
Radionuclide therapy works by the prin-
ciple of internal targeting. High tumour
uptake is required for an effective radia-
tion dose to be delivered to the target
tissue. The efficacy of the radiopharma-
ceutical also depends on the residence
time of the radionuclide in the tumour
and the nature of the radiation
(ie whether radionuclide decay is by
beta-emission, alpha-emission, electron
capture or internal conversion). Table 1
lists the radiopharmaceuticals commonly
used for therapy.

Prior to most radionuclide therapy
procedures a diagnostic scan is per-
formed to assess the extent of metastases
and their avidity for the therapeutic
agent. Decision to treat is usually multi-
disciplinary. Full written information is
given to the patient and written
informed consent obtained for all
radionuclide therapies. The medical
internal radiation dose schema is the
accepted method for calculating radia-
tion dose from internally administered
radiopharmaceuticals. 

Thyrotoxicosis

Radioiodine (I-131) has been used for
the treatment of thyrotoxicosis for sev-
eral decades (Fig 1).1 The physiological
basis for the use of I-131 therapy in thy-
rotoxicosis is that non-radioactive iodine
is an essential component of thyroid hor-
mone and is actively taken up by thyroid
follicles. The main indication for I-131
therapy is failure of medical antithyroid
drug therapy or recurrence of thyrotoxi-
cosis afterwards. Patients with allergic
reactions to antithyroid medications are
also candidates for therapy.2,3

Most patients may receive I-131 while
being symptomatically treated with just a
beta-blocker, which is then reduced as

the thyrotoxic state resolves.2 Patients
with coronary disease, the elderly and
those with severe hyperthyroidism are
rendered euthyroid with medical treat-
ment which is stopped four days prior to
I-131 therapy. All iodine-containing
medications should be avoided (eg amio-
darone, contrast agents) prior to therapy.

One treatment dose of I-131 is usually
sufficient and is effective in 3–4 weeks.
Thyroid function tests should be per-
formed 4–8 weeks later.3 The free thy-
roxine (FT4) levels may fall within
6–8 weeks but then rise again (due to
release of stored thyroid hormones from
injured thyroid cells), usually followed by
a fall to hypothyroid levels.1,4 Relapse
occurs months later in a small percentage
of patients and a second dose of radioio-
dine is recommended for them.
Follow-up is with monitoring of thyroid
function at around 8–12 weeks.

Contraindications

Pregnancy and breast feeding are con-
traindications to I-131 therapy.2 I-131
should be given with caution under
steroid cover (0.4–0.5 mg/kg/day for
1 month, tapered over the following
month) in patients with Graves’ ophthal-
mopathy as this may worsen in about
15% of cases. Smoking increases the risk
of flare in ophthalmopathy following 
I-131 therapy.5 The main consequence of
radioiodine therapy is post-therapy
hypothyroidism, occurring in 80–90% of

patients within the first year.6 However,
such long-term hypothyroidism is easily
managed with T4 supplementation, with
no known long-term complications.

Follow-up

Follow-up intervals of 6–12 months are
recommended.3 There appears to be no
risk of subsequent leukaemia, thyroid
cancer or other malignancies.1,2,4

Children born to parents previously
treated with I-131 show normal rates of
congenital abnormalities.

Thyroid cancer

Approximately 900 new cases of thyroid
cancer are recorded in England and
Wales each year.7 Overall 10-year survival
rate for differentiated thyroid cancer is
80–90%.7,8 Local or regional recurrences
develop in 5–20% and distant metastases
in 10–15%. I-131 has been used in the
treatment of patients with differentiated
thyroid cancers over the past four
decades and its use is well established.
Mortality rates in patients who have not
received I-131 ablation are two and three
times higher than in those who have
received this therapy by 10 years and
25 years, respectively.9

I-131 has two main therapeutic
indications:

• ablation of residual normal thyroid
tissue following surgery

• treatment of recurrent disease.
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Radionuclide therapy

Prior to all radionuclide therapy procedures a diagnostic scan is performed and
written informed consent is requested from patient

Radioactive iodine (I-131) is an excellent method of treating overactive thyroid
tissue (either diffuse or toxic nodular goitre)

In majority of patients with differentiated thyroid cancer (tumour size of 1cm or
more), I-131 is the treatment of choice after total thyroidectomy

Bone pain from osteoblastic bone metastases can be ameliorated 45–90% of the
time using strontium-89 (89Sr) and samarium-153 (153SM)

B-cell NHL have proven most responsive to radiolabelled monoclonal antibody
theray because they are particularly susceptible to radiation induced apoptosis
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RadiopharmaceuticalsClinical indications Dose Acute toxicity Delayed toxicity

I-131-sodium iodide Thyrotoxicosis 400–800 MBq (orally) Transient worsening of Transient or permanent 
ophthalmopathy, radiation hypothyroidism or 
thyroiditis, thyrotoxic crisis hypoparathyroidism

Differentiated thyroid cancer Neck discomfort with Low incidence of 
swelling, nausea, leukaemia and second 

Post-surgery ablation 3.7 GBq (orally) sialoadenitis, taste cancers (0.5%)
abnormalities, radiation Radiation fibrosis can 

Treatment of recurrence 3.7–5.5 GBq (orally) cystitis, radiation gastritis – occur in patients with 
in shielded room all extremely rare diffuse pulmonary 

metastases

89Sr-chloride Bone pain palliation 148 MBq slow iv injection None Haematopoietic 
(1–2 min), accompanied suppression
by iv or oral hydration 
(≥500ml)

153Sm-EDTMP Bone pain palliation 37 MBq/kg slow iv None Haematopoietic 
injection (1–2 min), suppression
accompanied by iv or oral 
hydration (≥500 ml)

90Y-ibritumomab B cell non-Hodgkin’s Infusion of 250mg/m2 Rituximab infusion reaction Prolonged and severe 
tiuxetan (Zevalin) lymphoma not responding rituximab (not included in symptom complex (asthenia, myelosuppression, 
anti-CD22 antibody to conventional therapy the kit) preceding a fixed chills, fever, nausea) nausea, vomiting, 

dose of 185 MBq of abdominal pain, 
diagnostic indium-111 (111In) arthralgia
Zevalin administered as a 
slow iv infusion (over 10 min). 
7–9 days later, a second 
infusion of 250 mg/m2

rituximab is given followed 
by 14.8 MBq/kg of 
90Y-Zevalin (≥1.18 GBq) 
slow iv infusion

I-131-tositumomab Non-Hodgkin’s lymphoma I-131-tositumomab must be Hypersensitivity reactions Prolonged severe 
(Bexxar) anti-CD20 not responding to rituximab given with tositumomab (T). (asthenia, chills, fever, myelosuppression, 
antibody and chemotherapy Dosimetry step: 450 mg T nausea) nausea, vomiting, 

over 60 min followed by abdominal pain, 
I-131-tositumomab arthralgias
containing 35 mg T with I-131-tositumomab 
185 MBq I-131 Therapy step: may be less myelotoxic
calculated to deliver than 90Y-ibritumomab 
75 cGy total body tiuxetan
irradiation with 35 mgT, 
iv over 20 min

I-131-meta- Metastatic neuroendocrine 3.7–11.1 GBq iv infusion Nausea, vomiting Myelosuppression 
iodobenzylguanidine tumours over 30–45 min in uncommon and only 
(MIBG) (phaeochromocytomas, shielded room after multiple doses

paragangliomas, carcinoids) Monitor vital signs during 
and neuroblastomas and post-infusion

90Y-(DOTA-Tyr3)- Metastatic neuroendocrine 3.7–5.5 GBq of 90Y-labelled Nausea, vomiting, Renal insufficiency and
octreotide tumours SMS analogues abdominal pain haematological and 

iv co-infusion of amino acid liver toxicity rare
(arginine and lysine) using 
Hartmann-HEPA 8%) for 
renal protection

177Lu-TATE (DOTAO Metastatic neuroendocrine 3.7–7.4 GBq 177Lu-labelled Nausea, vomiting, Renal, haematological 
-Tyr3)-octreotate tumours SMS analogues abdominal pain and liver toxicity rare

EDTMP = ethylenediamine-tetra-methylenephosphoric acid; iv = intravenous; SMS = somatostatin.

Table 1. Radiopharmaceuticals commonly used for therapy.



Thyroid ablation

Following surgery for a thyroid nodule
and histological confirmation of malig-
nancy (≥1.5 cm in diameter) ablation of
residual thyroid tissue is now an accepted
part of management guidelines.9

Ablation destroys a potential site of
malignant recurrence, ensures subse-
quent uptake of therapeutic I-131 into
recurrent tumour sites and facilitates
interpretation of diagnostic I-131 scan
and thyroid binding globulin (TBg)
levels. TBg is usually measured
three months after therapy.

I-131 therapy is most useful in patients
with follicular thyroid cancer and papil-
lary tumours with follicular elements but
ablation is also undertaken in patients
with pure papillary tumours or
medullary thyroid cancers.10,11 Most cen-
tres use a fixed high or low dose for thy-
roid ablation (Table 1), given on an
inpatient basis in a special lead-lined
room.

Treatment of recurrent disease

Any I-131 tracer uptake not due to
normal biodistribution after thyroid rem-
nant ablation can be attributed to tumour
recurrence. This can be successfully
treated with large doses of I-131 (Table 1;
Fig 2). Local recurrence and distant
metastases, including those to the lung,
respond well to therapy. Bone metastases,

however, appear more resistant to treat-
ment. Brain metastases are best treated
surgically since I-131 is ineffective.

Ablation requires thyroid stimulating
hormone (TSH) levels above 30 mIU/l to
ensure optimum uptake of I-131 into
thyroid cancer cells. This can be achieved
by withdrawal of T4 for approximately
four weeks, triiodothyronine for 12 days
or by giving an intramuscular injection
of recombinant human TSH two days
before the therapy dose.

Pregnant women may not receive 
I-131. Women are advised to avoid preg-
nancy for at least four months and men
with abnormal spermatozoa for
six months following I-131 therapy.11

Sperm banking is advised in young men.9

Bone pain palliation

Strontium-89 (89Sr) and samarium-153
(153Sm) are radionuclides approved in
the USA and Europe for palliation of
pain from bone metastases, especially in
patients with prostate and breast

cancer.12,13 The recommended doses for
89Sr and 153Sm are shown in Table1. The
selection of patients should take into
consideration:

• marrow function

• performance status

• recent use of other marrow
suppression agents (chemotherapy
or radiotherapy)

• unsuitability for alternate palliative
interventions (wide-field or
local-field radiotherapy, hormone
therapy, chemotherapy,
bisphosphonates), and

• anticipated life expectancy.

Pain relief

Response rates in terms of pain relief vary
from 40–95%.14,15 Pain relief starts
1–4 weeks after treatment, continues for
up to 18 months and is associated with
reduction in analgesic use in many
patients. Thrombocytopenia and neu-
tropenia are the most common toxic
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Fig 1. Patient with thyrotoxicosis given
600 MBq of I-131 to treat a functioning
nodule. 99mTcO4 thyroid scan shows a
functioning nodule in the lower pole of the
left thyroid lobe, with suppression of the
remainder of the gland. The thyroid uptake
is high, at 12.5% (normal range 1–3%).

Fig 2. Patient with recurrent follicular thyroid cancer treated with 5.5 GBq I-131: 
(a) computed tomography (CT) shows an enlarged right cervical lymph node (arrow); 
(b) I-131 post-therapy single-photon emission tomography (SPET) shows avid uptake of
the therapeutic dose in the right cervical node; (c) CT and SPET fused image.

(a)

(c)

(b)



effects (30–50% of patients).14 The max-
imum nadir of platelet and leucocyte
counts occurs 2–5 weeks after treatment
and is usually reversible within 12 weeks.
Repeat doses are effective in providing
pain relief in many patients. The effective-
ness of radionuclides can be greater when
combined with chemotherapeutic agents
such as cisplatin.16 Some studies with 89Sr
and 153Sm indicate a reduction of
osteoblastic lesions on bone scans in up to
70% of patients, suggesting a possible
tumoricidal action.15

Radiolabelled monoclonal
antibody therapy

Clinical indications have recently been
approved for radiolabelled mono-
clonal antibody (MAb) therapy
(Table 1):17–19

• In 2002, the Food and Drug
Administration (FDA) approved
yttrium-90 (90Y)-labelled
ibritumomab tiuxetan (Zevalin)
which delivers radioactivity directly
to cancerous B lymphocytes.

• I-131-tositumomab (Bexxar) was
approved by the FDA in 2003 but
awaits approval in Europe.

90Y-ibritumomab tiuxetan (Zevalin)

90Y-ibritumomab is a murine immuno-
globulin (Ig) G1 anti-CD20 MAb,
attached via a linker tiuxetan to 90Y to
form 90Y-ibritumomab. Ibritumomab is
directed against the CD20 antigen
expressed on the surface of most normal
and malignant B lymphocytes.17

Therapy is given in a two-step
procedure:

1 A single infusion of 250 mg/m2

rituximab (not included in the
Zevalin kits) preceding a fixed dose
of 185 MBq (1.6 mg total antibody
dose) of diagnostic indium-111
(111In) Zevalin administered as a
slow intravenous (iv) infusion (over
10 min).

2 After 7–9 days, a second infusion of
250 mg/m2 of rituximab prior to
14.8 MBq/kg of 90Y-Zevalin
administered as a slow iv infusion
(over 10 min).

A recent randomised, controlled
phase III trial reported an overall
response rate of 80%, with complete
response in 30%.20 More than 5% of sub-
jects experienced adverse events,
including nausea, vomiting, diarrhoea,
anorexia, thrombocytopenia, neu-
tropenia, anaemia, arthralgia, dizziness,
dyspnoea and increased cough.

I-131-tositumomab (Bexxar)

I-131-tositumomab is a murine IgG2a
anti-CD20 MAb. Indications include
CD20 antigen-expressing relapsed or
refractory, low-grade, follicular or trans-
formed non-Hodgkin’s lymphoma,
including cases of rituximab-refractory
non-Hodgkin’s lymphoma. It is adminis-
tered as a single course of treatment (the
safety of multiple courses or combina-
tions with other forms of radiation or
chemotherapy has not been evaluated).

The therapeutic regimen consists of
four components administered in two
discrete steps: the dosimetric step, fol-
lowed 7–14 days later by a therapeutic
step (doses listed in Table 1). The overall
response rate in a pivotal trial was 65%,
with complete response in 20%.21

Contraindications to radiolabelled
monoclonal antibody therapy

In general, radiolabelled MAbs are con-
traindicated in the presence of compro-
mised blood counts, impaired renal
function, more than 25% bone marrow
involvement, obvious myelodysplasia
and a history of human anti-mouse
antibodies.17,19

Neuroendocrine tumours

Radiolabelled meta-iodobenzylguani-
dine (mIBG) and somatostatin (SMS)
analogues are frequently used to treat
neuroendocrine tumours.8

I-131-meta-iodobenzylguanidine

mIBG is a guanethidine analogue selec-
tively concentrated by phaeochromocy-
toma, paragangliomas, carcinoids and
medullary carcinoma of the thyroid
(Fig 3). Neuroblastomas also show high

uptake. Most literature and guidelines
recommend I-131-mIBG doses of
3.7–11.1 GBq for these tumours.22–25

Several doses may be required (usually at
intervals of 12–16 weeks) to obtain an
objective response. Symptomatic
improvement is observed in 76% of
patients with metastatic phaeochromo-
cytoma and paraganglioma, with
tumour responses in 30–50% and hor-
monal responses in 45%.23 Symptomatic
response in patients with metastatic car-
cinoid tumours is noted in 49%, hor-
monal response in 53% and radiographic
tumour response in 76.5%.26

Side effects are minimal. Nausea and
vomiting may occur during the first
two days post-therapy and there may be
transient myelosuppression 4–6 weeks
post-therapy. Bone marrow suppression
is more likely in patients who have bone
marrow involvement at the time of 
I-131-mIBG therapy.

Radiolabelled somatostatin
analogue therapy

Radiolabelled 111In, 90Y and lutetium-177
(177Lu) SMS analogues have been used
mainly for gastroenteropancreatic
tumours. Several doses may be required
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Fig 3. Patient with metastatic
paraganglioma treated with 11.1 GBq
of I-131-meta-iodobenzylguanidine: 
(a) anterior and (b) posterior whole-body
images three days post-therapy scan
show avid uptake of the therapeutic dose
in the left first rib anteriorly (arrowhead),
multiple liver metastases (long arrows)
and the para-aortic region (short arrows).
Ant = anterior; D = day; post = posterior.

(a) (b)



to obtain an objective response; the treat-
ment should not be repeated at intervals
of less than 4–6 weeks.

Improvement in clinical symptoms has
been observed in more than 60% of
patients after treatment, with objective
response in 23% (World Health
Organization criteria), complete
response in 3–6%, partial response in
about 22%, stable disease in about 58%
and progression in 15%.27–30 These
promising tumour responses are essen-
tially similar in most 90Y- and
177Lu-labelled SMS analogue studies,
despite differences in therapy regimens.

Side effects include nausea and vom-
iting, which may occur within 24 hours
after administration.29 Radiolabelled
octreotide is significantly retained in the
proximal tubules and therefore the radia-
tion dose to the kidneys is a dose-limiting
factor. Renal function loss and even
end-stage renal disease have been reported
after therapy with 30Y-DOTATOC.31

Patients can develop grade II-III haemato-
logical toxicity. Thrombocytopenia and
liver toxicity have also been reported in
some patients. In the long term, a small
number of patients develop myelodys-
plastic syndrome and leukopenia.30
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