaceuticals cannot be made until more is known about
the clearance of RADS frotn patients. Ilowever, control is necessary for inpatiente and
outpatients.

x
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1. INTRODUCTION

1.1 Peculiarities of Radiolabeled Antibodies (RABs)

The use of radiolabeled antibodies (RABs) poses new issues in radiation safety. These issues
and the people most affected by them have been discussed in detail elsewhere (Ilarber, et al.,
1991). In the current report, instrumentation, measurement, and monitoring requirements for
producers, pharmacists, and users of RABs are emphasized. Also, emphasis is placed more on
what action should be considered than why that action is necessary. The intent is to optimize
the usefulness of this report for NRC personnel and licenneos.

A summary of some of the characteristics of radionuclides being used to label RABs is given
in Table 1.1. Examplo diseases being datected by imaging procedures and treated with RABs,
and the dosages that have been used eue given in Table 1.2.

Table 1.1 Characteristion of some radionuclides used for labaling antibodirms.
(Adapted from Earbar, et al.,1991)

1Radionuclide Exposure rate constant Physical half-life, h
R cm' mC1'1 h'1

s.Y-90 0.042 64.0

Tc-99m 0.63 6.01
sIn 111 3.21 07.3

I-131 2.20 192

Re-180 0.224 89.3 8

Re-188 0.30* 17.0
sAt-211 -0.03' 7.21

Pb-212 0.70 1', 9

1. Excluding photons < 20 kev. Mult! ply by 6.97 x 10'' to obtain pC kg'1 cm' MBq'1 h-1,
2. Not a byproduct meterial.
3. Based on the exposure rate from bromsstrahlung (Williams, et al.,1989).
4. Stabin,1991.

5. Coursey, et al.,1991.
6. The approximation includes photons from the daughter of At-211 (Po-211,0.52 a half-life).

1
,
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Table 1.2 Icuamples of the radionuclides and dosages used in RABs in clinical trin3a.
(Adapted from Barber, et al.,1991)

Radionuclide Dosage, mCt"

Disease or Imaging Therapy Imaging Therapy
Condition

Blood clot Tc-99m 20

bBreast cancer I131 1131 10 50 x 3

Colon cancer I-125 I-131 2 253
1131 Re-186 10 350

In 111 Y 90 5 20
To-99m 15 -

30

Hematologic I 131 1 131 10 30 x 10'
.

dB-cell In 111 5 t o + 3 0 + 15
lymphomas

Hepatoma Y-90 30
I-131 50

,

Hodgkins In 111 Y-90 3-5 30
1131 50

Leukemia I-131 I131 10 30 x 10

Lung cancer Tc-99m I 131 15 -30 20
Reise 350

Myocardial
infarction In 111 2

Ovarian cancer In 111 Re 186 5 220
I131 205
Y 90 15

a- Multiply by 37 to obtain MBq.
b. Three administrations of 50 mci (1850 MBq) each,

Ten aAminiatrations of 30 mci (1110 MBq) each. Dosages up to 633 mC1 (23.4 GBq) havec.
been adminIntered.

d. Sequential dosages.

Although some RABs are labeled with common radionuclides (e.g., Tc-99m and I-131), there
are severalinmues of radiological quality assurance that are attributable to differences between
RABs and more common gamma-emitting radiopharmaceuticals. The issues are related to the
following points:

1. Some RABs are labeled with radionuclides that are not commonly used in nuclear
medicine, especially beta-emitters such as Y-90. The use of betaamittors to label RABs
may increase.

2
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2. Dose cal!brators are designed to detect gamma rays, and are not usually calibrated for
differant types of radiation nor for broad spectrum radiatic.t. Their suitability for
quantifying dosages of alpha- and beta-emitting RABs requires examination.

3. High energy _ beta-emitters, such as Y 90, require special attention to personnel
dosimetry, especially monitoring of the skin of the hands.

4. The prospect of using alpha-emitters in RABs for radiation therap.v is new.

5. Some therapeutio protocols with RABs involve significantly higher levels of activity
than those commonly used.

6. Different methods of adadnistering RABs can require different radiation safety
procedures. The methods of adminintering RABs to patients introduce new opportuni-
ties for the occupational exposure of staff.

7. Different types and energica of radiations require different types ofinstruments and
calibration procedures to accurately quantify the activity.

8. The_ different pharmacokinetto behavior of RABs raises questions concerning the
appropriateness of existing confinement limits used to determine when a patient may
be released from hospitalization.

1.2 Objectives of this Work

The differences between RABs and common wilopharmaceuticals has raised questions about
the applicability of radiation safety procedures used with the latter. The objective of this
report is to examine the implications of these differences from a regulatory viewpoint to
determine if additional regulatory action (related especially to measurement and monitoring), -
and new quality assurance procedures should be considered in the interests of health and
safety. This report is intended to answer the question, "What radiation safety and quality
assurance procedures, unique to RABs, require consideration before a licensee should be
parmitted to use RABs for diagnosis and/or therapy?'

1.3 Points of Control

Several points in the history of an antibody and a radionuclide provide opportunities for
quality assurance and controh

1. production, purification, and reconstitution of the antibody or radionuclide,-

2. radiolabeling the antibody,

3. shipping and receiving the radionuclide, antibody, or RAB,

4. preparation of the RAB dosage for aAministration to a patient,

5. =Aminiatering the RAB to the patient, and

6. control after aAminiatration to a patient, either as an inpatient or an outpatient.

3
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The equipment and the complexity of procedures required to assure that a quauty product, in
the proper dosage, in a quality environment is admhtistered to a patient varies depending on
the points in the process at which quauty assurance procedures are applied.

1.4 Radionuclides of Special Concern

The radionuclides that are attractive for labeling RABs are produced by nuclear reactions in
nuclear reactors, extracting radioactive materials from fission products, inducing activity in
target materials with accelerawrs, or eluting the daughter products from generators. Different
methods of producing radionuelldes for labeung RABs result in different products and

- contaminating radionuchdos. Some radionuclides used to label RABs have a history of use in
other radiopharmaceuticals. However, there is interest in labeling RABs for radiation therapy
with radionucHdes that emit primarily beta- or alpha-radiation (Barber et al.,1991).

The amphasis in the current report is on byproduct material as defined by 10 CPR 30 (NRC,
1989) because the U.S. Nuclear Regulatory Commission (NRC) has statutory and regulatory
responsibilities for these materials. Byproduct materials of particular interest are Y-90, I-131.
Re-186, and Re-188. Although I 5 31 is commonly used in radiopharmaceuticals, it is used in
higher dosages in RABs.

1.5 Biological Considerations

The commonest radiopharmaceutical parameters that require monitoring are start 11ty,
apyrogenicity, purity, and safety (Paras,1977). The FDA Good Manufacturing practicca and
procedures for producing and testing antibodies (FDA,1987) shonS* be ? lowed by all

,

producers of RABs. The production of sterile dc. sages relies on starting with a file materials4

and maintaining sterility throughout production by using aseptic faciuties and techniques
because autoclaving the finni product would destroy it (Horton and Beu,1988). A RAB la
typically mAminintered through a sterile filter with a pore size of 0.29 pm or less. Testing of
sterihty can be completed retmspectively if the methods and materials are kept under
surveillance, and if testing has demonstrated that the procedures result in a safe product.

Institutionally prepared (i.e., non-commercial manufacturer or supplier) pharmaceuticals
require carciul quality control (Vera-Ruiz et al.,1990). When an antibooy is prepared -

institutionally only small amounts of antibody are available for preuminary studies. Therefore,
rigorous protein purification 4nd labeling methods must be developed that result in high
recovery of the antibody. The first stop (before labeling) is to establish the purity of the
antibody by chromatography (Zoghb1 et al.,1987). Chromatographic analysis of an antibody
preparation can be used as a quauty assurance step before it is conjugated with a chelating
agent. Characterizing of modified antibodies is critical to the reproducil.111ty of results.

Quality control testing for radiochemical purity of compounds that are complexes of metallic
radionuclides can be carried out with simple and rapid methods such as electrophoresis, paper
chromatography, and thin layer chromatography (Vera-Ruiz ot al.,1990). Covalently bound
radionuclides (e.g., iodine) demand more time consuming methods.

Simple mistakes, such as the inadvertent drying out of specimens intended for paper
chromatographic analysis, significantly affect the results obtained (Mallol.1990). Long-term
changes in resolution, compound retention, and peak artifacts can occur with deteriorated
chromatographic columns (Vera-Ruiz et al.,1990). If the needles used to depressurize vials are
left in place for an entire day, they may cause microbiological contamination of the

4
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radiopharmaceutical (Pfeiffer,1984). Careful technique, attention to detail,' and regular
calibration of the analytical procedures with appropriate standards helps to avoid such pitfalls. I

iIn clinjeal situations, quality assurance measurements must be made on the final product
because of the small quantity of RAB available. Few aliquots can be taken and discarded afte* i

testing because of the low availability and high cost of the RABs. Further, quality nasurance
based on aliquota introduces a greater opportunity for error in the final dosage administered
to the patient. Optimally, the identity and activity of the radionuclide should be determined
without taking separate aliquots for testing. This requires the dosage to be measured in the
vial or syringe frorn which it will be administered.

Quality assurance tests on a dosage must be completed in a short time in the clinical setting.
This is especially important when radionuclides with short half-Hves are used. In many cases,
it may be necessary to aAminiater the RAB to the patient before making final quality control
measurements (Vera-Ruiz et al.,1990). Otherwise, it may be necessary to begin work with
high levels of activity to allow for decay during the evaluation, and patients may have to wait
for an unnecessarily long time. RAB quality depends on good production practices, procean
control, rapid quality control procedures, and, in some cases, retrospective testing (e.g., for
sterility and apyrogenicity). Retrospective testing also may be necesairy when RABs are
labeled just before being administered to the patient.

Visual inspection of the physical appearance of the RAB and its expiration date is important
because some RABs have short shelf-lives. When the material is not as clear as it should be or
if clumps occur, the dosage should not be adminiatored.

2. INSTRUMENTS

2.1 General Comments

Quality control begins with the selection and performance testing of instrumentation.
Acceptance tests ensure that instrument specifications are met, and the results serve as
references for comparisons with the future performance of the instrument (Shields,1986).
Reference tests fall into two categories: operational tests to be undertaken each time the
instrument is used, and periodic measurements of performance depending upon the anticipated
reliability of the instrument.

Quality control procedures in the clinic must be accompb Ned in a reasonable time so they do
not unduly delay attet. tion being given to the patient, cause repetition of dosages, and
unnecessarily increase tha coat of healthcare. Instruments should be calibrated and tested
before diagnosis or treatment of the patient. Calibration checks should be performed at the
beginning of each 24 hours in which patients are to be diagne sed or treated (see 10 CFR 35.5).

Instruments should be examined visually to see that everything is in ordnr. The performance
of each instrument then should be checked against its initial performanw. If the response of

-dose calibrators and spectrometers is not within 15% (see Regulatory Guide 10.8, Appendix
C,1987) of the initial response, the reason for the inconsistency should be determined and the
instrument should be re-checked, re-calibrated, or repaired until the instrument is operating
properly and its calibration is confirmed.

The requirements ' for measuring and monitoring radiation for RABs labeled with
photon-emitters are similar to the current requirements for common radiopharmaceuticals

5
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because the detection and measurement of x rays, bremsstrahlung, or gamraa rays has little
to do with whether or not a radiopharmaceutical is a RAB. However, if alpha-emitters are used
(those currantly being considered are not byproduct materials), alpha-detectors must be added
to the instrument inventories for producers and users of RABs. Producers and users also
should be aware of additional concerns and difficulties with the use of radionuclides that emit
predominantly alpha or beta particles. The newest concerns are related to the use of the
byproduct materials Y 90, Re 180 Re-188, and high levels of I-131.

The minimum requirements for instruments in quality assurance programs related to RABs
depend on whether they will be used in a clinic, pharmacy, or manufacturing facility. The
appropriateness of the instrument also depends on the amount of activity and the type of
radiation to be measured, and the intended purpose of the results. Further, the appropriate
instrumentation and procedures depend on the particular concerns about quality assurance.
For example, alpha- and beta-emitters at activity levels commonly used for radiopharmaceutical
dosages can be detected and measured with gamma-ray detecting instruments because of the
bremsstrahlung associated with beta-particle emitters, and the characteristic x or gamma rays
emitted by some alpha-emitters.' Exceptional care must be taken in calibrating dose calibrators
if the dosages are to be based on bremsstrahlung measurements or the measurement of low
energy photons. If surface contamination is to be controlled, and air contamination monitored,
the alpha particles and beta particles must be detected directly because the relative abundance
of gamma rays, x rays, and bremsstrahlung is too low to detect them at low levels of activity.

Radiation spectrometry _should be used to identify and quantify the radioactivity in a
radiopharmaceutical because contaminants can be present depending on the method used to
produce the radioactive label. Analyses can be performed by the producer, the pharmacy, the
radiation safety ofncer, radiological physicist, or the nuclear medicine technologist in the
clinic. Regardless of where the analyses are performed, a measurement of the product after,

it is nnally packaged is required to assure that the proper dosage is administered to the
patient.

2.2 Practical Considerations

It is unrealistic to expect individual clinics or hulividuals to have spectrometric equipment
i available for the routine identification and calibration of RABs. In many situations users must

rely on specifications and calibrations provided by producers. Therefore, it is essential that
. producers of RABs use quauty control and quanty assurance procedures that assure that the
4 RAB, in the specifled form and quantity, in delivered to the user. Producers of RABs have more

quality assurance options available than are possible in the clinical setting. The instrument =4

'

available for calibrating dosages in clinics are likely to be doce calibrators and well-type Nal
scintillttion counters.

2.3 Alpha-detectors

Alpha-emitters being investigated for labeling RABs also emit gamma- or x rays in low
abundance. However, dose calibrators cc.n detect such radionuchden, as shown by the
incorporation of points for Am-241 in calibration data (Suzuki et at,1976). A dose calibrator
can be used to measure dosages of alpha-emitters just before admintatration to patients,
provided it is properly calibrated and sufficient gamma-rays are emitted.

One producer of alpha-emitters uses a gamma-ray spectrometer to quantify the activity of
alpha-emitters based on known decay schemes and the measurement of associated gamma rays

6
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(Atcher,1991). Liquid scintillation spectrometers also could be used to measure alpha-activity
in RABs but there are problems with this method (see section 4.1).

*

Alpha particle spectrometry is possible with detectors composed of silicon drifted with lithium
(SILI) detectors. However, the sample must be meticulously prepared. An aliquot of the
pharmaceutical would have to be prepared in the form of an innnitely thin layer (probably 1

electroplated) that would tolerate the vacuum required for alpha. spectrometry. Further SiL1
detectors require stable temperatures if reproducible results are to be obtained (DOE,1990).
'Although alpha-spectrometry is impractical in the clinical setting, it could be used by

producers.

L The low relative abundance of photon emissions from alpha- emitters makes it unlikely that '

the photons win be detectable at leveln of activity of concern in occupational exposure control
(e.g., for monitoring air or sarface contamination). Therefore, the instrument of choice is a
portable, large area, alpha-scintillator (e.g., a 4-inch diameter ZnS scintillation p rcbs attached
to a portable rate meter or scaler). Such an instrument can detect surface contamination on
laboratory surfaces, on filters used to collect air samples, and on wipe samples from surfaces.

ZnS scintillation detectors are efncient detectors of alpha emitters and they have low
backgrounds without shielding. Portable, commercial detectors are available at modest cost.
Users and producers of RABs labeled with alpha-emitters should have at least one of these
detectors for environmental monitoring. The efnciency of ZnS detectors is a function of alpha

j particle energy because of self-absorption in sources of different thicknesses and attenuation
by air between the source and detector. Therefore, the energy of the alpha particles must bei

' known to accurately quat.ify the activity present. The magnitude of err <>r associated with
failure to correct for this energy dependence of the detector is acceptable for detecting and-
controlling surface contamination, but it is too large for determining RAB dosages for patients.
Typical efficiencies range from 20 to 30 percent for 4.2 to 5.5 MeV alpha particles.

2.4 Beta-detectors

Although the use of Y-90 in radiotherapy is not new (Ehrhardt and Day,1987; Williams et al.,
1989), its use in RAB therapy has renewed interest in the calibration of dosages of
beta-emitters with dose calibrators and in bremsstrahlung dosimetry.

The nuclear medicine community has had some experience with another pure beta-emitter,
P-32.; A comparison with Y-90 is approp-iate for the benefit of those who have used P-32.

,
Dosages of up to 5 mci (185 MBq) per treatment were used for many years (and continue to

j be used) to treat polycythemia vera (St. Germain,1986; Weber,1990). However, when Y-90
| 1s used in RABs as much as 30 mC1 (1110 MBq) may be administered. Also, the maximum

energy of beta particles emitted by Y-90 (2.28 MeV) is much higher than that of P-32 (1.71
MeV). So, Y-90 presents a significantly greater potential hazard than P-32, and users and
producers of RABs labeled with Y-90 should be well acquainted with, and ecptipped to detect
and quantify high-energy beta-emitters.

G-M detectors with thin windows can be used to control contamination. They are efncient

detectors of energetic beta particles such as those emitted by Y-90.- G-M counters also are used
to detect gamma- and x radiations. However, they are subject to high dead-time lossess and i

their response per unit of activity is a function of both the type ard energy of radiation being
detected.EThe energy dependence of this type of detector is usually acceptable for contamina-

7
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tion contrel. Produmra and users of RABs labeled with radionuclides that emit primarily beta
particles should have at least one G M counter for contamination surveys.

Liquid r cintlBation countcra can be used to measure beta-actielty in RABs (see section 4.1), and
also to tneasure the contamination on wipe samples for both alpha- and beta +mitters.
However,11guld scintillation counters rarely are found in clinics.

2.5 Beta-gAmmaw:letectors

Sodium lodids crystals (usually with wells in them) are often available in nuclaar medicine
clinics. They are highly energy dependent for photons a,nd are sensitive to other types of
radiation if the radiation deposits energy in the crystal. Their encapsulation attenuates
radiations, such as alpha- and beta-radiations, that might otherwise be detected. They are
excellent gamma-ray detectors, and can be calibrated for specific energies of gamma-rays, but
their resolution is poor. Their high sensitivity to x and gamma-radiations necessitates the use
of heavy shields to reduce and stabilize the background count. They are also subject to
significant dead-time losses for activity levels of about a microcurie (about 37 kBq). However,
when they are properly shielded, they can be used to make comparative measurements on
samples of low activity (e.g., activity on liquid chromatography strips).

Detectors made of high purity germanium (HPOe) or germanium drifted with 11thum (gel 1)
can measure gamma rays with excellent energy resolution. These detectors are preferred for
identifying and quantifying radionuclides by gamma-ray spectrometry before an antibody is
labeled. Dead-time losses and overload problems would occur in these types of detectors for
RAB dosages. They are designed to quantify the activity in samplee containing much less
activity, and are, therefore, oflimited usefulness in a clinical setting. Also, a cryostat must be
used with these detectors. This precludes the detection of alpha- or betammitters that do not
also emit or produce photons because of absorption in the material covering the detector.

2.6 The Dose Calibrator

Dose calibrators are used in clinics (almost to the exclusion of allother decage measurements)
to measure activity levels in radiopharmaceuticals prepared for humar. use (ACNP,1984).
Much of what is discussed in this section appues to any radiopharmaceutical, not just RABs.
However, knowledge of dose calibrator operation and quality assurance is important to
understand the extraordinary attention required when working with RABs. Dose calibrators
are designed to quantify the dosage to be administered to a patient by mawuring the gamma
radiation emitted. Bremsstrahlung and x rays can also be detected if they are produced in
sufficient quantity. However, special care is essential if RAB dosages are to be based on
bremsstrahlung measurements.

The radionuclides currently used in RABs all emit (or produce) some bremsstrahlung, x- or
gamma-radiation. A dose calibrator can be used to calibrate dosages in the clinic just before
aAminiatration.' If the dose calibrator is caHbrated for the specino radionuclide, in a
standardized container, and has a stendardized geometry, it can be used to determine the
activity in a dosage for human =Aminiatration for all the alpha , beta , and beta-garnma
emitters currently used in RABs. However, the relative abundance of the photons being
measured must be wen known, radionuclide contaminants must be negligible, and appropriate
calibration standards must be used.

8
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When measurements with a done calibrator differ from those of the manufacturer of either the
instrument or the RAB, the reason for the inconsistency should be determined to assure that
the correct dosage is administered to the patient.

2.6.1 Principles and Characteristics

The dose calibrator consists of an lon!zation chamber known as a reentrant (well-type)
lonization chamber coupled to an electrome'.er to measure the activity in gamma-ray emitting
radiopharmaceuticals (Leach,1986). The chamber is pressurized and sealed. This increases
its sensitivity to ganuna radiation and enminates the need to correct the ionization current for
changes in temperature and atmospheric pressure. The wen in the center of the chamber
accommodates samples of different stres and shapes.

Dose calibrators are available with different well dimensions and wall thickne=ses, and
containing different gases at different pressures. Although the wellis large (typically about
6 cm diameter by 25 cm or more deep) sample self-absorption and geometry-dependent effects
can occur, especially for low energy gamma-ray emitters, even when the sample is carefully
centered. The response of a dose calibrator is affected by the gas used and its pressure in the
ionization chamber, the composition of the electrodes and walls, the geometry of the chamber,
and the external configuration of the external shield (Suzuki et al.,1976).

Every dose caubrator must be caHbrated because of these variables (see section 3.1).

2.6.2 Accuracy

Numerous factors affect the accuracy of measurements made with a dose calibrator. These
factors are related to the radionuclide, detector, electronic system, geometry, attenuation,
scattering, and contamination. It would be unrealistic to beneve that all these factors could
be checked regularly. Most of these factors are taken into consideration in the design and
manufacture of dose calibrators. Comprehensive testa should be made when the dose caubrator
is installed (see 10 CFR 35.50) to determine that it meets r wifications when it is first
delivered, fonowed by per! odic tests with sources with calibrations traceable to the U.S.
National Institute of Science and Technology (NIST). These tests should sufnce to assure that

Initial and annualdosage errors attributable to dosage calibration errors are minimized.
calibrations are especially important if low energy photons are to be used as the basis for
dosage caHbrations.

The accuracy must be determined over the range of energies to be used to determine dosages.

'2.6.3 Beta-radiation and Bremsstrahlung
!

Sufficient bremsstrahlung is produced by the absorption of energetic beta particles to enable
the bremsstrahlung to be used to calibrate dosages of beta-emitters in commercial dose
calibrators. For example, Willinma et al.(1989) estime,ted the exposure rate at 3 cm from 1 mC1
(37 MBq) of Y-90 to be 4.710.8 mR h*1 (1.2 0.2 pC kg"I h'8). The uncertainty in this
exposure rate is 17% If bremsstrahlung measm ements are used to calibrate RAB dosage,
the meneurements must be inade in a highly reproducible manner. The authors also noted that
the effective half-value-layer for the bremsstrahlung from Y-90 was approximately 15 cm in
soft 41ssue at source-to-detector distances of >5 cm. This finding indicates that the average
energy of the bremsstrahlung radiation is sufficiently high to easily penetrate the wall of the
ionization chambers of commercial dose calibrators. However, because the bremsstrahlung

9
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spectrum includes many low energy photons, a calibration based on bremsstrahlung requires I

careful and consistent attention to type and geometry of the container in the well of the dose
calibrator.

The ionisation chambers in some dose ortibrators have aluminum walla that are 0.18 cm (420
mg em'*) thick and contain argon pressurized to 10 atmospl.eres (Suzuki,1990). The wall of
a plastic syringe is typically 1 mm thick (100 mg cm''). Therefore, the combined thickness of
the chamber wall and plastic syringe (529 mg em**) will absorb completely beta particles
having energies less than 1.23 MeV, If a glass syringe with a wall thickness of 1 mm were
used, the total thickness would be 664 mg cm'', which will stop beta-particles having energies
less than 1,50 MeV, For Y 90 beta particles (2.28 MeV max.), a thickness of 1100 mg em** is

L required to stop the beta-particles. Weliliners can be used to increase the thickness between
! the chamber and the sample. Deta particle absorbers should be made of a material of low

atomic number to mbimine the production of characteristic x-rays that might interfere with
ths measurement of the bremsstrahlung.

2.6.4 Range of Activit/ Measured

Specincations for dose calibrators vary by manufacturer and model. It is especially important
I to consider the specincations on the range of activity that is measurable.. One manufacturee

specifies an activity range of 0.1 mC1 (3.7 kBq) to 5 C1 (185 GBq) for Tc-99m. If the radius
from the center of the well to the center of the chamber were 6 cm (a common din mwion for
dose calibrators), then 0.1 mci (17 kBq) of To-99m in the center of the well would p.-oduce an
average exposure rata of 1.8 mR h'2 (0.5 pC kg'1 h t) at the center of the chamber and 5 C1
(185 GBq) would produce an exposure rate of 88 R h-1 (23 mC kg'* h'*). This maximum is

| higher than the saturation exposure rate for the dose calibrator and would be in the non linear
| portion of a graph of meter reading vs. activity.

Depending on the type of gas and its pressurization in the chamber, about 1.3 to 8.1 pA are
produced in the chamber if a 27_ pC1 (IMBq) source is placca in the well (Santry nnd Bowes,

j

1989). If the electrometer in the dose calibrator saturates at a current of 0.1 mA. then the !

maximum activity measurable would be about 2 C1(74 GBq). Higher levels of activity can be
!

- measured by using attenuators in the chamber well or by correcting for non-linearity in the
.

'

graph of dosage vs, meter reading.; Tables 2.1 and 2.2 list the saturation activities to be -
expected for a dose calibrator (based on typical manufacturers' specifications for Tc 99m) for!

!

several common standards and different radionuclides used in RABs. Except for I-131 ard
In-111, the saturation activities are larger than the saturation activity for To-99nt.

l

l'
!

I
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Table 2.1 Approximate activity required to
saturate a dose calibrator for common standant sources.

H alf- Exposure Saturation Exposure *8

Nuclide life,y rate constant activity. C1*** rate at a cm

Co-57 0.745 0.57 2.2 35

Co-60 5.27 13.0 0.097 35

Ba-133 10.5 2.95 O.43 35

Cs 137 30.0 3.27 0.39 35

1. Excluding photons < 20 kev (Stabin.1990). Numerals are in units of R cm* mC1'8 h'8
Multipk by 0.97 x 10'* to obtain pC kg'8 cm MBq 1 h*'.s

2. Multiply by 37 to obtain GBq. Based on manufacturers' indication of saturation e 2 C1(74
GBq) of Tc-99m.

3. The maturation activity is the activity below which recombination loases in the ionization
chamber are negligible. Tbe response of the instrument is expected to be a linear function
of activity for an activity less than the saturation activity of a given radionuclide.

4. Source-to-chamber-center-distance taken to be o em; numerals are in units of R h''.
Multiply by 258 to obtain pC kg'1 h'8

11
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Table 2.2 Approximate activity required to
saturate e done calibrator for some radionuclides used in RABs.

1Nucude Half- Exposure Baturation Exposure'
life, h rate constant activity, Ci .s rate at 6 cm _

s

8Tc-99 m 0.01 0.63 2.0 35

Y-90 64.0 0.042' 30 35

7In-111 67.3 3.21 0.39 35

I.131 192 2.20 0.57 35

8Re-186 89.3 ~0.20 ~ 6.3 ~35

Eo-188 17.0 0.26 4.8 35

At-211 7.21 ~ O.03' ~42 ~357

1. Excluding photons < 20 kev (Stabin,1990). Numers1.s are in units of R cm' mci'1 h' '.
Multiply by 6.97 x 10'' to obtain C kg'1 cm' MBq'1 h"8

2. Multiply by 37 to obtain GBq.
3. The saturation activity is the activity below which recombination losses in the

ionization chamber are negligible. The response of the instrument is expected to be
a linear function of activity for an activity less than the saturation activity of a given
radionuclide. -

4. Source-to-chamber <: enter distance taken to be 6 cm; numerals are in units of R h'*.
Multiply by 258 to obtain pC kg'1 h'1

5. Based on manufacturers' specifications.
6. Based on the exposure rete fiom bremsstrahlung (Williams, et al.,1989).
7. Not a byproduct material.
8. Shleien and Terp11ak.1984.
9. T1n approximation includes the photons from the daughter of At-211 (Po-211,0.52 s

half-life).

12
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2.6.5 Linearity

Non-linearity in meter readings are caused by electronic Irregularities, electrometer saturation,
or recombination of ions in the ionization chamber. Tests for unearity with To 99m nre

adequate to determine linac,rity for alpha- and beta emitters with complex decay schemes.
Except for I 131 Lnd In 111. Tc-99m produces saturation currents at lower levels of activity
than other_ radionuclides used to label RADS. Therefore, if a non-linearity is observed in a
graph of activity vs. meter reading for Tc-99m, it will also be observed in a graph for an equal
amount of activity of the other radionuclides, except for I 131 and In-111. Conversely, if
linearity is observed witt: To-99m, Unearity will be observed with equal amounts of activity for
the radionuclides listed in Table 2.2, except for I 131 and in-111. If the dosage to be used la
in the nonlinear portion of the dose calibrator response graph, the dosage must be corrected
by the percentage of deviation from linearity.

If dosages are expected to approach saturation levels for the electrometer or the chamber (see
Table 2.2), multiple sources of Cs-137 could be used in lieu of the maximum dosage for a
specific radionuclide. Measurements could be made with four sealed sources, each containing

,

about 0.1 mci (3.7 MBq) taken one, two, three, and four at a time in the center of the dosei

calibrator well. If a graph of dose calibrator reading vs. activity is linear, then linearity is
assured for the radionuclides and the activities indicated in Table 2.2 If higher levels of I-131
are to be measured, proportionately higher activity standards must be used to obtain a
correction factor for the non-linearity that will occur unless attenuators are used in the well.

'

Using sealed Cs-137 sources to test linearity is cost and dose-effective. The half-life of Cs-137
is 30 y, so it does not decay rapidly. Further, the use of sealed sources minimizes occupational
doses because the handling of radioactive standards for linearity testing can be completed
quickly. There is also minimal potential for contamination. If Tc 99m is used and the decay
method for ter. ting linearity is used, it may be necessary to start with as much as 2 C1 (74
MBq). ,

' RABs are niiministered at activity lovels lower than those listed in Table 2.2. except for I-131
(Barber et al.,1991). Special care must be taken with I 131 to be certain that linearity errors
either do not occur or are corrected for in measuring activity levels above 0.57 C1 (21 GBq)
with a dose calibrator. If linearity is tested with Tc-99m, levels of activity that produce'

- comparable effects on saturation should be used.

Linearity testing by the decay method, (NRC,1987) with short half-lived radionuclides (e.g.,
Tc-99m) involves errors attributable to uncertainties in recorded time and the half-life used for
the radionuclide (Chu,1988). A difference of 1% in the half-life used to correct for decay wili
result in a difference of more than 4% in the calculated activity aner 12 half lives. Santry and
Bowes (1989) suggested the standardization of half-lives to improve consistency in checking

|
the linearity of dose calibrators. They recommend that a half-life of 0.007 2 0.002 hours be

I used for Tc-99m.
L

If Tc-99m is used to test for linearity, two or three days may be required to cover the activity
range of interest using a singM source (Ahluwalla,1985). When the decay method is used,'-

sources must be inserted and removed from the dose calibrator several times over a few days,
unless the_ dose calibrator is dedicated exclusively to the procedure. Using allquots from a
stock solution of a short-lived radionuclide such as Tc-99m, requires very careful
micro-pipetting, and much handling of radioactive material. Therefore, such an approach '

would increase the risk of contaminating personnel, instruments, and the laboratory.

13
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. The linearity of a dose calibrator may also be tested using attenuators (the shield method)
rather than measuring activity as a function of time (NRC,1987).

-2.6.0 Energy Dependence

Dose calibrators are designed to measure tonization current produced by photons ranging from
about 25 kev to 3 Mev. RABs emit or produce photon energies from less than 20 kev to 900
kev.-

Photoelectric and Compton interactions, attenuation in the wall of the ionization chamber, and
different abundances of photons for different radionucildes result in the production of different
ionization currents per unit of activity for different radionuclides. These Lfferences are

' compensated for by changing the gain of the ampufler used with the ionization chamber or
with microprocessor modules.

The extent to which the composition and thickness of the specimen ocntainer in a dose
calibrator affects the response of the instrument depends on the type and energy of radiation
emitted. If low energy gamma rays (about 25 kev or lower) are the cause of differences in
response with different source containers, the differences can t,a reduced by attenuating the
low energy photons with an absorber until they are an insignificam fraction of the photon
fluence rate reaching the inside of the ionization chamber (Wlarda,1984). However, the

- sensitivity of the instrument per unit of activity in the container is reduced, and characteristio
x rays complicate the calibration of the dose calibrator (Harris et al.,1984).

The x rays emitted following electron capture are characteristic x rays. The different
transitions result in x rays being emitted with different energies. This presents a problem in
calibrating dose calibrators for radionuclides based on their x ray emissions.

2.6.7 Geometry Dependence

Different geometries and containers ~are used to calibrate dose calibrators and dosagne to be
administered to patients. Manufacturers of dose calibrators in the United States use

. radionuclides in 5-mL sealed, glass ampoules (the georaetry used at the NIST), er radioactivity
distributed in 20 mL of epoxy in a sealed 30-mL vial (ACNP,1984). Radiopharmaceuticals are
often measured in elution vials or injection syringes in clinics (Calhoun et al.1987). The
composition of the container also varios from one user to another(e.g., glass vs. plastic). Harris
et al. (1988) demonstrated the importance of the container's composition and source geometry
on dose calibrator calibration for low energy photons, such as those emitted by RABs.
Standardization of geometries and containers should be considered for calibrating dose
calibrators and dosages to be naministered to patients.

Regardless of the brand of dose calibrator used, a calibration factor for each source geometry
should be determined to ensure the highest accuracy. For Co-57 and To-99m, as much as a 9%
difference in indicated activity has been attributed to differences in volumetric distribution and
the container's composition, even when the operator reads the correct activity for an ampoule
reference source (Calhoun et al.,1987). Because of the low photon energies for Co-57 (122 kev
and - 139 : kev) and Tc-99m (141 kev), differences in the response of the dose calibrator

- attributable to volume differences were larger than differences attributable to the container's
composition. Re-186 emits 137 kev photons 9.2% of the time and Re-18'l emits 155 kev

~

photons 15% of the time (Erdtman and Soyka,1979).

| !
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Many radionuclides can be assayed independently of the sample's size if the ionization chamber
. wen is much larger than the sample, c.nd the sampla is placed in the center of the well (Suzuki
et - al., 1976). However, low energy photon emitters require careful attention to the
configuration and the type of container.

2.6 8 Constancy

Current methods for checking the constancy of a donc calibrator are ade<p2 ate for RABs.
.

2.7 Survey Instruments

The radiation safety requirements for instrumentation for beta- or gamma-emitting RABs are
similar to those associated with common radiopharmaceuticals, except that Y-90 ".xtuires
special attention to skin dosimetry, and air samples should be taken and assayed for halogens
(see section 5.1.2). Instrumentation requirements for exposure and exposure rate measure-
ments are no different from those required for common radiopharmaceuticals.

Facilities that use alpha-emitters must have an alphadetecting instrument for radiation-eafety
surveys. A ZnS scintillation detector connected to a portable rate meter or scaler will suffice
for contamination surveys. A scaler should be used if air samples are to be evaluated for
alpha-activity (see Section 4.1.2).

Detection efficiencies for ZnS detectors and thin windowed 0-M counters are sufficiently high
under field conditions to detect levels of surface contamination specifled by NRC regulations
(see 10 CFR 35.70; 10 CFR 35.315; 10 CFR 71.87).

2.8 Recommended Instruments

A summary of recommended instruments for clinics, pharmacies, and mr.nufacturers is given
in Tabla 2.3. The preferred instrumentation for the purposes indicated and the minimum
required instrumentation for the manufacture and use of RABs in humans are indicated. .

Additionally, in situations where activity may be released to air, air samples should be
evaluated (see Section 5.1.2; Regulatory Guide 8.25; Hickey et al.,1991).

Survey instruments should not be used to calibrate dosages for administration to patients, and
dose calibrators are of no use for environmental monitoring. A dose calibrator is of no use in
detecting and measuring concentrations of activity at or below the lindts specified in 10 CFR
20 (NRC,1991).

!
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Table 2.3 Fadiation detection and measurement instruments recommended for users and
producers for dosage determin=* tons and radiation anfety purposes reisted to

RABs by type of redl= tion to be measured.

Situation - Radiation For dosage measure- For contamination For contamination measure-

. ments . measurements monts -
Surface Air

User: a Dose calibrator - ZnS ZnSi

I

- Dose calibrator G-M G-M'

,

#-y Dose calibrator G-M HPGe or GeLi ;

y- Dose calibrator NaI HPGe or GeLi
L

|.
:

SILi or 11guld scintilla- ZnB ZnS
Producer" a-

tion

S , Liquid scintillation G-M G-M .j
g

#-y HPGe, GeLi, or dose G-M HPGe or GeLi

calibrator .
!

y HPGe, gel 1, or dose Na1 HPGe or GeLi

- calibrator

If the radionuclide emits or produces no x rays, bremsstrahlung, or gamma-radiation, the dosage should be calculated based '1.
on the calibration by the manidacturer or the pharmacy provided the calibration is based on measurements with instruments
cslibrated with sources traceable to the NIST.

A producer is an organkation or individual who prepares and/or labels RABs for users.2.
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3. CALIBRATION AND CHECK SOURCES

3.1 Dose Calibrators

85andards of the specine radionuclides to be used (or t.ources which emit equivalent energies
of radiation) must be used to calibrate dose calibrators. Calibration is usually done by the
manufacturer, and checked with a few sources by the user At least one manufacturer provides
calibrstion factors for Re-188 end some alpha emitters (e.g., Bi-212 and Am.241)in addition
to many other radionuclidm.

The use ofioag-Brod check sources that are cross-referenced to other dose calibrators is highly ;

recommended to detect instrument problems (Rearfott, 1989). Commonly available i

radtonuclides, such as Co-57 (122 and 139 kev), Cs-137 (662 kev), and Ba 133 (80 and 356
koV) are used for daily checks on the constancy of the dose calibrator (Ahluwalia.1988).

Calibration sources are available mmmercially and from the National Institute of Standards |

and Technology (NIST). Each standard from NIST consists of 5 mL of solution in a |
fle.ue-saaled borosilicate glsas ampoule. The numerous radionuclides available from NIST
include To-99m. In 111, and P-32, but not Y-90, Re 186, or Re-188 (NIST,1990). However,
only a few sources are readily available, and comumrly used to cover the photon energy range
from about 80 kev to 1.3 MeV. These are Co-57 (used as an alternative for To-99m because of
its longer half-life), Ba-133, Co-137, and Co-60 (ACNP 1984). Cs 137 is a good reference source
for calibrating and checking the constancy of the response of a dose calibrator. Standards for
Y-90, and Re-186 are available, but they are expensive, short-lived, and special arrangements
must be made with the supplier.

Calibration factors for radionuclides for which standards are not available can be estimated,
provided that the photon probability per decay for each photon energy is known, and the
number of photons with energies below about 200 kev is small (NCRP,1978; Buzuki et al.,
1976; ANSI,1986; ACNP,1984). However, most radionuclides used in RABs emit photons with
energies well below 200 kev. Therefore, special attention must be given to the calibration of
the dose calibrator using activities that have been determined v-ith methods that assure that
the activity is known within 2 5% The calibration of the dose calibrator should be confirmed
at least annually, for the specific radionuclides to be measured.

The operation of a dose calibrator, or G-M or exposure rate survey meter can be checked with
Cs-137 if the instrument is used regularly and was calibrated for accuracy and linearity in the
past year. Gamma-ray check-sources should be sealed and havo long radioactive half lives (e.g.,
Cs-137) to miMmine errors that might occur in corrections for the decay of a shott-lived
radioactive material.

The amount of activity used to determine the accuracy for radionuclidea that emit photons for
which the exposure rate constant is < 0.03 R cm* mC1'1 h*1 (2 x 10'7 pC kg-t em" MBq'1 h*1)
should be greater than 50 uC1(1.9 MBq). The approximate mintmum activity required for s 2 ell
radionuclides would b6 50 times the qcotient of the exposure rate constant for Tc-99m divided
by the exposure rate constant for the radionuclide in question.

3.2 GeLi or HPGe Spectrometers

Sources that have been suggested for calibrating spectrometers are listed in Table 3.1 (DOE,
1990). Good choices for calibrating spectrometers for RABs would be Pb-210 or Am-241, and
Cs-137 or Co-60. Other sources that emit ccmparable energies can be used. However, Ra-226
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is not recommended because of its potential for contamination. The radionuclides used in
RABs have half lives that are much shorter than the radionuclidos in Table 3.1. Consequently,
they are not practical for routine checks of instrument performance. However, an initial, and
annual calibration is recommended with the specino reAionuclides intended to be sneasured.

For the initial calibration, sources should be used that cover the full range of response of tN
spectrometer. Therersfter, if the slope and intercept of a count rate vs. energy graph renusins
unchanged when checked with two different gamma ray energies, the calib-ation remaina valid
(DOE,1990). Confirmation of this response should be mada each day the spectrometer is need

'

to calibrate RABs.

3.3 Alpha-survey Meters

Alpha-survey n eters should be calibrated with sources that emit alpha particles in the rage
of 3 to e MeV. The response of Zns detectors is independent of energy over the rang of -

interest if the source is in contact with the phosphor (DOE,1990). The response of a large
aren ZnS detector is nearly independent of energy for sources within about 1 cm from the
dMector. Periodic checks for constancy of response of the instrument can be made with any
delicated source that emits alpha particles.

A single radic 711de that emits alpha particles between 3 and 6 MeV will sufnce if the source
can be fra.ctionated (as with partial covers) to cr sate apparent activittee that produce at least
t x, d) 'ferent readings on each of the ranges - be used on the instrument.

$

Table 3.1 Souroon suggested by DOE (alsDO) for
calib'ating GeLi or HPGe spectrometers.

Nuclide Calibration energy, kev Half-e's

Pb-210 46.5 22.3 y

Am-241 59.5 433.0 y

Cd-109 88 462.0 d

Ce-141 145 32.5 d

Cr-51 320 27.7 d

Os137 662 30.4 y

Mn-54 835 312.0 d

Na-22 511,1275 2.01 y

Y-88 898,1836 107,0 d

Co-60 1173,1332 5.27 y

Ra-226' 186,352,609,1120,1765 1800.0 y

* In equilibritun with its decay products.

18
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Alpha-emitting cabbration and eneck sources should be either in fixed form (electroplated or
flamed) or have a thin covering to preclude loss of activity with improper handling and
contamination of people nr facilities.

3.4 Beta-survey Meters

There are no excepticnal attributes of sources used to cathsaw beta-aurvey instruments (e.g.,
0 M rate insters) for RABs.

3.5 Exposure Rate Meters

There are no exceptional attributes of sources used to caltt: rate exposure rate meters for RABs.

3.6 Na1 Detectors

NnI detectors should be calibrated with the standards of the specine radionucudes to be
measured.

4. DOSAGE CALIBRATIONS

4.1 Prc,ducers

Quality control measurements made just before administering a RAB to a patient must be fast
and accurate. In some instances these requirements cannot be met because of the complexity
of quantifying the activity. In such instances the user must rely on the calibration provided
by the producer, Users ofton rely on caHbrations by producers (Paras,1981) because primaryForstandards for many radionuclides used in nuclear medicine are not readily available.
example, hospitals rely on the activity value provided by the producer of radiopharmaceuticals
labeled with P-32 and Sr-89 (Santry,1991). Therefore, producers of RABs bear a special
responsibility to supply reliable calibrations.

More than 90% of all radiopharmaceuticals used in intaging are labeled with Tc-99m prepared
from conunercial kits and Mo-99/Tc-99m generator eluate. Defective or incomplete labeling
can occur, even with such common materials, if the purity of the reagents is not controlled
(Mallol,1990). The labeung of antibodies presents an even greater challenge. Consequently,
the RAB dosages to be administered to patients must be calibrated carefully. Generally, the
higher the dosage, the more accurate the dosage measurement abould be.

Alpha- and/or gamma-spectrometry should be used to identify and quantify the primary and
any contaminating radionuclides in a RAB. Checking for the anticipated radionuclidas does
not rule out the possibility of contaminants being present. Tht, contaminants wiu depend on
the method of production for the parent radionuclide, and the, chemical protocols used to label
the compound to be =Aministered. On the other hand, contaminants that do not affect the
process or the patient should be ignored.

To calibrate dosages of alpha-emitters that also emit ganuna- or x-radiation, gamma-r.ay
spectrometry with a high-purity germanium (HPOe) or a lithium drifted germanium (GeLI)Suchdetector is recommended as the primary referente for quantifying the activity.

Hence, the primary
spectrometers are rarely available in cunics and small pharmacies.
calibration of a dosage of RABs labeled with alpha- or beta-emitters is likely to be the

19
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responsfoility of the proriucer, Producers should have the necessary spectrometry equipment
to provide primary caubrations for the users.

if the producer does not use spectrometry to calibrate RAB dosages, a dose calibrator that has
been carefully calibrated may be used if attention is given to the special problems of alpha ,

k beta , and low energy photon-emitters (see sections 2.3 and 2.6) Comparisons of calibrations
3

by the user and the producer would assure that the proper dca sgo is administered to the
patient. Standardir.:.tlon of sources, containers, and dosage geometries between supplier and
user would facilitate such comparisons. Producers should indicate to users the type of
call' oration they used to determine the dosage.

Measurements of Y-90 dosage can be based on bremsstrahlung calibration of a dose calibrator
if careful attention is given to geometry and container standardization. Beta particles from
Y-90 can reach the sensitive volume of a dose calibrator and interfere with the measurement
unless a well-insert thick enough to stop the most energetic beta particles emitted is used (see
bection 2.6.3). If a dose calibrator is used to measure the dosage of a beta-emitter based on
bremsstrahlung production, a well-liner (absorber) should be used to make the total thickness
between the sensitive volume of the chamber and the radioactive material equal to or greater
than the thickness that will completely absorb the most energetic beta particle emitted.
Otherwise, lonization produced by beta particles willinterfere with the measurement of activity
based on photons (see section 2.6.3). The calibration should be based on photon detection only.

Producers may use liquid scintillation counters for alpha- or beta-emitters. Complicated decay
schemes involving different types and energies of radiation make this method a difficult option
for quantifying the activity of some radionuclides. However, there are some advantages to
liquid scintillation counting. For example, commercial pulse-shape analyzers can be used in
liquid scintillation counters to produce separate alpha- and beta-spectra simultaneously. Less
than 27101 (1 mBq) of alpha activity per sample can be detected in 100 minutes using this
method (01kari et al.,1987). Clinical dosages involve levels of activity that would require only
a iew minutes to produce simultaneous alpha- and beta-spectra.

The background for alpha-counting with a liquid scintillation counter can be as low as that of
a solid-state detector, yet sample volumes can be considerably larger. There is 4tr geometry, {

3

good precision and accuracy, nearly 100% counting efficiency, no self absorption problems,
and no vacuum or electroplating is involved.

The follcwing difficulties make liquid scintillation counting impractical in clinical setting,
but manageable for producers:

1.
Reference sourcer traceable to NIST must be used to calibrate the instrument for
specific RADS because chemical and color quenching is likely to differ for different
RABs.

2. Aliquota of the RAB dosage it. be administered must be available.
3. For high-energy beta-emitters, such as Y-90, Cerenkov radiation is also detected

(Parker,1980).

If the producer does not provide pre-labeled RABs, instructions must be provided on the
procedures to be followed for labeling. The user is expected to follow the procedures
prescribed by the producer, regardless of whether the radionuclide is obtained directly from
the producer of the antibody or from another source because the producer is likely to know
more about the antibody and its labellng than the user.
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4.2 Radiopharmacies

A pharnmy that is included as a part of a Notice of Claimed Investigational Exemption (IND)
should be permitted to prepare RABs in accordance with the IND protocol if adequate
radiological calibration equipment and trained staff are available. Radiopharmacies should be
as well equipped as any producer if they compound or reconstitute RABs and calibrate dosages.
After a RAB has been approved as a new drug, a radiopharmacy that only dispenses daages j

'

requires only needs survey equipnient to assure the safety of personnel.

4.3 Users

The identity and amount of the radionuclide in a RAB should be checked soon after it is
received frorn the supplier by eithar clinical personnel or staff of the radiation safety Milcer,
using instruments appropriate for the radiations emitted from she radionuclide.

|

The_ instructions of the producer on temperature and timely use should be followed. Thie is
'

especially important with biologicals such as RABs, and short-lived radioactive materials.

A dose calibrator (see section 2.0) should be used in the clinic to determine the activity in a
dosage just before it is admhilstered i 2 a patient. This requirement applies to alpha- and
beta-emitters that 613o produce photons, and gamma-emitters.

Dosages less than 10 pCi (370 kBq) of ganuna-emitters cannot be calibrated with a dose
calibrator. A more sensitive instrument must be used, such as a well-type Nal(TI) detector.

. However, this is not a problem for RABs because dosages for imaging or therapy are greater
tho.n 1 mC1 (37 MBq) (Barber et al.,1991) (see Table 1.2).

If a Nal well-type counter is used to assay the smaller dosages it is advisable to keep the
volume of the sample small compared to the volume of the well. Errors attributable to volume
differences will be a few percent at most if the sample occupies no more than half the volume
of the well. For example, the counting efficiency for 0.511 MeV photons when the well is full
is 85% of the efficiency when the well is one-third full (Kearfott. 1989). However, the
magnitude of this error will depend on the source geometry, and the energy of the photons.
Plastic inserts designed to facilitate reproducible geometries in wou counters reduce errors

attributable to positioning of the sample.

4.4 Unit vs. Mult1 dosage Vials

If the dosage to be adminintered is to be based on the pr oducer's calibration, only single-dose
vials should be used, and any differences observed betwean the clinical measurements and
those of the producer should be reconciled before a dosage is maminintered to a patient.

' Multi-dosage vials may be used if dosage calibrations by the producer or radiopharmacy, and
user (for individual dosages) agree, and if the user is a member of a medical faciUty which has
alicense of broad scope. Guidance from a radiation safety committee that includes at least one

| member who has 4xperience with quantifying alpha- and betamitters is essential.
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5. EXPOSURE CONTROL AND MONITORING

5.1 Occupational

5.1.1- External Dose

Monitoring of areas and personnel requires ionization chamber rate meters and personnel
dosimeters that can measure the dose rates and de ea to which personnel am exposed. The
alpha particles emitted by radionuclidos likely to be used to label RABs do not present external 5
problems of exposure. However, photon emissions from the decay products of some
alpha-emitters may contribute to exte,rnal exposure.

Personnel dosimeters that use film, thermoluminescent materials, or pocket lonization
chambers are conunonly used to measure the doses from beta- gamma , and x-radiations.
These dosimeters can be used to monitor personnel who work with RABs. A whole-body -

dosimeter will provide an ade<pnte measure of the occupational dose received from radiation
emanating from a patient or from containers in a pharmacy or manufacturing facility.

High energy beta-emitters present the potential for extraordinarily high beta-doses to the skin
of the fingers and hands ifintervening materials (gloves, vials, syringes, ahicids) are not thick
enough to absorb the beta particles. Bremsstrahlung can produce measurable exposure, but
it is not of the same order as exposure produced by gamma- or x-radiation.

There are two cautions related to the use of personnel dosimetars for monitoring doses from
RABs. The first involves notifying the processor of the dosimoter of the specific radionuclides
used. Interpretation of energy deposition in personnel dosimeters is especially difficult for
beta particles and low energy x rays such as those emitted by RABs. Second, finger dosimeters
must be used because of the potential for high doses to the skin of the fingers and hands.
When contractors provide personnel monitoring services for a facility, the contractor should
be notified of the specific radionuclides to which the dosimeters are exposed. This is especially
important for RABs that emit photons with energies less than 35 kev. Special attention should
be given to skin dosimetry when Y-90 is umul.

When RABs containing gamma-emitters are aAministered by infusions that take more than a -

minute, personnel should remain in sight of, (but as romcte as possible from), the patient. In
close quarters, portable transparent sh! elds could be used to keep doses to personnel ALARA.
Beta-emitters are not an external exposure problem if the infusion lines and reservoirs are
thick enough to completely absorb the beta particles. However. Y-90 beta particles are capeble
of penetrating thicknesses up to 1100 mg cm-a. Therefore, infusion reservoirs and lines must
be handled carefully to avoid unnecessary exposure and contamination.

5.1.2 Internal Dose

:Y 90 in environmental samples can be measured with thin, plastic scintillators. Detection
efficiencies of 40-50% have been observed for Y-90 beta-particles when the source is in contact
with the scintillator (DOE,1990). However, measurements with thin windowed 0 M counters
are preferable for controlling contamination fer beta- and beta-gs nma emitters.

The primary concern for alpha-emitters and properly shielded beta-emitters is contamination
- of the environment by excretions from patients and procedures that can result in the ingestion,
absorption through the skin, or inhalation of the radioactive material. To control contaminn-
tion from alpha-emitters, a ZnS scintillation detector should be used.
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Air sampling equipment that can measure air concentrations of alpha- or beta-emitters at or
below rebase limits should be available for use in situations where activity may be released to
the air (in a patient's room, a RAB preparation area, a manufacturing facility, or a pharmacy
where RABs may be reconstituted). This is especially important with patients who receive
therapy dosages of RABs labeled with halogens such as iodine or astatine.

Samples of halogons taken thmugh activated charcoal or particulates collected on a fbter
having a pore size <0.45 pm em be measured with HPGo or GeLi spectrometers (for gamma-
or :r-ray-emitters, ZnS scintination counters (for alpha-emitters), and 0-M oounters (for
beta +mitters). The alpha-emitters likely to be used to label RABs eitbr decay into
gamma-emitting radionuclides or have associated gamma-radiation emissions. The collection
and evaluation of environmental samples may be done by the licensee or a contractor.

If only a few liters of air are collected, concentrations of alpha-endtting particulates below the
public release limits specified in 10 CFR 20 (NRC,1991) can be detected with a ZnS detector
in less than 10 minutes counting time. Such a smn11 sample can also be used to detect
concentrations of Y 90 in air less than the public release limit with a thin-windowed 0-M
counter. However, radon decay products win interfere with the assay of air samples unless the
counts are corrected for the presence of these decay products, or the sample is kept for 4 or
more hours before it is evaluated.

Large volumes of air and long counting periods are required to detect the release concentra-
tiows specified in 10 CFR 20 based on gamma-ray spectrometry because of the low efficiency
of HPOe or GeLi detectors.

A dose calibrator is of no use in detecting and measuring concentrations of activity at or below
the limits specified in 10 CFR 20 (NRC,1991).

For facilities in which I-131 is used and adequately controued, there is likely to be no problem
in controlling contamination and exposures from other radionuclides used to label RABs (sue
section 5.3). However, producers and users of RABs labeled with radionuclides that emit
predominantly alpha- or beta-radiation must have instruments capable of confirming that
levels of surface or air contamination are compatible with NRC regulations.

5.1.3 Exposure from Inpatients

High levels of activity are sometimes aAminintered to RAB-patients. Hence, the potential for
both external exposure of others, and contamination of facilities is greater than with patients
containing common radiopharmaceuticals. Spills are especially of concern, and there should
be a protocol for mmaging them.

Alllines connected to the patient should be surveyed and disposed of as radioactive waste. The
syringe (s), shields, gloves, and other material that is potentiany contaminated should be
returned to the laboratory (pharmacy) to be surveyed and stored for re-used or disposal.

The thyroid burden of each individual attending a patient who has received a therapeutic
dosage of ARAB labeled with I-131 should be measured after about half of the patient's hospital
confinemen1. has elapsed. With RABs labeled with I-131 a smaller fraction of the dosage
(depending on the labeling ;:rocedure) goes to the thyroid gland than with common
radiopharnaceuticals. As the RAB is catabolized, free iodine becomes available for uptake.
Hence, the potential for thyroid uptake by the attendants increases with time
after-administration. However, the amount of radioactive material in the patient decreases
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with time due to natural decay and elimination, so less is available for uptake by attendants.
The pharmokinetic behavior and radioactive decay of the RAB are somewhat self-compensating
with respect to radiation safety. However, sumclent data are not available to determine the
optimum time to meaare the thyroid burdens of individuals who attend RAD patients.

External exposure rates from patients undergoing therapy with RABs are likely to be higher
for longer periods compared to the rates from patients containing common radiopharm-
aceuticals. Staff should be made aware of this, so that they can modify the time spent in close
proximity to RAB patients. The external exposure of staff and visitors to RABs labeled with
I-131 is of great concern.

The exposure rate at 1 m from the patient should be measured with an ionization chamber rate
meter at intervals of about 8 hours, beginning as soon as possible after administration. These
measurements enable the determination of occupamcy times for staff attending the patient and
visitors, when the patient can be released from confinement, and the whole-body effective
half-life for the RAB. The latter measurement is regt. ired to estimate external doses to family ;
members and the pubhc. It is t iro useful to determine if environmental contamination in the
patient's home is likely to be a problem. This is especially important if the patient provides
care for a family.

If RABs labeled with halogens are used, the air in the patient's rooms should be monitored to
show that it does not exceed either occupational or pubuc limits if the patient receives visitors.

Otherwise, care for patients containing RABs should be no different from that of patients
containing common radiopharmaceuticals.

5.2 Release of Patients from the Hospital

. The data that would enable release limits for patients to be determined on the basis of potential
contamination of their environments or potential external dose equivalents to the pubuc
remain to be assembled. Information on the whole-body clearance rates of various types of
RABs for various diseases is required before release limita for RABs can be determined (Barber
et al.,1991).

Patients should not be released untilit has been determined that the intake by a member of the
! _ public will not exceed the Annual Limit of Intake prescribed by 10 CFR 20 (NRC 1991).

Again, information on whole-body clearance rates must be examined before specific
recom.nendations can be mado.

|

The most restrictive Derived Air Concentrations (DACs), and environmental release

| concentrations given in 10 CFR 20 (NRC,1991) for radionuclides used in RABs are listed in
Table 5.1. The DACs for the alpha-emitters in Table 5.1 are of the same order as the DACs for
I131.

The ratios for (radionuclido concentration) / (I 131 concentration) for the radionucudes in
Table 5.1 are listed in Table 5.2. Radlonucudes for which the ratio is less than one involve
greater internal dose risks than I-131. From Table 5.2 it is clear that At-211 in air, represents
a greater risk to the pubuc than I-131. In the occupational domain, At-211 is no more
threatening than I-131. Pb-212 in air presents a greater risk than I-131 in the occupational
and public domaina. However, in the worst case (Pb-212 in public air), the risk is only four
times that associated with I-131. If release limits for RAB patients were based on equive.lence
to I-131, then, for most of the radionuclides used in RAEs, the risk of internal exposure or
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contamination of the environment in either the occupational or public domains would be no
greater than that for I 131 patients.

Table 5.1 Most restrictive derived air concentrations (DACs),
and environmental relemme concentrations fmm 10 CFR

20 (NRO.1991) for radionuclkies used in RABs.

Nuclide DAC, pC1 mr8 Release concentra. Release concentration
tion Sewer, nC1 ml*8

Air.1C1 mr8

I 131 0.02 0.2 0.01

Y-90 0.2 0.9 0.07

To-99m 60 200 10

In 111 3 9 0.6

Re-186 0.7 2 0.3

Re-188 1 4 0.2

At-211 0.02 0.08 0.02

Pb-212 0.01 0.05 0.02

Notes:
Multiply nCi mr8 by 37 to obtain Dq mr8
Multiply pC1 mr8 by 0.037 to obtain Bq mr8
Multiply fC1 mr8 by 37 to obtain pDq mr8
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8Table 5.2 - Ratios of concentration of a given radionuclide to the comparable concentration
for I 131 based on the most restrictive derived air concentrations (DACs), and
environmental release concentrations gis s in 10 CFR 20 (NRC,1991).

.

Nuclide DAC ratto Release concentration ratio Release concentration ratto
Air Bewer

1131 1 1 1

Y-90 10 4.5 7

To-99m 3000 1000 1000

In 111 150 45 60

Re-186 35 10 30 _

Re-188 50 20 20

At-211 1 0.4 2

Pb-212 0.5 0.25 2

1. Ratio = (radionuclide concentration) / (I 131 onnoentrat' m)

5.3 Outpatients and the Public

The extent of control required for RAB outpatients who receive dosages less than 30 mCl(1110
MBq) and therapy pa' tents who are released from the hospital cannot be determined until the
whole-body effective half-lives of RABs are known. -However, the risk of internal exposure to
members of the public appears to be comparable to the risk associated with patients containing
comparable amounts of I-131 activity. For I 131, persons who are cuddled by the patient are
at groatest risk. Children nurtured by patients at home may be at greatest risk.

The potential for external exposure could be higher with RABa than with common radiopharm-
_

aceuticals because of longer whole-body half-lives. However, the differences between RABs
and common radiopharmaceuticals that would contribute to differences in population risks
cannot be evaluated without additional data on the clearance of various types of RABs fromi the
body.

5.4 Waste Control

The waste-control issues related to RABs labeled with byproduct material are not significantly
. different from those of handling common radiopharmaceuticals. Consideration of physical
half-life, types of radiation emitted, and compliance with regulations are the same for RABs
as for any radioactive waste.

26

_- _-_ . _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ - _



---- -- - - -- - . . . . -.. . IL.LL M _ - . - -- - - _ _ . _ _ . _ . _ _ . _ . . _ _ , _ _

6. PERSGNNEL AND RNOWLEDGE REQUIREMENTS

e.1 The Team

Those responsible for the properation and administration of a prescribed dosage must be
trained and skilled in quality asaa uce procedures. One person (no matter how competent)
cannot do all that must be done. A team approach is required.

The medical director, medical physicist, and radiopharmacist (or radiochemist) have
responsibilities for quality control and quality assurance (ICRP,1987; JCAIIO,1990). The
medical director is responsible for the overall quality of care provided to patients. The medical
physicist is responsible for radiation safety and quality control, as well as for data hr.ndling
and computations associated with nuclear medicine tests. The radiopharmacist (or
radiochemist) is responsible for development, production, quality assurance, and control of
radiopharmaceuticals, including RABs.

Nuclear medicine technologists certifled by the Nuclear Medicine Technologist Certification
Board should be competent to calibrate dose calibrators for RABe because the Board includes
the following in its critical list of tasks for technologists (Bloan n et al.,1988). These tasks
apply to both RABs and other types of radiopharmacouticals.

1. Ascertain thelinearity cf a dose calibrator over the range of radionuclide activity
to be measured.

2. Test fur significant geometrical variati f. in activity measuved as a function of t,he
sample's volume or configuration, and determine correcnon factors.

3. Test the accuracy for radionuclides t. 4% have adequate reference standards.

4. Check the constancy of the reading with a standard, long-lived radionuclide.

5. 3Iaintain records of the procedures.

6. Verify the dosage or radioactivity with a dose calibrator.

7. Confirm the calculated activity with a dose calibrator.

The technologist is usually the person who prepares or confirma dosages just before they are
mAmintatered to patients. Technologists should understand the use and Jmitations of done
calibrators, know how to calibrate the dose calibrator when refetence standards for the
particular radionnelides are not available, and should be able to determine correction factors
for deviations from linearity. Dose calibrators vary in their complexity, and the calibratica
required depends upon the needs of the user. Hence, detailed instructions on how to calibrate
a calibrator are not included here. The principles and procedures are given in NCRP (1978),
Suzuki et al. (1978). ANSI (1986), or ACNF (1984).

When technologists are involved in connrming and administering RAB dosages to patients,
they must know how to cope with the special problems of measuring and surveying
radionuclides that emit piredominantly alpha- or beta-radiations. Even in major facilities
staffed with qualified radiation safety officers, radiation safoty (including environmental
contamination surveys) is often the responsibility of the user.
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0.2 Radiation Safety Officers !

Radiation Safety Offlvses (RSOs) occupy a critical point la the chain of supply and waste !
disposal of all radioactive materials. They should have access to Instrutnentation that can j
identity and daternano the activity of many differsat types of radioactive innterials. ;

!

ILSOs who am responsible for controlling IIADs should be familiar with the principles and i
operation ofIIPOe and OeLi spectrometers and doce calibra are. They stauld also understand
the phc.rmacokinetic differences between RABs and octunwn radiophartnaceuticalm that can
dfoct the level and duration of occupational exposure. They should also be responsible for
measuring exposure rates, as a function of time, to detertr.ine when it is radlologically safe to
release pattants from the hospital. This may require more time for RAD patients than is !

custortarily required. HBOs must also understand the differences in radiation safety probletns
presented by alpha , beta , and gamma-emitters. to assure that appropriate calibrations and
surveys are incorporated into the radiation safety program. .

Shipments of RADS should be tueosured by the RBO for confortnance with the shipping
specincations and labeling. RBOs are not responsible for calibrating dosages adtninistered to
patients, but they can check the activity and specific radiom clhics present in a shipment by
using a OeLi or HPOe spectrometer. Also, with a dose calibrator, they can determine that the
amount of activity ordered was supplied. If a IIPOe or OeLi spectrometer is used, the detector
must be heavily shielded to attenuate the radiation emitted by packages or the packages must
be sneasured at a distance of three feet or more through a collimator because count rates
should be kept less than 120,000 epm (0012,1990; Vetter,1991), GeLi spectrometry and dose
calibrators are used to connrm the radionuclides and activity in inbound shipments of
radiopharmaceuticals.

,

0.3 Radiation Safety Committee

The Radiation Hafety Conunittee (RSC) should be aware of the differences between RADS and
contmon radiopharmaceuticals that oonid contribute to ur tsually high occupational, patient
or public radiation exposure. They tuust also be aware of, and be prepared to exercise
judgement on, biological lasues related to RADS.

One or more members of the committee should have en udve trafning and experience in
nuclear medicine. An inntnunologist s} ould be included on .he out mittee, or he consulted by
the committee about biological aspects of using RADS, such a4 the need to ht the etibody
status of the patient before administering a RAB to avoid (or be prepared for) compi Mions
that can arise in patients to whom RADS have been administered previously.

! Procedures equivalent to those required by the U.S. Food and Drug Administration (FDA,
! 1987) should be required of producers of RADS. Procedures for which the FDA has accepted
| a Notice of Claimed Investigational Exemption (IND) or approval a New Drug Applicattor
| (NDA) should be approved by the RSC. The RBC should nasure that users follow procedures
I described in the IND or NDA, and the instructions of the producer of the RAD. Exonption" "
'

careful review by the RBC is required for studies if FDA approval is not required.

t

|
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6.4 Individual Users

Individual users are responsible for the way tu which radioactive tunterials ultimately are unmi.
If a urr Ses not have an RRO or an 118C, the user is wholly responsible. Huch a situation
requires such an itameuse amount of knowlmige and titne that it would be virtually impossible
for a single individual to inoet all the technical requirements ossential to the safe use of RABs
in humann until the results of INDs have been obtainml, the indicatione 'nd contraindications
for a given RAll are well known, and a product is lleenned by the FDA sor general ues.

At this time individue.1, independent users should not be perntittml to use RAUs in human
investigations. Every user should be ta.sociated with a tumlical establishtuent that has the
benefit of a well qualiftmi 1180 and RSC so that RAUs are unwi safely in imaging studies or for
therapeutic purposes.

Users of RAlla shvdd be not ottly understand ruitation safety matters but also sSoubt be well
informod on the biological and chemical aspects of ILAlta. As a minimum, they should know
he FDA guidos for IND applications (FDA,1987).

7. SUMMARY AND RECOMMENDATIONS

The differences between RAlls and conunon radiopharmaceuticals repaire some additional
proceduros on radiation safety and quality nasurance to safeguard the health and safrty of
patients, those occupationally exposal, and the public. Those additional retuiretnents ats
surnmarizml in the following recommendations that should be considered before a licensee is
permittod to use RABs for dingtmals or therapy,

7.1 General

Prnemiures equivalent to the FDA Good Manufacturing practices for producing and testing
anitbodies (FDA,1987) should be followed by drug tnanufacturers and those who produce
RABs for their own use. The RSC should nasure that users follow procalures described in an
IND or NDA, and the instructions of the producer of the RAB. Exceptionally careful review by
the RSC is requiral for studies if approval of the FDA is not required.

The RAB rnust be approved for IND or NDA applications by the FDA or a state board of
pharmacy for use in humans. Phartnacists and individual users tuay rely on manufacturing
specincations and certifications for single dosages if the product has been manufactured in
accordance with FDA regulations and guidelinos, and dosage spacincations are based on
methods roootmuended in this report.

Users should not be self-sufncient. A team approach to the use of RABs should be requirmi,
especially in investigational phason involving uso in humans. As a minituutn, the user should
have the benent of review by a qualinal radiation safety committee.

7.2 Instrutnents

Producers should be required to use IIPue or OeL1 spectrometry to identify and quantify the
primary radionuclides and contandnants in their RABs.

Alpha <tetectors are necessary instruments fer producers and users if alpha-emitters are to be
used. Zino sulnde detectors should be usod to quantify environmental contamination with

2D
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sipha endtters. The detector should be calibratal with a atamiani source wtach emits alpha
particles within i 20% of the energy of the alpha particles to be measurmi. '

,

Special care must Pro taken with ILADs labeled with 1131 to be certain that linearity errors>

- either do not occur or are oo.rected for in measuring activ'ty levels above 0.51 C1 (2: Ohq) |with a dose calibrator. If
t

linearity is tested with To-90m, levels of activity that produce comparable effects on saturation (should be used.

Calibrations with the specirlo radionuclides (or radionuclides that emit aquivalent types and
energies of rN11ation) to be mearured should be ruguir-d. Calibrations for beta-emitters, such
as Y 90, and radionuclides that emit low energy photons (w.g., llo 18tl, He 188 and At.211)
should also be mad 9 in standardissi geometries and containers.

7.3 Calibration and Chock Sources
,

Calibration sources should be certiftml by, or be traceable to, the Nattunal Institute of
Standards and Technology.

Standard sources for calibration of dose calibrators should emit x or ganuna rays over the
energy range of the RADS to be used. Calibration sources for alphantetectors should endt
alpha particles in the range of 3 to O MeV. Sources of different apparent activitios are required
to test the linearity of survey meters,

7.4 Dosage Calibrations )
Visual inspection of the physical appearance of the RAB and its expiration date is impor* ant
because rome RABs havs short shelf-lives. When the material is not as clear as it should be or ,

if clumps occur, the dosage should not be adudnistered.
|

,

1

| Producers of RABs bear a special responsibility to provide rellAble calibrations with their
| products because sometimes users may have to rely on those calibrations. GeLi or IIPOe
'

spectrometern should be wed by producers for the final calibration of dosages of radionuclides
which emit x or ganuna- rullation (including alpha- and beta-emitters). Shielding between
the detector and source should be usal to avoid overloading the detector.

Dosages of RAns labeled with Y 90 should be based on bremsstrahlung measurements in a dose
calibrator that was calibrated using the same geometry and containers that will be used in the
clinio. When dose calibrators are used to calibrate dosages from beta-emitters, a wellliner
(absorber) should be used to make the total thickness between the sensitive volume of a dose
calibrator and the radioactive material equal to, or greater than, the thicknees requirmi to
comp'tetely absorb the most energetto beta particle emitted. The calibration should be basal
on pnoton detection only. Alternatively,11guld scintillation counting can be unmi.

7.5 Exposure Control and Monitoring

Althou2h alpha-emitters may also emit x and gamma rays, they are not an external radiation
hazard to either the occupationally exposed or the publio. The concern is whether significant
rmiloact.ve contamination of the environment occurs either via the air or as a consequence of
the activities of the patient.
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|

Air sampling should be required in manufacturing facilities, pharmache, clinks, and hospitals
to confirm that airborne activity is within the umits specif1ml by 10 CFil 20 (NitC,1991).
Be.mpling is especially important for halogens such as I 131 and At 211. For facillttom in which
1131 is used and adequately controBed, there is likely to be no problem in controlling
contamination and internal exposures from other radionuclides used to label RABs.

When oc,ntractors provide personnel tuonitoring servlees for a facility, the contractor should
be notified of the speciflo radionuclides to which the dosimeters are exposed. This is ospecially
important for itAns that emit photons with energica loss than 35 kev. 3pecial ntiention should
be given to skin dosimetry when Y-90 is used.

Ioniration chamber rate tueters should be used to nasasure and tuonitor radiation levels in
areas in which personnel may be exposed to x or gamtna-radiation.1 xternal exposure rates
frm RAll therapy patients are likely to be higher for longer than the external exposure raios
'Ilmtlants containing common radiophartnaceuttoals. Staff should be tnade aware of this
k < @L they may reduce the thne spent in close proximity to ILAB patients. The external
exposure of staff and visitors to RAlls labeled with 1131 is the greatest concern.

The exposure rate at 1 m from the patient should be measured with an lordsation chamber rate
meter at intervals of about 8 hours, beginning as soon as possible nfter administration. These
measurements enable the determination of occupancy times for staff attending the patient and
for visitors, when the patient can be released from confinement, and the whole body effective
half life for the RAB. The whole body effective half life is requirmi to estimate dones to family
members and to the public.

There are no assembled data that can be used to determine release lindts for patients basmi on
the potential contamination of their environments, or potential external dose orptivalents to
the publio. Information on the whole-body clearance rates of various RADS for various diseases
is requirmi before the release limits for RABs can be determined (Barber et al.,1991).
However, from a connparison of derived air concentrations, it appears that if release litnits for
patients ocntaining RABs were based on their equivalence to I-131, then for tuost radionuclides
used in RABs, the risk of internal exposure or contamination of the envirorunent in either the
occupational or pubBc domains would be no greater than that for I 131 patients. Ilowever,
alpha and beta-emitters could present new environmental contamination in the home,
especiaBy if the patient provides family care.

RABs used for itnaging have whole-body half lives that are shorter than those used for therapy.
However, the differences between RABs and common radiopharmaceuticals that would
contribut a to differences in population risks cannot be evaluatml without sdditional data on
the clearance of various types of RABs from the body.

When RABs containing gamma-emitters are administered by infusions that require tuore thtm
a minute, personnel should remain in sight of (but as remote as possible from) the patient,
portable shields should be used if the infusion lines and reservoirs are not thick enough to
completely absorb the beta-particles. Care also must be exercismi in handling infusion
reservoirs and lines to avoid unnecessary exposure and contamination. A protocol for
tannaging spills is important with RAlls because of the levels of activity.
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7.6 Piisonnel and Knowledge Re(ptirements

Those respoasible for measuring and administering a prescribut dosage must be trednmi and
skilled in qua'ity assurance proomiures. One person (no utatter how competent) cannot do
everything. A mm approach is requiral. '

Nuclear medicine technologists certifled by the Nuclear Medicine Technologist Certification
Board should be competent to calibrate dose calibrators for RABs. Ilowever, additions!
training may be necessary if they are reeponsible for environmental contamination surveys,
and to maenre that the particular measurer, ants and monitoring associatal with RADe labeled
with radionuclidea that emit primarily alpha or beta-radiations are fully understood.

RSOs who are responsible for controlling RABa should be familiar with the principles and
operation of HPue and/or Oe!.1 spectrometers and does calibtr. tors They also should
understand the pharmacokinetto clifferenoce between R/$s and common radiopharmaceuttoals
that can affect the level and duration of oocups.tlonal exposure. They also should be
responsible for measuring exposure ratou from patients, as a function of time, to determine
when it is radiologically safe to release patients from the hospital.

The RSO should be aware of the differences between RABs and ocmmon radiopharmaceuttoals
that could contribute to unusually high occupational, patient, or public radiation exposure
including the peculiarities of alpha and beta-emitters that require different inatttimentation
and measurements from those ordinarily associated with gamma-emitters. The R80 must als >
be awarts of and be prepared to exercise judgement on biological issue related to RABs.

One or more members of the RSC should have extensive training and experience in nuclear
medicine and should be wellinformed on measuring and monitoring of radionuclides that emit
primarily alpha or bota-radiations, as well as gamma-emitters. An immenologist should be
a member of the committee or be consulted by the conunittee about the biological aspects of
using RABs, such as the need to test the antibody status of the patient before administering
a RAB to avoid (or be prepared for) complications that can arise in patients to whom RAB6

: have been administered previously.

The RSC should assure that users follow procedures described in INDs or NDAs, and the
instructions of the producer of the RAB. Procedures indleated on the package inserts of
11oensed products should be followed, unless a userjustifles to the R90 that other procedures

| are safe and in the best interests of the patient, and those oocupationally exposmi.
|

|

|
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