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Abstract

The use of radionuclides for medical applications has continued to grow at a very
rapid pace. The use of radiotracers for nuclear medicine imaging and for
radiotherapy of cancer as well as certain benign disorders is firmly established as an
important clinical modality.
Over the past ten years, nuclear medicine has experienced an evolution towards
functional studies and novel therapeutic approaches. New radionuclides are
required for these applications.
In the developmental stages, each new isotope has to go through a phase of careful
scrutiny and evaluation, and practical concerns related to the cost of production and
availability must be addressed.
The development of 18 F-labeled radiopharmaceuticals has opened a completely
new area of investigation.
Research on bioconjugates (this term includes radiolabeled antibodies, peptides,
receptor-specific and other bioactive molecules) has experienced rapid growth
because of the promise of a number of these "bioactive molecules " to serve as
selective carriers of radionuclides for tumor-associated and other specific
antigens/receptors "in vivo".
The new concept of nuclear medicine, particularly when applied to the field of
oncology is directed towards the physiological mechanisms and the study of
molecular disfunctions.
The search for new radiopharmaceuticals thus aims at studying tumors at a tissue
and molecular level. Examples of this new approach are scans utilizing the following
substances:
-guanetidine and noradrenalin analogues such as meta-iodo-benzyl-guanidine
labeled with lodine-131 or lodine-123 aimed at targeting neuroendocrine cells and
their secretory granules.
-various monoclonal antibodies directed at different tumor types, both for diagnostic
and therapeutic purposes. Radioimmunotherapy is considered particularly suited for
treatment of tumors not easily amenable to surgery and for the treatment of small
disseminated lesions.
- somatostatin analogs tagged with Indium - 111 or more recently with Yttrium-90,
also for therapeutic purposes. Somatostatin receptor imaging often provides optimal
information in terms of tumor localization, staging and prediction of the usefulness
of medical therapy.
-several non-specific agents (Thallium-201 and Technetium-99m labeled agents
MiBi and Tetrofosmin) the uptake mechanisms of which are not completely
understood and which are used to measure cell membrane transport during cell
division.



INTRODUCTION

The discovery of X-Rays in 1895 by William Konrad Roentgen was an

enormous contribution to the advancement of the medical sciences and earned him

a Nobel prize in 1901. Four months later, another physicist, by the name of Henri

Becquerel, discovered natural radioactivity. In 1913, Georg de Hevesy introduced

the concept of the radioactive marker, and was later awarded a Nobel prize in 1943.

This concept, which constitutes the basis for the practice of Nuclear Medicine, is still

current today.

The scope of Nuclear Medicine has grown tremendously in recent decades,

especially in the eighties and nineties, and the specialty has acquired a greater

autonomy in relation to other imaging modalities, since it permits, in a single step,

the study of both morphology and function. The use of small amounts of drugs,

devoid of pharmacological action, coupled with radionuclides which emit radiation

detected by modern gamma-cameras, allows the study of organ and tissue function

without interfering with that function. Computer science, as applied to Medicine, has

also developed greatly, and specifically, in this specialty, is responsible for the

formation of digitalized images and for the quantification of function. From the

viewpoint of the patient, the techniques performed are simple and require only an

intravenous injection or the oral administration of a radiopharmaceutical. Adverse

reactions are extremely rare. The nuclear medicine physician then utilizes his/her

techniques in order to try to answer the questions posed by the clinician, such as:

1. Is there any alteration present? 2. If so, where? 3. What is its extension? 4. Is it

possible to determine the etiology of the alterations? 5. Is it possible to determine

the degree of activity of the alterations?

The advances which have occurred in the biomedical sciences have made

possible a different diagnostic approach. Whereas classicaly studies were aimed at

the function of systems and organs, they can now be directed towards more

elementary levels, namely the molecular and tissue levels. A disease process is not



or should not be looked upon as a strange entity which invades the body, but as a

dissonance between one or more messenger systems [1]. These systems send

messages to the cells indicating how and when they should divide, and how they

should react to microorganisms or other foreign elements. In the realm of oncology,

cancer is no longer treated as a disease of a specific organ, but as a disequilibrium

between factors which promote and those which supress growth.

Nuclear Medicine deals with the detection of photons by means of external

detectors. The quality and quantity of an emission provides valuable information

concerning the biochemical interactions between molecular structures. In this

scenario, the patient is seen as a symphony of biochemical reactions, which when

altered are responsible for a specific signal. This "signal" provides the diagnosis,

the disease stage, the therapeutic response, or information regarding a potential

secondary effect.

The new concept of Nuclear Medicine, particularly when applied to the field of

Oncology, is directed towards the physiological mechanisms and the study of

molecular disfunctions [2]. The search for new radiopharmaceutical agents thus

aims at studying tumors at a tissue and molecular level. Examples of this are scans

utilizing tagged antibodies (immunoscintigraphies), somatostatin analogues tagged

with lndium-111, guanetidine, and noradrenalin analogues such as meta-iodo-

benzylguanidine labeled with lodine-131 or lodine-123, Thallium-201, and isonitriles

labelled with Technetium-99m.

1. SOMATOSTATIN RECEPTOR SCINTIGRAPHY

Somatostatin is a neuropeptide first discovered in the hypothalamus twenty

years ago. It is produced in various tissues, such as the central nervous system,

endocrine pancreas, and gastrointestinal system. It is a peptide consisting of 14 or

18 aminoacids, with a short half-life, which acts upon the central nervous system as

a neurotransmitter. It inhibits growth hormone, insulin, glucagon, gastrin, serotonin,
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Fig. 1 - Tumors which express somatostatin receptors (6).

and calcitonin. Still other actions have been described, namely an anti-proliferative

effect upon tumors and a modulating effect upon immunologic function [3].

Somatostatin receptors have been identified in cells of neuroendocrine origin, such

as cells of the anterior hypophysis, pancreatic islet cells, and thyroid C cells. Other

cells, such as activated lymphocytes, also have a large number of somatostatin

receptors [4]. Fig.1 highlights the tumors which express a large number of

somatostatin receptors. Due to the increase in somatostatin receptors observed in

activated lymphocytes, Hodgkin's and non-Hodgkin's lymphomas, as well as other

non-malignant diseases such as granulomatous and autoimmune diseases, also

express large quantities of these receptors [5].

In 1982, octreotide, a somatostatin analogue with a long half-life, was first

synthesysed. In 1988, it was approved by the FDA for use in the treatment of

carcinoid tumors and vipomas. This analogue was later tagged with lodine-123 and

used in 1989 for the in vivo detection of pancreatic tumors. The excretion of

octreotide is preferentially hepatic, which is detrimental to the visualization of



abdominal tumors. A new derivative - pentatreotide labeled with lndium-111 - is

preferentially excreted by the kidneys and has been in use since 1992 for the study

of malignant and non-malignant tumors, which express somatostatin receptors. The

protocol for this examination consists of the intravenous administration of 200-250

MBq pentatreotide-1111n and the acquisition of planar whole body views at 4, 24,

and 48 hours. Tomographic images are optional. In order to perform this

examination, therapy with octreotide must be suspended one week ahead. Non-

specific distribution of the radiopharmaceutical is seen in the hypophysis, thyroid

gland, salivary glands, liver, spleen, and kidneys. Increased uptake of the product

which persists in several images are indicative of pathologic localization in tissues

rich in somatostatin receptors.

The sensitivity of this technique is very high for the diagnosis of neuroendocrine

tumors: sensitivity greater than 80% for pheocromocytomas, neuroblastomas,

paragangliomas, small cell tumors of the lung, carcinoid tumors, gastrinomas,

vipomas, and other tumors originating in the endocrine cells of the pancreas. In

insulinomas, the sensitivity is only 40%, due to the existence in these tumors of

different types of receptors which do not take up the pentatreotide. Furthermore,

this technique has a very high sensitivity for the detection of non-endocrine tumors,

such as meningiomas (100%), Hodgkin's and non-Hodgkin's lymphomas (85-95%),

astrocytomas (60-70%) and breast cancer (75%) [6].

The good results obtained thus far with octreotide scintigraphy allow us to

foresee the possibility of tagging other peptides and their derivatives for new

applications in the field of Oncology.

2. IODINE-131/123-MIBG SCINTIGRAPHY

The study of neuroendocrine cells helped delve more profoundly into the

workings of secretory cells, as well as into the clinical syndromes resulting from the

secretion of their products. These cells are capable of producing and secreting



monoamines and peptides, with the possibility of both products coexisting, not only

in the same cell, but also in the same secretory granule.

Neuroendocrine tumors derive embryologically from the neural crest (Table I). A

striking characteristic of these tumors is the preservation of highly differentiated

cellular function. They produce large quantities of active compounds, such as

epinephrine, norepinephrine, dopamine, serotonin, calcitonin, and a variety of other

hormones. The levels of these hormones and their metabolites can be determined

in the blood and urine.

Table I.

NEUROENDOCRINE TUMORS

Pheocromocytoma

Neuroblastoma

Ganglioneuro(blasto)ma

Paragangliomas

Medullary Thyroid Cancer

Melanoma

Merkel Cell Tumor

Small-cell lung cancer

Carcinoid Tumor

Pancreatic Islet Tumors

In 1981, Wieland et al. [7] used the meta isomer of iodobenzylguanidine

labelled with lodine-123 and lodine-131 to study the adrenal medulla in primates.

MIBG (metaiodobenzylguanidine) has a structure similar to guanetidine (adrenergic

blocker) and to norepinephrine (neurotransmitter). In the first trials performed using

human subjects, in 1981, Sisson [8] was able to detect pheocromocytomas in 8

patients.



MIBG is taken up actively by the cells at the level of the cellular membrane [9].

Within the cell, MIBG is actively transported and stored in cytopiasmic vacuoles or

granules. It is then set free and may undergo a reuptake mechanism.

The first studies were performed with 131-I-MIBG but, more recently, diagnostic

examinations have been preferentially performed using the same molecule labelled

with 123-1, due to the physical advantages and radioprotection aspects inherent to

this radiopharmaceutical. lodine-123 has the advantage of a shorter half-life (13.2

hours) and, above all, the absense of p radiation, as well as a lower gamma energy,

which in turn is more suited to the instrumentation (gamma-cameras) used.

The protocol of this examination consists of the slow intravenous administration

of 185 MBq of 123-I-MIBG. Whole body scintigraphy is performed 24 hours later.

Tomographic examinations are performed as needed. The thyroid gland should be

previously blocked through the administration, starting two days before the exam, of

potassium perchlorate or Lugol solution.

The images obtained display an unspecific uptake of the product by the salivary

gland complex, liver, spleen, bladder, and heart. There is a slight uptake by the

adrenal glands in 60% of patients. Regions exhibiting greater uptake of the

Table n .

SUBSTANCES WHICH INTERFERE WITH UPTAKE

Cocaine

Reserpine

Tricyclic antidepressants

Phenylpropanolamine

Labetalol

Nifedipine
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radiopharmaceutical are compatible with the presence of tumor tissue bearing the

previously described properties. In the interpretation of these scans, it is particularly

important to considerer the interference in uptake and storage of MIBG by a large

variety of substances (Table II), which should be withheld before the examination is

performed.

For the diagnosis of pheocromocytoma and neuroblastoma, MIBG has been

shown to have a sensitivity ranging from 90 to 95% and a specificity of almost 100%

[9]. Its has an important role not only in the diagnosis of the primary tumor, but also

in the detection of metastatic lesions. It is thus a well established technique in the

follow-up of patients diagnosed with neuroblastoma in order to evaluate therapeutic

success, remission, or the recurrence of tumors.

For other neural crest tumors, the sensitivity values are inferior to those

mentioned above, although specificity values remain high (Table HI).

Table

NEUROENDOCRINE TUMORS

Pancreatic tumors

Paraganglioma

Ganglioneuroma

Lung cancer

Schwanoma

Carcinoid tumor

Medullary thyroid cancer

SENSITIVITY

60%

89%

100%

15%

75%

70%

35%

3. THALLIUM-201, 99mTc-MIBI, and 99mTcTETROPHOSMIN

In the field of Oncology, the main objective of scans using these

radiopharmaceuticals was initially the possibility of distinguishing between residual

tumor or recurrence from necrotic or scar tissue. This issue is often not settled by

other imaging techniques, which favor anatomical information in detriment of

function.



Thallium-201, a cyclotron-produced radiopharmaceutical which behaves in a

similar fashion to potassium ion, is actively taken up by the cells. This uptake is

dependent upon tissue vascularization, the viability of tumor cells, the integrity of

the Na+/K+ pump mechanism, and the permeability of the cellular membrane.

More recently, radiopharmaceuticals such as MIBI (metoxiisobutyl-isonitrile) and

tetrophosmin were produced. Both are liphophilic cations which difuse across the

cell membrane and concentrate in the mitochondria, their charge being dependent

upon the energetic state of the cell. Tumor vascularization may be a limiting factor

affecting uptake and retention will only occur as long as membrane potentials are

intact. The great advantage of these radiopharmaceuticals is the possibility of using

a 99m-technetium label. Technetium-99m, which results from the decay of

Molibdenium in a generator, is the most commonly used radiopharmaceutical in

diagnostic nuclear medicine techniques. These generators are present in all Nuclear

Medicine Departments and are eluted daily for harvesting 99m-Tc. It is favorable

both from radioprotection and from instrumentation stanpoints, due to its short 6-

hour half-life and its low 140 Kev gamma radiation.

The protocol for a specific scintigraphic technique, as concerns the dosage

used, acquisition times and quantity of images obtained will vary depending upon

the radiopharmaceutical used and upon the disease process at hand. The most

noteworthy clinical indications are currently the following:

(a) Differential diagnosis between recurrence and post-irradiation necrotic tissue in

the follow-up of malignant brain tumors, namely astrocytomas and

glioblastomas [10].

(b) Calculation of the degree of necrosis, which may be considered a non-invasive

indication of the pre-surgical response to chemotherapy [11] in

osteossarcomas.

(c) More recently, staging of lung tumors, ^differentiated thyroid carcinoma, and

differentiation between benign and malignant breast nodules.

9



Although the mammogram retains its place as the primary examination for the

detection of breast lesions, a considerable percentage of these exams are

difficult to interpret, namely in women with breast rich in stroma or with

fibrocystic disease. In these situations, surgical biopsies are commonly

performed, which besides increasing diagnostic costs (use of the OR),

significantly increases morbidity [12]. Breast scintigraphy, using

radiopharmaceutical agents, has a high sensitivity (greater than 90%) for

palpable nodules with diameter greater than 1 cm. Its specificity, already

determined for studies performed with Thallium-201[13] and 99mTc-MIBI [14]

ranges between 80 and 90% for the former and between 70 and 80% for the

latter [14]. Sensitivities varying between 56 and 67% have been described for

the detection of axillary nodes [15, 16].

4. IMMUNOSCINTIGRAPHY

The use of antibodies for the detection and treatment of cancer was initiated

one hundred years ago. In 1885, Hericourt and Richet prepared an antiserum

directed against osteogenic sarcoma and thus treated 50 patients with clinical

results which were then considered positive [17]. Pressman, in 1953, was able to

visualize an osteogenic sarcoma transplanted into an experimental animal using

antibodies labeled with lodine-131 [18]. After the identification of CEA

(carcinoembrionic antigen) by Gold and Freeman in patients with colorectal cancer,

Goldenberg, in 1972, using a technique he designated radioimmunodetection [19],

employed anti-CEA antibodies labeled with lodine-131 in heterotransplanted

tumors, thus visualizing these tumors. In 1975, Kohler and Milstein introduced the

hibridoma technique, by means of which monoclonal antibodies are produced

through the fusion of immunized lymphocytes from an experimental animal and

human myeloma cells [20]. This in turn paved the way for Mach et al. to perform the

10



first study in human patients with colorectal cancer using the monoclonal anti-CEA

antibody labeled with lodine-131 [21].

Nuclear medicine scans performed with labeled monoclonal antibodies (MABs)

are designated immunoscintigraphies (ISGs) or radioimmunoscintigraphies (RISGs).

They constitute a rare diagnostic modality, since they are based on a biological

property of the tumor cell. They enable the detection of antigens expressed by the

tumor cells by means of administered antibodies produced specifically against those

antigens. The choice of antibody, the choice of radionuclide, the imaging technique

and the experience of the observer are all decisive factors for achieving good

results. The imaging protocol is variable depending upon the type of antibody used

and the radionuclide used for labeling. The biodistribution of the

radiopharmaceutical agent influences the time at which imaging is performed.

Administration is by slow intravenous injection. In addition to whole body views,

tomographic studies (SPECT) of anatomical areas suspected clinically or on

morphological examinations may be performed.

This methodology has been extensively used in the follow-up of patients with

colorectal cancer and malignant melanoma, among other tumors. In recent years,

an extensive effort has been made for improving diagnosis and therapy of solid

tumors. However, most solid tumors continue to constitute a serious medical

problem, as evidenced by the short survival times of patients with this type of tumor

[22, 23].

Colorectal cancer is the second most common tumor in the western world and

still on the rise [23]. Immunoscintigraphy, with sensitivity values ranging between 89

and 95%, has revealed itself as a promising method in the post-surgical follow-up of

patients with colorectal cancer when there is clinical and/or laboratory evidence

suggesting tumor recurrence or metastases, especially when other imaging

modalities, namely radiological techniques, are not able to confirm these situations

[24, 25].
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Malignant melanoma is a very agressive tumor. A colaborative European study

[26] which included 200 patients concluded that immunoscintigraphy is a sensitive

method (82 to 87%) in the follow-up of these patients after ressection of the primary

tumor. It also increases detection of lesions previously undiagnosed by other

imaging techniques, which warrants a modification of the initial stage and often also

of the therapeutic approach [27].

Ovarian carcinoma is a tumor with a high mortality rate, usually diagnosed at a

late stage in the disease process. Its diagnosis and staging usually require an

exploratory laparotomy.

Surgery is the mainstay for evaluating therapeutic efficacy when patients are

subjected to chemotherapy. Chatal et al. [28] have demonstrated positive predictive

values of 78% and negative predictive values of 85% for immunoscintigraphies

employing monoclonal antibody OC-125, directed against CA-125 antigen

expressed by these tumors. This group of investigators has also shown that the

association of immunoscintigraphy and computerized tomography increased the

aforementioned to values to 86 and 90%, respectively.

The variety of monoclonal antibodies with diagnostic applications has increased

continuously and many other types of tumors have been studied. The value of this

method will eventually depend upon many factors, among which are the size of the

tumor, its vascularization, the degree of necrosis, the quantity of antigen present on

the surface of its cells, and the presence or absence of circulating antibody and its

reactivity.
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