
2054   Radiopharmaceuticals
system. Since the gamma-ray energies are not particularly good
for scanning and the radiation dose to the patient is relatively
high, it has generally been superseded by more suitable agents
such as technetium-99m-labelled compounds.

Indium-111
Indio 111.
CAS — 15750-15-9.
ATC — V09AX01 (indium pentetate (111In)); V09GX02
(indium imciromab (111In)); V09HB01 (indium oxinate la-
belled cells (111In)); V09HB02 (indium tropolonate labelled
cells (111In)); V09IB01 (indium pentetreotide (111In));
V09IB02 (indium satumomab pendetide (111In)); V09IB03
(indium antiovariumcarcinoma antibody (111In)); V09IB04
(indium capromab pendetide (111In)).
ATC Vet — QV09AX01 (indium pentetate (111In));
QV09GX02 (indium imciromab (111In)); QV09HB01 (indi-
um oxinate labelled cells (111In)); QV09HB02 (indium tro-
polonate labelled cells (111In)); QV09IB01 (indium pen-
tetreotide (111In)); QV09IB02 (indium satumomab
pendetide (111In)); QV09IB03 (indium antiovar iumcarcino-
ma antibody (111In)); QV09IB04 (indium capromab pen-
detide (111In)).

HALF-LIFE. 67 hours (2.8 days).

Profile
Indium-111 as indium (111In) complexed with pentetic acid (pen-
tetate) is used diagnostically in CSF studies. 
Leucocytes labelled with indium (111In) hydroxyquinoline are
used for the location of inflammatory lesions; applications have
been the detection or localisation of abscesses, infections (in-
cluding those occurring in patients with AIDS), inflammatory
bowel diseases such as Crohn’s disease or ulcerative colitis, and
transplant rejection. Platelets have been similarly labelled and
used for the detection of thrombi and for the investigation of
thrombocytopenia. Labelled erythrocytes have been used to in-
vestigate gastrointestinal haemorrhage. 
Colloids have been prepared using indium chloride (111In) and
have been used for investigation of the lymphatic system. Indium
(111In) bleomycin has been given by intravenous injection for the
detection of tumours. Indium (111In) pentetreotide is used for the
detection and localisation of tumours originating from neuroen-
docrine cells. 
Several different monoclonal antibodies, such as altumomab
pentetate, capromab pendetide, ibritumomab tiuxetan, imcirom-
ab pentetate, and satumomab pendetide, have been labelled with
indium-111. Uses include the detection, diagnosis, and evalua-
tion of malignant neoplasms of the colon, rectum, prostate, and
ovaries as well as the detection and localisation of myocardial
infarction.

Breast feeding. The American Academy of Pediatrics has
stated1 that temporary cessation of breast feeding is required after
exposure to indium-111 since a very small amount of radioactiv-
ity has been reported to be present in breast milk for 20 hours.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
http:/ /aappolicy.aappublicat ions .org/cgi/content/ ful l /
pediatrics%3b108/3/776 (accessed 01/07/04)

Preparations
Ph. Eur.: Indium( In) Chloride Solution; Indium( In) Oxine Solution; In-
dium( In) Pentetate Injection; 
USP 31: Indium In 111 Capromab Pentetide Injection; Indium In 111 Chlo-
ride Solution; Indium In 111 Ibritumomab Tiuxetan Injection; Indium In 111
Oxyquinoline Solution; Indium In 111 Pentetate Injection; Indium In 111
Pentetreotide Injection; Indium In 111 Satumomab Pendetide Injection.

Proprietary Preparations (details are given in Part 3)
Austria: Octreoscan; Cz.: Myoscint†; Octreoscan; OncoScint†; Israel:
Prostascint Kit; Ital.: Octreoscan; Neth.: OctreoScan; Port.: Octreoscan;
Spain: OncoScint CR 103†; USA: Octreoscan; OncoScint CR/OV†.

Indium-113m
Indio 113m.
CAS — 14885-78-0 (indium-113).

HALF-LIFE. 99.5 minutes.

Profile
Indium-113m is a daughter of tin-113 (113Sn, half-life 115 days)
and because of its short half-life is normally prepared just before
use by elution from a sterile generator consisting of tin-113 ad-
sorbed on an ion-exchange material contained in a column. 
Indium-113m may be used for labelling a variety of materials
with differing physical properties including particles and colloids
suited to scanning procedures for various organs and tissues.
Chelates with pentetic acid have also been used. The short half-
life of indium-113m and its lack of beta-emission have allowed
large doses to be given with a small radiation dose to the patient.
High count rates for scanning are therefore achieved.

Iodine-123
Iodo 123.
CAS — 15715-08-9.
ATC — V09AB01 (iodine iofetamine (123I)); V09AB02 (io-
dine iolopride (123I)); V09AB03 (iodine ioflupane (123I));
V09CX01 (sodium iodohippurate (123I)); V09FX02 (sodium
iodide (123I)); V09IX01 (iobenguane (123I)).
ATC Vet — QV09AB01 (iodine iofetamine (123I));
QV09AB02 (iodine iolopr ide (123I)); QV09AB03 (iodine iof-
lupane (123I)); QV09CX01 (sodium iodohippurate (123I));
QV09FX02 (sodium iodide (123I)); QV09IX01 (iobenguane
(123I)).

HALF-LIFE. 13.2 hours.
Profile
Iodine-123 has similar adverse effects and precautions to those
of iodine-131 (see below). 
Its principal use is in thyroid uptake tests and thyroid imaging
when it is given orally or by intravenous injection as sodium io-
dide (123I). 
Sodium iodohippurate (123I) is given intravenously in tests of re-
nal function and in renal imaging. 
Iobenguane (123I) (m-iodobenzylguanidine (123I)) is given intra-
venously for the localisation of certain tumours, for example
phaeochromocytomas, and for the evaluation of neuroblastoma.
It is also used for functional studies of the adrenal medulla and
myocardium. 
Ioflupane (123I) is given intravenously to detect loss of function-
ing dopaminergic neurones in the differential diagnosis of tremor
and parkinsonism. 
Various monoclonal antibodies have been labelled with iodine-
123; potential applications include the detection of malignant ne-
oplasms.
Breast feeding. The American Academy of Pediatrics has
stated1 that temporary cessation of breast feeding is required after
exposure to iodine-123 since radioactivity has been reported to
be present in breast milk for up to 36 hours.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 01/07/04)

Preparations
Ph. Eur.: Sodium Iodide( I) Injection; Sodium Iodide( I) Solution for Ra-
diolabelling; Sodium Iodohippurate( I) Injection; 
USP 31: Iobenguane I 123 Injection; Iodohippurate Sodium I 123 Injection;
Sodium Iodide I 123 Capsules; Sodium Iodide I 123 Solution.
Proprietary Preparations (details are given in Part 3)
Cz.: DaTSCAN; Hippuran; Fr.: DaTSCAN; Ital.: DaTSCAN; Neth.:
AdreView; DaTSCAN; Hippuran; Port.: DaTSCAN; UK: DaTSCAN.

Iodine-125
Iodo 125.
CAS — 14158-31-7.
ATC — V09CX03 (sodium iotalamate (125I)); V09GB01 (fi-
br inogen (125I)); V09GB02 (iodinated human albumin
(125I)); V09IX03 (iodine CC49 monoclonal antibody (125I)).
ATC Vet — QV09CX03 (sodium iotalamate (125I));
QV09GB01 (fibr inogen (125I)); QV09GB02 (iodinated hu-
man albumin (125I)); QV09IX03 (iodine CC49 monoclonal
antibody (125I)).

HALF-LIFE. 60.1 days.
Profile
Iodine-125 has similar adverse effects and precautions to those
of iodine-131 (see below). 
Iodine-125 is not very suitable for the external counting of radi-
oactivity in the thyroid gland because its gamma-energy is weak
and tissue absorption is high. However, it is very suitable for ra-
dio-immunoassays in vitro and because it has a long half-life it is
preferred as a label for many compounds to detect and estimate
drugs and hormones in body fluids. 
Iodine-125 has been used orally as sodium iodide (125I) in the
diagnosis of thyroid disorders. 
Sodium iotalamate (125I) has been used intravenously in the de-
termination of glomerular filtration rate and sodium iodohippu-
rate (125I) intravenously for the measurement of effective renal
plasma flow. 
Iodine-125, as iodinated (125I) human fibrinogen, has been used
intravenously to demonstrate and locate deep-vein thrombosis of
the leg. Iodinated (125I) fibrinogen has also been used in the
measurement of fibrinogen metabolism in certain disturbances
of blood coagulation. 
Human albumin iodinated with iodine-125 has been used for the
determination of blood or plasma volume. 
Iodine-125 implants have been used for the local treatment of
cancers (brachytherapy). Titanium capsules containing iodine-
125 adsorbed onto a silver rod have been used in the treatment of
cancers of the head and neck, lung, pancreas, and prostate. Brain
tumours have been treated with titanium capsules containing io-
dine-125 adsorbed onto anion exchange resin spheres.
Breast feeding. The American Academy of Pediatrics has
stated1 that temporary cessation of breast feeding is required after

exposure to iodine-125 since radioactivity has been reported to
be present in breast milk for 12 days.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 01/07/04)

Preparations
Ph. Eur.: Human Albumin Injection, Iodinated ( I); 
USP 31: Iodinated I 125 Albumin Injection; Iothalamate Sodium I 125 In-
jection.

Proprietary Preparations (details are given in Part 3)
Austral.: OncoSeeds; Rapid Strand; USA: Glofil.

Iodine-131
Iodo 131.
CAS — 10043-66-0.
ATC — V09CX02 (sodium iodohippurate (131I)); V09FX03
(sodium iodide (131I)); V09IX02 (iobenguane (131I));
V09XA01 (iodine norcholesterol (131I)); V09XA02 (iodoc-
holesterol (131I)); V09XA03 (iodinated human albumin
(131I)); V10XA01 (sodium iodide (131I)); V10XA02 (ioben-
guane (131I)); V10XA53 (iodine tositumomab (131I)).
ATC Vet — QV09CX02 (sodium iodohippurate (131I));
QV09FX03 (sodium iodide (131I)); QV09IX02 (iobenguane
(131I)); QV09XA01 (iodine norcholesterol (131I));
QV09XA02 (iodocholesterol (131I)); QV09XA03 (iodinated
human albumin (131I)); QV10XA01 (sodium iodide (131I));
QV10XA02 (iobenguane (131I)); QV10XA53 (iodine tositu-
momab (131I)).

HALF-LIFE. 8.04 days.
Adverse Effects
A percentage of patients treated with iodine-131 for hyperthy-
roidism become hypothyroid each year, depending on the dose
given, and eventually most patients will require thyroid replace-
ment therapy. Hypoparathyroidism has also been reported. Radi-
ation thyroiditis with soreness may develop shortly after treat-
ment. There may be severe and potentially dangerous swelling of
the thyroid especially in patients with large goitres and this has
on rare occasions produced asphyxiation. Leukaemia and carci-
noma of the thyroid have occasionally been reported, particularly
in young patients. Retrospective studies have shown an in-
creased incidence of thyroid cancer in adults after iodine-131
treatment for hyperthyroidism. However, the absolute risk of
thyroid cancer is small and the underlying thyroid disease may
play a role. 
In the treatment of thyroid carcinoma, the larger doses of radio-
active iodine sometimes cause nausea and vomiting a few days
after ingestion, which may be due to gastritis as iodine-131 is
also concentrated in gastric mucosa. Salivary gland toxicity may
also occur. Large doses depress the bone marrow.
◊ References.
1. Ron E, et al. Cancer mortality following treatment for adult

hyperthyroidism. JAMA 1998; 280: 347–55. 
2. Franklyn JA, et al. Cancer incidence and mortality after radioio-

dine treatment for hyperthyroidism: a population-based cohort
study. Lancet 1999; 353: 2111–15. 

3. Rivkees SA, Cornelius EA. Influence of iodine-131 dose on the
outcome of hyperthyroidism in children. Pediatrics 2003; 111:
745–9.

Precautions
The use of sodium iodide (131I) is contra-indicated, even in diag-
nostic doses, during pregnancy. Sodium iodide (131I) should not
be given to patients with large toxic nodular goitres or to patients
with severe thyrotoxic heart disease. There is some controversy
as to whether radio-iodine therapy exacerbates Graves’ ophthal-
mopathy (see Hyperthyroidism, p.2165). 
Many drugs have been reported to interfere with thyroid- or other
organ-function studies and checks should be made on any treat-
ment the patient might be receiving before any estimations are
carried out.
Breast feeding. The American Academy of Pediatrics has
stated1 that temporary cessation of breast feeding is required after
exposure to iodine-131 since radioactivity has been reported to
be present in breast milk for 2 to 14 days; high doses used for the
treatment of thyroid cancer may prolong exposure to the infant.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 01/07/04)

Uses and Administration
Iodine radioisotopes are mainly used in studies of thyroid func-
tion and in the treatment of hyperthyroidism (p.2165) and some
forms of thyroid carcinoma (p.674). 
Iodine radioisotopes can be incorporated into many compounds
including liothyronine and levothyroxine, triglycerides and fatty
acids, such as glyceryl trioleate and oleic acid, and proteins, such
as iodinated human albumin, with varying degrees of stability
and with little or no change in the biological activity of the la-
belled molecule. It is common practice to saturate the thyroid
with non-radioactive iodine when uptake of radiation by the
gland is not desired (see Radiation Protection, p.2171). 


