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Therapeutic use of Na-24 (leukemia)
Therapeutic use of P-32 (leukemia and
polycythemia vera)

Therapeutic use of iodine in hyperthyroidism
Therapeutic use of iodine in treatment of
metastasis from thyroid cancer

Therapeutic use of Au-198 in treatment of
malignant effusion

Treatment of bone metastasis with P-32

Medical synovectomy using Au-198
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Properties of some Em-

radionuclides used
in radionuclide
therapy

67Cu
895r
%0y
125

131

153gm

165Dy

169E r

177Lu

186Re
188Re
198Au
21174

ZIZBi

223Ra

14.3d
2.58d
50.5d
2.67d
60.0 d
8.04d
1.95d
233d
9.5d

6.71d
3.77d
20.0 h
2.7d

7.2d

1.0h

11.4d

Bv
B
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6.8
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1.71
0.58
1.49
2.28

0.61
0.81
1.29
0.34
0.50
1.08
2.1

0.96

185

(X:27)
364
103
95

208
137
155
411
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Radiopharmaceutical Targeting mechanism Indications
s ' . Differentiated thyroid
I-131 as 10dide Thyroid hormone synthesis = R e
carcinomas
I-131 Tositumomab CD20 Antigen binding Non-Hodgkin’s lymphoma

Y-90 ()*+

Y-90 microspheres

CD20 Antigen binding

Non-Hodgkin’s lymphoma

Intravascular trapping

Liver metastasis
Hepatocellular carcinoma

Sr-89 chloride

Calcium analogue

Bone pain palliation

Sm-153 EDTMP

Chemoadsorption

Bone pain palliation

Y-90 Octreotide

Somatostatin receptor binding

Neuroendocrine tumors

I-131 MIBG

Active transport mnto
neuroendocrine cells and
mtracellular storage

Neuroblastoma
Pheochromacytoma
Carcinoid

Paraganglioma

Medullary thyroid carcinoma




Typical activity and absorbed dose per administration

Substance Typical adm. Tumor dose  Crntical organ 1 Critical organ 2
activity [MBq]  [Gv] [Gy] [Gy]
*y-Zevalin® 1000 Kidneys: 2.4 Red marrow: 2.7
Bl Bexxar® 3000 Thyroid: 8.1 Kidneys: 5.9
B3gm- EDTMP 2500 Bone surfaces: 17 Red marrow: 3.8
¥Sr - chloride 150 Bone surfaces: 2.6 ~ Red marrow: 1.7
"Lu -octreotate 7400 200 Kidneys: 23
2p- phosphate 185 Red marrow: 2.0 Bone surfaces: 2.0
* -, $/0 1
%%!! 2" 3% #
, 45 6 !,478 #

.*
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Oral admimistration of ~

I-131 for thyroid c/a

=Y

L

Intralesion injection
to tumor capsule

N

Intra-arterial

Intravenous injection to ar
injection to = organ/tumor
blood pool . , a A
1 \J
—— .
’ .

Intra-peritoneal to IP
fluid space
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Dose planning before therapy. No therapy without dose
planning!

Individual patient biokinetics

Individual dose calculations

Dose distributions within organs and tissues

Same protocol for different hospitals and clinics for
measurements of biokinetic data and for dosimetry

A formalism for the addition of doses from nuclear medicine
therapy, external radiation therapy and brachytherapy for
patients receiving various treatments (Biologically Effective
Dose, BED)

® Radiation Protection in Radionuclide Therapy M.R. Malisan @10
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Example of method to calculate administered activity from
Prescribed absorbed dose to the thyroid

Thyroid mass () 30
Prescibed dose (Gy) 100

Uptake measurements

Time  Standard Patient Bg Uptake

(h) (cpm) (cpm) (cpm) (%)
0 - - - 73,5
2 21736 5521 100 25,1
24 18286 12338 100 67,3
48 17165 10565 100 61,3
144 13171 5754 100 43,3
Effective half-life (d): 4,0
Activity to administer (MBQ): 240

1)651  8'  #++/921*$$0 $2$

Activity (MBQg)=

23.4*mass(g)*dose (G
uptake at t=0 (%)*T ¢ (d)




3% 3 $0 3 "

INJECTED RCTIVITY <(MBQ

ACTIVITY IN THYROID (b
RIGHT LOBE
LEFT LOBE ()@

UPTAKE
THYROID MASS (G):

GHT LOBE (%)@
LEFT LOBE ¢»

ARCTIVITY CONC (KBQ<G> 431
RIGHT LOBE: 461
LEFT LOBE: 413

*) CORRECTED TO 106 MBQ INJ ACTIVITY

Used to determine the size of the organ

°.4
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- Safe handling of
radionuclides

ordering

receipt and unpacking
storage

dispensing

internal transports
radioactive waste

- Safe administration

|dentification
pregnancy
breastfeeding

) &

- The radioactive patient
and dose constraints

- The hospitalized patient
esinstructions to nursing staff
spersonal monitoring
«discharge of the patient
scOntamination survey
sradioactive waste

- Emergency procedures



3 )

) 1packing

The hospital routines for ordering

radionuclides should be followed. ==

i

When ordering, be sure the delivery
service knows where in the hospital to
deliver the material.

Make sure that the package is expected and that no
un- authorized person will open it upon arrival.

Before unpacking, check the package. In case of
damage, contact your RPO.

)
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*The radionuclide should be stored in a controlled
area, according to national regulations and local
rules.

*The radionuclide should always be stored in a lead
container and preferably in a fridge to prevent
evaporation

*To reach an acceptable external dose rate,
a thickness of 1-4 cm lead is generally required.



7 )  Protective clothing

 Lead shields (bench top shield,
vial shield, syringe shield)

« Keep the vial in the fume hood
and on a tray with lips, lined with
plastic backed absorbent pads.

« Handle the vial with forceps or
similar long handled instruments.

e Cover the vial with lead after use.

» Check the activity

e Fill in the necessary records



If the administration of radiopharmaceutical to the patient takes
place far from the dispensing room, use a transport container with
absorbent pads.

Make sure that a warning sign is on the container together
with patient name, activity and date.

Travel by the most direct route avoiding more heavily
occupied areas
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Need for action with regard to patients (ll):
Women of fertile ages (15-55 years)

1. Careful check of pregnancy

2. Careful check of breast feeding

IF YOU ARE
BREAST- FEEDING, PLEASE
NOTIFY THE STAFF
BEFORE YOU HAVE YOUR
INJECTION FOR THE
NUCLEAR MEDICINE
EXAMINATION

Sdg till personalen om du ér
eller tror att du kan vara gravid.

If you are pregnant or suspect
that you may be, please
inform the staff.

STUPITE U KONTAKT SA OSOBLJEM
AKO MISLITE DA STE ZATRUDNEL!!

Jala il g aiind S 1Y

. $/0 1




Soren Mattsson, Lund University (Sweden)

Foetal thyroid

Warning! Radioactive iodine. Especially therapy!

Radioiodine administered to a woman, after 10-13 wk
post-conception == the fetal thyroid concentrates
the iodine which crosses the placenta.

Doses to the fetal thyroid per activity administered to
the mother (mGy/MBq) Watson EE, 1992

G:Z?:ﬁ';;" I-123 I-124 I-125 I-131
3 27 24 290 230
4 26 27 240 260
5 6.4 76 280 580
6 6.4 100 210 550
7 11 9% 160 390
8 4.0 110 150 350
9 2.9 99 120 270




Treatment of thyroid cancer
3700 MBq at18 weeks o
Recognised after 25 days =
Foetus: Whole body dose: 700 mGy
Thyroid dose: 300 Gy

Berg G et al., Acta Oncol 47, 145-149, 2008

1 MBq

300 Gy /

Thyroid
of foetus

Figure 1. Gamma camera examination 6 days after administra-
tion of 3 700 MBq 131-I in Case 2. Note small uptake in the
thyroid bed, uptake in mammary glands, and uptake in the fetal
thyroid and fetal body/amniotic flud.
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/As a rule, a pregnant woman should not be treated with a
radioactive substance unless the therapy is required to save her
life: in that extremely rare event, the potential absorbed dose and
risk to the fetus should be estimated and conveyed to the patient
and the referring physician. Considerations may include

terminating the pregnancy.

*Thyroid cancers are relatively unaggressive compared to most
cancers. As a result both surgical and radioiodine treatment are

often delayed until after pregnancy. In general, if any therapy is to

be performed in pregnancy, it will be surgery during the 2nd or 3rd

trimester.
o Yl
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Menstrual history is often not adequate to ensure that a
patient is not pregnant. In most developed countries, it is

common practice to obtain a pregnancy test prior to

high-dose 131 | scanning or therapy for women of
childbearing age unless there is a clear history of prior

tubal ligation or hysterectomy precluding pregnancy.

In spite of the above, it still happens that pregnant
women are treated, either because of false histories or
because the pregnancy is at such an early stage that the

pregnancy test is not yet positive.

04)



Becoming Pregnant after Irradiation

ICRP has recommended that a woman not become pregna  nt until

the potential fetal dose from

1 mGy.

Vehume 30 No | 2000

remaining radionuclides is less than

Annals of the ICRP

Pregn

PUBLICATION 84

ancy and Medical Radiation

e/
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Radiopharmaceutical All activities Avoid p  reghancy
up to (MBQq) (months)
Au-198 colloid 10000 2
1-131 iodide (thyroid ca) 5000 4
1-131 iodide (thyrotoxicosis) 800 4
1-131 MIBG 5000 4
P-32 phosphate 200 3
Sr-89 chloride 150 24
Y-90 colloid (arthritic joints) 400 0
Y-90 colloid (malignancy) 4000 1
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Can the patient leave?
Any restrictions?
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Contamination External

saliva
perspiration
breath

urine
05 0.1 0.06 0.03 mSv/h

1000 MBqg
-131




t HOUR 6 HOURS 24 HOURS
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A

Administered activity: 1000 MBqg 1-131

Excretion Concentration Contamina tion

Saliva <2 MBqg/g utensils 2 kBq

Perspiration <20 Bg/cm 2 surfaces 10 Bg/cm 2
Breathing 100 Bqg/l air 1 B/l
Urine < 500 kBg/ml toilet 2 kBgq /cm?

Generally larger than the derived limits for contamination
given by ICRP (publ 57)
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Sm-153
6 Sv/h/GBg,0m
™~
26 9 3 Svih/ GBqg

f 0 0,5 Im

3 Sv/h/ GBq,0m

Activity concentration in urine: 0.3 MBg/ml/GBq

® &



Mean dose rate ( nSv/h*GBq)

10

#,2

Dose rate at 0.5 m

\\‘

2 3 4

Time after injection (h)

o2
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Typical Graph of the Exposure Rate at 1 m fromth e Patient
Administered with of 5.5 GBq I-131
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Days of Isolation

Abdalla Al-Haj
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Patient’'s

foitet

Lend shield
\

Lead protected
L-shaped shield

\ 1

% li] Radiation
Wash basin survey
®/./momror
Bed : Lead
W ventilated
. » cupboard safe
Window '
Benrh/
J
%{f';f\ Mobile
: lead ’
hospital shield
Waste disposal
Shower 1 container Lead <hield @
eac one wall to
SATTTSEATESELSESEISETSETSEIA TSI Corl‘ ld 0 I‘
o

 only one patient in the room

» easily cleanable surfaces
and utensils

 extra lead shields

« door closed

e Warning sign outside

e restrictions for visitors

« decontamination equipment

°)



Areas are covered with plastic
backed absorbent material.

King Faisal Specialist Hospital and Research CeRigadh

°))
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Radiation sign posted on door

King Faisal Specialist Hospital and Research Center, Riyadh

and on Patient Chart

o)
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1/J . Push Start
Background (Calibration Threshold
Bg/cm2/cps
9-10 cps 0,74 100 cps




>
=l
o
m
=
-
o
FI|
—
o
Q
(=)
[
=
e
(]
o
=
(5
[a

Typical Graph Showing the Percentage of [-131that
is Retained in the Body of a Patient

Administered with 5.5 GBq

Day of Isolation

Abdalla Al-Haj
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Graph Showing the Number of Patients (6§GBq) and
the Number of Days of Isolation

(Year 2000 Statistics)

142 (75%)

3 4
Number of Days of Isolation



The RPO should supervise the removal of contaminated waste, the

decontamination of the room and equipment and should make a

documented final survey of the room.

Monitoring and decontamination must be done prior to entry of
nursing and housekeeping staff to prepare the room for the next

patient.

When survey and decontamination procedures are complete, the
RPO will remove the radiation warning sign and notify the nursing and

housekeeping staff that the room is now clear for general use.

o ®'3



A “Radiation Safe” sign
IS posted at the door
after decontamination
and clearing of room

King Faisal Specialist Hospital and Research Center, Riyadh
)
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Furniture and telephone sets
are surveyed.

1-131
Derived
Limit:

3 Bg/cm?

Areas suspected to be
contaminated are surveyed

= =

King Faisal Specialist Hospital and Research Center, Riyadh

» Assay of removable contamination on potentially contaminated surfaces

shall be performed at regular intervals and whenever contamination is

suspected, using a «wipe test».

» Results shall be recorded and maintained for periods established by

regulatory authorities.

e'4



Nursing Instructions for Handling Laboratory Specimens
Taken from Patients Receiving Radionuclide Therapy

1. Any lab specimen taken from a patient receiving radionuclide therapy must first be
labeled with the appropriate patient identification. In addition to that a radiation warning
label must also be attached to the specimen container and to the lab requisition. A copy of
the lab instructions must also be attached to the requisition. Finally, the specimen
container must be placed in a zip-lock type plastic bag for transport to the laboratory.
CALL THE RECEIVING LABORATORY TO ALERT THEM THAT A
RADIOACTIVE SPECIMEN IS COMING. A RUNNER MUST TAKE THE
SPECIMEN DIRECTLY TO THE LABORATORY.

2. Radiation warning labels, 1ab instructions, and zip-lock bags may be found in the LAB
KIT placed in the patient's room by the technologist handling the therapy dose
administration. THIS KIT MUST STAY IN THE PATIENT'S ROOM AT ALL
TIMES!!!

*BB( - -) B B #HWHB H#HHYHHYH2Y- &
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Shall be collected, segregated and disposed
of according to national regulations and local
rules.






All patient radioactive wastes
are placed in a plastic bag and
the bag is properly tagged.
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A room for interim storage of radioactive waste should be
available. The room should be locked, properly marked and if
necessary ventilated.

Each type of waste should be kept in separate containers
properly labeled to supply information about the radionuclide,
activity concentration etc. Flammable goods should be kept
apart.

Records should be kept where the origin of the waste can
identified.

Short-lived radionuclides such as 1-131, Sm-153, Sr-89 etc.
should, after segregation, be stored for decay during a period
of time established locally by the RPO, taking into account all
applicable national regulations.

3 #
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Therapy patients

Different policies in different countries:
*Use separate toilets equipped with delay tanks or
an active treatment system, or

*Allow the excreta to be released directly into

the sewer system.

The Regulatory Authority should define the principles taking

the environmental impact into consideration

®*3
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Annals of the ICRP

@ Pergamon Press
.7/ Oxford ' New York - Seaul - Tokyo
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Annals of the ICRP
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ICRP 78 INDIVIDUAL MONITORING FOR INTERNAL EXPOSURE OF WORKERS

lodine-131 (half-life = 8.0d)

Table A.6.15. Emissions

79

Radiation Energy (MeV) Intensity (%)
'8 0.19* 89
¥ 0.36 81

“Average energy

Table A.6.16. Measurement techniques

Method of measurement Typical detection limit
y-ray spectrometry in vivo Thyroid 100 Bq

y-ray spectrometry on biological Urine 1 Bgl™
samples

.**
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A safety assessment will reveal the possible situations
where emergency actions have to be taken:

eLoss or damage of radioactive material

*Spillage of radioactive material

*Fire

Medical emergencies

A detailed contingency plan covering actions to be
taken in any foreseeable accident should be available.

e-3
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In the event of death of a patient who has recently received a
therapeutic dose of a radionuclide, care has to be taken to ensure
that personnel receive as low a dose as possible at all stages prior

to the burial or cremation.

)
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Precautions that should be given are depending on the residual activity
and the expert advice provided by the RPO and may involve the following:
 preparation for burial or cremation should be controlled by a competent person,
* relatives should be prevented from coming into close contact with the body,
 people should not be allowed to linger in the presence of the coffin,
« all personnel involved in handling the corpse should be instructed by

the RPO and monitored if appropriate,
« all objects, clothes, documents etc that might have been in contact

with the deceased must be tested for contamination,
* it may be expedient to wrap the cadaver in waterproof material

immediately after death to prevent spread of contaminated body fluids,
« embalming of cadavers should, if possible, be avoided,

 autopsy of highly radioactive cadavers should be restricted to the absolute
minimum






