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ABSTRACT

Introduction: Targeted alpha therapy (TAT) is a new
experimental therapy that targets cancer cells and tumor
capillary endothelial cells through intravenous injection of an
alpha immuneconjugate (AIC). The AIC is formed by labeling
the cancer targeting vector (monoclonal antibody) with alpha
emitting radioisotopes wusing a bifunctionalchelator. The
monoclonal antibody (MAD) is raised against antigens (e.g.
MUC1) over-expressed on the surface of certain cancer cells.
There are several centers notably in Europe, the US and
Australia that are actively involved in TAT clinical trials of
different cancers using a variety of techniques, alpha emitters
and MADbs. Observations from their cumulative experience
suggest that TAT is safe and effectivebut needs further trials for
practical acceptance. Especially critical is the issue of maximum
tolerance dose (MTD) which needs to be established for
maximum target kill. Bangladesh has the infrastructure to
conduct aTAT clinical trial and can significantly add to the
growing pool of data for advanced treatment of cancers through
collaborative involvement in targeted alpha therapy research.
Objective: The aim of the article is to present a general
overview of targeted alpha therapy and to discuss the
feasibility of a TAT clinical trial in Bangladesh in the context
of current cancer management situation in the country.
Method: Literature review of significant publications was
done to obtain an update of the current status of targeted
alpha therapy. Relevant issues of TAT are presented for a
theoretical basis of the technology. Next, the methodology of
a proposed clinical trial is discussed, together with the
practicability of its introduction in Bangladesh.

Conclusion: Implementation of TAT clinical trial will help to
develop an advanced technology and build- up skilled
manpowerin Bangladesh.It will optimize the key parameters of
targeted alpha therapy, i e stability and specific activity of the
alpha-conjugate and establish the maximum tolerance dose for
the AIC. If the clinical trial is successful, it can change the
prognosis of many end-stage cancers. Patients in Bangladesh
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with advanced MUCI expressing tumors of the breast, ovary,
pancreas and prostate can have some measure of hope with
stability of the disease.
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INTRODUCTION

Cancer is a major challenge all over the world and
particularly in Bangladesh where the load is reported to be
more than 1,200,000. It has been identified as the 6th
cause of mortality in Bangladesh with more than half of
the cancer patients dying within five years of diagnosis.
(National Cancer Control Strategy Plan of Action 2009-
2015). As in most developing countries, cancer therapy in
Bangladesh includes surgery, radiation, chemotherapy,
hormonal therapy, immunotherapy, radioiodine therapy or
a combination of two or more of these. In metastatic
disease chemotherapy and external beam radiation therapy
may show clinical improvement but long term survival is
uncertain due to the presence of micrometastasis. The
cytotoxic drugs used to target rapidly dividing cancer cells
also destroys certain normal tissues, resulting in toxicities
like
myelosuppression etc. Hence the search for new, selective

alopecia, gastrointestinal symptoms,
anticancer agents that differentiates between malignant
and nonmalignant cells. New development and insights
into cancer biology has paved the way for personalized
cancer management that may be influenced by patient
ethnicity, sex and tumor histology (1). Thus a particular
therapy may be effective in patients whose cancers have a

specific
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molecular target, but ineffective in the absence of such a
target (2). This specificity towards a particular cancer is
the essence of targeted therapy. There are different types
of targeted therapies. Some target the inner parts of the
cells, sometarget the receptors on the cell surface (through
specific monoclonal antibodies) and others like the anti-
angiogenesis therapy, targets the blood vessels that supply
nutrients to the cancer cells. Targeted therapies,
particularly those that include monoclonal antibodies have
significantly changed the approach towards cancer
management in the past decades. Cristine Craig (3) has
aptly stated:‘Cancer researchers and clinicians familiar
with targeted nuclear medicine have envisioned a time
when the power within the nucleus could be harnessed for
targeted radio-immunotherapies against cancer cells
within the human body and especially against occult
cancers, micrometastases, and minimal residual disease
remaining after completion of surgery, chemotherapy, and

other treatments’.

This article presents a general overview on targeted
therapy and discusses the practicality of a TAT
clinical trial in Bangladesh in the context of current
cancer management situation in the country.

Monoclonal Antibodies (MADs)

Monoclonal antibodiesare mono-specific antibodies
are produced by clones of identical immune cells.
The technique by which monoclonal antibodies are
produced is called the hybridoma technology which
was discovered in 1975 by Georges Kohler of West
Germany and Cesar Milstein of Argentina. For their
work, both scientist were awarded the 1984 Noble
prize jointly with Niels Jerne of Denmark for
physiology and medicine (Wikipedia).

The monoclonal anitibodies raised against cancer antigens
were found to mediate antibody dependent cell-mediated
cytotoxicity (4) and this discovery opened the way for
major development in cancer therapeutics. Since the time
it became feasible to produce MAbs for therapeutic use
more than three decades ago (5) a new clinical field of
radio-immunotherapy (RIT) was
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developed. In the process, the monoclonal
antibody

industry expanded exponentially with current valuation
at billions of dollars. Innumerable number of MADbs
continue to be raised against antigens that are over
expressed by several types of cancer cells.
Approximately 30 of these monoclonal antibodies have
been approved by FDA for use in clinical practice and
many more are currently being tested in clinical trials (6).

Radionuclides

the in radio-
immunotherapy. However the suitabilityof a radionuclide
for therapy depends on a number of factors, namely its

physical and chemical properties, its fate after antibody

Radionuclides are major  players

metabolism in vivo, and the nature of the radiation such as
low or high linear energy transfer (LET) emission (7).
Three types of particulate radiation are of consequence for
targeted radionuclide therapy: B-particles, a-particles and
Auger electrons, which can irradiate tissue volumes with
multicellular, cellular and subcellular dimensions,
respectively. Moreover, there are multiple radionuclides
decaying by each of these three modes with a variety of
tissue ranges, half-lives and chemistries, offering the
attractive possibility of tailor-making the properties of a
targeted radionuclide therapeutic agent to a particular type
of cancer and perhaps, ultimately, the needs of an
individual patient

(8).The monoclonal antibodies in RIT are conjugated to
radionuclides which provide a specific internal
radiotherapy. Clinical success has been achieved with
the a-emitting (electrons) nuclides *°Y and '3,
conjugated to anti-CD20 MAD in follicular B-cell non-
Hodgkin lymphoma (9). Despite the predominant use
of radio-immunotherapy
investigators have long recognized the potential
advantages of a-particle emitters (10). Alpha-particles
are positively charged heliumnuclei with a shorter
range (50-80m) and higher energy (5,000-8,000 keV)
than B-particles. Alpha-particles differ from B-particles
in energy (MeV), tissue range, linear-energy transfer
(LET) and number of DNA hits needed to kill a cell. A

large number of in-vitro and in- vivo experiments with

a-emitters  in trials,
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a-immunotherapy have shown dramatic superiority
over a-immunotherapy, as only a few alpha hits of the
nucleus are needed to achieve 63% cell kill (11,12,13).

The unique physical and radiobiologic properties of a-
particles, such as short path length and high LET offers
the potential for more specific tumor cell killing with less
damage to surrounding normal tissues (14,10). Thus a-
radiation is ideal for Killing isolated cancer cells in transit
in the vascular and lymphatic systems, as well as in
regressing tumors by disruption of tumor capillary
networks by targeting and Kkilling tumor capillary
endothelial cells. The LET is typically 100 keV/pm,
giving a higher probability of causing double strand
breaks. The ratio of single strand break/double strand
breaka20, is compared to 60 for low LET radiation
(15,16). Of the many processes involved in destruction of
cancer cells, apoptosis and mitotic catastrophe are the two
major routes for cell deaths induced by radiation (17,18).
It also initiates over expression of p53 leading to delays in
the G1 phase of the cell cycle (19).A programmed
sequence of events leads to the elimination of cells
without releasing cytotoxic substances into the
surrounding tissues. Thus apoptosis plays a crucial role in
developing and maintaining healthy tissues by eliminating
old cells, unnecessary cells, and unhealthy cells (15).
Currently the a-radionuclides of interest are Bi-212, Bi-
213, At-211 and Ac-225.

Targeted o—immunoconjugate

The immunoconjugate is a complex that consist of three
separate components: an antibody that binds to a cancer
cell antigen with high specificity, an effector molecule
that has a high capacity to kill the cancer cell, and a linker
that will ensure the effector does not separate from the
antibody during transit and will reliably release the
effector to the cancer cell or tumourstroma. (20). The high
affinity antibody—antigen interaction allows specific and
selective delivery of a range of effectors, including
pharmacologic agents, radioisotopes, and toxins, to cancer
cells (20). The alpha immunoconjugate (AIC) is similarly
formed by labeling the cancer targeting
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monoclonal antibody (MAb) with the

radioisotope using a bifunctionalchelator

a-emitting
(15). The
monoclonal antibody becomes the targeting vector that
takes the alpha particles to the targeted cancer cells (15).

Clinical Applications of TAT

Monoclonal antibodies or proteins labeled with alpha
emitters such as Bi-212, Bi-213, At-211 and Ac-225
has been extensively studied for more than two
decades. Subsequently, the cytotoxic effect of TAT on
cancer cells demonstrated in both in-vitro and in- vivo
experimental models progressed on to clinical trials
(21). The AIC may be administered either by
intravenous, intracavitory and/or by intralesional route
depending on the specific clinical requirement. After
intravenous injection, the AIC first targets isolated
cancer cells circulating in the lymphatic and vascular
system, second, it acts on cell clusters and regresses
metastatic cancers. Last but not the least, it targets the
tumor capillary endothelial cells and disrupts the
vasculature of solid tumors Thus minimal residual or
micrometastatic disease can be potentially eliminated
as well as solid tumors (15,22,23). A phase | study of
toxicity and response of systemic alpha therapy for
metastatic melanoma using the alpha-immunoconjugate
(213)Bi-cDTPA-9.2.27 MADb )by Raja et. al. reports
positive results. Most patients in their study showed
reductions of the tumor marker melanoma inhibitory
activity protein (MIA) over eight weeks and toxicity at
any level was not observed over the range of
administered activities. The authors concluded that
observation of responses without any toxicity indicated
that TAT has the potential to be a safe and effective
therapeutic approach for metastatic melanoma (24).
Other phase 1 trials for acute myeloid leukemia (AML)
was completed at Memorial Sloan Kettering Cancer
Center (25) and for bone metastasis in Norway (26).
Additional clinical trials included phase I/1l trial for
post-chemotherapy of AML, systemic trial for
metastatic melanoma, glioblastoma and for lymphoma
(24,27,28). These investigators also reported positive
results without any untoward side effects or toxicities.
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Compared to the intravenous administration of AIC,
the intralesional and intracavitory route delivers higher
dose to the tumor and minimizes risk to critical organs
like the bone marrow. It also reduces the risk of
unknown toxicity due to unforeseen microscopic
accumulation of the AIC elsewhere in the body (9). In a
phase | trial of stage 4 melanoma patients, Allen et al.
found intralesional TAT to be quite safe up to 450 mCi,
and efficacious at a dose of 200 mCi. The authors
observed significant decline serum  marker
melanoma-inhibitory-activity protein at 2 weeks post-
TAT. Together the apoptosis and Kki67
proliferation marker tests intralesional TAT appeared to
be a promising therapy for the control of inoperable
secondary melanoma or primary ocular melanoma (29).
Administration of 211At labeled monoclonal antibody
[211At-MX35 F(ab')2 ] through intraperitoneal route in
a phase 1 study of metastatic ovarian cancer showed
that it is possible to achieve therapeutic absorbed doses
inmicroscopic tumor clusters without significant
toxicity (30). Similarly, the regional administration of
211At labeled anti-tenascin monoclonal anti-body
81C6 (ch81C6) into surgically created resection cavity
in recurrent malignant brain tumors was found to be
feasible, safe and associated with a promising
antitumor benefit in patients with malignant central
nervous system tumors (31).

in

with

Tumor regression obtained from systemic TAT was
attributed to the killing of tumor capillary endothelial
cells. The targeting of tumor capillaries in solid
tumors subsequently came to be known as the tumor
anti-vascular alpha therapy (TAVAT) and this
concept holds promise in the treatment of many solid
tumors that over expression antigens against which
specific MADs are available (15).

C595 anti-MUC1

Mucinl (MUC1) is a highly O-glycosylated,
transmembranemucin-type glycoprotein (32). It is
expressed in small amounts on the apical membrane
of various types of normal epithelial cells and on the
surface of different cell types of hematopoietic origin
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(33). During malignant transformation, the expression
and distribution of MUC1 undergoes drastic change
with over expression and depolarized distribution in
several epithelial malignancies (34). Cancer-associated
MUCL is structurallydifferent to normal MUCL in that
the former has shorter and less dense O-glycan chains,
which exposes novelregions of the protein core.In
particular MUCL1 is found to be frequently up-regulated
and abnormally glycosylated in a number of common
malignancies, including breast, bladder, colon, ovarian,
prostate and gastric cancer. It was found that over 90%
of primary prostate, pancreatic and ovarian tumours
expressed MUC1 while 95% of normal tissues did not
(35,36,37). Further, MUCL1 expression was found on
the surface of cancer cell lines. High expression of the
MUCL is closely associated with cancer progression
and metastasis leading to poor progression. Thus
mucins have an important role in pathological state
with immense potential not only as diagnostic or
prognostic markers but also as therapeutic targets (38).
These findings points towards the exciting possibility
of targeted alpha immunotherapy of MUC1 expressing
tumors.

The C595 is an 1gG3, murine MADb raised against
the protein core of human urinary epithelial MUC1
(36). Many cancers and in particular pancreatic and
prostate cancer sections show strong staining using
the C595 monoclonal antibody against MUCL. The
expression of tumour-associated antigen MUC-1 on
breast, prostate, ovarian and pancreaticcancer cell
lines, in cell clusters and animal xenografts was
detected by indirect immmunostaining (39).

The C595 MAD, raised against MUCL by Price et. al.
(40) was chelated with
molecule CHX-Aand labeled with Bi-213 alpha emitter to

the bifunctional binding
form the alpha-immunoconjugate (41). The role of this
AIC for control of cancers in-vivo has been investigated
for stability, labeling yield, toxicity, cytotoxicity and
response in preclinical TAT studies for breast, ovarian,
prostate and pancreatic cancers. These preclinical results
showed inhibition of tumour growth
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and regression of cell clusters. The lethal pathway in
all in- vitro studiesafter TAT was found to be
predominantly by apoptosis (42).

In pancreatic cancers, systemic TAT has the potential to
regress and to eliminate micro--metastases. It is expected
that TAT would be indicated for the control of pancreatic
cancer after resection of the primary tumor, when
complete cell kill of micrometastases could be achieved,
leading to elimination of clinical disease. The radio-
immunoconjugate 213Bi-C595 is the agent most suitable
for pancreatic cancers that are positive for over expression
of MUC1 antigen (39). Multiple clinical trials of targeted
radionuclide therapy of pancreatic cancer performed in
the last decade demonstrated safety and potential efficacy
of radionuclide therapy for treatment of this formidable
disease (43).

Dosing and Effectiveness

Determination of the maximum tolerance dose (MTD) is a
very critical issue for cancer regression. Therefore proper
dosing and the effectiveness of the dose selected in
targeted alpha therapy are of particular concern. Clinical
trials undertaken for acute AML has determined

the MTD with 213Bi-AIC at 1 mCi/kg. For

intra-cavity therapy of GBM with 211 AT-IC was
determined at~ 0.14 mCi/kg. For metastatic melanomas,

the MTD has not been established, though the
efficacious dose for some melanomas was found to

be less than 0.3 mCi/kg (22).

The tumor regression in the phase | clinical trial of
systemic TAT of metastatic melanoma is attributed to
TAVAT which could change the prognosis for many end-
stage cancers (44, 45). However the efficacy of TAVAT
needs to be studied further with determination of the
MTD. Establishing the MTD for targeted therapy of a
particular type is
acceptance. Fractionization of the total calculated dose

cancer imperative for practical

may give improved efficacy as tumor capillaries may be

damaged, resulting in increased  extravascular

permeability for the AIC. Since toxicity and efficacy are
the relevant end points for treatment evaluation, the
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definition of all toxicities at different dose levels is
crucial. Though targeted therapy often do not cause
significant haematologic toxicity, with higher doses
the scenario may be different and there is always the
possibility of nephrotoxicity. Dose limiting toxicity
of TAT is therefore defined in terms of renal
function: GFR and serum creatinine.

Microdosimetry

Microdosimetry is the measurement of the effects of
very small amounts of ionizing radiation, especially
along the single track of such radiation. It is
important not only for radiation protection but also
for understanding the mechanisms of radiation action
and for assessing the radiation risk (46). TAT has the
advantage of giving therapeutic doses to individual
cancer cells and low dose radiation to distant normal
cells. However, because of the very short range of
alpha radiation, tumor or organ dose is difficult to
estimate. Microdosimetry technique can measure the
microscopic distribution of energy from different
types of radiation. Using the Monte Carlo models for
biological dosimetry, the location and form of
radionuclides within cells can be used to estimate
radiation dose distributions and effects (47).

Feasibility and Rationale for TAT in Bangladesh

The aim of a TAT clinical trial in Bangladesh is to assess
toxicity and response of systemic alpha therapy for
metastatic breast, ovary, prostate and pancreatic cancers
with high expression of MUC1. Many centers around the
world, notably in Australia, the USA and Europe are using
targeted alpha therapy (TAT) in selected cases. Clinical
trials at these centers have demonstrated the safety,
feasibility and activity of targeted alpha particle therapy in
the treatment of small volume and cyto-reduced disease.
Bangladesh can significantly add to this growing pool of
data for advanced treatment of cancers through such
collaborative involvement. In the process a new
technology like targeted alpha radio-immunotherapy will
be established, together with improved development of

microdosimetry and
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immunohistiochemistry techniques. More importantly,
it will contribute to the modernization of laboratory
facilities and the training of manpower in Bangladesh.
The main purpose of the study would be to determine
the MTD for each patient. The study group will include
patients with stage four MUC1 positive cancers having
progressive disease. Only those who have either
completed or have declined other systemic therapies
will be included in the trial. Immunohistiochemistry of
tumour samples to document the over-expression of the
MUC1 glycoprotein and to assess the immunoreactivity
of the cancer cell cluster to C595 for each cell line will
determine the final selection of patients.

The Actinium: Bismuth generator system (produced by
the Institute for Transuranium Elements (ITU), Karlsruhe,
Germany) will be the source for the a- particle emitting
radionuclide Bi-213 . The monoclonal antibody C595
against MUC1 and the Ac-225:Bi-213 generator for the
study will be obtained through collaboration with
Australia. The method of preparing the alpha radionuclide
by chelating 213Bi to the monoclonal antibody (MAD)
C595 and the modus perandi for the experiment will be
acquired through technical expertise from Australia.
Cohorts of 3 subjects with end-stage cancer will be treated
with escalating doses of 5 mCi, then 10, 15, 20, 25, 30
mCi every 2 months. If adverse events are seen in one
patient then the maximum tolerance dose will be the
preceding dose.Patients will be followed up for 12 months
with emphasis on the detection of delayed radiation
nephrosis. The response to therapy will be assessed by
physical examination of the patient, imaging of tumors,
pathology comparisons over 12 weeks, glomerular
filtration rate, computed tomography comparisons, and
changes in tumor markers over 8 weeks. Responses will
be based on the Response Evaluation Criteria in Solid

Tumors [RECIST] (48).

Outcome

The proposed study will bring together the highly
selective features of a unique targeting system with the
high cytotoxicity of alpha particles for treatment of
MUCI expressing tumors of the breast, ovary, pancreas
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and prostate.lt will optimize the key parameters of
targeted alpha therapy, ie stability and specific activity
of the a- conjugate and maximum tolerance dose that
may lead to a much higher rate of tumor control. The
implementation of TAT technology will therefore be a
significant step towards modernization of cancer
therapy in Bangladesh. In addition, it will pave the way
for further advances in targeted therapy with new
radioisotopes, antibodies and procedures. More
importantly, TAT will offer a treatment option in a
particular subset of cancer patients with advanced
disease in whom current treatment options have proved
ineffective. Targeted alpha therapy therefore holds
promise in cancer therapeutics especially in Bangladesh
where the five year cancer survival rate is low. This
technique can give hope to many end-stage cancers
patients with no other option for treatment. In advanced
MUCL receptor positive cancers of the breast, ovary,
pancreas and prostate, TAT can deliver high
cytotoxicity to targeted cancer cells that has
metastasized and disseminated throughout the body.
The benefits of such agents would include a higher
therapeutic index and lower toxicity than conventional
therapies and thereby contribute to significantly
improved cancer health care in Bangladesh.

Limitations

The main limitation of the TAT trial in Bangladesh will
be the complexity and high technological nature of the
study as well as the sine qua non for multidisciplinary
team work. With regard to dosimetry, it is particularly
complicated because of inhomogeneous distribution of
the a-particles in tumor and tissues. Therefore the
dosimetry technique for q-particles needs to be
developed in Bangladesh through state- of- the- art
biological dosimetrymodels.

Patients will require repeat laboratory testing and
biopsies of the tumours which may be inconvenient.
Explaining the circumstances of the tests with
compassion, care and understanding towards the
patient may make these unpleasant situations
somewhat acceptable to the patient.
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The effectiveness of the therapy on patients are influenced
by a number of factors such as the specificity of the
the
expression on the tumor cells; the potential loss of

antibody/targeting construct; level of antigenic
immunoreactivity of the antibody/targeting construct; the
amount of unlabeled antibody/targeting construct after
injection; the existence of diffusion barriers that hinder
the penetration of the antibody/targeting construct into the
tumors and too low specific radioactivity. However, all of
these can be overcome through technical expertise from
the collaborating partner and through meticulous attention
to details, as well as dedication and commitment of the

local researchers.
CONCLUSION

Currently there are no systemic treatment that can inhibit
the progression of cancer that leads invariably to the death
of the patient. TAT has the potential for durable
therapeutic responses in stage four cancer patients. It will

contribute to significant advancement in cancer

therapeutic. According to the Technical Meeting on Alpha
Emitting Radionuclides and Radiopharmaceuticals for
Therapy conducted by the International Atomic Energy
Agency (IAEA) in Vienna in 2013: “TAT will play an

important role in the treatment of disseminated,

chemoresistant and radioresistant metastatic disease,

against which there are no efficacious treatment options.
Combined with other therapies, including chemotherapy,
signaling pathway inhibitors and even targeted - emitting

radionuclides, TAT is likely to improve survival”(15).
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