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ALPHA OR BETA EMITTERS ATTACHED TO FRAGMENTS
IN RADIOIMMUNOTHERAPY

Background to the Invention

Field of the Invention

The present invention relates to improved methods of delivering
radioisotopes to tumor cells for effecting targeted radioimmunotherapy (RAIT).
More specifically, the present invention relates to a radioimmunoconjugate wherein
an alpha- or beta-emitting radioisotope is complexed to a binding agent attached to a
fragment of an immunoglobulin such as Fab’. A clearing agent such as D-lysine
may be administered to the patient along with the radioimmunoconjugate so that
targeted tumor or cancer cells are destroyed, but damage to organs and tissues is
minimized. After administering a radioimmunoconjugate to a patient, bone marrow

or autologous stem-cells may be grafted to the patient.

Related Art

One therapeutic method used in cancer treamment involves directing
antibodies carrying a therapeutic agent or cytotoxic compound to the diseased
tissues. When localized at the disease site, the antibody delivers the therapeutic
agent or cytotoxic compound to the cancerous cells. One approach 1o this
methodology involves delivering radioisotopes to the diseased cells. This approach
has proven useful in diagnosis where a radioisotope with particular imaging
properties is delivered to the targeted diseased tissue.

Several methods have been used in radioimmunotherapy (RAIT). In one
method, a radioisotope with desirable properties is carried by an antibody to a
diseased tissue with a corresponding anmtigen. Various immunoglobulins such as
IgG and IgM have been used to carry radioisotopes to an antigen located on a
targeted disease tissue.

Various radioisotopes have been used in RAIT. *Bi and its parent 2*Pb

have been successfullv chelated 1o antibodies and other proteins via DTPA
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(diethylenetriamine pentaacetic acid) and DOTA (tetraazacyciododecane-N,N’,N”’,
N’*’-tetraacetic acid) derivatives and used as alpha emitting radioisotopes in RAIT.
For example, Macklis et al. disclose a radioimmunoconjugate directed against a
murine antigen present on the surface of malignant T-cells. Science, 240, 1024,
1988. The radioimmunoconjugate disclosed by Macklis et al. includes a *2Bj
complexed to a cyclic anhydride of DTPA attached to a monoclonal antibody.
Science, 240, 1024, 1988. One drawback to the use of *?Bi and its parent 2?Pb in
RAIT is that the decay product of *’Bi is **T1 which is a high-energy B~ and v-
emitter. This characteristic raises radiation protection problems.

Another alpha-emitting radioisotope that has been investigated in
immunotherapy is *'At. Bloomer et al. Science, 212, 340, 1988. The half-life of
211At of 7.2 hours is significantly longer than that of **Bi which has a half-life of
only 60.55 minutes. It is known that *'At undergoes 42% alpha decay and 58%
electron capture. The alpha particle emitted upon decay has an energy of 5.94 MeV
whereas electron capture produces 80 keV of y radiation. The *''Po daughter
arising from electron capture has a half-life of 0.5 seconds and decays by emitting
an alpha particle with an energy of 7.43 MeV. Thus, by either route one obtains
one high energy alpha particle per *''At decay. Isotopically pure *'At is accessible
by electron capture of *'Rn which can be isolated in radiochemically pure form
from irradiated thorium by gas chromatography. Chalkin et al. Chemiker-Ztg.,
101, 470, 1977.

Astatine is a halogen atom and thus behaves similarly to iodine. It has long
been known that blood clearance of *'At is very rapid because the astatine is
quickly accumulated in the thyroid gland. Hamilton et al. Proc. Nat’l. Acad. Sci.,
26, 483, 1940. In fact, smdies performed on rats and monkeys in the 1950’s
confirmed that the concentration of astatine in the thyroid is at least two orders of
magnitude higher than in other organs, except for the stomach. Hamilton et al.
Univ. Calif. Publ. Pharmacol., 2, 283, 1954,

Another radioisotope that has been investigated in conjunction with RAIT is
*“Bi. This radioisotope is known to decay mainly (98%) by B and 440 keV y
emission with a half-life of 45.6 minutes to the ultra-short lived high-energy (8.375
MeV) alpha-emitter **Po (112 of 4 ps), whereas a direct alpha-decay pathway to

*®T1 plays only a negligible role (2% of all *"Bi decays).



WO 00/74729 PCT/US00/15477

United States Patent No. 5,641,471 issued to Geerlings discloses a method
for preparing *“Bi for therapentic use. In the disclosed method a monoclonal
antibody is used as a targeting moiety. A chelator such as CHX-DTPA
(cyclohexyldiethylenetriamine pentaacetic acid) is attached to the antibody and
functions to chelate the radioisotope. In this manner, the radioisotope is delivered
to the target cell where it can function in a therapeutic manner to destroy the
diseased tissue.

United States Patent No. 5,246,691 issued to Geerlings et al. discloses
radioimmunotherapy using alpha particle emissions. Specifically disclosed, is the
use of “PAc and its daughters as part of an immunoconjugate also comprising an
antibody such as human monoclonal antibody and humanized antibodies. The cited
patent discloses that chelating agents are used to bind actinium and bismuth
radioisotopes in the radioimmunoconjugate comprising a radionuclide that emits
alpha particles, a chelating agent, and a slowly localizing antibody such as a human
IgM antibody. Also disclosed is the use of scavenging agents such as DTPA,
EDTA, PLED, and crown ethers for use in binding wandering isotopes and thus
prohibiting the isotopes from invading non-targeted organs and tissues.

United States Patent No. 5,428,154 issued to Gansow et al. discloses a
chelate comprising a DOTA derivative and a metal including Pb, Bi, Y, and the
lanthanides. Also disclosed is the linking of the metal chelate to a biomolecule to
form a delivery system for the chelated metal. Gansow et al. discloses that both
alpha and beta-emitters (***Pb, 2Bi, and ®Y) can be chelated to a DOTA derivative
attached to a monoclonal antibody directed against an epitope on tumor cells.

A number of references have described radioimmunoconjugates comprising
a radioisotope, and a chelator attached to a monoclonal antibody. However, a need
remains for a radioimmunoconjugate that utilizes a Fab’ fragment of an
immunoglobulin to target diseased tissue or cancer cells. A need also remains for a
method of treating a patient that minimizes the amount of damage done by unbound

radioisotopes.

Objects of the Invention
It is an object of the present invention to provide a radioimmunoconjugate

including a cytotoxic radioisotope bound to a binding site linked to or on an antigen-
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binding fragment of an antibody which specifically binds to a tumor-associated
antigen.

Another object of the invention is to provide a method of treating a patient
comprising administering to a patient a radioimmunoconjugate capable of targeting
a diseased cell or tissue and delivering a radioisotope to the targeted cell or tissue.

Still another object of the invention is to provide a method of treating a
patient that minimizes damage to non-targeted organs and tissues.

It is still another object of the invention to provide a method of treating a
patient comprising administering a clearing agent to the patient in conjunction with
a radioimmunoconjugate.

It is another object of the invention to provide a kit for use in
radioimmunotherapy that includes a molecule with a radioisotope binding site linked
to or on an antigen-binding fragment of an antibody which specificaily binds to a

tumor-associated antigen, and at least one clearing agent.

Summary of the Invention

The present invention relates to radioimmunoconjugates including a cytotoxic
radioisotope bound to a binding site linked to or on an antigen-binding fragment of
an antibody which specifically binds to a tumor-associated antigen.

In preferred embodiments of the invention, the antibody is an IgG. In still
other preferred embodiments of the invention, the fragment is a Fab’ fragment. In
especially preferred embodiments, the Fab’ fragment is human, humanized or
chimeric.

In preferred embodiments of the invention, the radioisotope of the
radioimmunoconjugate is an alpha or beta emitter. More preferred embodiments
include an alpha emitting radioisotope, and in the other preferred embodiments the
radioisotope of the radioimmunoconjugate is ***Bi, Y, or *!'At.

In other preferred embodiments of the invention, the binding site of the
radioimmunoconjugate is selected from the group consisting of DTPA, DOTA,

EDTA, PLED, a crown ether, an aromatic compound, and the sulthydryl group of a
cysteine residue on a Fab’ fragment.

The present invention also relates to methods for treating a patient using the

radioimmunoconjugate of the present invention.
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In one embodiment, a method for treating a patient comprises administering
any of the radioimmunoconjugates of the present invention to a patient. Other
preferred embodiments comprise administering one or more clearing agents to a
patient in conjunction with the administration of a radioimmunoconjugate. In more
preferred embodiments, the clearing agent or agents are selected from the group
consisting of an amino acid or peptide bearing an additional basic nitrogen
functionality, a metal-chelating clearing agent, and an antibody or antibody fragment
directed to an antigen on an antibody or antibody fragment which specifically binds to
a tumor-associated antigen. In even more preferred embodiments, the clearing agent
or agents are selected from the group consisting of lysine, polylysine, DOTA, DTPA,
PLED, EDTA, and anti-idiotypic Fab’ fragments. In especially preferred
embodiments, the clearing agent is selected from the group consisting of lysine,
polylysine, and galactosylated anti-idiotypic Fab’ fragments. In still more preferred
embodiments, the galactosylated anti-idiotypic Fab’ fragments are humanized or
chimeric Fab’ fragments.

In other preferred embodiments, a method for treating a patient includes
administering a radioimmunoconjugate of the present invention to a patient and
subsequently grafting bone marrow or autologous stem cells to the patient.

In still other preferred embodiments, a method for treating a patient includes
administering a radioimmunoconjugate of the present invention to a patient in
conjunction with a clearing agent as described above and subsequently grafting bone
marrow or autologous stem cells to the patient.

Other preferred embodiments of the invention provide a kit for use in
radioimmunotherapy, comprising a molecule with a radioisotope binding site linked
to or on an antigen-binding fragment of an antibody which specifically binds to a
tumor-associated antigen, and at least one clearing agent.

More preferred embodiments of the invention provide a kit for use in
radioimmunotherapy as described above wherein the clearing agent is selected from
the group consisting of chelating clearing agents, an antibody or antibody fragment
directed to an antigen on an antibody or antibody fragment which specifically binds
to a tumor associated antigen, and clearing agents which prevent reuptake of small

molecules and ions in the tubules of the kidney.
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Other preferred embodiment of the invention provide a kit for use in
radioimmunotherapy as described above wherein the at least one clearing agent is
selected from the group consisting of DTPA, DOTA, EDTA, PLED, D-lysine,
polylysine, and anti-idiotypic antibody Fab’ fragments. In especially preferred
embodiments, the kit provides at least one clearing agent, wherein the clearing
agent is an anti-idiotypic galactosylated Fab’ fragment, and in other even more
preferred embodiments the anti-idiotypic galactosylated Fab’ fragment is a chimeric
or humanized Fab’ fragment.

Additional aspects, features and advantages of the invention will be set forth in
the description which follows, and in part will be obvious from the description, or
may be learned by practice of the invention. The embodiments and advantages of the
invention may be realized and obtained by means of the instrumentalities and

combinations particularly pointed out in the appended claims.

Detailed Description

Generally, the present invention provides a radioimmunoconjugate directed
to a diseased tissue target. The radioimmunoconjugates of the present invention
comprise a cytotoxic radioisotope bound to a binding site linked to or on an antigen-
binding fragment of an antibody which specifically binds to a tumor-associated
antigen.

Generally, the present invention also provides a method for treating a patient
comprising administering a radioimmunoconjugate of the present invention to a
patient. Preferably, the radioimmunoconjugate is administered to a patient in
conjunction with one or more clearing agents to prevent unbound radioisotope from
accumulating in and damaging organs and tissues in the body. Another preferred
method of treating a patient comprises administering a radioimmunoconjugate to a
patient and subsequently grafting bone marrow or autologous stem cells to the
patient. A most preferred method of treatment comprises administering a
radioimmunoconjugate of the present invention to a patient in conjunction with one
or more clearing agents and subsequently grafting bone marrow or autologous stem
cells to the patient.

The radioisotopes of the present invention include both alpha and beta

emitting radioisotopes. Preferred radioisotopes of the present invention include
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alpha-emitting radioisotopes.  Especially preferred radioisotopes of the present
invention include *“Bi, Y, and *"'At.

The radioimmunoconjugates of the present invention include a binding site
linked to or on an antigen-binding fragment of an antibody which specifically binds
to a tumor-associated antigen. Preferably, the antibody is an IgG immunoglobulin.
However, it should be noted that the fragment of an antibody can be a fragment of
any of the immunoglobulin types that binds to an antigen on the surface of diseased
tissue or cancer cells. The antigen-binding fragment of the antibody which
specifically binds to a tumor-associated antigen is preferably a Fab’ fragment.
Especially preferred are Fab’ fragments which are humanized or chimeric in nature
such that immunogenic response is minimized. Humanized and chimeric Fab’
fragments may be prepared by methods known to those skilled in the art.

The binding site attached to a fragment of an antibody includes groups that
chelate and those that are covalently bonded to a radioisotope of the present
invention. The binding site of the present invention thus includes the sulfhydryl
(SH) group on the cysteine residue on Fab’ fragments after cleavage of the disulfide
linkage. The sulfhydryl group will be found to bind many radicmetal cations
including various isotopes of lead and bismuth. The binding site also includes
groups such as DTPA, DOTA, PLED, EDTA, crown ethers, cryptands, various
phosphines including, but not limited to, diphosphines and triphosphines, thiols and
any other chelating group that is known by those skilled in the art to bind the
radioisotopes of the present invention. Preferred binding sites inciude DTPA and
DOTA.

As described above, the term binding site as used herein is broad enough to
encompass groups that are covalently artached to a radioisotope.  This is
particularly relevant to radioisotopes such as *''At which forms covalent bonds to
various classes of organic compounds e.g. toluenes, phenols and phenol ethers (e.g.
tyrosine, 4-methoxyphenylalanine, and anisole), benzene, anilines, imidazoles,
phenylalanine, and pyrimidines among others. Thus, the term binding site attached
to a fragment of an antibody in this context refers to the group to which the astatine
isotope is covalently attached.

One or more clearing agents can be used to practice the method of the

mvention. Clearing agents in this context serve several different purposes. Non-
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targeted antibody fragment conjugate advantageously is cleared from circulation
after sufficient time has elapsed for it to accrete at the target site. The clearing
agent can be an antibody that specifically binds to any part of the conjugate. To the
extent that the therapeutic radioisotope becomes detached from its binding site,
usually a chelator, it advantageously is cleared with a chelating clearing agent.
Glycosylation of clearing agents such as the foregoing can increase the rate of
clearance by inducing rapid uptake by glycoside receptors in the liver. A further
aid to clearance of non-targeted radioisotope can be achieved by the use of clearing
agents that inhibit reuptake of small molecules in the kidney tubules. This mitigates
radiation damage to the kidneys and accelerates clearance through the urinary
bladder. It will be appreciated that combinations of these clearing agents
advantageously are used to obtain the benefits each provides.

One type of clearing agent of the present invention includes metal-chelating
agents that bind radioisotopes in the environment of the human body. Examples of
this type of clearing agent include DTPA, DOTA, EDTA, PLED, and other
materials known to those skilled in the art. Another type of clearing agent includes
antibodies or antibody fragments directed against an epitope on an antibody or
antibody fragment which specifically binds to a tumor-associated antigen. Preferred
clearing agents of this class include anti-idiotypic clearing agents in which the
clearing agent is an antibody or antibody fragment directed to the paratope of the
antibody or antibody fragment directed to an antigen on a tumor or cancer cell.

Other preferred clearing agents include galactosylated antibodies or antibody
fragments which exhibit enhanced clearing ability. Suitable such agents include but
are not limited to galactose-second-Ab-Fab’, where the second Ab binds to the
targeting Ab. Other preferred clearing agents of this cluss inciude chimeric or
humanized anti-idiotypic antibodies or antibody fragments, and particularly
preferred clearing agents of this class are galactosylated humanized anti-idiotypic
Fab’ fragments such as galactose-W12-Fab’.

Another type of clearing agent of the present invention prevents reuptake of
small molecules and ions in the tubules of the kidney. Such clearing agents include
both amino acids and peptides bearing a basic nitrogen functionality in addition to
the o-amino group found on naturally occurring amino acids. Thus. this class of

clearing agents includes both enantiomers of lysine, ornithine, histidine, and
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arginine in addition to polymers such as polylysine. However, the D amino acids of
lysine, ornithine, histidine, and arginine are preferred clearing agents of this type,
and D-lysine is especially preferred. Also preferred, are polymers of lysine such as
polylysine.

Because the three types of clearing agent work in different ways, they may
be used together to enhance removal of undesired species from the system.
Preferably, a clearing agent of the type that prevents reuptake of small molecules
and ions in the tubules of the kidney is used in conjunction with a clearing agent of
the type which is an antibody or fragment of an antibody directed to an antigen on
the surface of the targeting antibody or antibody fragment. Especially preferred is
the use of a galactosylated anti-idiotypic fragment of an antibody which is directed
to the paratope on the targeting antibody or antibody fragment in conjunction with
either enantiomer of lysine. Also preferred, is the use of a chelating clearing agent
to facilitate removal of free radioisotope with the above clearing agent
combinations.

The present invention also provides a kit for use in RAIT. The kits of the
present invention include the uncomplexed radioimmunoconjugate of the present
invention which can also be described as a molecule with a radioisotope binding site
linked to or on an antigen-binding antibody fragment which specifically binds to a
tumor-associated antigen. The kits also include at least one clearing agent as
described above. Preferable clearing agents for use in the kit include those which
prevent reuptake of small molecules and ions in the kidney tubules such as lysine
and polylysine; those which chelate metals such as DOTA, DTPA, PLED, and
EDTA; and those antibodies or antibody fragments, especially Fab’ fragments,
which are directed to the molecule with a radioisotope binding site.

The kits of the present invention are intended to be used in the treatment of
patients having diseased target tissue bearing the antigen to which the molecule with
a radioisotope binding site specifically binds. Thus, the molecule with the
radioisotope binding site can be mixed with a radioisotope such as ***Bi or ®Y to
prepare ' a radioimmunoconjugate of the present invention. The
radioimmunoconjugate may then be injected into the patient followed by injection of
the clearing agent to minimize damage to bone marrow, liver, kidneys, and other

organs. A clearing agent that prevents the reuptake of small molecules in the
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kidney tubules may be injected prior to, with, or after injection of the
radioimmunoconjugate. In this manner, the targeted tissue may be destroyed while
minimizing damage to untargeted tissues or organs. Although the kits of the present
invention include at least one clearing agent, the kits may contain other clearing
agents. For example, a preferred kit of the present may include a chimeric or
humanized galactosylated anti-idiotypic clearing agent and lysine to be used in
conjunction for minimizing damage to non-targeted tissue or organs and additionally
preventing reuptake in the kidney tubules.

The present invention may be embodied in other specific forms without
departing from its spirit or its central characteristics, The described embodiments
are to be considered in all respects only as illustrative and not restrictive. The
scope of the invention is, therefore, indicated by the appended claims, rather than
by the foregoing or following description. All changes which come within the
meaning and range of equivalency of the claims are to be embraced within their
scope.

Experiments were conducted to examine the efficacy of the
radioimmunoconjugates of the present invention as therapeutic agents in the
treatment of cancer and diseased tissue. These studies found that
radioimmunoconjugates of both *“Bi and *Y were highly effective in treating
tumors induced by intrasplenic injection of human colon cancer cell line, GW-39, in
mice.

A murine monoclonal antibody CO17-1A, an IgGz isotype, was chosen as
the immunoglobulin for the experiments. It is directed against a 41 kD glycoprotein
found on human gastrointestinal malignancies. CO17-1A has an affinity constant of
5 x 10" Umol to its antigen. After binding to the antigen, CO17-1A is readily
internalized into the antigen-expressing tumor cells. The anti-human-CD3 antibody,
OKT3, was used as irrelevant isotype-matched control. OKT3 is also a murine
IgGza isotype and was obtained from CILAG (Sulzbach/Taunus, Germany).

Tumors were induced in female nude mice by injecting them with 200pL of
a 20 percent cell suspension of human carcinoma cell line, GW-39 serially
propagated by preparing a mince through a 40 mesh screen and rinsing with Hank’s
balanced salt solution. After waiting approximately 10 days, tumors reached a size

of 100-200 mg, and the mice were then used in the experiment.
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Fab’ fragments of CO17-1A were prepared from the complete
immunoglobulin by pepsin digestion followed by subsequent disulfide reduction
with cysteine. After purification and blocking with iodoacetamide, the Fab’
fragments were reacted with isothiocyanate benzyl-DTPA to prepare the CO17-1A
DTPA-Bz-Fab’ conjugate. After purification, the DTPA-Bz-Fab’ fragments were
separately reacted with *“Bi, ™Y, and ®Y salts to produce the
radioimmunoconjugates of the present invention, and the **Y complex was used to
analyze biodistribution. The prepared radioimmunoconjugates were injected into
the mice within 20 minutes of their final preparation.

The biodistribution of bismuth versus yttrium-containing CO17-1A Fab’
were compared to free Bi’" or Y’* in tumor, blood, kidneys and bone of
subcutaneous GW-39 tumor-bearing nude mice. Due to the short physical half-life
of *Bi, biodistribution studies were performed up to 5 hours post injection in
contrast to one week with yttrium-containing conjugates. No significant differences
were observed between the biokinetics of *“"Bi- or “Y-containing immuno-
conjugates. The blood clearance was bi-exponential, with similar haif-lives (ti2 (o)

~ 15 min, tiz (B) = 5 hours) to those observed with radioiodinated Fab’ fragments.

The uptake in the tumor was rapid, reaching its apogee as early as 1-4 hours post
injection (approximately 4% ID/g). Renal accretion was predominant, with
maximum uptake values of up to > 80% ID/g. Application of D-lysine reduced the
renal accretion four to five fold.

In contrast, it was shown that free bismuth exhibits a very high renal
accretion (up to 150% ID/g), which cannot be blocked by lysine, whereas yttrium
ions are well known to be bone-seeking. The comparison clearly shows in vivo
stability of the conjugates compared to the free ions.

Maximum tolerated dose finding trials of **Bi- and *Y-containing CO17-1A
Fab’ were undertaken. For this purpose, varying amounts of activitv were injected
starting at 100 pCi and increasing in 10 to 20 percent steps. At each activity level,
one group of animals (10 to 20 per group) received the bismuth or yttrium with no
additional support, and a second group was treated with D-lysine. Blood counts
(white blood cells and platelets), blood urea nitrogen (BUN) and creatinine as well
as alkaline phosphatase and glutamate oxaloacetate transaminase were determined

on the day of radioimmunoconjugate administration and at weekly intervals
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thereafter. Acute treatment-related death was defined as occurring within four
weeks post RAIT, whereas later deaths were regarded as chronic toxicity, if these
deaths could not be related to tumor growth.

700 pCi of *Bi-CO17-1A Fab’, and 250 pCi of its ®Y counterpart were
tolerated by all animals without acute treatment-related lethality, regardless of
lysine administration. A 10% increase of these activities resulted in an at least 10%
lethality. The blood cell counts and BUN levels at these respective maximum
tolerated activities for *"Bi- and “Y-Fab’, respectively, were determined. The
nadirs of leukocyte and thrombocyte counts were reached at | week after radio-
antibody administration, and at both respective maximum tolerated activities, the
severity of myelotoxicity was not significantly different, regardless of the
radionuclide. The recovery from myelotoxicity, however, appeared faster with the
shorter-lived *“Bi than with the Y. Thus, with *’Bi-Fab’ the time to complete
recovery was two to three weeks post therapy while with “Y-Fab’ the time to
complete recovery was three to four weeks.

No significant differences with respect to the severity of acute myelotoxicity
were observed whether the animals were given D-lysine or not. However, at a dose
level of 300 pCi of ®Y-Fab’, all animals without kidney protection died as
compared to a 50% mortality when they were treated with D-lysine. In contrast,
myelotoxicity-related lethality rates were similar at 800 (15% lethality) and 900 pCi
(35% deaths) of *’Bi-Fab’ regardless of whether or not lysine was given.

In contrast, profound differences with respect to chronic toxicity were
observed between animals given lysine and those not given lysine. The data show
that in non-lysine treated animals, after a transient (2-3 weeks) episode of BUN
elevation with subsequent normalization, BUN levels began to rise at six to seven
weeks after therapy. The serum creatinine level followed the BUN value, but was
less sensitive than the latter. The development of chronic renal failure was more
dramatic (more steeply rising BUN levels in the *Y than in the **Bi-treated groups.
All animals treated with 250 puCi ®Y-Fab’ without lysine protection died within
three months after therapy, whereas the lethality of animals given 700 nuCi of 2*Bi-
Fab’ was only 15% after 5 months. Lysine treated groups survived without any
signs of renal compromise, and there was no induction of renal insutficiency even

six months after treatment. When combining kidney protection by lysine with bone
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marrow transplantation, the animals survived 400 uCi of ®Y- and 1100 uCi of ***Bi-

CO17-1A-Fab’, whereas 10% higher activities again led to an at least 10% lethality.

The therapeutic effect of *“Bi-versus *Y-containing CO17-1A-Fab’ at their
respective maximum tolerated doses without or with bone marrow transplantation in
subcutaneous GW-39 bearing animals also was studied. Both radioimmuno-
conjugates led to a significant growth retardation as compared to untreated controls
or animals treated with the same activities of the Fab’ fragment of the irrelevant
antibody OKT3. Anti-tumor effects improved with dose-intensification. However,
at each maximum tolerated dose *"’Bi-Fab’ was therapeutically superior to its ®Y-
Fab’ analog, whereas no significant differences were observed between both
radioisotopes with the irrelevant OKT3 Fab’.

The survival of animals bearing GW-39 liver metastases was determined.
Groups of twenty animals each were left untreated, were given 250 uCi of ®Y-
CO17-1A or irrelevant OKT3-Fab’, or 700 uCi ?Bi-CO17-1A or irrelevant OKT3-
Fab’ at two weeks after tumor inoculation. Each of these groups was placed under
kidney protection with D-lysine. Untreated animals died within six to eight weeks
of rapidly progressing liver metastases. The survival of animals treated with the
irrelevant antibody was prolonged only for one to three weeks, regardless of the
radioisotope. In contrast, the mean survival of animals treated with *Y-Fab’ was
fifteen weeks, and twenty percent of mice treated in this manner survived for more
than 30 weeks. Histology could not demonstrate any viable tumor cells in these
long-term survivors. Thus, these animals were regarded as cured. The 95% cure
rate of animals treated with *“Bi-CO17-1A-Fab’ was significantly higher than that
for animals treated with its Y analog.

An external scintigraphic scan of two mice bearing multiple GW-39 liver
‘metastases at one hour after the injection of 700 uCi of 2*Bi-CO17-1A-Fab’ without
or with D-lysine administration shows the effect of lysine administration on the
renal accretion of *’Bi-CO17-1A-Fab’, and it shows good tumor uptake in multiple
metastatic lesions in the liver.

The radiation dosimetry of *"Bi- versus *Y-containing CO17-1A-Fab’ in
subcutaneous GW-39 xerograft bearing nude mice, based on the biodistribution
studies 1s summarized in Table 1. The model of Yoriyaz and Stabin was used since

high energy B-emitters like ™Y result in cross-organ irradiation. For the dosimetry
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of ®Y-CO17-1A-Fab’, the table accounts for cross-organ radiation, and for *Bi-
CO17-1A-Fab’, it differentiates into doses resulting merely from the self-absorption
of the o particles of *°Po (first column) or including the § and y rays of 2Bi (with

potential inter-organ crossfire, second column).

Table 1. Radiation dosimetry of *“Bi- versus ®Y-containing CO17-1A-Fab’ in
subcutaneous GW-39 xerograft bearing nude mice. MTD stands for maximum

tolerated dose.

Organ/ Y -CO17-1A-Fab’ I3Bj -CO17-1A-Fab’
Tissue Dose Dose at the MTD Dose Dose at the MTD
(Gy/mCi) (Gy/mCi)
p with cross | Convent. Lysine + o self o + Ply Convent. Lysine +
(Gy/250 BMT wi/cross (Gy/700 BMT
p Ci) (Gy/400 nCi (Gy/1100
uCi) uCi)
Tumor 54.0 13.5 21.6 12.8 13.0 9.1 14.3
Liver 45.4 11.3 - 5.6 5.9 4.1 -
Liver + 40.4 10.1 16.2 5.6 5.8 4.1 6.4
lysine
Spleen 36.7 9.2 - 5.7 6.0 4.2 -
Spleen + 25.1 6.3 10.0 5.7 5.9 4.1 6.5
lysine
Kidney 279.2 69.8 - 74.2 71.3 54.1 --
Kidney + 73.2 18.3 29.0 29.3 29.5 20.7 32,5
lysine
Lung 11.6 2.9 4.6 6.7 6.9 4.8 7.6
Intestine 37.7 9.4 -- 2.6 2.9 2.0 -
Intestine 31.2 7.8 12.5 2.6 2.8 2.0 3.1
+ lysine
Bone 27.0 6.8 10.8 3.5 3.7 2.6 4.1
Blood 234 5.4 9.4 10.5 10.9 7.6 12.0

As a result of tumor growth-retardation being the major observed effect in
all treated groups, the correlation between mean tumor doses and the extent of
induced growth retardation was an important measure of the activities of the

radioimmunoconugates. Since GW-39 is a very rapidly-growing cell line with
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tumor-volume doubling times of less than cne week, the correlation between tumor
doses and the mean time needed for quadrupiication of tumor volume was analyzed.
With *Y-Fab’, below a tumor dose of approximately 5 Gy, no significant tumor
growth delay was noticeable. Above the threshold, tumor growth was retarded in a
dose-dependent fashion up to seven-fold at approximately 20 Gy. The resulting
non-linear regression curve (regression coefficient: r = 0.96) resembles a shoulder
curve with its shoulder at approximately 5 Gy. In distinct contrast, no threshold
dose was seen with the *“Bi-CO17-1A-Fab’, and the time to tumor volume
quadruplication was prolonged in an almost linearly increasing manner with
increasing tumor dose (regression coefficient: r = 0.98). Comparable anti-tumor
efficacy was seen with *°Bi-CO17-1A-Fab’ at doses which were approximately half

as high as those needed with the ™Y radioisotope.

Examples

Example 1

Preparation of a Fab’ Fragment of an I¢G Immunoglobulin

A Fab’ fragment of an IgG immunoglobulin (murine monoclonal antibody
CO171A, obtained from GlaxoWellcome (Hamburg, Germany)) was prepared from
complete IgG by pepsin digestion (Immunopure® F(ab’): preparation kit, Pierce,
Rockford, IL) followed by reduction with a low molecular weight thiol. Generally,
the IgG immunoglobulin was incubated with 200 pg/uL of pepsin at a pH of 4 for
one hour. The resulting mixture was purified by a tandem column of protein A, to
remove the undigested IgG, followed by a G-50 Sephadex, to remove low
molecular weight contaminants. Subsequent disulfide reduction in 0.1 M phosphate
buffered saline containing 10 mM EDTA in the presence of 10 mM cysteine for 12
hours at 37° C yielded the Fab’-SH fragment. The progress of the reduction
reaction was followed by HPLC, and when complete the Fab’-SH was purified as

described below.
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Example 2

Purification of Fab’-SH Frasment

Fab’-SH fragmenis prepared as described in Example | were purified by
protein A chromatography and exhaustive ultrafiltrations. The pur:fied Fab’-SH

fragments were stored in deoxygenated buffer at a pH of less than 3 containing 10
mM EDTA.

Example 3

Preparation of lodoacetamide-Blocked Fab’ Fragments

The Fab’-SH fragments purified according to Example 2 were reacted with
excess iodoacetamide to block the hinge-region thiol groups and prevent
reassociation of the fragments. The iodoacetamide-blocked Fab’ fragments were

repurified from excess iodoacetamide.

Example 4

Preparation of Thiol-bound *"*Bi Fab’ Fragments

Incubation of the Fab’-SH fragments purified according to Example 2 with

*BiCls results in reaction with the sulfhydryl groups (SH) groups on the cysteine

residues of the Fab’ fragments.

Example 5

Preparation of SCN-Bz-DTPA Conjugates of Iodoacetamide-Blocked Fab’

Fragments
Isothiocyanate  benzyl-diethylene-triamine-pentaacetate  (SCN-Bz-DTPA)

conjugates of iodoacetamide blocked Fab’ fragments were prepared by stardard
procedures. Briefly, SCN-Bz-DTPA was added to the Fab’ fragments (5.0 mg/ml),
previously dialyzed against 100 mM Hepes buffer, pH 8.6 containing 150 mM
NaCl, at an 8:1 molar excess of DTPA to Mab. After overnight incubation at room

temperature, the antibody conjugates were purified from unreacted SCN-Bz-DTPA
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by gel filtration chromatography on a 1 x 50 cm column of Sephadex G-50 (Sigma

Chemie, Deisenhofen, Germany).

Example 6

Preparation of *’Bi-Containing SCN-Bz-DTPA Conjugates of Fab’ Fragments

2PBi was obtained as a mixed iodide/chloride salt from an “in house”
#Ac/*’Bi generator as has been described in the literature. Briefly, *Ac was
purified after being obtained from a *’Th source (the latter being a decay product of
23U). ®Ac was dissolved in 2 M HCI and loaded onto a lead-shielded 4 x 40 mm
column of AG MP-50 cation exchange resin (Bio-Rad Laboratories. Munich,
Germany). **Ac decays by a-/y-decay with a 10.0 day half-life via two short-lived
a-/y-emitting intermediates (**'Fr and *’At) to *Bi which was eluted in two-hourly
intervals with 1 ml of 0.1 M Nal/0.1 M HCl. After each elution, the cation
exchange column was washed with 5 bed volumes of 0.01 M HCl. The 0.1 M
Nal/0.1 M HCI eluate containing the activity was buffered with 200 ul of 0.5 M
NaOAc at pH 5.5, and the pH was adjusted with 50-70 ul of 1.0 M NaOH to a
value of 5.5.

The *“Bi solution described above was added to a solution of the SCN-Bz-
DTPA conjugate of Fab’ buffered in 0.5 M NaOAc at a pH of 5.5 until a specific
activity of 2-3 mCi/mg was achieved. The reaction mixture was incubated for 5
minutes at 37° C. The resulting **Bi complex was purified from unbound *“Bi
within 5 minutes using size exclusion chromatography on a PD-10 column
(Sephadex G-25 pre-packed in a 15 x 50 mm column; Pharmacia, Uppsala,
Sweden). Excess DTPA was added to complex any unbound bismuth. The quality
of the complex was tested by HPLC (Bio-Sil SEC-250 column, 300 x 7.8 mm; Bio-
Rad Laboratories, Richmond, CA) as well as by measuring its immunoreactivity.
The amount of unbound isotope was less than 2 percent. Labeled antibody

fragments were administered within 20 minutes of their final preparation.
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Example 7

Preparation of Y-Containing SCN-Bz-DTPA Conjugates of Fab’ Fragments

For biodistribution studies, *¥Y was obtained as ®¥YCL in 0.1 M HCI from
Amersham Life Science (Braunschweig, Germany). For therapy studies, ®Y was
obtained from Pacific Northwest National Laboratory (Richland, WA) as *YCl in
0.05 M HCl. The yttrium solution was added to a solution of the SCN-Bz-DTPA
conjugate of Fab’ buffered in 0.5 M NaOAc at a pH of 5.5 until a specific activity
of 2-3 mCi/mg was achieved for Y. An equivalent amount was added to prepare
the *Y complexes. The reaction mixture was incubated for 5 minutes at 37° C.
The resulting yttrium complexes were purified from unbound yttrium within 5
minutes using size exclusion chromatography on a PD-10 column (Sephadex G-25
pre-packed in a 15 X 50 mm column; Pharmacia, Uppsala, Sweden). Excess DTPA
was added to complex any unbound yttrium. The quality of the complex was tested
by HPLC (Bio-Sil SEC-250 column, 300 x 7.8 mm; Bio-Rad Laboratories,
Richmond, CA) as well as by measuring its immunoreactivity. The amount of
unbound isotope was less than 2 percent. Labeled antibody fragments were

administered within 20 minutes of their final preparation.

Example 8

Preparation of Galactose-W12-Fab’ Clearing Agent

The anu-idiotypic Ab to MN-14, termed W12 is digested to a F(ab’)
fragment using pepsin, as outlined in Example 1. The F(ab’): is reduced to a Fab’
fragment using a low molecular weight thiol as described in Example 1. At the end
of the reduction, the Fab’-SH is purified by spin-column chromatography and
reacted with excess iodoacetamide to block the hinge-region thiol groups and
prevent reassociation of the fragments.  After repurification with excess
iodoacetamide, the Fab’ is reacted with a 400-fold molar excess of the
galactosylation agent, the thioimidate of cyanomethyl-2,3,4,6-tetra-O-acetyl-1-thio-
beta-D galactopyranoside. The galactosylated protein is purified by two spin-

columns and the galactose:Fab’ ratio is determined by MALDI-MS.
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Exampie 9

Induction of Carcinoma in Mice

Female nude mice, 19 to 23 g and 4 to 5 weeks old, were purchased from
Charles River (Sulzfeld, Germany). The human colon carcinoma cell line, GW-39,
was serially propagated by preparing a mince through a 40-mesh screen, and rinsing
with sterile Hank’s balanced salt solution (ICN Biomedicals, Eschwege, Germany)
to yield a 20 percent cell suspension. This suspension (200 nl) was injected
subcutaneously into each of the mice. After approximately 10 days, tumors reached
the size of approximately 100-200 mg. This was the size used for the purposes of

the study.

Example 10

Tumor-bearing mice as described in Example 9 were injected in the tail vein
with the Fab’ fragments containing the bismuth or yttrium radioisotopes at a protein
amount of approximately 200-300 pg. The mice were sacrificed at 10 minutes, and
at 1, 4, 24, 72, and 168 hours for *Y, and at 10 minutes, and 1, 3 and 5 hours for
the *“Bi Fab’ complexes. The mice were bled by retroorbital puncrure. For
determining the whole-body retention, the mice were measured in a well counter.
After cervical dislocation, the animals were dissected. The amount of activity in
the tumors and tissues (liver, spleen, kidney, lung, heart, intestine, bone, and
blood) was determined by gamma scintillation counting using an injection standard
to account for physical decay. The number of animals used for each study was
typically five animals per group at each time-point, and the tumor sizes were in the

same range as those used for the actual therapy experiments.

Example 11

Radiation Dosimetry

The biodistribution data were used to generate time activity curves. Time-

activity curves were fit to the difference or sum of two exponents for curves with
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and without an uptake component, respectively. Cumulated activity in each organ
was obtained by analytically integrating the resulting expressions over time. Tumor
and organ doses were calculated, accounting for the electrons of ®Y or the alpha
particle, electron, and photon contributions of ?’Bi and its daughter *°Po, but
neglecting the *®Pb or *®TI beta contributions. These dose calculations were
performed according to the geometric model of a 30 g mouse by Yoriyaz and
Stabin. This model accounts for cross-organ irradiation and the whole-body
contribution by using the Monte Carlo transport simulation code MCNP4A. For
obtaining bone marrow dose estimates, absorbed B~ fractions ¢p (r«—rs) between

bone and bone marrow were used.

Example 12

Experimental Radioimmunotherapy

Tumor sizes of subcutaneous tumors were determined by caliper
measurement in three dimensions immediately before therapy and at weekly
intervals thereafter. Animals were either left untreated (controls) or injected with a
single dose of Y- or *"’Bi-containing complexes with the activities indicated. Ten
to twenty animals were studied in each treatment group. As a nonspecific therapy
control, the Bz-DTPA-conjugated Fab’ fragment of the anti-CD3 T-cell lymphoma
monoclonal antibody OKT3 was used. Body weight was recorded weekly, and
survival was monitored. The maximum tolerated dose (MTD) was defined as the
highest possible dose under the respective conditions that did not result in any
animal deaths, with the next higher dose level resulting in at least 10 percent of the
animals dying. Animals were observed until their death or a loss of more than 30
percent of their original weight or until the tumor began to ulcerate through the

skin, at which time they were removed from the group and sacrificed.

Example 13

Renal Uptake Reduction and Bone Marrow Transplantation

D-lysine monohydrochloride (Sigma Chemie, Deisenhofen, Germany) was

dissolved in phosphate buffered saline at 175 mg/ml. The animals were injected
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intraparenterally with 200 pl of this solution (i.e., 35 mg of D-lysine) with four
hourly injections, starting 30 minutes before administration of the
radioimmunoconjugate.

Bone marrow was harvested by sterile technique from untreated donor nude
mice of the same strain. The marrow cavity of both mouse femurs was rinsed with
0.9% sterile saline using 26 gauge needles. An inoculum of 107 bone marrow cells
was injected intravenously via the tail vein at 24 hours after radioimmunoconjugate

injection.

Example 14

Determination of Blood Counts, Renal and Liver Function Parameters

Total and differential leuko- and thrombocyte counts were determined on the
day of therapy, and at weekly intervals thereafter. 75 ul heparinized specimens
were collected by retroorbital bleeding. The samples were counted on a Technicon
H3 Auto-Analyzer (Bayer-Diagnostik, Munich, Germany). The means +/-
standard deviation was calculated for each group. Blood urea nitrogen, creatinine,
alkaline phosphatase, and glutamate oxaloacetate transaminase were determined on
the day of radioimmunoconjugate injection and at weekly intervals thereafter. Each

of these parameters were assayed according to assay procedures known to those

skilled in the art.

Example 15

Histology

For organ and tumor histology, the animals were sacrificed by cervical
dislocation and necropsied at the times indicated. Organs were fixed in 10%
formalin, embedded in paraffin and cut into 5 um sections. Staining was performed

with hematoxylin-eosin.
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Example 16

Statistical Analysis
Differences in the tissue uptake values and the biodistribution data were

statistically analyzed with the Student’s t-test for unpaired data.  Pairwise
comparisons were performed with the Wilcoxon Rank-Sum test. Differences in the
therapeutic efficacy between the treatment modalities in subcutaneous tumors were
analyzed by assuming an exponential tumor growth pattern; non-linear regression
analysis based on asymptotic approximation was used. Survival analysis was based
on the Kaplan-Meier product limit, and groups were compared using the log rank
test. The log-rank test was also used for comparing times to tumor volume

multiplication.

Example 17

Treatment of a Human Patient with a Radioisotope-Containing SCN-Bz-DTPA

Conjugate of Fab’ and a Clearing Agent

A patient with a colorectal tumor is injected with D-Lysine prior to
administration of a radioimmunoconjugate. Generally, the clearing agent or agents
of the type that prevent reuptake in the tubules of the kidney is administered 24
hours to 30 minutes prior to injection of the radioimmunoconjugate. A
radioisotope-containing the SCN-Bz-DTPA conjugate of Fab’ prepared from MN-
14 anti-CEA is then injected into the patient, and the patient is monitored during
treatment. The radioisotope may be any alpha or beta emitting radioisotope that
complexes to the conjugate such as, but not limited to 2°Bi or ®Y. Additional D-
lysine is generally administered to the patient after the radioimmunoconjugate has
been injected. One or more clearing agents can be used separately or in
combination. For example, D-lysine can be used in conjunction with DTPA-
galactose-W12-Fab’.  Clearing agents that specifically bind any part of the
conjugate should not be administered until a sufficient time has elapsed for the
radioimmunoconjugate to accrete at the target site. Thus, a galactosylated anti-
idiotypic clearing agent such as DTPA-galactose-W12-Fab’ is injected into the

patient after a sufficient amount of the injected radioimmunoconjugate has localized
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to the tumor. Radioimmunoconjugate localized at the tumor releases alpha or beta

particles resulting in the destruction of tumor cells in the patient.

Example 18

Preparation of (BOC)Gly-D-Tyr(O-z-But)-D-Lys-OH
The synthesis of (BOC)Gly-D-Tyr(O-z-But)-D-Lys-OH uses amino acids

protected with well-known protecting groups such as allyloxycarbonyl (Aloc) and 9-

fluorenylmethoxycarbonyl (Fmoc). First, Fmoc-D-Lys(Aloc) [0.325 g; 0.72 mmol]
is dissolved in 5 ml of anhydrous dichloromethane (CH2Cl2), and mixed with 0.55
ml of diisopropylethylamine (DIEA). The solution is then added to 0.5 g of 2-
chlorotrityl chloride resin in a 20 ml vial and the contents shaken vigorously for 18
hours. The reddish slurry is placed in a column assembly fitted with a frit and a 3-
way stopcock which can be used to either bubble nitrogen through the slurry for
mixing purposes or for draining solution off the column and leaving the resin on the
column. The solution is drained off, and the resin is washed with 3x 40 ml of
CH:CL.:MeOH:DIEA (17:2:1), 3x 40 mi of CH2CL, 2x 40 mi of DMF, 2x 40 ml
of CH:Clz and 2x 40 ml of MeOH. The resin is dried under a flow of nitrogen.
The Fmoc group is cleaved by adding 40 ml of 5% piperidine in 1:1 (v/v) CH2Cl-
DMF for 10 minutes, draining the solution off, and continuing cleavage with 20%
piperidine in CH2CL.-DMF for 15 minutes. This is followed by a wash cycle with
40 ml DMF, 40 ml isopropanol (IPA), 40 ml NMP (N-methyipyrrolidone), 40 mi
IPA, and 4x40 ml NMP. The resin is then reacted with 1.8 mmol of activated
Fmoc-D-Tyr(O-#-But) for 40 minutes. The activation is carried out using 0.827 g
(1.8 mmol) of Fmoc-D-Tyr(O-z-But), 0.269 g of HOBT in 4 ml of NMP, adding to
the clear solution 0.31 mi of diisopropylcarbodiimide (DIC), and maintaining at
ambient temperature for 20 minutes. After this period, 3.6 mmol (0.62 ml) of
DIEA is added, and the reaction is continued for 25 minutes. The wash sequence,
following Fmoc cleavage and subsequent wash sequence, are as described above. A
second coupling using activated BOC-Gly (derived from 0.376 g or 3 mmol of
Boc-Gly) is carried out in an analogous manner. The Aloc group is removed using a
solution of 0.1547 g of tetrakis (triphenylphosphine) palladium(0) in a mixture of
CH2Cl2 (40 ml): AcOH (2 ml) and DIEA (5 ml), followed by the addition of 5 mi of
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tributyltin hydride. After the usual wash sequence, the peptide is cleaved from the
resin with 10 ml of acetic acid-trifluoroethanol-CH2Clz (1:1:8 v/v). The cleaved
peptide solution is concentrated to 0.25 g of the title compound (gummy product).
The product exhibits a single peak with a retention time of 7.10 minutes on
analytical reverse phase HPLC. Electrospray mass spectrum analysis showed an
M+H peak at m/e 523 (positive ion mode) and an M-H peak at m/e 521 (negative

ion mode).

Example 19

Preparation of Gly-D-Tyr-D-Lys(SCN-Bz-DTPA)-OH
0.053 g (0.1 mmol) of the product from Example 18 is mixed with SCN-Bz-

DTPA (81 mg of 80% DTPA content; 20% excess) in water-dioxane, and the pH is
adjusted to 8.5. The solution is incubated for 2.5 hours at 37°C. More SCN-Bz-
DTPA (41 mg) is added, and the pH is readjusted to 8.56. The solution is then
incubated for 2 hours at the same temperature. Preparative HPLC purification on
reverse phase column using a gradient elution of water (0.1% TFA)/90%
acetonitrile-water (0.1% TFA) furnishes 30 mg of (BOC)Gly-D-Tyr(O-z-But)-D-
Lys(SCN-Bz-DTPA)-OH as a colorless solid. Analytical reverse phase HPLC
shows a single peak with a retention time of 7.54 minutes. Mass spectrum analysis
revealed an M+H peak at m/e 1063 (positive ion mode) and the M-H peak at m/e
1061 (negative ion mode). This material is then treated with a mixture of
TFA/CH2Clz/anisole for 1 hour, and the BOC- and Tyr(O-z-But) protecting groups
are cleaved off. The title compound is precipitated by adding the reaction mixture
to ethyl ether. The HPLC retention time was 5.31 minutes.- Mass spectrum

analysis showed an M+H peak at 907, and an M-H peak at 906.

Example 20

Preparation of (MCC)Gly-D-Tyr-D-Lys(SCN-Bz-DTPA)-OH

0.025 g (0.0138 mmol) of the product from Example 19 is dissolved in 0.5
mil of 0.1 M sodium phosphate solution at pH 7.0. To this solution, 0.03 g of

commercially available sulfosuccinimidyl 4-(N-maleimidomethyl)-1-carboxylate
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(SMCC) is added and the pH is raised to 7.17, and the clear solution is stirred for 1
hour. Preparative HPLC on a preparative reverse phase column using the same
gradient elution as in Example 18 yields 0.0054 g of the title compound [where
MCC stands for the 4-N-maleimidomethyl)-1-carbonyl moiety]. The retention time
of the purified material (analytical RP column) is 6.36 minutes. Electrospray mass
spectrum analysis showed an M+H peak at m/e 1126 and an M-H peak at m/e
1124.

Exampie 21

Astatination of Product from Example 20 and Attachment to Fab’-SH

The product of Example 20 is astatinated with (*''At)-sodium astatatide using
chloramine T as oxidant for 1-2 minutes. The labeled substrate is transferred to a
second vial, and treated with 4-hydroxyphenylacetic acid to remove unreacted
astatide. The labeled substrate is reacted with the Fab’-SH fragment of Example 2
for 1-2 hours, and the solution is then made 5 mM in sodium tetrathionate,
incubated for five minutes, and purified on a centrifuged size-exclusion column of
Sephadex™ 50/80 in 0.1 M sodium phosphate pH 7. The purified "' At-containing

radioimmunoconjugate is then administered to a patient.
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Claims
What is claimed is:

1. A radioimmunoconjugate comprising a cytotoxic alpha or beta emitting
radioisotope bound to a binding site linked to or on an antigen-binding fragment
of an antibody which specifically binds to a tumor-associated antigen.

2. The radioimmunoconjugate according to claim 1, wherein the antibody is an IgG
immunoglobulin.

3. The radioimmunoconjugate according to claim 1, wherein the fragment of an
antibody is a Fab’ fragment.

4. The radioimmunoconjugate according to claim 3, wherein the Fab’ fragment is
selected from the group consisting of human, humanized, and chimeric Fab’
fragments.

5. The radioimmunoconjugate according to claim 1, wherein the binding site is
selected from the group comsisting of DTPA, DOTA, EDTA, PLED, a
sulfhydryl group of a cysteine residue on a Fab’, an aromatic compound, and a
crown ether.

6. The radioimmunoconjugate according to any of claim 1-5, wherein the cytotoxic
alpha or beta emitting radioisotope is selected from the group consisting of Y,
28Bi, and *"'At.

7. A method of treating a patient, comprising administering the
radioimmunoconjugate of any of claims 1-6 to the patient.

8. The method of treating a patient according to claim 7, further comprising
administering at least one clearing agent to the patient.

9. The method of treating a patient according to claim 7, further comprising
grafting bone marrow to the patient.

10. The method of treating a patient according to claim 7, further comprising
grafting autologous stem cells to the patient.

11. The method of treating a patient according to claim 8, wherein the clearing
agent 1s selected from the group consisting of a metal-chelating clearing agent, a

clearing agent which prevents reuptake of small molecules and ions in the

26



WO 00/74729 : PCT/US00/15477

tubules of the kidney and an antibody directed to an epitope on the antibody
fragment portion of the radioimmunoconjugate.

12. The method of treating a patient according to claim 8, wherein the clearing
agent is a galactosylated antibody or antibody fragment that specifically binds
the radioimmunoconjugate.

13. The method of treating a patient according to claim 12, wherein the clearing
agent is an anti-idiotypic clearing agent.

14. A kit for radioimmunotherapy, comprising:

a molecule with a radioisotope binding site linked to or on an antigen-binding
fragment of an antibody which specifically binds to a tumor-associated antigen;
and, optionally,

at least one clearing agent.

15. The kit according to claim 14, wherein the clearing agent is selected from the
group consisting of metal-chelating clearing agents, an antibody directed to an
epitope on the molecule, and a clearing agent which prevents reuptake of smail
molecules and ions in the tubules of the kidney.

16. The kit according to claim 15, wherein the clearing agent is a galactosylated
antibody or antibody fragment that specifically binds the molecule.

17. The kit according to claim 15, wherein the clearing agent is an anti-idiotypic
clearing agent.

18. A use for a radioimmunoconjugate according to any one of claims 1-6 in the

treatment of a patient with a tumor.
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