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Radiolabeled Monoclonal Antibodies:
Heralding A New Future

The world of science is one of continuous change. Old theories and
hypotheses are constantly at battle with the newcomers in the field and
today's scientist must have knowledge of them all. In particular focus is
the allied health professional who must be continually a.ware of new
techniques and procedures, new machinery and intricate computer
software which are forever in a state of change. The purpose of this
manual is to teach the allied health professional, in particular the nuclear
medicine technologist, about the production and utilization of monoclonal
antibodies in carcinoma detection and to update the technologist in this
advandng field of technology .
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SECTION I
The concept of radiolabeled

monoclonal antibodies is

an

important one for the nuclear medicine technologist to understand.
The physical and chemical properties of monoclonal antibodies, such as
high specificity and sensitivity and ease of production, make this new
technology favorable to nuclear medicine techniques.

In order to

facilitate comprehension of the monoclonal antibody technology, a review
of the human immune response, along with a discussion of monoclonal
antibody production and purification, will follow.

Tlle ImmuDe STste.m

Mammals are endowed with a marvelous ability to fend off disease
and infection via the immune system.
responses:

The immune system has two

nonspecific and specific (Starr and Taggart, 19 B7).

The

specifiC response is of more relevance to the topic of monoclonal
antibodies; thus, it only will be discussed.
The specific response

mechanism is as it says-- specific. In

simplified terms, when the body is invaded by a foreign substance called
an antigen, it can respond by producing an antibody. The antigen has
"markers" called epitopes or antigenic determinants; these markers are

-
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what the body recognizes as "foreign- (Gallagher, 1990).

Specialized

leucocytes, macrophages, and B-lymphocytes recognize these markers.
Through

signals from

Helper

T -lymphocytes, the B-Iymphocytes

become sensitized to Ule antigen and antibody production begins.
Once sensitized, the B-1ymphocytes then differentiate into plasma
cells, which produce Ule necessary antibodies, and memory cells, which
retain the sensitized information for future invasions by the same antigen
(Fox, 1987). For clarification, examine diagram 1. below:

·Stu!" ... Y-aaut.. 1 '87

Diagram. I.
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The

structure

(see

diag.

3,

page

10) of

the

antibody

(immunoglobulin) is also important to understand and visualize.
protein's unique composition renders it extremely

The

specific to epitopes

on the antigens or "foreign" material. Antibodies are composed of two
separate polypeptide chains, heavy and light chains, with disulfide bonds
holding the chains together. Furthermore, the antibody is divisible into
two regions: the variable (amino (N) terminal) region and the constant
(carboxy (e) terminal) region.

The variable region is responsible for

binding to a specifiC antigenic determinant.

The constant region is

identical for all immunoglobulins in a particular subclass and is
responsible for marking the antigen, a process called complement fixation.
Since antigens normally have many different epitopes located on them,
most immune specific responses are "polyclonal" in nature.

Thus, a

variety of different antibodies are produced, ie. specific antibody for each
epitope. There are five major classes of immunoglobulins: IgG, IgA,
IgM, IgD, and IgE. (Heck, 1989)
With a basic understanding of the immune system, a technologist
can easily understand the role antibodies can play in the detection and
treatment of disease. The highly specific nature of antibodies allows the
technologist to first determine, what disease exists in p'/v{?; secondly,
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the antibody may be radiolabeled for scintillation and radiographic
detection.

Visualizing the location of disease such as carcinoma

drastically decreases the need for exploratory surgery. With conventional
methods of carcinoma detection, a tumor size of at least 2mm-2.Smm is
required for localization (Heck, 1989).

In some patients, a tumor of

such proportion may be lethal. Early detection and localization is essential
for survival in the case of cancer.

PolycJODal verses MODoc/oDal

The antibodies used for medical purposes fall into two categories:
polyclonal and monoclonal. Polyclonal antibody production can be
stimulated by injecting a chemically pure antigen into an animal over a
period of time and obtaining the antibodies produced in the sera of that
animal. However, many disadvantages abound with polyclonal a.ntibodies.
For example, the process can extend over several months; thus, extensive
purification is required to remove contaminating host proteins (Gallagher,
1990). Furthermore, the polyc1onal antibodies are nonuniform and are
capable of cross-reacting with a wide variety of antigenic determinants

{

-

that exist in normal body tissues.
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Monoclonal antibodies (MoAb). on the other hand, possess many
beneficial properties that make them desirable for diagnostic and
therapeutic use.

Unlike polyclonal antibodies, MoAb are homogeneous

and uniform. Monoclonal antibodies can be produced to target one
specific antigen; thus, the likelihood of cross-reactivity occurring is
quite low. In addition, MoAb can be obtained in a time span of
approximately two weeks, whereas polyclonal production could take
months (Gallagher, 1990). The production of monoclonal antibodies is
dependent upon a specific technique-- the hybridoma technique.
The hybridoma technique of antibody production promises to be "an
important tool in producing isolated antibodies to specific antigens"
(Deland, 1989). It was introduced in 1975 by Cesar Milstein and George
Kohler for which they were awarded the Nobel Prize in 1984 (Berner and
Christian, 1989). Procedural details must be meticulously observed in
this, as in all, techniques.
The SUbject (most usually an experimental mouse) is immunized
with a particular antigen. Sufficient time is allotted for murine antibodies
to proliferate against the antigen. The antibody producing B-lymphocytes
are extracted and placed in incubation vessels with malignant plasma
(myeloma) cells. The collection of cells is suspended in a polyethylene
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glycol (PEG) media (Chelton and Witcofski, 1986).

The sdence of

recombinant genetics is employed in this technique.

The splicing of

certain genes in each cell and their refusion forms a single cell-- the
hybridoma (Winchester and Mertens, 1983). The resultant hybridoma
possesses the

longevity

characteristic of the myeloma cell and the

antibody production capabilities of the B-lymphocyte. A pure hybridoma
cell line is usually grown in hypoxanthine-aminopterin -thymidine (HAT)
media (Che1ton and Witcofski, 1986). In comparison, hybridoma cell
lines can be reinjected into the peritoneal cavities of mice; ascites are then
allowed to form.

The asdtic fluid will contain clones of the desired

antibody. (Foon, 1990) The production of monoclonal antibodies by the
hybridoma technique has been compared to the way in whi.ch a factory is
run, thus the term "antibody factory" (Berner and Christian, 1986).
Theoretically, the process could be self -propagating; it can be carried out
indefinitely. The end-product is the monoclonal antibody. For further
understanding. refer to diagram 2 on page 8.
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Diacraa 2.

The resulting hybridoma antibody can be utilized for targeting and
staging specific diseases. However, a minor complication occurs with the
use of murine monoclonal antibodies and is discussed below.

TlJe HAMA Erfect

Due to the use of murine antibodies, patients will, at times, develop
antibodies to the murine monoclonal antibodies. As mentioned earlier, the
Fc region is unique to the mammal from which it came. The elicited
human antiglobulin response (HAMA) is caused by the disparity between

-

the constant region of the monoclonal antibody, which is of murine origin,
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and the Fc portion of native human antibodies (Foon 1990). However,
J

there is a solution to this problem and it involves the enzymatic digestion
of the monoclonal antibody.

No.ocJo.11I r.,.u.D.lJolll11i. StrllCtUrtJ

The antibody can be utilized as a whole piece or it can be
fragmented into smaller components through the use of enzymes.
Enzymatic digestion with pepsin or papain is applied in order to dissolve
the molecular bonds which hold the heavy and light chains together (refer
to diag. 3 page IO)J thusJ fragmenting the antibody.
J

III utilizing the

enzyme pepsin, the variable portion of the antibody remains intact,
referred to as the F(ab)2 fragment, while the constant region separates.
In the use of the enzyme papain, the disulfide bond which holds the
corresponding sides of the antibody together is dissolved. The antibody
separates into three segments, the constant region and two variable
portions called Fab fragments.
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In utilizing these lighter molecular fragments, increased tumor uptake of
the radiolabeled monoclonal antibody occurs more quickly. In addition,
the

human antiglobulin response associated with the use of murine

antibodies is lessened due to the absence of the Fe portion of the antibody.
Another approach to HMAA complications is the use of chimeric
antibodies. Chimeras contain the Fc portion endogenous to humans while
the Fab or F(ab)2 portion is of murine origin (Foon, 1990).

-
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SECTION II
PlUUicati(),D procedllres

Following the production of the hybridomas and the emergent
immunoglobulins, a purification process is required to expurgate the
culture supernatant or aSCitic fluid of possible contaminants. There are
many criteria which must be considered when choosing purification
procedures. Among the criteria are speed, purity, and most importantly,
preservation of MoAb immunoreactivity. The environment in which the
monoclonal production occurred, in pitrt') or in

pip{~.

must also be

evaluated, as each has its own associated problems. (Pharmada, 1989)
Many methods of monoclonal antibody purification exist (depending
on the spedal and specific needs of the laboratory).

These are salt

precipitation, ion eXChange chromatography, affinity chromatography and
gel filtration. Salt predpitation is one of the simplest methods. Addition
of hydrophilic ammonium SUlphate to the culture supernatant or ascitic
fluid causes the antibodies to precipitate out of the solution. The
technique is simple and cost effident; however, monoclonal antibody
denaturation is very high.
increases.

Thus, the possibility of contamination

Moreover, the predpitation is nonspedfic to the antibodies.
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Due to these disadvantages, salt precipitation is usually used as an initial
step in purification (Beckman, 1989).
Ion exchange chromatography has been a popular choice among
laboratories.

It gives a quick separation of the antibodies with high

quality and specificity. Two different methods exist in ion exchange:
anion and cation exchange. The former is chosen most often. The most
common

support

media

used

in

anion

exchange

contain

diethylaminoethyl (DEAE) groups. Although approximately 82 -9 4 percent
purity is achieved with anion exchange, gel filtration or cation exchange
may be necessary to remove co-purified protein complexes, such as
transferrin or albumin. (Beckman, 1989) A disadvantage of anion
exchange is the weak binding capacity of the column; thus, it is difficult to
obtain a high concentration of the desired antibody.
cation exchange is chosen in instances where pH falls below 7.0 or
the environment is at a low ionic strength. In this environment, binding
of monoclonal antibodies to the column increases and the antibodies
become concentrated.

A high concentration is imperative when

employing cell culture supernatants.

One disadvantage of cation

exchange is the required acidic pH. If the column is too acidic, not only is

,-
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denaturation possible, but the integrity of the monoclonal antibody's
immunoreactivity is threatened. (Pharmacia, 1989)
Mfinity chromatography appears to be the most popular method
used today. As in ion exchange, two sub-procedures exist within this
method. Briefly, these are the use of Protein A and use of a pure antigen.
Protein A is a cell wall component of the bacteria St..'phykYt.'":t?(:t'":lIs Lfluell..<;
(Gallagher, 1990). It has the capacity to bind to the Fc (carboxy terminal
constant) region of immunoglobulins. Although purity levels of close to
100' can be obtained (Beckman, 1989>' consideration of

non -specific

cross-reactivity which occurs with unwanted immunoglobulins must be
taken into account.
The other sub-technique utilizes a pure antigen coupled to a chosen
matrix. When the MoAb pass through the matrix, binding occurs between
the monoclonal antibody and the antigen.

Mter a washing process to

remove contaminants, elution of the column removes the antibodies.
However, a common problem of this technique lies in the low availability
of the pure antigen; this increases its cost. In addition, the avidity of the
antibody for the antigen greatly affects the process. A high avidity may
result in too tight of a column binding, thus a loss in antibody recovery;

14

if avidity is too low, the monoclonals may be lost in the washing
procedure. (Pharmacia, 1989)
Gel filtration is usually the last step in the purification process. Gel
filtration, within itself, is reliable only for antibodies of the IgM type. This
is due to the great size difference between IgM immunoglobulins and the
contaminating proteins. It is not a reliable process for antibodies of the
IgG class or for use with cell culture supernatants; one reason is the
comparable molecular size between these proteins and contaminants.
Although

choosing

a

purification

procedure

can

become

cumbersome, it is important to recall that each antibody must be treated
as it is, a "separate and different protein" (Pharmacia, 1989). Refer to
table 1. for better comprehension.

Choosing purification procedures
Atfiaity CllrolD&tograplly

Gel Filtratioa

when monoclonal is of IgG class
contamination by host IgG unimportant
pure antigen available

when monoclonal is of IgM class
in combination with other- techniques

loa Ezell_g:e C1lro.atog:rapJa.y
when affinity chromatography is inappropriate
when oxmoc1onal is sensitive to elUtion conditions
con tamination factor- very significant
large scale production necessar-y

Table I.

*Phar-macia
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Once the monoclonal antibodies have been purified by one or a
combination

of

the

above

methods,

radiolabeling

is

possible.

Many factors must be considered before choosing and commencing
the labeling process, such as choice of iSOtope, half -life of the radionuclide,
principal energies of the radionuclide, safety to patient, stability of the
ensuing label and cost.

RadioDucJides aDd Radio/abe/iDK

Various radionuclides exist which may be utilized in monoclonal
antibody labeling.

It is preferable that the isotope have a half -life

between six hours and three days; the half -life should be long enough to
permit sufficient localization and visualization of the label and short
enough to place the lowest radiation burden on the patient (Foon, 1990).
It is important to note that the half -life is inversely proportional to the
sensitivity of the

iSOtope's detection

(longer

half -life equal less

sensitivity) (Gallagher, 1990). The radionuclide should also be a gamma
emitter, lack particulate radiation and demonstrate principal energies in
the range of 100-200 KeV. Not only do gamma rays in this energy range
promise less radiation burden to the patient than higher energies, but
gamma rays in this range are optimal for detection by the current Anger
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gamma camera (Anger, 1990). Common radionuclides are Iodine-131,
Iodine-123, Indium-Ill and Technetium-99m.
Iodine-13 1 (131 I) and Iodine-123 (1231) are useful in nuclear
medicine due to the ease of their iodination of biological materials.
Newer methods of radioiodination include use of Paraiodophenyl (PIP)
and Tyramine Cellobiose (TCB) (Zimmer, 1989). Conventional iodination
procedures use electrophilic aromatic substitution; the methods are
Chloramine-T,

Iodogen, and

Iodogen suspension

(Mather,

1987).

Chloramine-T, although its utilization has been more common than
Iodogen, has been found to produce harsh oxidation that may damage
proteins.

Iodogen (R), on the other hand, facilitates milder Oxidation.

These differences in oxidation conditions have promoted general
acceptance of the Iodogen procedure (Pauwels, 1987).

A common

problem that occurs among any iodine isotope employed in a labeling
procedure is dehalogenation, which occurs regardless of the process
utilized.
Iodine- 13 I was one of the first isotopes used in radiolabeling
procedures. It was and still is readily available at reasonable cost. As a
result of research, one advantage to

131 I

is that its properties have

become NknownN (Mather, 1987). However, its eight day half-life and

-
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principal gamma energy of 364 KeV are two disadvantages of the
radionuclide. As mentioned earlier, the longer the half -life of an isotope,
the less sensitive its detection becomes.

Thus, although 131 I

has a

extended shelf -life, the eight day half -life reduces the quality and
sensitivity of its detection.
optimal for

Furthermore, the 364 KeV gamma ray is not

gamma cameras and results in additional statistical

fluctuations to the system, which causes a degradation of the image. In
addition, lodine-l3l is not a pure gamma emitter; it also emits .a-particles.
A summation of these disadvantages places an unnecessary radiation
burden on the patient, thus, limiting the allowable dosage. One remaining
detriment to 1311 is its instability, i.e. it undergoes dehalogenation at
tissue sites (Hnatowich, 1990).
lodine-123 is much more desirable than 131 I for various reasons.
First, 1231 has a half -life of thirteen hours and a principal gamma ray
energy of 159 KeV. Both of these features increase the sensitivity of its
detection. Additionally, 1231 can be considered a pure gamma emitter as
it lacks particulate radiation. The summation of these properties results
in a decreased radiation burden on the patient. It is significant to recall
that Iodine-l23 is cyclotron produced, whereas lodine-13 1 is obtained
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from nuclear reactors. Thus, 1231 is not readily available and its
procurement comes at a much greater cost.
A promising new method of labeling utilizes metallics such as
Indium-Ill (111In) and Technetium-99m (99mTc).

The properties of

these two radionuclides are more desirable than those of the iodines.
However, as no optimal isotope exists, metallics also have disadvantages.
The major problem in employing these radionuclides is the necessity of
adding a che1ating agent in the labeling procedure.

Each labeling

procedure will be discussed in detail.
Indium -111 (111 In) has many favorable characteristics. It has an
estimated physical half-life of sixty-seven hours, giving a reasonable shelflife while allowing for acceptable sensitivity.

Furthermore,

111 In

comprises two principal gamma rays with energies of 171 KeV and 247
KeV respectively; these energies are basically within the optimal range
and have been described as "excellent. . .for external imaging" (Berner
and Christian, 1986). Note also that 111 In lacks particulate radiation,
making it a relatively safe iSOtope and allowing a higher dose to be given
to patients.
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Despite these advantageous properties, disadvantages do exist.
Indium -111 radiolabeling requires the use of bifunctional chelating
agents (BCA). These agents contain two reactive groups, one attaches to
the monoclonal antibody and the other which chelates Indium -111. The
most notable bifunCtional chelating agents are diethylenetriaminepentaacetic acid (DTPA) and isothiocyanatobenzyl ethylenediaminepentaacetic acid (EDT A)

(Hnatowich, 1990). Other chelating agents

which have commonly been utilized are 1)

desferrioxamine (DFO); 2)

ethylenediamine-di{O)-hydroxyphenylacetic acid

(EDHPA);

and

3)

2,2'dipyridyl (DIPY) (Ward, 1986).
Chelating agents have an affinity for metals. Attaching these agents

to the radionuclide permits the formation

of

a more

stable

monoclonal:radionuclide con jugate. This conjugation step is usually the
first in the labeling procedure. Although other chelating agents exist,
DTPA is a -more desirable- chelating agent "since synthesis of
intermediates is not required and the chemistry is less complex" (Gobuty,
1985). Furthermore, high labeling efficiency of greater than 90 percent

can be attained with DTPA (Kairemo, 1989).
A disadvantage to the use of chelating agents is the minute, but
significant, rate of transchelation of l11In to circulating transferrin in

-
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the body; the result is an increased liver uptake of the new ll1Intransferrin con jugate.

Success in keeping transchelation rates low has

been minimal. However, the incorporation of a new chelator, DOT A, has
resulted in a binding so stable that transchelation rates are undetectable
(Hnatowich, 1990).
Technetium-99m (99m.Tc), introduced into medicine in 1966, has
rapidly become one of the most utilized radionuclides (Rhodes, 1990).
The advantages to 99mTc are well documented. The ease of its production
via a molybdenum-99/technetium-99m generater plus its associated low
cost makes the isotope almost ideal (Schroff, 1989). Technetium-99m,
utilized as sodium pertechnetate, has a six hour half -life which increases
its detection sensitivity above that of others. In addition,. the principal
gamma ray energy of 99mT c is 140 KeV with a high photon yield and
lack of particulate radiation, makes it optimal for detection.

These

properties together constitute an isotope that places a limited radiation
burden on the patient, which allows for an increased patient dose.

As a

consequence, 99mTc has become one of the most widely chosen iSOtopes
in nuclear medicine. However, a major disadvantage to utilizing 99mTc
is its complex chemistry.

21

Technetium-99m. another metalliC, reqUires a chelating agent to
intervene between it and the monoclonal antibody. This process aides in
producing a stable bond between the two substances.

There are two

different routes for radiolabeling monoclonal antibodies with

99mT C:

direct and indirect.
Direct labeling has been called "more economical-

for several

reasons. In direct labeling. synthesis of a BCA, its SUbsequent conjugation
to the MoAb,
(Rhodes, 1990).
efficient.

and the necessary purification procedures are omitted
This makes the procedure simple and time and cost

Furthermore, high specific activities

can

be

obtained

(Hnatowich. 1990).
In direct labeling,

the MoAb is directly introduced to reduced

Technetium-99. Commonly, stannous ion is used as the reducing agent for
Tc-99m (Gallagher, 1990). The disulfide bridges of the antibody have
been reduced to sulfhydryl groups by the stannous ion and provide sites
for very stable bonds between the reduced technetium and the antibody
(Paik, 1985). However, it has been reported that the label can be unstable
due to fragmentation of the antibody. On the other hand, it is economical
for a nuclear medicine department because the antibody could be
obtain in a frozen, lyophilized, reduced state from a radiopharmacy;
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introduction of the 99mT c dose would be aU that remained to complete
labeling.
The indirect labeling method reqUires the introduction of a
chelating agent into the system in order to stabilize the bonding.

The

chemical DT PA plays a major role as a bifunctional chelating agent in
99mT c labeling procedures; the same methods used in 111 In labeling are
used with 99mTc as we11.

However, it has been reported that

[99mTc}DTPA-MoAb has a lower in viv{) stability than the [111In]DTPAMoAb, even if the DTPA concentration is high. Also, the integrity of the
immunoreactivity is threatened. Thus, it is necessary to synthesize a BCA
that will stabilize the in viv{? label of the conjugate and preserve the
immunoreactivity. One such BCA that has recently been synthesized is
CE-DTS. The labeling of monoclonal antibodies actuating CE-DTS as the
bifunctional chelating agent and 99mT C as the radiolabeling iSOtope
([99mTc}CE-DTS-MoAb) "showed good stability upon incubation with mice
sera" indicating the "excellent potential of CE-DTS as a BCA for labeling
MoAb with 99mTc." (Arano, 1987)
At the conclusion of the labeling process, purification procedures
must be initiated once again to separate the labeled antibody from the
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unlabeled antibody. These procedures are similar to those described for
use in purifying hybridomas from the culture solution.

Two common

techniques actuated are gel filtration and simple dialysis.

Gel filtration

is used most often; the methodology behind this technique utilizes
molecular sieve material such as Sephadex and separates via molecular
size differences (Bhargava, 1989).

Ion exchange chromatography and

adsorption chromatography are also frequently employed.
It can be inferred from the many iSOtopes and their respective
differences in labeling described above that the nuclear medicine
laboratory has tremendous freedom of choice. The technologist must be
familiar with each method and its advantages and disadvantages in order
to discern what procedure and isotope is best for his/her laboratory.

SECT lOR III

The future of monoclonal antibodies in the use of carcinoma imaging
and therapy is a promising one. As stated by Dr. Steven M. Larson (1985)
of the National Institute of Health:

-

The future loolcs bright for the successful application of radiolabeled
anti bodies as agents for diagnosis and therapy of many common human tumors ...
nuclear medicine applications have grO'w'n progressively more satisfactory, based on
such ... developments as the hybridoma technique. from the standpoint of nuclear
medici ne as a disci pH ne it is my belief that 'w'ithi n the next five years that
radiolabeled monoclonal anti body techniques.."m become a "genui nel y decisive
technology. "
I

I

-
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Tremendous advances in the use of monoclonal antibodies has
heralded a new era in carcinoma diagnosis (Bogard, 1989). The need for
early detection and therapy of such carcinomas as small cell lung,
colorectal and prostate carcinoma urge rapid research of monoclonal
antibody possibilities. The unique specificity of monoclonal antibodies for
one antigenic determinant on tumor cells makes their use more desirable
than the relatively nonspecific epitope targeting of polyclonal antibodies
(Dvigi, 1989).
Let us consider for a moment the use of MoAb in the diagnosis and
staging of small cell lung carcinoma (SCCL). It is well-known that lung
cancer is responsible for approximately one-fourth of cancer-related
deaths in the United States (Stahel et. a1., 1985). This translates to an
estimated 30,000 incidence of small cell lung cancer.
The importance of MoAb can be demonstrated in their clinical use in
small cell lung carcinoma detection. The murine monoclonal antibody
(SM 1 Antibody) utilized in SCCL staging and diagnosis recognizes a
surface antigen of the small cell carcinoma.

Investigators have began

to determine the significance of SM I-antibody in the detection of bone
marrow metastasis, an invariably lethal result of the disease.

In

examining the use of monoclonal antibodies in small cell lung cancer

-
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staging and diagnosis, monoclonal antibodies are found to have a positive
predictive value of approximately 97 percent for extensive disease (Salk,
1989). The extent of metastasis to the bone is imperative to the treatment
and staging of this disease. The earlier the presence of malignant cells is
discovered, the greater the chance of treatment. With early detection and
staging, it is found that 15-20 percent of patients with limited stage
disease have a long term disease free survival. Dr. Darrell Salk of the
NooRx Corporation (1989) reports accurate extensive disease diagnosis of
up to sixty percent of patients screened correctly. These patients would
reqUire no further evaluation, as extensive disease patients do not benefit
from chemotherapy. (Salk, 1989)
Dr. Rolf Stahel and his associates began the study "Detection of Bone

Marrow Metastasis in Small Cell Lung cancer by Monoclonal Antibody"
( 1985) at the commencement of the initial staging process of 29 patients.
Each patient was screened utilizing indirect immunofluorescence of bone
marrow aspirates by SM 1 antibody. The SM I-MoAb results were then
compared to those obtained through conventional staging procedures such
as computed tomography (CT) and conventional nuclear sdntigraphy
and were found to be as accurate. Six patients with known histologic
evidence of bone marrow metastasis were identified by positive

-
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SM I-antibody results. This gave the study a correlation coefficient of one
thus far. An additional 13 of 23 patients with a normal marrow histology
history were found to possess SM-I positive cells. To further demonstrate
the sensitivity of monoclonal antibody detection, 26 patients underwent
nuclear bone scans to rule out bone metastatic disease..

The SM 1-

antibody identified 8 of 9 patients with positive bone scans and 10 of 17
with equivocal or normal bone scans. Furthermore, 100% of patients with
SM I-positive cells also demonstrated a positive bone scan.
Stahel et. at. notes that 16 patients were noted to have limited
disease involvement and 13 patients as experiencing extensive disease
involvement.

Thus, overall, the proportion of patients recognized as

having bone marrow involvement was increased from 2 1 percent by
conventional procedures to 66 percent with the SM I-Antibody (Stahel et.

at., 1985).
By reviewing these results the technologist is able to comprehend
the importance of MoAb in the science of oncology. Cancer begins at the
microscopic level. a level which traditional methods are unable to
visualize. It is not until the tumor reaches a diameter of approximately

.-

2mm is it detected by a radiograph (Heck, 1989). Often times a tumor of
this proportion is lethal and is observed in a patient experiencing
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saturation by malignant cells. Thus, it is imperative that the physician
detect the presence of the malignant cells at the earliest time possible.
Treatment has a greater chance of being effective in such circumstances.
Monoclonal antibodies are effective in various other carcinoma
diagnoses and staging procedures. Consider for a moment the role MoAb
have played in colorectal cancer. which is identified through the presence
of carcinoembryonic antigen (CEA) in the blood stream. Colorectal cancer
has been called "one of the most common malignancies that afflicts
mankind" (Larson, 1987). It is estimated that 5 to 6 percent of men and
women will be affected with this disease each year (Heck, 1989).
There are several monoclonal antibodies known that target the
tumor involved in this carcinoma. This characteristic to attract several
types of MoAb has lent colorectal cancer to become a prime candidate for
radiolabeled-MoAb diagnosis and therapy. Several studies have began to
test the reliability of radiolabeled monoclonal antibodies for both diagnosis
and biodistributive value.

An editorial article in t7inJl711 L7Jt?.mist.ry

reports the "use of a monoclonal method may make CEA analysis more
sensitive in the diagnosis and monitoring of colorect.a1 carcinoma
compared with polyclonal methods· (King. 1987).

-
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The author makes reference to a study in which polyclonal and
monoclonal methods were compared. The results of the comparison were
as expected.

In utilizing the monoclonal method, the number of patients

found to be in the "grey area" of diagnosis was decreased from 31 (from
the polyclonal assay) to only 19 (from the CEA-MoAb assay) (King, 1987).
This translates into a higher percentage of patients being diagnosed as
positive or possessing unequivocally increased values.

Fewer patients

would be placed in an ·unsure· category where the value increase could
be attributed to gastrOintestinal (GI) cancer or other factors, such as

smoking.
In a study "Lymphoma, Melonoma, Colon Carcinoma: Diagnosis and
Treatment With Radiolabeled Monoclonal Antibodies- by Dr. Steven M.
Larson and his colleagues (1987), 25 patients were injected with
1-131MoAb to detect TAG-72, a component of breast, ovarian and colon
cancers. Following the injection, exploratory surgery was performed on
each patient.

Larson reports

a

success

rate

of

65 percent of

patients having positive scans. He further states that 70 percent of the
tumors were positive for 1-131MoAb accumulation.

-.

Larson elaborates on the stUdy to define the significance of MoAb in
colorectal therapy. Ten patients with known pseudomyxoma peritonei,
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a secondary tumor to primary GI malignancies, were injected via
intraperitoneal injection with 1-131MoAb.

Once again, each patient

underwent exploratory surgery. The results were 80 percent of patients
had positive scans. Larson reports that over 50 percent of the metastatic
lesions had specific to nonspecific ratios greater than ten. In some cases,
the radioactive dose to the tumor was sufficient for therapy
consideration. Larson and his associates conclude:

In principle, these monoclonal antibodies can be used as
carriers for targeting radionuclldes in yiyo as a means to
improve diagnosis and therapy .. This progression from
diagnosis to treatment 1S a dell berate feature of our work.
The successful treatment of cancer has long been awaited. At this
point in medical science, only those cancers detected very early can, or
may, be "cured." After the cancer has spread throughout the body, to
parasitically feed on the host, a cure is unlikely.

However, with the

development of monoclonal antibodies, perhaps a more efficient form of
therapy will be developed.
In the past years, physicians have utilized chemotherapy, radiation
therapy and surgery to treat cancer. These methods can and are very
successful in most cases. However, the side effects can be debilitating to
the patient. For example, in both chemotherapy and radiation therapy the

--
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patient is likely to lose his !her hair, be very weak and often become
nauseous. The strong chemicals employed in chemotherapy can be very
damaging to the heart muscle, a serious side effect which eventually
limits the use of the chemical. Radiation therapy directs an extremely
intense beam of radioactivity, usually a form of cobalt, to a specific area
of the body. Of course, surgery is initiated to remove isolated tumors and
is effective only as far as the surgeon's eye can visualize.
The problem with these methods lies in their nonspecificity and
nonsensitivity.

Aside from the surgeon who knows what he/she is

searching for, the chemical or radiation beam does not seek a certain
tumor. For instance, the chemical is injected, flooding the entire body. Its
destructive forces are unleashed on all parts of the bodYJ. not only the
tumor.

It is in this instance that nonspecifiC effects develop, ego

myocardial deterioration.
Consider also the beam of radiation. It is aimed at the region of the
body in which the tumor resides. However, it not only destroys the
tumor, but the surrounding tissue as well. A deeply embedded tumor is
located within the body, hidden under layers of skin and muscle.

-

The penetrating beam places an unnecessary radiation burden on those
uninvolved tissues through which it passes. A much larger problem

31

evolves when the patient displays mUltiple sites of metastatic disease.
The process of radiating each site would in effect expose the patient in
his/her entirety to high levels of radiation. The side effects of radiation
exposure have long been deliberated and will not be discussed.
M1 answer to these complications of radiation therapy lies with the
use of monoclonal antibodies. As discussed earlier, antibodies are very
specifiC for certain antigens on foreign material (a tumor is foreign). Each
carcinoma develops a characteristic malignancy, on which tumor-specifiC
antigens exist (Gallagher, 1990).

Utilizing the hybridoma technique,

monoclonal antibodies can be developed for particular carcinomas. These
MoAb can then be radiolabeled with trace amounts of radioactivity for
tumor visualization with scintigraphic procedures.
Once the tumor is localized, a biopsy can be performed to confirm
the etiology of the tumor. At this point surgery may be chosen or further
use of the monoclonal antibodies can be made.

In choosing the latter,

high levels of radioactivity, preferably a longer lived radionuclide such as
Iodine or Indium, are labeled to the MoAb. Upon injection" the antibody
would seek out and localize the antigen specific to that tumor.
In comparison to conventional radiation therapy, the effect of this specific
localization is a decreased radiation burden on the patient. The radiation
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would be delivered directly to the tumor; the incorporation of the
antibody within or on the tumor would direct the radiation more
specifically than would that of the cobalt beam. Furthermore, unlike the
chemicals in chemotherapy which flood the entire system, radiolabeled
monoclonal antibodies go only where the tumor exists.

For further

comprehension, examine diagram 4. below.
IRadiation Therapyl

8
~ ~

..

#-Hig h Lewl Radiation
Latel onHoAb ~

G)

Patient with
nondisclosed tu.ors

1

Tumors noW'
localized

~

Nuclear
Scintigr!p'h to
Localize Tumor

1
Tumors are
dissolviN

'Radiation lewls in each instMICt> differ. In the first diagram, only trace smoU!\ts of
ndi03Ctivity would be utilized for imagiflg purposes. In the third diagram, a high
level dose would be incorporated for therapy purposes. Additionally, Utti-tumor
pharmaceuticals could be used.

Diacraa ..

As in all diagnostic and therapeutic procedures, complications do

--

exist. These complications include: antibody damage resulting from

,-
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purification or radiolabeling

procedures; tumors

may express a

heterogenecity of antigens; a tumor may express poor vascularization,
demonstrating decreased/poor uptake of the radiolabel.

However, the

difficulties are not unsolvable and in the near future, monoclonal
antibodies hold a special place in diagnosis and therapy.
Reviewing the advantages of the utilization of hybridomas indicate
the immense value this technology encompasses.

In 1975 Kohler and

Milstein expressed the same view in light of their new found technology:

Such cells (hybridomes] can be grown in yliro in messiYe
culttres to provide specific [monoclonal] antibody. Such cultures
could be yaluable for medical 8nd industrial use. (Bogard, 1989)

CODcJusioD

As science is a ever changing world, so must the nUClear medicine

technologist change his/her world of understanding to encompass both
the new and old theories. One of these new theories is the concept of
radiolabeled monoclonal antibodies for use in scintigraphic tumor
localization and radiation therapy.

With understanding, the utilization of

nuclear medicine for detection and evaluation of disease will continue
to grow and benefit mankind to the limits of knowledge itself.

-
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