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INTRODUCTION

Prostate specific membrane antigen [PSMA] is expressed on the neovasculature of tumors, to
deliver radio therapeutic nuclides to prostate cancer and other types of carcinomas, small-
molecule PSMA inhibitors are changed. Actually, PSMA inhibitors mimic glutamyl folate,
neuropeptide N-acetylaspartyl glutamate, and its derivatives. All of these small-molecule
RPT medications, including the 177Lu-labeled PSMA-R2 and PSMA-617, are either urea- or
phosphoramidate-based inhibitors, or both. The phosphoramidate and urea activities in the
main active site of PSMA can interact with zinc. Additionally, these tiny molecules can
interact with PSMA's S1 glutamate pocket and entrance funnel. The entry funnel allows for a
variety of changes to instantaneous chelators for radiolabeling with therapeutic and imaging

radionuclides.

It is just as reliant on comprehending signaling networks and discovering medications that
block putative cancer phenotype-causing pathways as natural treatment is. Surprisingly, the
failure rate in clinical trials of biological cancer treatments is 96%, this is due to targeting the
wrong signaling pathways and the active ingredients selected for clinical trials.”?

Microspheres achieve promise goals in controlled drug delivery and site-specific delivery. In
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recently, there have been scientific and technological advances in the research and
development of radiolabeled microspheres. They have been successfully used to treat various
types of carcinoma and tumors.®! Chemotherapy and external radiation therapy are
ineffective and dangerous, so internal radiation therapy is an alternative treatment for these.

With regards to both primary and metastatic cancers, this radio-labeled microsphere has
demonstrated high stability and effectiveness. A variety of tumors can be specifically targeted
by radioactive microspheres without overwhelming healthy tissue. To prevent tumor growth
from the blood supply, radioactive micro-beads are administered. Once the tumor has

decreased, the treatment can be stopped.

This article discusses several facets of radioactive microspheres and how they may be used to
treat various cancers and tumors.*®! For radioactive transfer, radionuclides with various
radiological characteristics—primarily beta particles or extremely potent alpha particles—are
utilized. Nuclear medicine imaging tools can almost always observe radio-nuclides to
evaluate drug targeting, providing considerable benefits over current therapeutics and

enabling precision medicine approaches for RPT administration.®

There are several benefits of total-body, high-intensity, short-range radiation therapy over
current treatment options for cancer patients. The capacity to map and estimate dosages that
directly influence efficacy and possible toxicity is one of these benefits.["!

Types of Radionuclide

The most widely used radiopharmaceutical is a molecule labelled with technetium-99m that
has sodium pertechnetate added to it. The physicochemical characteristics of technetium-99m
are perfect. It only emits gamma rays that fall inside the gamma camera detector's detection
range. The patient's exposure to radiation is kept to a minimum due to its 6-hour half-life. The
radioactive isotopes 90Y (Yttrium), 188Re (Rhenium), and 166Ho (Holmium) are also

significant. [9,10,11,12]

Yttrium-90Y

Nuclear decay strontium-90 also produces an isotope of yttrium called yttrium-90Y, which
has a half-life of 29 days. The high-energy, pure beta-emitting isotope 90Y has a half-life of
64 hours. The maximal radiation dosage received by tissue from beta particles, with an

energy of 2.27 MeV, is 11.1 mm. There are two major problems with the 90Y. First, the
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neutron activation period needs to be extended (to more than two weeks) for yttrium to be
therapeutic. Second, since 90Y is a pure beta-emitter and does not create imaging gamma
rays, clinical investigations cannot directly assess the bio-distribution of microspheres loaded
with 90Y. Use in the treatment of lymphomas and hepatocellular carcinoma etc.!*1%*12!

Rhenium '**Re and **Re

The use of radioisotopes in radiation treatment is favored due to their distinct physical
characteristics. In contrast to 188Re, which has a half-life of 16.9 hours and a maximum beta
energy of 2.12 MeV, 186Re has a half-life of 3.8 days and a maximum beta energy of 1.07
MeV. Gamma rays from both isotopes may be captured on camera. Use in the treatment of

metastatic prostate, breast, and colon cancers.[1112

Holmium **Ho

It is created by the neutron capture of the naturally abundant 165 Ho. Maximum beta particle
energies for the decay of 166Ho are 1.86 and 1.77 MeV. The half-life of it is 26.8 hours. Its
physical properties may be beneficial for a variety of medical ailments, including rheumatoid

arthritis, malignant skin disorders, and liver diseases.!*'%**%

Table 1: Type of material used in radio microspheres.

S No Type of material used in Microsphere Radioisotope | Purpose of

' radio microspheres diameter (um) use application
Glass
Aluminosilicate 32p For imading of

L | Lithium silicate 20-30 185Re/"®Re Gimar gang
Magnesium alumino Oy primary
silicate metastatic tumors
Potassium silicate 1%6H0
Albumin Py Lung-tumours,

2 | Human bovine serum 25 18Re/*®Re | Radiosynovectomy,
albumin ¥mTe, Lung scanning
Resins
Aminex A-27 16640 .

Aminex A-5 29-35 %0y For liver cancer
BioRex-70 Re/"**Re

Polymers

a) Polylactic acid 25-50 186Re/ %8 Re E;)r:cr:e?ad and neck
b) Polyglycolic acid 90Y

The mechanism of action for Radio - Microsphere
Radiation-induced cell death serves as the radio microspheres' primary mode of action. The

radio-microsphere has the advantage of providing access to an extensive knowledge base on
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radiation therapy. However, unlike radiotherapy, it is important to understand how these

factors contained in the radioactive microspheres affect the treatment.[*

RPT works by destroying cells through radiation-induced cell death. Soon after radiation and
radioactivity were discovered, research into their impact on tissues and malignancies began.
RPT offers the advantage of utilizing the extensive radiation body of knowledge. It is crucial
to comprehend how RPT varies from radiation and how these features are exclusive to RPT-
related therapy. Where the agent localizes and how long it functions are two questions
regarding RPT. Responses to these queries, the dosage absorbed by malignant tissue in
comparison to healthy tissue, and any potential therapies are all assessed. A specific absorbed
dose may have varied biological effects on a malignancy depending on how quickly it is
supplied.’®2% The effects of giving a tumor a dose of 30 Gy As is customary with RPT, over a
period of weeks at an exponentially falling dosage rate, will differ greatly from those of
giving the same dose at the much higher dose rates used in radiotherapy (for instance, daily,
2-Gy fractions over 15 days). The biological healing and radio sensitivity characteristics of
the malignancy determine how differently things manifest physically. Problems with dose-

rate may potentially have an impact on healthy organs.[**

a%?%wr\‘twt?&????%«"ﬂv&?%w?&‘rfr&f

Pe  _t
.‘,\&h"&-".‘/ 2
".L\\‘."&' L e ,*‘L’l‘
o o A Y e o
X Cad 08 B o B
o\
E7 :

Figl a. Radiation given by external beam delivers to the whole body.

b. Radiation is directly administered to cancerous cells or their surroundings during
radiopharmaceutical treatment
Another key differentiator that is important in understanding this therapy is its reduced ability

to heal due to reduced numbers of target cells shown in figure 1. As the number of target cells
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decreases during radiation therapy, the likelihood that a fixed absorbed dosage will kill every
cell increases. The likelihood that all cells will die increases with the number of cells
destroyed by an absorbed dose of radiation.™ On the other hand, with RPT, fewer cells do
not raise the possibility of tumor control. This is due to the fact that different cells are
exposed to radiation in different ways. Less cancer cells are present when more of the
radiation’s energy is deposited in the target cells when it is released by radionuclides on the

surface of tumor cells.*¥

Radionuclides used for RPT

The capacity to deliver a very powerful kind of radiation directly to tumor cells is one of the
characteristics of RPT. An understanding of RPT includes three types of radiation: photons,
electrons and alpha particles.™® Gamma and X-ray photons are the two different kinds of
photons. X-rays have a lower energy than gamma rays and are produced via orbital electronic
transitions. The distribution of RPT can be mapped using photon emissions from
radionuclides, but localized cytotoxic radiation cannot be. Images may be created using
photon energy ranging from 75 to 400 keV. All nuclear medicine imaging cameras, including
-cameras and single-photon emission computed tomography cameras, function well at photon
emission energies between 100 and 200 keV. Due to their 511 keV photon emission, many
radionuclides also produce positrons or antielectrons, which PET cameras can detect. Energy

levels and the kind of decay have an impact on electron emission.

Auger electrons, beta particles, and monochromatic electrons are associated with the
RPTWhen an electron beam strikes a surface, it produces auger electrons. These electrons
leave holes in the bottom shell (K, L, or M), which are then filled by electrons from the top
shell. These emissions have a relatively small range, ranging from 1 to 1000 nm depending
on the emission energy. These excretions can turn very cytotoxic when RPT agents build up
in the nucleus."*? rarely are RPTs with auger electron emitters used. Although a few human
studies have not produced clinical efficacy, preclinical studies have demonstrated significant
therapeutic efficacy.!?*%*!

Electrons released from the nucleus are known as beta particles. They are the most prevalent
kind of RPT agents and have a wider tissue range (between 1 and 5 mm). There are various
radionuclides that release beta particles, and many of them also emit photons with energies

that are suitable for imaging.
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Samarium-153, lutetium-177, yttrium-90, and 1-131 have been produced and are now being
used extensively as beta-particle emitters. The most common and well-known of these is

iodine-131, which is used to treat thyroid cancer.

A radioactive atom's nucleus releases the alpha particle, which is a helium nucleus with two
protons and two neutrons. It may pierce tissue 50 to 100 meters deep, depending on the
energy emitted. They are significantly bigger than electrons and positively charged. In
comparison to an alpha particle, an electron has about 400 times more energy per route
length. Compared to electrons, this results in far more damage along the route. The quantity

of -particles that pass the cell nucleus affects the absorbed dosage necessary to produce

cytotoxicity.
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Fig. 2: A Several databases provide information on the number of publications on

radiopharmaceutical treatment (RPT) for each radionuclide that produces beta
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particles during a specific year. For instance, the description of lutetium-177 for usage
in his RPT dates back to 1991.

B. Annual number of RPT releases using various data base alpha radionuclides.

C. Number of RPT articles per particular cancer per particular year recorded in

various data bases.?!!

Cancer types targeted by RPT

RPT has had a significant historical influence on thyroid cancers and continues to do so now.
Since his early 90s, hematologic malignancies have been researched and are still a hot issue.
Since the 1980s RPT has significantly increased for both malignant liver disease and prostate
cancer. This rise is related to the introduction of novel RPT agents, micro beads loaded with
90Y, and tiny emitter- and tag-tagged PSMA targeting structures (see below). Interest in RPT
treating prostate cancer has considerably expanded after the Food and Drug Administration
approved the alpha emitter 223Ra. The groundbreaking structures that started interest in RPT
in liver and prostate cancer have not been able to be replicated in other solid tumors,
including as colon and breast cancer. RPT drugs that target somatostatin receptor and
neuroendocrine tumors may become accessible once 177Lu-labeled compounds are
developed.? All cancers that meet the targeting requirements for radionuclide delivery are
treatable with RPT. RPT, however, has only been investigated for a few different cancer
types. The cancers under study are a reflection of the targets that are available, the
accessibility of his RPT drugs to targets, institutional knowledge, and the advancement of

clinical investigators.*!!

RPT medications in use and in clinical trials

RPT agents are freely accessible, and a large number are now being created. There are a total
of four emitters of beta particles and five emitters of alpha particles. In order to give the -
emitter 212Bi without being constrained by a half-life of one hour, lead-212 decomposes to

bismuth-212. Alpha-emitters represent a possible area of RPT expansion.?*

RPT may involve straight transporting of the radioactive component itself. RPT also uses a
variety of 'delivery vehicles', including small molecules, radionuclides, radiolabeled peptides
antibodies etc. make up the bulk of clinically studied RPT agents. Approaches to deliver
liposomes or nanostructures have been investigated preclinical but have yet to be try out in

human studies. Microspheres which are made up of resins and glass are proportionate well
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entrenched. They are used to treat liver metastases from hepatocellular carcinoma or colon

cancer and they are well provided through the hepatic artery.

Fig 3. A] illustrated: radioactive element, B] small molecules, C] peptides, D] antibodies,
E] Nano-constructs, and F] micro-beads are only a few examples of the several
radiopharmaceutical therapeutic agent architectures utilized to deliver radiation.?

It is quite difficult to generalize. The prolonged circulation half-life of antibodies causes
higher organ damage, particularly hepatotoxicity, despite the fact that antibody-mediated
conveyance is bivalent and generally results in longer retentively. Small molecules and
peptides, on the other hand, often have a limited tumor residence period but have the
advantages of quick targeting and clearance. In any event, the goal retention period is greater
than the medication's clearance rate when the drug is absorbed into the body and the
radionuclide is held intracellular. Additionally, synthetic medicines that maximize tumor

retention while enhancing clearance kinetics can be created.!?”

Chelated Radionuclide RPT

Radioiodine 131 I A well-known example of RPT is radioactive iodine treatment for thyroid
conditions. The beta particle iodide 131, which emerges from the synchrotron irradiation of
tellurium and emits a radioactive halogen with an 8.01-day half-life, was found by J.

Livingwood and Glenn Seaborg. In nuclear reactors, tellurium-130 is radioactively
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transformed into iodine-131 for industrial usage. Initially, thyroid cancer and
hyperthyroidism were treated with radioactive iodine. With the aid of sodium iodide co-
transporter, thyroid follicular cells and differentiated follicular thyroid cancer cells
concentrate iodine. Thyroglobulin molecules, which have a high iodine content and are
broken down to produce thyroid hormones, are where iodide is concentrated. The standard
prescription for treatment for patients with metastatic differentiated thyroid cancer is
radioactive iodine therapy. For individuals with thyroid cancer that arises from
undifferentiated cells that have lost the molecular mechanisms of iodine concentration or
from cells that do not engage in iodine concentration, radioiodine therapy is ineffective.
Radioactive iodine, however, can be used to treat the latter group of patients.?®!

32P, 90Y

Some of the unconjecturable RPT drugs were originally evolved for radio synovectomy
(there are no specifically approved radiopharmaceuticals) low cost compared to surgical
synovectomy.? In addition to radio synovectomy, colloidal chromium phosphate and
glathrin-32-containing microglobules have been found useful to treat refractory solid tumors.
Malignant tumors can be stopped from growing by using these radiopharmaceuticals to
shrink and destroy tumor cells. The main drawback of the aforementioned applications is that
particle deposition depends on beam guidance (e.g.,, CT, X-ray, ultrasound, or direct

inspection of the surgical region)."

223Ra

The Food and Drug Administration recognized Radium-223 as the first alpha emitter, which
was a crucial step in the development of subsequent alpha emitters that are now being
produced. Radium-223 emits high-energy alpha particles that are known to damage nearby
osteoblasts and osteoclasts’ DNA double strands permanently. When it embodied into the
freshly created bone matrix of osteoblastic metastases. This affects not only the cellular level,
but also the signaling level of adjacent cancer arising in a depletion of effectors for abnormal
bone formation and ultimately tumor growth, growth is impaired. The details mechanism of

this complex interaction are still under investigation.*"%%

153Sm

Samarium-153 is 46.3 hours for half-life. It is a beta-emitting radionuclide that has been used
to treat individuals who have osteoblast and mixed bone metastases, as well as prostate,
breast, and other primary malignancies, to reduce their symptoms. By neutron bombarding
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concentrated 152Sm203, which is melted in hydrochloric acid, into 153Sm203 vyields
153Sm203, which is then converted into 153SmCI3. When combined with a number of
phosphate ligands, 153SmCI3, which has poor bone absorption on its own, forms a complex
that enriches in hydroxyapatite. The affinity of phosphonates for calcium in rapidly
developing bone allowed for the accumulation and chemosorption of 153Sm in metastatic
lesions next to healthy bone.3334

Small-molecule RPT

MmIBG

lodide-131 is currently utilized to treat a larger variety of cancers as a result of its inclusion in
the targeting aim and effectiveness in treating thyroid conditions and carcinoma. For instance,
patients with neuroblastoma get treatment with iobenguan 1-131, a radio iodinated low
molecular weight meta-iodobenzylguanidine ([1311jmIBG). It is the adrenergic
neurotransmitter norepinephrine's counterpart. Selected vectors have been injected with the
extremely sensitive electrophilic iodine compound iodide-131. It allows for quick iodination
of the molecule by nucleophilic attack or substitution with an active aromaticity group.*3*!
PSMA and folate receptor ligands

To target receptors, very small-molecule radiotherapeutic medicines have been used in the
past. Think about the PSMA receptor and the folate receptor. Since PSMA is expressed on
the neovasculature of tumours, small-molecule PSMA inhibitors are modified to deliver
radiotherapeutic nuclides to prostate cancer and other types of carcinomas. In actuality,
neuropeptide N-acetylaspartyl glutamate and its derivatives, as well as glutamyl folate, are
mimicked in PSMA inhibitors. Like the 177Lu-labeled PSMA-R2 and PSMA-617, all of
these minute molecule RPT drugs are either urea- or phosphoramidate-based inhibitors, or
both. Zinc can interact with urea and the phosphoramidate activities in PSMA's major active
site. Additionally, the S1 glutamate pocket and the entrance funnel of PSMA are designed to
interact with these tiny molecules. For radiolabeling with medicinal and imaging
radionuclides, the entrance funnel enables a choice of modifications to immediate

chelators. %
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specific membrane antigen. 2. The PSMA receptor reveals the locations where small
molecules and anti-PSMA bind. 3; radiopharmaceutical therapy for the folate receptor.

alpha emitter or beta emitter conjugation for therapeutic purposes.

RPT for peptide and antibody

The development of peptide receptor radionuclide therapy employing radiolabelled
somatostatin  analogue peptides was prompted by somatostatin receptor-mediated
radionuclide localisation of neuroendocrine tumours in the 1990s. The more powerful
semitter’s yttrium-90 and, subsequently, lutetium-177, with their longer range emissions,
have been utilised in the last 20 years following early success with the diagnostic
radionuclide indium-111. This kind of therapy has received commendation for its success in
treating bronchiogenic  tumors, gastro-entero-pancreatic tumors, and metastatic
paragangliomas. Disease-control rates for the two most often utilized radio peptides for
PRRT, 90Y-octreotide and 177Lu-octreotate, range from 68 to 98%. A common finding is an
increase in life quality together with cancer-related symptoms. The likelihood of identifying
and defining the target cells, the somatostatin receptor, before to the initiation of therapy is

one of the key advantages of PRRT over conventional therapies.*”!
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Fig. 4: Mechanism of activity of the peptide receptor & radionuclide therapy.

Antibody-based RPT

For RPT, almost exclusively IgG class antibodies have been employed. The IgG antibodies
are proteinous, with a molecular weight of 150,000, a long circulation half-life of 2 to 5 days,
and are finally broken down by the reticuloendothelial system and liver components.*8l A
need for employing antibodies as workable radionuclide delivery systems was the capacity to
produce antibodies (i.e., monoclonal antibodies) with exact reactivity and properties for the

selected antigens. RPT research is dominated by hematological and lymphatic cancers.

B9For radiolabeling and clinical research, the antibody against cell surface differentiation
antigens is available. Prior research employed the widely accessible radioisotope **!I. This
enables the bio distribution of the radio iodinated antibodies that SPECT imaging might
detect. These radiolabeled antibodies have been utilized as molecularly targeted alternatives
to total body radiation in order to prepare for bone marrow transplantation or to directly
target lineages with unchecked proliferation. In recent studies, astatine 211, an emitter that
also contains anti-CD45, has been investigated as a less dangerous alternative to radiation or

iodine-131 for myeloablation in preparation for transplantation. %
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B-particle-emitting additionally, type 1 insulin-like growth factor receptor-expressing solid
tumours can be treated with yttrium-90 radionuclides, and -emitter is currently being studied
for this purpose. Thorium-227 is one of the antibodies being studied for the delivery of a low-
dose-rate particle emitter. Coupled antibodies that target mesothelin are now undergoing
phase-I clinical trials.!**!

Micro globules made of resin and glass that are 90Y-loaded have been colliding, and more
research is being done. One study discovered extremely comparable findings for progression-
free survival and overall survival, for example, hepatocellular carcinoma demonstrated
considerably longer overall survival when treated with 90 Y-loaded glass micro globules as
compared to 90 Y-loaded resin micro globules. Patients who are treated with 90 Y-loaded

resin-based micro globules and 90 Y-loaded glass-based microspheres are compared. 42

Challenges and considerations in RPT

Where other conventional therapeutic treatment techniques have fallen short, RPT has really
demonstrated to be a very successful cancer treatment. RPT has not been incorporated into
the cancer treatment after over 40 years of clinical trials. Because the drugs targeted a
pathway that was not involved in the phenotypic development of the cancer, "targeted"
cancer therapies have clinical trial failure rates of 96%. RPT has failed as a result of a failure
to embrace and reevaluate this treatment, which may be partially accounted for by the

treatment's interdisciplinary structure.

CONCLUSION

With improvements in clinical results of cancer treatment and a focus on reducing radiation
therapy-related side effects, radio microspheres can be employed repeatedly as an ant
cytotoxic drug. Additionally, radiation treatment is seeing technological and procedural

advancements. In the end, it will lead to a continuous improvement in cancer therapy.
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