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1. Introduction

Different multidisciplinary therapeutic strategies
and technical approaches are used today in cancer
therapy. Among the techniques involving ionizing
radiation, therapeutic applications of radioactive
nuclides deserve a particular interest : some
clinical indications are well established, while
several others are now being investigated, and some
of them are promising.

The efficacy of radionuclides in therapy often
depends on technical factors such as specific
activity, purity, chemical presentation,
availability, etc. These factors are closely related,
at least partly, to the production methods. This
justifies the organization of the present
Consultant's meeting by the IAEA.

Brief information on cancer, its socio-economic
aspects, and some data concerning cure rate are
presented first.
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2. Incidence and socio-economical relevance of cancer

Cancer was known to exist in antiquity. A bone tumour
has been observed in a 14-year-old pharaoh who
succumbed and was mummified/ only to be accurately
diagnosed three millennia later. Chinese and Arabic
medical writings also document clinical cases so
well that some can clearly be identified today as
cancer from the description [9]. The appearance of
infiltration, like legs of a crab, gave rise to the
name "cancer" in the times of Galen (130-200 A.D.).

However, with increasing longevity of the population
resulting from improved control of epidemic and
infectious diseases, the frequency of cancer and the
often associated suffering has raised the cancer
awareness in the 20th century.

In developing countries, cancer cases have risen from
2 million in 1985 to 5 million in 2000, and are
projected to number 10 million in 2015. By contrast,
in developed countries, where there were 5 million
cases in 1985 as well as in 2000, no increase is
projected to 2015.

For example, in the USA, in 1991, more than one
million invasive cancers occurred, i.e. an incidence
of about 400 per 100,000 per year. In addition, more
than 600,000 non-melanomatous skin cancers occurred;
most of them can now be cured. In developed
countries, the probability of dying from cancer is
20-25 % and is expected to further increase.
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3. Cancer cure rate and role of radiation therapy
(short review)

At the time of the first consultation, 70 % of the
patients still have a localized disease. Among them,
40 % (i.e. about ~2/3) are cured mainly by surgery,
radiation therapy of a combination of both
techniques. As a multidisciplinary approach is more
and more frequently adopted in modern cancer therapy
strategies, it becomes less relevant to try to
identify the relative merits of the different
techniques.

At the time of the first consultation, 30 % of the
patients have already disseminated disease (distant
metastases). However, among them, 5 % can be cured,
often after application of complex techniques
combining chemotherapy, radiation therapy,
immunotherapy and sometimes surgery.

In total, today 55 % of the patients die from their
cancer (Table 1). One has to stress that, in this
group 30 % had only localized disease at the time of
the first consultation. They thus die from their
cancer because of the failure of the first (local)
treatment (surgery or radiation therapy). Improving
these results is an important challenge/target for
new radiation therapy modalities, for the coming
years, including application of radionuclides under
different forms.

In the industrialized countries, about 70 % of the
cancer patients are referred today to radiation
therapy, sometimes as the sole treatment or often as
part of a combined treatment involving surgery and/or
chemotherapy. This percentage is lower in developing
countries but it improves in some of them.
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Table 1

Cancer cure rate : today situation (schematic)

Among 100 cancer patients

•70 % have still a localized disease
at the time of the first consultation

••40 % (-2/3)

are cured by surgery and/or radiation therapy

••30 % (~l/3) die due to local failure

•30 % have already a disseminated disease
at the time of the first consultation

••5 % can be cured
by complex, multidisciplinary treatment

Total cure rate : 45 %
Total failure rate : 55 %
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4. The radiation therapy techniques

The role and the potential benefit of any new
radiation therapy modality has to be evaluated
relative to the other recognized techniques.

4.1 External beam therapy

More than 80 % of the patients referred today to
radiation therapy departments are treated with
external photon beam therapy, at least for part of
their treatment.

Treatment is delivered with photon beams produced by
linear accelerators with energies ranging from a few
MV up to 20-25 MV. Fractionated irradiation, over 4-6
weeks, is currently applied. The benefit of any new
proposed technique needs to be evaluated by
comparison with this reference therapy modality [4].

Recently complex photon beam therapy techniques have
been introduced, such ad IMRT (Intensity Modulated
Radiation Therapy), tomotherapy, wgamma knife, etc.
These new techniques intend to match, as closely as
possible, the "Treated Volume" to the Planning Target
Volume [6][8].

Other beam qualities have been introduced in external
beam therapy to improve :

(1) the physical selectivity of the irradiation :
electron beam, proton beams, etc;

(2) the radiobiological selectivity of the
irradiation (at least for some tumour types) : fast
neutron beams, heavy-ion beams (carbon, neon, etc).
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4.2 Brachytherapy with sealed sources

Brachytherapy techniques, with sealed sources,
include intracavitary therapy and interstitial
therapy.

Intracavitary therapy takes advantages of natural
cavities to insert radioactive material close to the
invaded organs. It allows to deliver high doses to
the Planning Target Volume, while sparing the
surrounding normal tissues (see definitions in
Appendix).

One of the best indications of intracavitary
brachytherapy is treatment of cervical carcinoma [3] .
Applications were initially using radium, they are
today performed with 137Cs and 192Ir (Fig.l) Purity
requirements are important for 137Cs sources. High
specific activity of 192Ir allows preparation of small
size sources, which is a definitive advantage
specifically for afterloading, high-dose-rate(HDR)
applications.

Intracavitary applications are also performed for
oesophagus and bronchus cancer, mainly for palliative
purposes. A new technique, which became rapidly
popular in cardiology, consists of inserting
radioactive material into arteries to prevent
restenosis after angioplasty. "Endovascular
brachytherapy" is performed for coronary and
peripheral (femoral) arteries. Beta-and gamma
emitters are used for that purpose [11] [12] .

Interstitial brachytherapy, using sealed sources,
implies insertion of a number of radioactive needles,
wires or seeds into the Planning Target Volume. High
doses can be delivered to this volume, avoiding
irradiation of the surrounding normal tissues.
Needles and wires are removed after the appropriate
computed time (temporary implants); seeds can be left
in situ (permanent implants) (Fig 2) [5] .
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B

RADIUM TUBES

uterine tubes 3 x 10 mg

vaginal tubes 2x15mg
filtration 1 mm Pt

- - IRIDIUM WIRES

(same reference air kerma
rates as radium tubes )

correction made for oblique
filtration

Fig 1.
Typical dose distributions for an intracavitary
application used for the treatment of cervix
carcinoma. The dose distributions obtained for radium
and Ir are very similar. Doses are very high in the
immediate vicinity of the sources; they decrease
rapidly with the distance, following the "inverse
square law". As a consequence/ irradiation of "organs
at risk" such as bladder and rectum is reduced.
(ICRU, Report 38, 1985)[3]
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125.
Fig.2
Seed implant with 68 ""I seeds of 19.2 MBq each; total
activity 1310 MBq. Dose distribution computed in the
central plane of the application perpendicular to the
cranio-caudal axis. Only the isodoses encompassing
the seeds are shown.
The technique of permanent seed implant for the
treatment of prostatic cancer has become very
popular. 125I were used initially, 103Pd seeds have been
introduced more recently. These two radionuclides
emit very low energy x rays, 28 and 21 keV (average
energy) respectively. These low-energy x rays are
rapidly absorbed by the patient tissues and do not
constitute a radioprotection hazard for the staff and
family. The two radionuclide have different half-
lives, 60 days and 17 days for 125I and 103Pd,
respectively. The therapeutic consequences of this
difference in half-lives (thus dose-rates) still
needs to be evaluated,
(from Wambersie and Battermann, 2001) [13]
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4.3 Unsealed sources of radionuclides for therapy
applications

In contrast with external beam therapy and
brachytherapy with sealed sources (where both cancer
cells and normal tissues are included in the PTV) ,
administration of radionuclides, as unsealed sources,
aims at a selectivity at a cellular level.

Among the numerous unsealed radionuclides in use, or
in development for therapy, only some of the most
frequently applied and some other ones used in
radioimmunotherapy could be reviewed.

Iodine-131

131.The current recognized indications for I therapy are
for both benign and malignant disease. They are based
on a most selective affinity of the thyroid tissue
for iodine. 131I for hyperthyroidism is used to treat
diffuse toxic goiter (Graves' disease), toxic nodular
goiter, and solitary toxic nodule.

For malignant thyroid conditions, the indications for
131I are postoperative ablation of residual normal
thyroid remnants, treatment of microscopic residual
disease postoperatively, treatment of recurrent
disease and treatment of metastatic disease.

Meta-iodobenzylguanidine (131I-MIBG) has been
investigated for treatment of pheochromocytomas and
other neuroendocrine lesions such as neuroblastoma,
carcinoid, medullary thyroid carcinoma and
paraganglioma.

Phosporus-32

As a well established indication, 32P (sodium
phosphate) is used for intravenous administration for
polycythemia vera and thrombocytosis.
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Colloidal chromic 32P has multiple indications based
on intracavitary administration and its lack of
systemic absorption. The most common use is as
adjuvant therapy of intraperitoneal metastasis from
ovarian or endometrial carcinoma. Chromic 32P is also
used to treat malignant pleural effusions, pleural
mesotheliomas and malignant pericardial effusions.
Cystic craniopharyngiomas are another indication for
colloidal 32P.

Strontium-89

89Sr is used for palliation of pain in bone
metastases. 89Sr is an analog of calcium and
concentrates in osteoblastic bone cancer lesions.
After intravenous injection of ionic 89Sr, it is
rapidly cleared from the blood and about 50 % of the
injected activity is deposited in bone. Normal bone
appears to take up only a small fraction of the
administered activity and retains it for much shorter
period of time compared to the osteoblastic bone
lesions.

89,Hormonal treatment may be combined with Sr. External
beam therapy may also be combined for local
management of severely painful sites.

Rhenium-186

18SRe has been complexed with a bone-seeking
phosphorate to form 18SRe-HEDP (hydroxy- ethylene- di-
phosphorate) . It has been used in patients with bone
metastases from breast and prostate cancer.

186Re-labeled monoclonal antibodies have been used for
intraperitoneal administration in metastatic ovarian
carcinoma.
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iRadioimmunotherapy (RIT)|

Radioimmunotherapy refers to the therapeutic
administration of radionuclides chemically conjugated
to antibodies or antibody-derived constructions. The
antibodies can recognize and bind to antigen(s) on
tumour cells and usually serve as direct carriers for
the radionuclide [10] .

In principle, all tumour sites throughout the body
are irradiated, with relative sparing of normal
tissues.

The use of radiolabeled antibodies for therapy has
been more challenging than for diagnostic purposes
for a variety of reasons including :
-normal tissue toxicity due to the larger
radionuclide activities that are administered in
therapy;
-the heterogeneity of the radionuclide distribution
that results in a non-uniform dose distribution (this
is generally not an issue for diagnosis provided that
the tumour/background ratio is sufficient for tumour
detection);
-the difficulty to deliver tumoricidal doses,
especially to solid tumours, with acceptable
toxicity.

In principle, different types of radionuclides are
suitable for radioimmunotherapy.

Beta emitters
(such as 131I and 90Y) have been the most popular
radionuclides for clinical RIT trials. There is no
need to target every individual cancer cell since the
mean radiation range is about 0,4 to 2,5 mm
(possibility of "cross fire" irradiation).

177,
Alternatives that are being tested include : Lu,
153Sm a n d 6 7Cu.
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Alpha emitters
produce high-LET radiations with a limited range of
50-90 •m. They are promising particularly to treat
microscopic disease; for large GTVs the radionuclide
distribution may not be uniform (in contrast with the
beta emitters, a uniform distribution of the alpha
emitting radionuclides is necessary because of the
lack of "cross fire#/) .

The available alpha emitters have a relatively short
half-life : t1/2 = 45.6 minutes for

 213Bi/ 61 minutes for
212Bi and 7.2 hours for 211At. Because of their short
half-life, a significant proportion of the atoms may
decay before reaching their target (this is an
argument in favor of BNCT)[2]. As an alternative
approach, alpha emitters can be injected in the tumor
itself.

Auger-electron-emitters
are released as a consequence of the cascade of inner
shell vacancy transitions initiated by the creation
of an inner atomic shell vacancy by either electron
capture or internal conversion processes. Very low-
energy electrons (< 5 keV), generated by ultrasoft x-
ray interactions, have a high RBE because of the
local clustering of ionization events.

Auger emitters are especially toxic if the targeting
molecule localizes in the nucleus of the target cell
and preferably comes to direct contact with the DNA.
Nucleosides or nucleoside analogs, labeled with Auger
emitters, may be incorporated into DNA during S-
phase.

Compared to alpha emitters, Auger emitters produce a
different geometric distribution of the ionizations.
The tracks of the alpha particles are linear and have
ranges expressed in tens of micrometers. The
distribution of ionizations following the decay of an
Auger-electron emitter is anisotropic with effective
ranges expressed in nanometers.

A number of radionuclides have been considered and
investigated for therapeutic applications in the for
of unsealed sources. Only part of them could have
been cited in this short review (see in particular :
[1] [7] [10]) .
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Appendix : ICRU recommendations on concepts in
radiation therapy : definition of relevant volumes

A malignant tumour cannot be considered as a volume
(sphere, "ball") which would contain ALL cancer cells
and ONLY cancer cells, the normal cells/tissues/
structures being located outside the shell of that
sphere/ball. In order to avoid frequent confusion
between the "clinically detectable" tumour and the
volume with "subclinical invasion", as well as to
take into account all uncertainties in radiation
therapy delivery, the ICRU has recommended the
following definitions that are now accepted worldwide
by the radiation therapy community.

Gross Tumour Volume

The Gross Tumour Volume (GTV) is the gross palpable,
visible or clinically demonstrable location and
extent of the malignant growth. Its shape, size and
location may be determined by clinical examination,
CT, MRI or other imaging techniques.

Clinical Target Volume

The Clinical Target Volume (CTV) includes the GTV and
a "safety margin" to take into account subclinical
(microscopic) invasion of cancer cells (Fig.3).

Planning Target Volume (PTV)

Around the CTV, an additional "safety margin" has
to be added in order to take into account all
uncertainties during the successive steps of the
therapy procedures (e.g., physiological organ
movements, inaccuracy in patient beam positioning,
etc) .

(Ref : ICRU Reports [4] [6] [8])
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High Cancer Cell
Density

High Cancer Cell
Density High Cancer Cell

Density

Primary Tumor Primary Tumor Lymph Node

Fig 3
Schematic illustration of the relation between GTV(s)
and CTV(s) in different clinical situations.

a)Simple case with one GTV and the corresponding CTV
(for example skin tumour). At the level of the GTV
(black), the cellular density is the highest (as an
average, about 10s cells per mm3) , but may be
heterogeneous (e.g. due to necrosis). The width of
the safety margin is selected so that, in principle,
no cancer cell is present outside the limits of the
CTV. The cancer cell density decreases between the
border of the GTV and the outer limit of the CTV, but
the variation of the cell density with distance is
not known and depends on tumour type and location. In
some situations, a natural anatomical border may
limit subclinical extension, e.g., parietal pleura in
mediastinal lymphoma.

b)Two GTVs are present : the primary tumour, GTV-T,
and a metastatic fixed lymph node, GTV-N (for
example, a tumour of the tonsil with a homolateral
cervical lymph node). A safety margin for microscopic
invasion has to be taken around each GTV which leads
to the definition of two CTVs : CTV-T corresponding
to the primary tumour and its safety margin, and CTV-
N for the lymph node and its safety margin. Actually,
since in this example the two CTVs are close to each
other and because there are certainly malignant cells
between the two GTVs, only a single CTV is selected
(CTV-TN), which includes the two GTVs and a common
safety margin. (ICRU,[8])
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