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ABSTRACT

Personalized medicine is an emerging
medicalfield. Targetted radionuclide
therapies forbenign and malignant
diseases have been inuse since

1945. Over the last 20 years due
toadvancements in the nanotechnology
andtargetting cell receptors,
radionuclidetherapies have emerged

as a subspecialty of nuclear medicine.
Through this article we would like

to briefly describe the evolution of
radionuclide therapies and their different
clinical applications as personalized
medicine.
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INTRODUCTION

Radiotherapy techniques have
proved important in treating as well
as prolonging the patients’ lives
depending on the type of cancer in
question. However, the success of
these techniques is limited by their
lack of specificity as the anti-cancer
agents or cytotoxic technologies
do no distinguish between the
cancerous regions and the normal
tissues [1]. Most of the traditionally
used radiotherapy techniques apply
a non-discriminatory destruction
of the cells exhibiting uncontrolled
growth without any degree of
selection leading to the destruction
of the healthy cells. Unlike external
radiotherapy which damages cells’
DNA with the aim of killing those
with uncontrolled growth, targetted
radionuclide therapy offers a systemic
treatment by delivering toxic levels of
radiolabelled molecules to the target
sites for a highly selective destruction
of the site [2].Radionuclide therapy
acts the same way as chemotherapy
by targetting specific cells, but it is
more advanced in that radionuclides
also kill tumour cells lacking tumour-
specific receptors and thusit has ability
for direct as well as a bystander effect
which ultimately kills the tumour
cells. The biological effect of targetted
radionuclide therapy results from
energy absorption of radiation emitted
by the radionuclide. After the first
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description of radioimmunotherapy
by Korngold and Pressman in 1953,
numerous radiopharmaceuticals
have been developed by advanced
techniques in genetic engineering and
chelating techniques [3]. Targetted
radiotherapy involves the utilization
of three particulate particles, which
are capable of irradiating tissue
volumes with subcellular, cellular
and multicellular dimensions. These
particles include Auger electrons,
alpha particles, and beta particles.

Auger electrons and Auger-
electron-emitting radionuclides
Auger electrons are particles released
by some elements in a phenomenon
referred to as the Auger effect. In
this phenomenon, an atom emits an
electron after filling an inner-shell
vacancy resulting in energy release.
Some of the current available or
prospective Auger electron emitters
include indium-111, iodine-125,
iodine-123, and bromine-77. These
radionuclides can be used alongside
targetting vehicles to localize sub-
cellar radiations near the cellular
DNA leading to an effective and a
specific killing of the tumour cells.
Using auger-emitting radionuclide
therapeutics, highly  tailored
targetted radiotherapeutics could be
engineered to fit the specific needs of
a cancer patient [4].
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Beta particles and beta-emitting
radionuclides

Beta particles are fast-moving
electrons emitted by the nucleus
during radioactive decay. Some of
the currently approved betaemitting
radionuclides used in radiotherapy
include yttrium-90 and iodine-131 (for
non-Hodgkin’s lymphoma treatment),
strontium-89-chloride and samarium-
153-EDTMP (for bone metastases).
Other  potential betaemitting
radionuclides include rhodium-105,
gold-199, copper-67, rhenium-186,
and lutetium-177 amongst others. The
majoradvantage of beta particlesis that
they have minimal tissue penetration.
These particles are emitted at high
speed, but they become rapidly
attenuated by biological tissues. As
a result, when administered as a
radiopharmaceutical it does not affect
the surrounding tissues as it cannot
travel beyond specific range within
a biological structure. An additional
protection of the un-targetted tissue
is also achieved by radioimmuno
targetted therapy [4].

Alpha particles and alpha-
emitting radionuclides

Alpha particles comprise of two protons
as well as two neutrons, and they are
identical to helium atom’s nucleus.
Alpha-emitting radionuclides emit
particles of only a few cell diameters
in tissue. One of the advantages of
alpha particles is that they have a high
linear energy transfer that makes them
more biologically effective as compared
to the conventional radiotherapy
techniques. In this vein, fewer alpha
particles are capable of killing human
cancer cells. Some of the available
radionuclides that emit alpha particles
include radium-223, astatine-211, and
bismuth-2013. Alpha particles are
preferred for radiotherapy for their
ability to deliver lethal radiation, within
a range of 50-90 um in diameter. This
allows the emitter to specifically target
cancerous tissue without destroying
the adjacent healthy tissues. Alpha
particles offer a therapeutic benefit
by breaking the DNA double strand
and thus breaking the cell cycle. Also,
these particles cause chromosomal

instability in the nearby cells leading
to a bystander effect as observed in
radiotherapy [4].

Radionuclides as therapeutics
Radionuclides used in cancer
treatment release energy in the form
of beta particles, Auger electrons
or alpha particles to cause the
destruction of cancer cells and result
in improvement of the patient’s
condition. The radionuclides applied
for the purposes of treating cancer
depend on several factors, including:
the nuclear emission properties,
mode of radioactive decay, physical
half-life, radionuclide production
route, pharmacological features of the
resultant radio-conjugate, radiation
type and its energy, and the stability of
the resultant daughter nuclides. Most
of the cancer-destroying radionuclides
have a physical half-life of between
10 hours to 10 days allowing them to
deposit a large radiation dose. They
also emit high LET radiation near the
target cancer tissue and their daughter
nuclides are stable and long-lived to
increase the therapeutic effect of the
radionuclide [5].

CLINICAL APPLICATIONS
lodine-131 and thyroid cancer
treatment

lodine-131 is highly radioactive and
has a half-life of 8.02 days, and when
used in small doses it is used in cancer
treatment. When iodine-131 is taken
orally, it crosses the gastrointestinal wall,
and is concentrated in the thyroid gland
where it decays into xenon-131, with
the release of gamma radiations and
beta particles.

On the global scale, the use of
radioactive iodine in differentiated
thyroid cancer treatment has been
the most common and the oldest
targetted radiotherapy. The aim of
the use of iodine-131 in differentiated
thyroid cancer treatment is to destroy
cancer cells in order to ablate the
remnant thyroid tissue in order to
optimise follow-up and reduce cancer
recurrence rate [6]. The significance
of radioactive iodine treatment in
targetted radiotherapy is derived from
the ability of both the follicular and the

papillary cancers to express sodium
iodide symporter for radioactive iodine
uptake by cancer cells. Low doses of
radioactive iodine have high levels
of efficacies as well as high safety
profiles making it the most acceptable
thyroid cancer management modality
across the world. Furthermore,
the disintegration of the respective
radionuclides results in additional
cytotoxic effects on the target cells [7].

Neuroblastoma/
neuroendocrine tumours and
¥1l-metaiodobenylguanidine
Since the 1980s, treatment of neuroen-
docrine tumours have been treated
using  *!Imetaiodobenylguanidine
(**41-MIBG) because of its high efficacy
in treating chromaffin cell tumours (par-
aganglioma, pheochromocytoma,and
neuroblastoma).

131-MIBG uptake happens in a similar
version to noradrenaline and increases
after catecholamine excretion or
adrenergic innervation. Stage Il and
IV patients with neuroblastoma are
difficult to manage via chemotherapy
and surgery and most cases resort to the
administration of !-MIBG to control
tumour growth as well as for symptom
relief [8]. A management plan for
neuroblastoma using 3!-MIBG involves
taking the patient through a series of
studies including tissue biopsies, MRI/
CT studies, ultrasonography, 2I-MIBG
scintigraphy and FDG-PET/CT before the
commencement of *!-MIBG therapy.
Moreover, recommendations point
that 4-MIBG infusion should last for
longer than one hour in order to avoid
metaiodobenylguanidine side effects.
BI-MIBG may also be used for the
treatment of other similar tumours such
as paraganglioma, pheochromocytoma,
medullary thyroid cancer, and carcinoid
tumours. These tumours have a
response rate of 30-75%, indicating high
efficacies [9].

Targetted radionuclide therapy
and lymphoma treatment

In the 2000s, two major targeted
radionuclide therapeutic agents
were introduced for lymphoma
treatment to reduce the number
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of deaths resulting from low-grade
lymphoma that is difficult to treat
with chemotherapy techniques. These
agents include 1-131 tositumomab and
Y-90 ibritumomabtiuxetan and they
have been demonstrated to vyield
50-80 percent response rates. I-131
tositumomab has an 1gG2a murine
anti-CD20 antibody (tositumomab),
while Y-90 ibritumomabtiuxetan has
murine 1gG1 anti-CD20 antibody
(ibritumomab), the difference
between the two agents is their
differential linkage to the radionuclide
[10]. By targeting CD20 antigens,
these agents deliver the respective
radionuclides mature Blymphocytes,
pre-B lymphocytes, and B-cell non-
Hodgkin’s lymphoma, and thus
it ends wup inducing apoptosis,
antibody-dependent cytotoxicity, and
complement-dependent cytotoxicity
after the formation of the antibody-
antigen immune complex [11].

Yttrium-90 and liver tumours

treatment
Such  metastatic tumours as
pancreatic carcinoma, colorectal

carcinoma, neuroendocrine tumours
and breast cancers also occur in the
liver after metastases leading to a
fatal pathological burden. However,
reduction of the burden is achieved
through traditional therapies with
an additional administration of Y-90
microspheres for radioembolization.
Radioembolization of the liver cancers
with Y-90 microspheres generate
between 27 and 100 percent response
rates in clinical treatments [12].

Palliation of metastatic bone pain
During advanced stages of cancers,
bone pain reduces the quality of life
of the cancer patient to a significant
extent. However, the administration
of radiopharmaceuticals can palliate
painfrom metastatic processes. Some
of the approved metastatic pain pal-
liation radiopharmaceuticals include
18Re-etidronate, '*Sm-lexidronam
and ®°Sr-chloride; their administra-
tions result in high concentrations in
bones leading to effective pain man-
agement [13].

Application of radionuclide
targeted therapy in
haematological malignancies

The type of radionuclide targetted
therapy applied on a specific type of
cancer is dependent on the type of
malignancy in question. As a result,
haematological malignancies require a
different type of targetted radionuclide
therapy from the one used for the
solid tumours. In haematological
malignancies, targetted radionuclide
therapy is supported by three major
factors. One of the reasons for the
effectiveness of targetted radionuclide
therapy is the expression of specific
surface antigens by most cancer cell
lines [14]. These antigens are absent
from other tissues in the organism
and thus making targetted therapies
possible. Another reason for the
effectiveness of this approach is the
rich availability of the high-quality
antibodies against antigens expressed
by haematological tissues. Moreover,
the effectiveness of this approach is also
made possible by the high sensitivity of
lymphomas and leukemias to ionizing
radiation. In addition, the effectiveness
of the targetted radionuclide therapy
is also increased by the availability
of bone marrow transplantation
technologies that allow for the
replenishment of the haematological
stem cells after the treatment of
haematological malignancies with
high dose radionuclides. Some of the
target antigens in targeted radionuclide
treatment of haematological
malignancies include CD45, CD66,
CD33, CD5, CD25, and the most
commonly targeted CD20. 90Y and
1311 have the greatest potential for
application as radionuclides in targeted
radionuclide therapy. Moreover, some
ofthe common haematological tumours
treated using targetted radionuclide
therapy includes T-cell leukemias,
chronic lymphocytic leukemia, and
Hodgkin’s lymphoma [15].

Application of radionuclide
targeted therapy in solid
malighancies

Unlike the treatment of haematological
tumours with targetted radionuclides
which is highly efficacious, the

treatment of solid tumours has low
efficacies and is thus challenging. This
challenge is presented by the inability
of the ionising particles to penetrate
the tumour body leading to their
localization in the periphery as well as
low doses in the tumour parenchyma.
In targetted radionuclide therapy of
solid tumours, the cells lying on the
surface of the tumour body have the
same structure and function and as a
result, their destruction does not always
result in the complete destruction of
the tumour. Besides, the conditions
inside of the tumour are hypoxic and
do not permit the formation of reactive
oxygen species which increases the
damaging potential of the therapeutic
agent. However, this problem can be
addressed by the use of multi-step pre-
targetted radionuclide therapy, which
enhances exposure to tumour radiation
and therapeutic selectivity [16].

Some of the successful applications of
targetted radionuclide therapy of solid
tumours include colorectal carcinoma,
solid neuroendocrine malignancies,
castration-resistant prostate cancer,
metastasizing melanoma, pancreatic
tumour and stage-lV melanoma,
amongst others. The treatment of
colorectal carcinoma involves the use of
I-131-conjugated anti-CEA antibodies,
and it produces up to 68 months
median survival time. The application
of anti- PSMA antigen antibodies with
Lu-177 radionuclides offer a successful
treatment of castration-resistant
prostate cancer produces a successful
therapy with a median survival time
of 10 months, while the application of
anti-NG2 with Bi-213 produces a long-
lasting effect in stage IV melanoma
treatment. For the metastatic
melanoma, the survival time increases
by nine months after administration
of anti-NG2 antibodies conjugated to
Bi-213 radionuclide, but the application
of DOTATE in conjugation with Lu-177
produces a complication-free stable
disease course in 46 percent cases [17].

Advantages and disadvantages

of targetted radionuclide therapy
One of the advantages of targetted
radionuclide therapy is that Auger
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electron, alpha particle, and beta
particle emitters are effective
therapeutic particles as they can
localize the delivery of cytotoxic
ionizing radiation [18]. By linking
the emitters to biological agents,
localized treatment can be achieved
because of the high affinity of some
elements for some organs and organ
systems. As a result, the therapeutic
capability of these agents provides
a localized killing of specific tissues
and cells. Another advantage of the
application of targetted radionuclides
in cancer therapy is their large-scale
availability [19]. Once a specific
radionuclide is approved for use as
a radiopharmaceutical, it becomes
subject to large-scale production in the
laboratory making it readily available
for a wide scale application. Another
advantage of targetted radionuclide
therapy is a high specificity and
selectivity for the target cell types
[20]. Targetted radionuclides are
linked to such biological components
as antibodies which are specific for
certain receptors expressed on cancer
cells. As a result, when introduced into
the body they become attached to
the target cells where radionuclides
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future direction of medicine.

1. Flux G, Bardies M, Monsieurs M, Savolainen S, Strand S-E, Lassmann M. The impact of PET and SPECT on dosimetry for targeted radionuclide therapy. Z Med

Phys 2006; 16:47-59.

2. Boyd M, Ross SC, Dorrens J, Fullerton NE, Tan KW, Zalutsky MR, et al. Radiationinduced biological bystander effect elicited in vitro by targeted
radiopharmaceuticals labelled with ?-, ?-, and Auger electronemitting radionuclides. J Nucl Med 2006; 47:1007-15.

3. Dale R, Carabe-Fernandez A. The radiobiology of conventional radiotherapy and its application to radionuclide therapy. Cancer Biother Radiopharm 2005;

20:47-51.

© N o u A

Larson SM, Krenning EP. A pragmatic perspective on molecular targeted radionuclide therapy. J Nucl Med 2005; 46 Suppl 1:15-3S.

Goldenberg DM. Advancing role of radiolabeled antibodies in the therapy of cancer. Cancer Immunol Immunother 2003; 52:281-296.
Schlumberger MJ. Papillary and follicular thyroid carcinoma. N Engl J Med 1998; 338:297-306.
Mazzaferri EL, Jhiang SM. Long-term impact of initial surgical and medical therapy on papillary and follicular thyroid cancer. Am J Med 1994; 97:418-28.

Matthay KK, Tan JC, Villablanca JG, Yanik GA, Veatch J, Franc B, et al. Phase | dose escalation of iodine-131-metaiodobenzylguanidine with myeloablative

chemotherapy and autologous stem-cell transplantation in refractory neuroblastoma: a new approaches to Neuroblastoma Therapy Consortium Study. J Clin

Oncol 2006; 24:500-6.

9. Meller S. Targeted radiotherapy for neuroblastoma. Arch Dis Child 1997; 77:389-91.

10. Wiseman GA, White CA, Sparks RB, Erwin WD, Podoloff DA, Lamonica D, et al. Biodistribution and dosimetry results from a phase Il prospectively
randomized controlled trial of Zevalin radioimmunotherapy for low-grade, follicular, or transformed B-cell non- Hodgkin’s lymphoma. Crit Rev Oncol Hematol

2001; 39:181-94.

11. deJong M, Krenning EP. New advances in peptide receptor radionuclide therapy. J Nucl Med 2002; 43:617-20.

12. Vogel CA, Galmiche MC, Buchegger F. Radioimmunotherapy and fractionated radiotherapy of human colon cancer liver metastases in nude mice. Cancer Res

1997; 57:447-453.

13. Srivastava SC, Atkins HL, Krishnamurthy GT, et al. Treatment of metastatic bone pain with tin-117m stannic diethylenetriaminepentaacetic acid: a phase I/Il

clinical study. Clin Cancer Res 1998; 4:61-68.

14. Faderl S, Coutre S, Byrd JC, Dearden C, Denes A, Dyer MJ, et al. The evolving role of alemtuzumab in management of patients with CLL. Leukemia 2005;

19:2147-2152.

15. Linden O, Hindorf C, Cavallin-Stahl E, Wegener WA, Goldenberg DM, Horne H, et al. Dose-fractionated radioimmunotherapy in non-Hodgkin’s lymphoma using
DOTAconjugated, 90Y-radiolabeled, humanized anti-CD22 monoclonal antibody, epratuzumab. Clin Cancer Res 2005; 11:5215-22.

© 2017 Pakistan Society of Nuclear Medicine

https://www.pjnmed.com



Mohammed Hathaf Al-Rowaily, et al. 2017

16.

17.

18.

19.

20.
21.

Brouwers AH, Buijs WC, Mulders PF, de PINM 2017, Volume 7, Number 1 7 Pak J Nucl Med 2017;7:1-7 2305-1630(201701/01)7:1<01:BROTRT>2.0.TX;2-M
Mulder PH, van den Broek WJ, Mala C, et al. Radioimmunotherapy with [1311]cG250 in patients with metastasized renal cell cancer: dosimetric analysis and
immunologic response. Clin Cancer Res 2005; 11:7178s—86s.

Bodei L, Cremonesi M, Grana C, Rocca P, Bartolomei M, Chinol M, et al. Receptor radionuclide therapy with 90Y-[DOTA]O- Tyr3-octreotide (90Y-DOTATOC) in
neuroendocrine tumours. Eur J Nucl Med Mol Imaging 2004; 31:1038-46.

Nicholson S, Gooden CS, Hird V, Maraveyas A, Mason P, Lambert HE, et al. Radioimmunotherapy after chemotherapy compared to chemotherapy alone in
the treatment of advanced ovarian cancer: a matched analysis. Oncol Rep 1998; 5:223-6.

Bernhardt P, Forssell-Aronsson E, Jacobsson L, Skarnemark G. Low-energy electron emitters for targeted radiotherapy of small tumours. Acta Oncol 2001;
40:602-608.

Sisson JC. Radiopharmaceuticals for nuclear endocrinology at the University of Michigan. Cancer Biother Radiopharm 2000; 15:305-318

Forrer F, Uusijarvi H, Waldherr C, Cremonesi M, Bernhardt P, Mueller-Brand J, et al. A comparison of 111In-DOTATOC and 111In-DOTATATE: biodistribution
and dosimetry in the same patients with metastatic neuroendocrine tumours. Eur J Nucl Med Mol Imaging 2004; 31:1257-62

© 2017 Pakistan Society of Nuclear Medicine 8 https://www.pjnmed.com



