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(57) ABSTRACT

The present invention is directed to novel non-invasive diag-
nostic tools to image cancers, especially, leukemia and non-
Hodgkin’s lymphomas (NHL) with minimal toxicity in vivo.
The present invention represents a clear advance in the art
which presently relies on tissue biopsy for diagnoses of these
cancers. The novel imaging probe is capable of detecting
precancerous cells, as well as their metastatic spread in tis-
sues. This represents a quantum step forward in the diagnosis
and staging of NHL using non-invasively molecular imaging
techniques. This novel probe will also be useful to monitor
patients response to chemotherapy treatments and other inter-
ventions or therapies used in the treatment of NHL. Com-
pounds according to the present invention may be used as
diagnostic tools for a number of conditions and diseases
states as well as therapeutic agents for treating such condi-
tions and disease states.
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FIGURE 1
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FIGURE 2
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NON-INVASIVE DIAGNOSTIC AGENTS OF
CANCER AND METHODS OF DIAGNOSING
CANCER, ESPECIALLY LEUKEMIA AND
LYMPHOMA

RELATED APPLICATIONS

[0001] This application claims the benefit of priority of
U.S. provisional application Ser. No. 60/710,665, filed Aug.
23, 2005, which is incorporated by reference in its entirety
herein.

FIELD OF THE INVENTION

[0002] The present invention is directed to novel non-inva-
sive diagnostic tools to image cancers, especially, leukemia
and non-Hodgkin’s lymphomas (NHL) with minimal toxicity
in vivo. The present invention represents a clear advance in
the art which presently relies on tissue biopsy for diagnoses of
these cancers. The novel imaging probe is capable of detect-
ing precancerous cells, as well as their metastatic spread in
tissues. This represents a quantum step forward in the diag-
nosis and staging of NHL using non-invasively molecular
imaging techniques. This novel probe will also be useful to
monitor patients response to chemotherapy treatments and
other interventions or therapies used in the treatment of NHL.
Compounds according to the present invention may be used
as diagnostic tools for a number of conditions and diseases
states as well as therapeutic agents for treating such condi-
tions and disease states.

BACKGROUND OF THE INVENTION

[0003] A critical need exists to develop tumor-specific non-
invasive imaging agents. Currently, most imaging is based on
the detection of mass lesions or general metabolic activity.
Imaging agents that elucidate the pathobiology of cells in the
masses are lacking. Lymphomas are characterized by the
clonal malignant expansion of leukocytes and tend to grow in
masses. Over-expression of leukocyte-function-associated
antigen-1 receptors (LFA-1) on most lymphomas with no
expression on non-hematopoetic cells make them amenable
targets. An allosteric inhibitor of LFA-1 has been developed,
the small molecule alkyl-amino-NorBirt. Determination of
its structure activity relationship has permitted modifications
allowing radiometal attachment through an alkylamino
linker. We postulate that radiolabeled alkyl-amino-NorBirt
will retain its binding affinity towards LFA-1 and thus can be
used as a non-invasive imaging agent. Our previous work has
demonstrated that the radiometal, **Bi, can be effectively
incorporated into the alkyl-amino-NorBirt. We propose to
link a radiometal with good imaging characteristics to image
LFA-1 overexpression in vivo. The radiolabeled alkyl-amino-
NorBirt will allow imaging of lymphoma cells trafficking in
the vasculature and tissues, diagnosis and staging, as well as
monitoring responses to other therapeutic interventions.

BACKGROUND AND SIGNIFICANCE

[0004] Lymphoma is a cancer of the lymphatics where the
white blood cells start proliferating before they are fully
mature and thus cannot function properly. These abnormal
cells start collecting in the lymph nodes. The lymphoma cells
can be either large or small and are usually grouped together
to form small cell masses. Since leukocytes play the most
vital role in immunological response by migrating to the site
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of injury through integrins and adhesion molecules, the
chance of metastasis of lymphoma cells is very high.'> >3
[0005] Integrins are c, P heterodimers whose activation
leads to a change in structure and conformation which con-
tribute to immune function.® > One of the major membrane
bound integrins receptors is [3, integrin leukocyte function-
associated antigen-1 (LFA-1), which is expressed by the leu-
kocytes.*®” The a-subunit of LFA-1, has an N-terminally
inserted domain (1-domain) that plays a central role in regu-
lating ligand binding. LFA-1 receptors are expressed nor-
mally in all of the lymphoma cells and overly expressed on
many lymphomas especially T-cell and B-cell neoplasms.”°
112 Also known as CD 11A/CD18, LFA-1 plays a crucial
role in many cellular and immunological processes (migra-
tion, antigen presentation, cytotoxicity, cell proliferation and
haematopoiesis) by displaying both signaling and adhesive
properties. This results in binding to the extracellular matrix
as well as the receptors involved in cell-cell adhesion. This is
regulated by binding to ligands such as intercellular adhesion
molecules 1,2 and 3 ICAM-1, 2 & 3).5*

[0006] LFA-1 mustbe activated to the extended high affin-
ity form in order to mediate a stable adhesion with its ligand
ICAM-1."° The resting state affinity of LFA-1 for the
ICAM-1 is very low and is estimated at 107'°-10~° M for
mice.'® Binding of the activated LFA-1 with the ICAM-1
through its I-domain (which retains its function as an isolated
protein fragment) results in cell adhesion and migration along
with intracellular signals which may cause cytotoxic action,
cell proliferation or apoptosis.®

[0007] Development of allosteric LFA-1 inhibitors can
cause inhibition of early events like the cell-cell as well as
cell-extra cellular matrix adhesion and will prevent metasta-
sis of lymphoma cells.” 77

[0008] Recently small molecules have been developed that
bind to the [-domain of the a-subunit of LFA-1 receptors and
stabilize it to the low affinity state. Structure activity studies
of one of such molecule, BIRT-377, suggest that it binds to
LFA-1 solely through nonionic interaction," 4™ #em Soe 123.
s643-5650). Iwo hydrophobic pockets of the I-domain and the
aromatic rings of Birt-377 interact with each other in an
edge-to-face aromatic/aromatic orientation. This binding
presumably prevents displacement of the overall conforma-
tional changes of the whole protein stabilizing it in the bent,
low affinity state. Many derivatives of BIRT-377 have been
developed. One of them is alkylamino-NorBirt. Studies have
demonstrated that this derivative retains its affinity as the
original DOTA-alkylamino-NorBirt. Even in the presence of
divalent cations like Mn** (which results in activation and
small conformational changes in the I-domain), BIRT-377
and its derivative (the alkylamino-NorBirt) inhibit the ligand
binding by stabilizing LFA-1 in the bent, low affinity state.’
Thus, it prevents the ICAM-1 adhesion on LFA-1 and thereby
prevents the leukocytes from migration (metastasis).° It also
inhibits the intercellular signals (outside-in signaling) and
hence affects the functional activity of cell.

[0009] Structure activity work with BIRT-377 had sug-
gested that the hydantoin methyl group when bound to LFA-1
was oriented away from the binding site, suggesting that
changes at this site would not interfere with BIRT-377 bind-
ing. The modification of Birt-377 allows a linker 1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTA) to
be attached to the alkylamino chain resulting in DOTA-alky-
lamino-NorBirt. A radiometal then can be incorporated in the
DOTA linker for non-invasive imaging.
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[0010] There are several characteristics of Lymphoma cells
and the LFA-1 receptors, which make them amenable for
non-invasive imaging. They are:

[0011] The lymphoma cells grow in masses
[0012] All types of lymphoma express LFA-1 receptors
[0013] Inmany cases and types, the LFA-1 receptors are

over expressed

[0014] Non-Haematopoetic cells do not express LFA-1
receptors
[0015] Currently very crude techniques are available for

non-invasive imaging of lymphomas.

[0016] Thus the radiolabeled DOTA-alkylamino-NorBirt
can potentially be used, as a non-invasive imaging tool for
lymphomas.

[0017] The need for non-invasive imaging in lymphoma is
very important. The current methods of staging and detecting
the residual disease are very crude. Since the research is still
in its early stages, we do not expect to achieve immediate
diagnostic capabilities. However, detecting the residual dis-
ease after therapy and increasing the sensitivity of staging the
disease can be accomplished. The advantage of this non-
invasive imaging is the sensitivity with which the radiophar-
maceutical can detect the disease and its spread in the body.

BRIEF DESCRIPTION OF THE FIGURES

[0018] FIG. 1 shows the chemical structure of 2'3Bi-
DOTA-alkylamino-NorBirt:  {4-[5-(4-Bromo-benzyl)-3-(3,
5-dichloro-phenyl)-5-methyl-2,4-dioxo-imidazolidin-1-y1]-
butyl-ammonium-DOTA->"*Bi}.

[0019] FIG. 2 shows a representative chromatogram of
213Bi-DOTA -alkylamino-NorBirt obtained on the Bioscan®.
[0020] FIG. 3 shows the equilibrium binding of FBABIRT
(Fluorescein labeled alkylaminO-NorBirt) to HL60 cells in
the presence and absence of Mn2+.

BRIEF DESCRIPTION OF THE INVENTION

[0021] In the present invention, an agent for imaging can-
cers, in particular leukemia and lymphomas is disclosed.
Compounds of the present invention have the chemical for-
mula I:

Cl

Cl

Br

Where Y is a chemical linker which links the nitrogen to a
chelate group or tricarbonyl complex X, wherein X incorpo-
rates or complexes with a radioisotope. In preferred aspects of
the invention, Y is an optionally substituted C,-C, , hydrocar-
byl (including an optionally substituted aryl group), prefer-
ably an optionally substituted alkyl group, for example a
—(CH,),— group, where n is from 1 to 6 and Z is O, NR or
N—CH,CH,—O, where R is H or a C,-C; alkyl (preferably
H) or Z is a keto (C—0) group, a S(0),, group where w is
from O to 4 (i.e., a sulfide, sulfoxide, sulfone, sulfonate or
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sulfate group), a phosphonate group or a phosphate group and
X is achelate group in which a radioisotope is incorporated or
complexed. In certain preferred aspects, Y is a —(CH,)
NH— group, where n is from 1 to 6, preferably from 2 to 4,
preferably 4 and X is a polyaminocarboxylic macrocycle,

preferably 1,4,7,10-tetraazacyclododecane-1,4,7,10-tet-
raacetic acid (DOTA).
[0022] In other aspects of the invention, Y is a linker com-

prising a C,-C, ,, preferably a C;-Cg substituted hydrocarbyl
group (which is bonded to the nitrogen of the dioxoimida-
zolyl group through a keto group) containing two amino
groups or two sulfur groups which are linked with the tricar-
bonyl compound X which incorporates or complexes to the
radioisotope. In certain aspects, the preferred linker contains
adithiahexyl group or a diaminohexyl or diaminobutyl group.
In another aspect the linker may be derived from lysine
(linked to the dioxoimidazolinyl group through the carboxy-
lic acid moiety of lysine). Chemical linkage of the linker to
the dioxoimidazolinyl group may be through a carbonyl
group, alkylene group or other group capable of being linked
to the nitrogen of the dioxoimidazolinyl group.

[0023] Preferred compounds according to the present
invention are represented by the chemical structure:

O,

HO.C VAR

e /N_)\HN\/\/\ 0
o0y T
VAN CH3—ES‘/N cl
co.n— N “co,n /©/_ 0
Br

Where Rn is a radioisotope as otherwise described hereinbe-
low, more preferably 2*Bi, '”"Lu, °*T1 or '!'In.

[0024] Radioisotopes are selected based on the physical
half life, the decay mode (alpha, beta, auger, gamma, X-ray)
and the energy of the radioisotope. Exemplary radioisotopes
for use in the present invention include, for example, °°Y,
lllln, 177Lu, 225AC, 209Bi, 213Bi, 67Ga, 68Ga, 64Cu, 67Cu,
71AS, 72AS, 76AS, 77AS, 6SZH, 76Br, 48\], 49\], 203Pb, 209Pb,
212pp, 155Ho, 1*°Pm. 2°'T1, **Re, '*°Re, *°"Tc. In certain
aspects of the present invention, preferred radioisotopes
include, for example, *'*Bi, '”"Lu, '''In, more preferably,
Y77Lu and *''In, among others.

[0025] In addition to the above radioisotopes, there is also
potential for the compounds to be analyzed using positron
emission tomography or PET imaging when labeled with a
positron emitting radioisotopes such as: °*Ga, **Cu, **V,
"' As, ?As, "%Br, or other polyvalent, cationic radiometals
that decay by positron emission.

[0026] Chelates for inclusion in the present application are
selected based on the metal to be incorporated and the clinical
objectives. Chelates selected for use in the present invention
include those listed below.

Open-Chain Polyaminocarboxylates:

[0027)]
[0028]

edta: ethylenediaminetetraacetic acid

dtpa: diethylenetriaminepentaacetate
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AZA Macrocyclics

[0029] cyclen: 1,4,7,10-tetraazacyclododecane

[0030] cyclam: 1,4,8,11-tetraazacyclotetradecane

[0031] bridged-cyclam:  1,4,8,11-tetraszabicyclo[6.6.2]
hexadecane

[0032] et-cyclam:  1,4-ethano-1,4,8,11-tetraazacyclotet-
radecane

[0033] cylamdione: 3,9-dioxy-1,4,8,11-tetraazacyclotet-
radecane

[0034] diamsar: 1,8-diamino-3,6,10,13,16,19-hexaazabi-

cyclo(6,6,6)eicosane

Polyaminocarboxylic Macrocycles

[0035] dota: 1,4,7,10-tetraazacyclododecane-1,4,7,10-tet-
raacetic acid

[0036] trita: 1,4,7,10-tetraazacyclotridecane-1,4,7,10-tet-
raacetic acid

[0037] teta: triethylenetetramine bridged-cyclam-2a: 1,4,8,
11-tetraazabicyclo[6.6.2 Thexadecane-1,8-di(methane-
phosphonic acid)

[0038] do3 a: 1,4,7-tris(carboxymethyl)-1,4,7,10-tetraaza-
cyclododecane

[0039] do2a: 1.4,7.10-tetraazacyclododecane-1,7-bis(ace-
tic acid)

Polyaminophosphonate Macrocycles

[0040] dotp: 1,4,7,10-tetraazacyclododecane-1,4,7,10-
tetra(methanephosphonic acid)
[0041] do3p: 1,4,7,10-tetraazacyclododecane-1,4,7-tri
(methanephosphonic acid)
[0042] do2p: 1,4,7,10-tetraazacyclododecane-1,7-di
(methanephosphonic acid)
[0043] Methods of diagnosing or treating ICAM-1/LFA-1
mediated diseases or conditions in a patient in need thereof,
are another aspect of the invention. In this method, an effec-
tive amount of one or more compounds according to the
present invention are administered to a patient in need thereof
to diagnose a condition or disease state or to treat the condi-
tion or disease state. Disease states or conditions which may
be diagnosed or treated by the present invention include, for
example, inflammatory or immune cell-mediated diseases
including arthritis, rheumatoid arthritis, osteoarthritis, dis-
eases or conditions resulting from non-specific immune
responses such as adult respiratory distress syndrome, shock,
oxygen toxicity, septic shock, multiple organ injury syn-
drome secondary to septicemia, multiple organ injury syn-
drome secondary to trauma, ischemia-reperfusion injury, rep-
erfusion injury of tissue due to cardiopulmonary bypass,
myocardial infarction or use with thrombolysis agents to
liquidize or eliminate thrombus, acute glomerulonephritis,
vasculitis, reactive arthritis, dermatosis with acute inflamma-
tory components, stroke, thermal injury, hemodialysis, leu-
kapheresis, ulcerative colitis, necrotizing enterocolitis and
granulocyte transfusion associated syndrome, solid organ
transplant rejection, autoimmune diseases including
Raynaud’s syndrome, autoimmune thyroiditis, dermatitis,
multiple sclerosis, arthritis, including rheumatoid arthritis
and osteoarthritis, insulin-dependent diabetes mellitus, dia-
betes retinopathy, uveitis, inflammatory bowel disease
including Crohn’s disease and ulcerative colitis, and systemic
lupus erythematosus, hyperproliferative diseases such as pso-
riasis, hyperkeratosis, ichthyosis, keratoderma, lichen planus
or warts, hematopoietic neoplasms and metastasis of such
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neoplasms, including Hodgkin’s disease, non-Hodgkin’s
lymphoma, leukemias, including non-acute and acute leuke-
mias, such as acute myelogenous leukemia, acute lympho-
cytic leukemia, acute promyelocytic leukemia (APL), acute
T-cell lymphoblastic leukemia, adult T-cell leukemia, baso-
philic leukemia, eosinophilic leukemia, granulocytic leuke-
mia, hairy cell leukemia, leukopenic leukemia, lymphatic
leukemia, lymphoblastic leukemia, lymphocytic leukemia,
megakaryocytic leukemia, micromyeloblastic leukemia,
monocytic leukemia, neutrophilic leukemia and stem cell
leukemia; and in adjunct therapy in reducing the likelihood of
retinoic acid syndrome in an acute promyelocytic leukemia
(APL) patient being treated with retinoic acid, among others.
[0044] In the diagnostic method according to the present
invention, a compound according to the present invention is
administered to a patient, and evidence of elevated expression
of LFA-1/CAM receptors in tissue of said patient through
standard well-known nuclear imaging techniques, especially
radiation (radionuclide) imaging, including scintigraphic
imaging, in comparison to a normal standard, is indicative of
a disease state or condition in the tissue of the patient. Alter-
natively, positron emission tomography or PET imaging may
be used, especially where the radioisotope is a positron emit-
ting radioisotope such as ®*Ga, **Cu, **V, "' As, "*As, "Br, or
other polyvalent, cationic radiometals that decay by positron
emission. The nuclear imaging techniques useful in the
present diagnostic methods are well known in the art. In
general, elevated levels of radiation emanating from a diag-
nosed tissue is evidence of elevated LFA-1/CAM receptor
activity and indicative of a disease state or condition wherein
these receptors are found at elevated levels.

[0045] Pharmaceutical compositions according to the
present invention include an effective amount of one or more
compounds according to the present invention optionally in
combination with a pharmaceutically acceptable carrier,
additive or excipient. Additional pharmaceutical composi-
tions comprise an effective amount of at least one compound,
in combination with an effective amount of at least one addi-
tional active agent (a “second anti-cancer agent™), optionally
in combination with a pharmaceutically acceptable carrier,
additive or excipient.

[0046] Another aspect of the invention relates to a method
for reducing the likelihood or preventing a patient who is at
risk for a disease state or condition or will succumb to one or
more of the above-described disease states comprising
administering to said patient an effective amount of one or
more compounds according to the present invention.

[0047] Preparation of compounds according to the present
invention proceeds using standard synthetic chemical tech-
niques which are readily available in the art. Synthetic meth-
ods for obtaining compounds related to the present invention
may be found in U.S. Pat. No. 6,881,747, issued Apr. 19,
2005, which is incorporated by reference herein. These meth-
ods can serve as guides for obtaining compounds according to
the present invention. In general, the present compounds may
be made by condensing a chelate compound to which is
bound a radionuclide onto an activated moiety containing
either an electrophilic group or a nucleophilic group of a
linker group which is chemically linked to the amine of the
dioxoimidazolidine group of the compounds according to the
present invention. Alternatively, the chelate may be first
reacted with one end of a difunctional chemical linker and the
unreacted moiety of the linker group may thereafter be
reacted with the dioxoimidazoline group. Radioisotopes may
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be added (chelated) to the compound at an early or later stage
in the chemical synthetic method.

[0048] As discussed above, tricarbonyl complexes may be
used to prepare the final diagnostic/therapeutic compound
according to the present invention. Preparation of the com-
pound can also be prepared using Technetium (I) and Rhe-
nium (I) tricarbonyl complexes such as those listed below
using methods described by H.-J. Pietzsch, A. Gupta, M.
Reisgys, A. Drews, S. Seifert, S. Seifert, et. al. [Chemical and
Biological Characterization of Technetium(I) and Rhenium
(D Tricarbonyl Complexes with Dithioether Ligands Serving
as Linkers for Coupling the Tc(CO); and Re(CO); Moieties
to Biologically Active Molecules, Bioconjugate Chem., 11(3)
414-424, 2000].

[0049] Bromo (3,6-dithiaoctane-S,S)tricarbonylrhenium
)

[0050] [Bromo(4,7-dithia-1-octyne-S,S)tricarbonylrhe-
nium(D)]

[0051] [Bromo(1-carboxy-3,6-dithiaheptane-S,S)tricarbo-

nylrhenium(I)] (CoH, ,BrOsReS,)

[0052] [Bromo(1,6-dicarboxy-2,5-dithiahexane-S,S)tri-
carbonylrhenium(I)] (C;H,,BrO-ReS,)

[0053] [1-Carboxylato-3,6-dithiaheptane-O,S,S)tricarbo-
nylrhenium(I) (CoH, ;O5ReS,)

[0054] [(1-Carboxylato-6-carboxy-2,5-dithiahexane-O,S,
S)tricarbonylrhenium(I)] (C;H,O-ReS,)

[0055] [Bromo(1,8-dihydroxy-3,6-dithiaoctane-S,S)tri-
carbonylrhenium(I)] (C;H, ,BrO ReS,)

[0056] [(1,8-Dihydroxy-3,6-dithiaoctane-O,S,S)tricarbon-
ylrhenium(I)|nitrate (C;H, ,NOgReS,)

[0057] [Chloro(3,6-dithiaoctane-S,S)tricarbonyltechne-
tium(I)]

[0058] [Chloro(4,7-dithia-1-octyne-S,S)tricarbonyltech-
netium(I)]

[0059] [Chloro(1-carboxy-3,6-dithiaheptane-S,S)tricarbo-
nyltechnetium(I)]

[0060] [Chloro(1,6-dicarboxy-2,5-dithiahexane-S,S)tri-
carbonyltechnetium(I)]

[0061] [1-Carboxylato-3,6-dithiaheptane-O,S,S)tricarbo-
nyltechnetium(I)

[0062] [(1-Carboxylato-6-carboxy-2,5-dithiahexane-O,S,
S)tricarbonyltechnetium(1)]

[0063] The tricarbonyl complexes as described above may

be reacted with the dioxoimidazoinyl compound to form a

chemically linked tricarbonyl complex which contains the

radioisotope.

[0064] Attachment of metal radioisotopes to the com-

pounds prepared above make the final NorBirt diagnostic/

therapeutic compounds. Analogous preparations yield com-

pounds containing other radioisotopes as otherwise disclosed

herein.

Note that in Choosing Linkers:

[0065] The linkers is comprised of alkyl chains of various

lengths and containing various side chains depending on the

hydrophobic/hydrophilic properties of the final product and

the clinical needs. Linkers preferably contain O, S or NH on

the distal end of the molecule in order to attach a chelate to

which may be bound a radioisotope.

Chelates:

[0066] Are selected based on the metal to be incorporated
and the clinical objectives.
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Chelates selected is such as those listed above and include

[0067] Open-Chain Polyaminocarboxylates;

[0068] AZA Macrocyclics;

[0069] Polyaminocarboxylic Macrocycles; and

[0070] Polyaminophosphonate Macrocycles.

[0071] The term “patient” or “subject” is used throughout

the specification to describe an animal, preferably a human, to
whom treatment, including prophylactic treatment, with the
compounds according to the present invention is provided.
For treatment of those infections, conditions or disease states
which are specific for a specific animal such as a human
patient, the term patient refers to that specific animal.
[0072] The term “compound” is used herein to refer to any
specific chemical compound disclosed herein. Within its use
in context, the term generally refers to a single oligopeptide,
but in certain instances may also refer to stereoisomers and/or
optical isomers (including racemic mixtures) of disclosed
compounds.

[0073] The term “optionally substituted” shall mean a sub-
stituent other than H on a molecule of a compound, the
substituent being compatible with the chemistry of the
present invention. Substituents include C,-C alkyl groups
(preferably, C,-C; alkyl groups, which may be optionally
substituted with for example, one or more halogen group,
especially fluorine), halogen (F, Cl, Br or I), amine groups
(which may be optionally substituted with one or two C,-C;
alkyl groups), O(C,-Cy)alkyl (alkoxy), OC(O)(C,-Cy)alkyl
(ester), (O)CO(C,-Cyalkyl (ester), C,-C4 amide or C,-Cg
carboxamide (where the amine is unsubstituted, or mono- or
di-C, -C; alkyl substituted), among others.

[0074] The term “effective amount” is used throughout the
specification to describe concentrations or amounts of com-
pounds according to the present invention which may be used
to produce a favorable change in a disease or condition
treated, whether that change is a remission, a favorable physi-
ological result, a reversal or attenuation of a disease state or
condition treated, the prevention or the reduction in the like-
lihood of a condition or disease-state occurring, depending
upon the disease or condition treated. Where compounds are
used in combination, each of the compounds is used in an
effective amount, wherein an effective amount may include a
synergistic amount.

[0075] The term “ICAM-1/LFA-1 mediated disease” is
used throughout the specification to describe a disease which
is mediated through or occurs as a consequence of the inter-
action of ICAM-1 with LFA-1, for example, by inhibiting the
ICAM-1/LFA-1 dependent homotypic aggregation of human
lymphocytes and human lymphocyte adherence to ICAM-1,
or modulating immune cell activation/proliferation, for
example, as competitive inhibitors of intercellular ligand/
receptor binding reactions involving CAMS and leukointe-
grins.

[0076] The present compounds and compositions may be
used to treat varied diseases and conditions such as an inflam-
matory or immune cell-mediated diseases including arthritis,
rheumatoid arthritis, osteoarthritis, diseases or conditions
resulting from non-specific immune responses such as adult
respiratory distress syndrome, shock, oxygen toxicity, septic
shock, multiple organ injury syndrome secondary to septice-
mia, multiple organ injury syndrome secondary to trauma,
ischemia-reperfusion injury, reperfusion injury of tissue due
to cardiopulmonary bypass, myocardial infarction or use with
thrombolysis agents to liquidize or eliminate thrombus, acute
glomerulonephritis, vasculitis, reactive arthritis, dermatosis
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with acute inflammatory components, stroke, thermal injury,
hemodialysis, leukapheresis, ulcerative colitis, necrotizing
enterocolitis and granulocyte transfusion associated syn-
drome, solid organ transplant rejection, autoimmune diseases
including Raynaud’s syndrome, autoimmune thyroiditis, der-
matitis, multiple sclerosis, arthritis, including rheumatoid
arthritis and osteoarthritis, insulin-dependent diabetes melli-
tus, diabetes retinopathy, uveitis, inflammatory bowel disease
including Crohn’s disease and ulcerative colitis, and systemic
lupus erythematosus, hyperproliferative diseases such as pso-
riasis, hyperkeratosis, ichthyosis, keratoderma, lichen planus
or warts, hematopoietic neoplasms and metastasis of such
neoplasms, including Hodgkin’s disease, non-Hodgkin’s
lymphoma, leukemias, including non-acute and acute leuke-
mias, such as acute myelogenous leukemia, acute lympho-
cytic leukemia, acute promyelocytic leukemia (APL), acute
T-cell lymphoblastic leukemia, adult T-cell leukemia, baso-
philic leukemia, eosinophilic leukemia, granulocytic leuke-
mia, hairy cell leukemia, leukopenic leukemia, lymphatic
leukemia, lymphoblastic leukemia, lymphocytic leukemia,
megakaryocytic leukemia, micromyeloblastic leukemia,
monocytic leukemia, neutrophilic leukemia and stem cell
leukemia; and in adjunct therapy in reducing the likelihood of
retinoic acid syndrome in an acute promyelocytic leukemia
(APL) patient being treated with retinoic acid. The com-
pounds according to the present invention may also be used to
fluidize or dissolve a thrombus in a patient, preferably in
combination with a thrombolysis agent.

[0077] The term “neoplasia” or “neoplasm” is used
throughout the specification to refer to the pathological pro-
cess that results in the formation and growth of a cancerous or
malignant neoplasm, i.e., abnormal tissue that grows by cel-
Iular proliferation, often more rapidly than normal and con-
tinues to grow after the stimuli that initiated the new growth
cease. Malignant neoplasms show partial or complete lack of
structural organization and functional coordination with the
normal tissue and may invade surrounding tissues. As used
herein, the term neoplasia/neoplasm is used to describe all
cancerous disease states and embraces or encompasses the
pathological process associated with cancer, in particular
hematopoietic neoplasm and its metastasis. A hematopoietic
neoplasm is a neoplasm of hematopoeitic cells of the blood or
lymph system and includes disease states such as Hodgkin’s
disease, non-Hodgkin’s lymphoma, leukemias, including
non-acute and acute leukemias, such as acute myelogenous
leukemia, acute lymphocytic leukemia, acute promyelocytic
leukemia (APL), adult T-cell leukemia, basophilic leukemia,
eosinophilic leukemia, granulocytic leukemia, hairy cell leu-
kemia, leukopenic leukemia, lymphatic leukemia, lympho-
blastic leukemia, lymphocytic leukemia, megakaryocytic
leukemia, micromyeloblastic leukemia, monocytic leukemia,
neutrophilic leukemia and stem cell leukemia.

[0078] The term “prophylactic” is used to describe the use
of a compound described herein which either prevents or
reduces the likelihood of a condition or disease state in a
patient or subject.

[0079] The term “pharmaceutically acceptable” refers to a
salt form of the present compounds or a carrier, additive or
excipient which is not unacceptably toxic to the subject to
which it is administered.

[0080] The term “standard” is used to describe a set or
reference measurement made with normal or non-diseased
tissue such that a comparison with a tested sample can be
made to determine the existence or absence of a disease-state
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or condition in the tested sample (which is usually in the
patient’s body). In the present invention, standards may be
determined by taking measurements using normal tissue and/
or the absence of a condition or disease state or a measure-
ment, among other methods, for which the diagnostic assay is
used. Standards, are well known in the art and are determined
using well known methods available in the art. Standards may
vary from application to application depending upon the diag-
nostic method utilized.

[0081] The term “tumor” is used to describe a malignant or
benign growth or tumefacent.

[0082] The term “anti-cancer compound” or “anti-cancer
agent” is used to describe any compound (including its
derivatives) other than the present compounds as otherwise
described herein which may be used to treat cancer. Anti-
cancer agents as described hereunder are a subset of cytotoxic
agents which may be used in the present invention. Exem-
plary anti-cancer compounds for use in the present invention
include anti-metabolite agents which are broadly character-
ized as antimetabolites, inhibitors of topoisomerase I and I,
alkylating agents and microtubule inhibitors (e.g., taxol), as
well as tyrosine kinase inhibitors (e.g., surafenib), EGF
kinase inhibitors (e.g., tarceva or erlotinib) and ABL kinase
inhibitors (e.g. gleevec or imatinib). Anti-cancer compounds
for use in the present invention include, for example,
Aldesleukin; Alemtuzumab; alitretinoin; allopurinol; altre-
tamine; amifostine; anastrozole; arsenic trioxide; Asparagi-
nase; BCG Live; bexarotene capsules; bexarotene gel; bleo-
mycin; busulfan intravenous; busulfan oral; calusterone;
capecitabine; carboplatin; carmustine; carmustine with Polif-
eprosan 20 Implant; celecoxib; chlorambucil; cisplatin;
cladribine; cyclophosphamide; cytarabine; cytarabine liposo-
mal; dacarbazine; dactinomycin; actinomycin D; Darbepo-
etin alfa; daunorubicin liposomal; daunorubicin, daunomy-
cin; Denileukin diftitox, dexrazoxane; docetaxel;
doxorubicin; doxorubicin liposomal; Dromostanolone propi-
onate; Elliott’s B Solution; epirubicin; Epoetin alfa estramus-
tine; etoposide phosphate; etoposide (VP-16); exemestane;
Filgrastim; floxuridine (intraarterial); fludarabine; fluorou-
racil (5-FU); fulvestrant; gemtuzumab ozogamicin; gleevec
(imatinib); goserelin acetate; hydroxyurea; Ibritumomab
Tiuxetan; idarubicin; ifosfamide; imatinib mesylate; Inter-
feron alfa-2a; Interferon alfa-2b; irinotecan; letrozole; leuco-
vorin; levamisole; lomustine (CCNU); meclorethamine (ni-
trogen mustard); megestrol acetate; melphalan (L-PAM);
mercaptopurine (6-MP); mesna; methotrexate; methoxsalen;
mitomycin C; mitotane; mitoxantrone; nandrolone phenpro-
pionate; Nofetumomab; [LOddC; Oprelvekin; oxaliplatin;
paclitaxel; pamidronate; pegademase; Pegaspargase; Peg-
filgrastim; pentostatin; pipobroman; plicamycin; mithramy-
cin; porfimer sodium; procarbazine; quinacrine; Rasburicase;
Rituximab; Sargramostim; streptozocin; surafenib; talbuvi-
dine (LLDT); talc; tamoxifen; tarceva (erlotinib); temozolo-
mide; teniposide (VM-26); testolactone; thioguanine (6-TG);
thiotepa; topotecan; toremifene; Tositumomab; Trastu-
zumab; tretinoin (ATR A); Uracil Mustard; valrubicin; valtor-
citabine (monoval LDC); vinblastine; vinorelbine; zoledr-
onate; and mixtures thereof, among others.

[0083] The term “coadministration” or ‘“combination
therapy” is used to describe a therapy in which at least two
active compounds (one of which is a compound according to
the present invention) in effective amounts are used to treat
cancer or another disease state or condition as otherwise
described herein at the same time. Although the term coad-
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ministration preferably includes the administration of two
active compounds to the patient at the same time, it is not
necessary that the compounds be administered to the patient
at the same time, although effective amounts of the individual
compounds will be present in the patient at the same time.
Compounds according to the present invention may be
administered with one or more anti-cancer agent, including
antimetabolites, alkylating agents, topoisomerase | and topoi-
somerase II inhibitors as well as microtubule inhibitors,
among others. Anticancer compounds for use in the present
invention include those described above, and mixtures
thereof, among others. Coadministration of one ofthe present
compounds with another anticancer agent as otherwise
described herein will often result in a synergistic enhance-
ment of the anticancer activity of the other anticancer agent,
an unexpected result. One or more of the present compounds
may also be coadministered with another bioactive agent
(e.g., antiviral agent, antihyperproliferative disease agent,
agents which treat chronic inflammatory disease, among oth-
ers or as otherwise described herein).

[0084] The present invention relates to a diagnostic aspect
of the invention which comprises administering a compound
according to the present invention to a patient or subject to
determine the existence of a disease or condition where
LFA-1 expression is elevated such as in cancer, especially a
leukemia or lymphoma, an inflammatory disease or an infec-
tion and through measuring the radioactive decay of the iso-
tope through any method known in the art, as discussed
above, determining the presence of leukemia or lymphoma in
the patient or subject. The diagnostic method according to the
present invention may facilitate therapy once diagnosis of
cancer or other disease states or condition is made.

[0085] In an additional aspect of the present invention, the
present compounds and compositions may be used to treat
diseases and conditions which are mediated through a cellular
response which is undesirable and/or which should be con-
trolled or inhibited, especially including where LFA-1
expression is elevated. Such disease states or conditions may
include inflammatory or immune cell-mediated diseases
including arthritis, reactive arthritis, rheumatoid arthritis,
osteoarthritis, diseases or conditions resulting from non-spe-
cific immune responses such as adult respiratory distress
syndrome, shock, oxygen toxicity, septic shock, multiple
organ injury syndrome secondary to septicemia, multiple
organ injury syndrome secondary to trauma, ischemia-reper-
fusion injury, reperfusion injury of tissue due to cardiopul-
monary bypass, myocardial infarction, acute glomerulone-
phritis, vasculitis, reactive arthritis, dermatosis with acute
inflammatory components, stroke, thermal injury, hemodi-
alysis, leukapheresis, ulcerative colitis, necrotizing entero-
colitis and granulocyte transfusion associated syndrome,
autoimmune diseases including Raynaud’s syndrome,
autoimmune thyroiditis, dermatitis, multiple sclerosis, rheu-
matoid arthritis and osteoarthritis, insulin-dependent diabetes
mellitus, diabetic retinopathy, uveitis, inflammatory bowel
disease including Crohn’s disease and ulcerative colitis, and
systemic lupus erythematosus, solid organ transplant rejec-
tion, hyperproliferative diseases such as psoriasis, hyperkera-
tosis, ichthyosis, keratoderma, lichen planus or warts,
hematopoietic neoplasms, including Hodgkin’s disease, non-
Hodgkin’s lymphoma, leukemias, including non-acute and
acute leukemias, such as acute myelogenous leukemia, acute
lymphocytic leukemia, acute promyelocytic leukemia (APL),
acute T-cell lymphoblastic leukemia, adult T-cell leukemia,
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basophilic leukemia, eosinophilic leukemia, granulocytic
leukemia, hairy cell leukemia, leukopenic leukemia, lym-
phatic leukemia, lymphoblastic leukemia, lymphocytic leu-
kemia, megakaryocytic leukemia, micromyeloblastic leuke-
mia, monocytic leukemia, neutrophilic leukemia, stem cell
leukemia and metastasis of these diseases. Compositions
according to the present invention may be used in adjunct
therapy in reducing the likelihood of retinoic acid syndrome
in an acute promyelocytic leukemia (APL) patient being
treated with retinoic acid and can also be used to fluidize or
dissolve a thrombus in a patient in combination with a throm-
bolysis agent. In preferred aspects the various forms of leu-
kemia and lymphoma are advantageously treated with com-
pounds according to the present invention.

[0086] Without being limited by way of theory, it is
believed that the present compounds may be used therapeu-
tically either by virtue of the inhibitory or stimulatory activity
of the compounds within the context of the therapy of the
disease state or condition.

[0087] The present invention is also directed to pharmaceu-
tical compositions comprising an effective amount of a com-
pound according to the present invention, including the phar-
maceutically acceptable acid or base addition salts of
compounds of the present invention, optionally in combina-
tion with a pharmaceutically acceptable carrier, additive or
excipient.

[0088] While not being limited by way of theory, it is
believed that the novel molecules of the present invention
inhibit or otherwise modulate the ICAM-1/LFA-1 dependent
homotypic aggregation of human lymphocytes and human
lymphocyte adherence to ICAM-1. While not being limited
by way of theory, it is believe that these compounds have
therapeutic utility in the modulation of immune cell activa-
tion/proliferation, e.g., as competitive inhibitors or stimula-
tors (because of the introduction of radiation) of intercellular
ligand/receptor binding reactions involving CAMs and Leu-
kointegrins. Thus the activity and therapeutic activity of com-
pounds according to the present invention is broad-based.
[0089] Regardless of the mechanism, the compounds of the
present invention may be used to diagnose, identify and/or
treat conditions or disease states in patients or subjects who
suffer from those conditions or disease states or are at risk for
those conditions or certain inflammatory conditions, includ-
ing conditions resulting from a response of the non-specific
immune system in a mammal (e.g., adult respiratory distress
syndrome, shock, oxygen toxicity, multiple organ injury syn-
drome secondary to septicemia, multiple organ injury syn-
drome secondary to trauma, reperfusion injury of tissue due
to cardiopulmonary bypass, myocardial infarction or use with
thrombolysis agents, acute glomerulonephritis, vasculitis,
reactive arthritis, dermatosis with acute inflammatory com-
ponents, stroke, thermal injury, hemodialysis, leukapheresis,
ulcerative colitis, necrotizing enterocolitis and granulocyte
transfusion associated syndrome) and conditions resulting
from a response of the specific immune system in a mammal
(e.g., psoriasis, organ/tissue transplant rejection, graft vs.
host reactions and autoimmune diseases including Raynaud’s
syndrome, autoimmune thyroiditis, dermatitis, multiple scle-
rosis, theumatoid arthritis, insulin-dependent diabetes melli-
tus, uveitis, inflammatory bowel disease including Crohn’s
disease and ulcerative colitis, and systemic lupus erythema-
tosus), hyperproliferative disease, hematopoietic neoplasms.
The compounds of the invention may also be used in treating
asthma or as an adjunct to minimize toxicity with cytokine
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therapy in the treatment of cancers. In general these com-
pounds may be employed in the treatment of those diseases
currently treatable through steroid therapy.

[0090] The compounds of the present invention may be
used to treat hematopoietic neoplasms and their metastasis
including, for example, Hodgkin’s disease, non-Hodgkin’s
lymphoma, leukemias, including non-acute and acute leuke-
mias, such as acute myelogenous leukemia, acute lympho-
cytic leukemia, acute promyelocytic leukemia (APL), acyte
T-cell lymphoblastic leukemia, adult T-cell leukemia, baso-
philic leukemia, eosinophilic leukemia, granulocytic leuke-
mia, hairy cell leukemia, leukopenic leukemia, lymphatic
leukemia, lymphoblastic leukemia, lymphocytic leukemia,
megakaryocytic leukemia, micromyeloblastic leukemia,
monocytic leukemia, neutrophilic leukemia and stem cell
leukemia. In addition, the present compounds may be useful
in adjunct therapy in reducing the likelihood of retinoic acid
syndrome in an acute promyelocytic leukemia (APL) patient
being treated with retinoic acid.

[0091] Thus, another aspect of the invention is the provi-
sion of a method for the treatment or prophylaxis of the
above-described conditions in a patient in need thereof
through the administration of therapeutic or prophylactic
effective amounts of one or more compounds of the present
invention.

[0092] In accordance with the method provided by the
invention, the novel compounds of formula I in effective
amounts may be administered to a patient for a diagnostic,
prophylactic or therapeutic purpose either alone or with other
agents, including other immunosuppressive or antiinflamma-
tory agents or other anti-cancer agents. When provided pro-
phylactically, the immunosuppressive compound(s) are pro-
vided in advance of any inflammatory response or symptom
(for example, prior to, at, or shortly after the time of an organ
or tissue transplant but in advance of any symptoms of organ
rejection). The prophylactic administration of a compound of
the formula I serves to prevent or attenuate any subsequent
inflammatory response (such as, for example, rejection of a
transplanted organ or tissue, etc.). The therapeutic adminis-
tration of a compound of the formula I serves to attenuate any
actual inflammation (such as, for example, the rejection of a
transplanted organ or tissue). Thus, in accordance with the
invention, a compound of the formula I can be administered
either prior to the onset of inflammation (so as to suppress an
anticipated inflammation) or after the initiation of inflamma-
tion.

[0093] The novel compounds of formula I may, in accor-
dance with the invention, be administered in single or divided
doses by the oral, parenteral or topical routes. Administration
of' the active compound may range from continuous (intrave-
nous drip) to several oral administrations per day (for
example, Q.1.D.) and may include oral, topical, parenteral,
intramuscular, intravenous, sub-cutaneous, transdermal
(which may include a penetration enhancement agent), buc-
cal and suppository administration, among other routes of
administration. Enteric coated oral tablets may also be used to
enhance bioavailability of the compounds from an oral route
of administration. The most effective dosage form will
depend upon the pharmacokinetics of the particular agent
chosen as well as the severity of disease in the patient. Admin-
istration of compounds according to the present invention as
sprays, mists, or aerosols for intra-nasal, intra-tracheal or
pulmonary administration may also be used. The present
invention therefore also is directed to pharmaceutical com-
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positions comprising an effective amount of compound
according to the present invention, optionally in combination
with a pharmaceutically acceptable carrier, additive or excipi-
ent.

[0094] The amount used is that amount effective within the
context of the administration. A suitable oral dosage for a
compound of formula I would be in the range of about 0.01
mg to 10 g or more per day, preferably about 0.1 mg to about
1 g per day. In parenteral formulations, a suitable dosage unit
may contain from 0.1 to 250 mg of said compounds, which
may be administered from one to four times per day, whereas
for topical administration, formulations containing 0.01 to
1% active ingredient are preferred. It should be understood,
however, that the dosage administration from patient to
patient will vary and the dosage for any particular patient will
depend upon the clinician’s judgment, who will use as criteria
for fixing a proper dosage the size and condition of the patient
as well as the patient’s response to the drug.

[0095] When the compounds of the present invention are to
be administered by the oral route, they may be administered
as medicaments in the form of pharmaceutical preparations
which contain them in association with a compatible pharma-
ceutical carrier, additive or excipient material. Such carrier
material can be an inert organic or inorganic carrier material
suitable for oral administration. Examples of such carrier
materials are water, gelatin, talc, starch, magnesium stearate,
gum arabic, vegetable oils, polyalkylene-glycols, petroleum
jelly and the like.

[0096] The pharmaceutical preparations can be prepared in
a conventional manner and finished dosage forms can be solid
dosage forms, for example, tablets, dragees, capsules, and the
like, or liquid dosage forms, for example solutions, suspen-
sions, emulsions and the like.

[0097] The pharmaceutical preparations may be subjected
to conventional pharmaceutical operations such as steriliza-
tion. Further, the pharmaceutical preparations may contain
conventional adjuvants such as preservatives, stabilizers,
emulsifiers, flavor-improvers, wetting agents, buffers, salts
for varying the osmotic pressure and the like. Solid carrier
material which can be used include, for example, starch,
lactose, mannitol, methyl cellulose, microcrystalline cellu-
lose, talc, silica, dibasic calcium phosphate, and high molecu-
lar weight polymers (such as polyethylene glycol).

[0098] For parenteral use, a compound according to the
present invention can be administered in an aqueous or non-
aqueous solution, suspension or emulsion in a pharmaceuti-
cally acceptable oil or a mixture of liquids, which may con-
tain bacteriostatic agents, antioxidants, preservatives, buffers
or other solutes to render the solution isotonic with the blood,
thickening agents, suspending agents or other pharmaceuti-
cally acceptable additives. Additives of this type include, for
example, tartrate, citrate and acetate buffers, ethanol, propy-
lene glycol, polyethylene glycol, complex formers (such as
EDTA), antioxidants (such as sodium bisulfite, sodium met-
abisulfite, and ascorbic acid), high molecular weight poly-
mers (such as liquid polyethylene oxides) for viscosity regu-
lation and polyethylene derivatives of sorbitol anhydrides.
Preservatives may also be added if necessary, such as benzoic
acid, methyl or propyl paraben, benzalkonium chloride and
other quaternary ammonium compounds.

[0099] The compounds of this invention may also be
administered as solutions for nasal application and may con-
tain in addition to the compounds of this invention suitable
buffers, tonicity adjusters, microbial preservatives, antioxi-
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dants and viscosity-increasing agents in an aqueous vehicle.
Examples of agents used to increase viscosity are polyvinyl
alcohol, cellulose derivatives, polyvinylpyrrolidone, polysor-
bates or glycerin. Preservatives added may include benzalko-
nium chloride, chloro-butanol or phenylethyl alcohol, among
numerous others.

[0100] Additionally, the compounds provided by the inven-
tion can be administered by suppository.

[0101] Incertainaspects according to the present invention,
where various cancers are to be treated, the compounds may
be co-administered with at least one other anti-cancer agent
such as antimetabolites, Ara C, etoposide, doxorubicin, taxol,
hydroxyurea, vincristine, cytoxan (cyclophosphamide) or
mitomycin C, among numerous others, including topoi-
somerase I and topoisomerase Il inhibitors, such as adriamy-
cin, topotecan, campothecin and irinotecan, other agents such
as gemcitabine and agents based upon campothecin and cis-
platin, among numerous other anti-cancer compounds
including tyrosine kinase inhibitors (e.g., surafenib), EGF
kinase inhibitors (e.g., tarceva or erlotinib) and ABL kinase
inhibitors (e.g. gleevec or imatinib), as well as Aldesleukin;
Alemtuzumab; alitretinoin; allopurinol; altretamine; amifos-
tine; anastrozole; arsenic trioxide; Asparaginase; BCG Live;
bexarotene capsules; bexarotene gel; bleomycin; busulfan
intravenous; busulfan oral; calusterone; capecitabine; carbo-
platin; carmustine; carmustine with Polifeprosan 20 Implant;
celecoxib; chlorambucil; cisplatin; cladribine; cyclophospha-
mide; cytarabine; cytarabine liposomal; dacarbazine; dacti-
nomycin; actinomycin D; Darbepoetin alfa; daunorubicin
liposomal; daunorubicin, daunomycin; Denileukin diftitox,
dexrazoxane; docetaxel; doxorubicin; doxorubicin liposo-
mal; Dromostanolone propionate; Elliott’s B Solution; epi-
rubicin; Epoetin alfa estramustine; etoposide phosphate; eto-
poside (VP-16); exemestane; Filgrastim; floxuridine
(intraarterial); fludarabine; fluorouracil (5-FU); fulvestrant;
gemtuzumab ozogamicin; gleevec (imatinib); goserelin
acetate; hydroxyurea; Ibritumomab Tiuxetan; idarubicin;
ifosfamide; imatinib mesylate; Interferon alfa-2a; Interferon
alfa-2b; irinotecan; letrozole; leucovorin; levamisole; lomus-
tine (CCNU); meclorethamine (nitrogen mustard); megestrol
acetate; melphalan (L-PAM); mercaptopurine (6-MP);
mesna; methotrexate; methoxsalen; mitomycin C; mitotane;
mitoxantrone; nandrolone phenpropionate; Nofetumomab;
LOddC; Oprelvekin; oxaliplatin; paclitaxel; pamidronate;
pegademase; Pegaspargase; Pegfilgrastim; pentostatin; pipo-
broman; plicamycin; mithramycin; porfimer sodium; procar-
bazine; quinacrine; Rasburicase; Rituximab; Sargramostim;
streptozocin; surafenib; talbuvidine (LDT); talc; tamoxifen;
tarceva (erlotinib); temozolomide; teniposide (VM-26); tes-
tolactone; thioguanine (6-TO); thiotepa; topotecan;
toremifene; Tositumomab; Trastuzumab; tretinoin (ATRA);
Uracil Mustard; valrubicin; valtorcitabine (monoval LDC);
vinblastine; vinorelbine; zoledronate; and mixtures thereof,
among others. By “co-administer” it is meant that the present
compounds are administered to a patient such that the present
compounds as well as the co-administered compound may be
found in the patient’s bloodstream at the same time, regard-
less when the compounds are actually administered, includ-
ing simultaneously. In many instances, the co-administration
of the present compounds with traditional anticancer agents
produces a synergistic (i.e., more than additive) result which
is unexpected.

[0102] The present invention also relates to pharmaceutical
compositions comprising a compound according to the
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present invention in combination with a thrombolysis agent
(such as streptokinase, tissue plasminogen activator, anisoy-
lated plasminogen streptokinase activator complex or mix-
tures, thereof) to fluidize or dissolve a thrombus in a patient,
optionally in combination with a pharmaceutically accept-
able carrier, additive or excipient.

[0103] Compositions according to the present invention
permit the incorporation of the linker and the radiometal into
the small molecule. Successful incorporation of radiometals
has been achieved in our laboratory.

EXAMPLES

Research Design and Methods

[0104] Radiolabelling the DOTA-alkylamino-NorBirt with
Y77Lu and determining its specific activity, specific binding
and integrity towards LFA-1 receptors utilizing in vitro recep-
tor studies with a lymphoma cell line.
[0105] It has been previously shown that the DOTA-alky-
lamino-NorBirt has affinity towards the LFA-1 receptors and
specifically binds to it. This property of the DOTA-alky-
lamino-NorBirt will help in targeting the tumors, which over
express the LFA-1 receptors. A radiometal ”"Lu is selected
for the following reasons:
[0106] It has a gamma photon emission of sufficient
energy to image (208 keV).
[0107] Ithas arelatively long halflife (6.72 days) allow-
ing for a longer shelf-life and observation period.
[0108] Since DOTA is used as a cheater, ”"Lu, which
belongs to the lanthanide group, is suitable for incorpo-
ration so as to achieve high In-Vivo stability.
DOTA is a very effective chelator and is the most advanta-
geous for radioactive lanthanide isotopes as they have excep-
tionally high thermodynamic stability and kinetic inertness.
The most important part of the radiolabeling process is attain-
ing high specific activity and stability so that the maximum
amount of radioactivity can be delivered with the optimal
amount of drug.
[0109] The DOTA-alkylamino-NorBirt has an affinity
towards the LFA-1 receptors. The extent to which the DOTA-
alkylamino-NorBirt binds to its receptors is determined by
the affinity constant (Kd) of the DOTA-alkylamino-NorBirt.
This affinity constant along with the 50% inhibitory concen-
tration (ICs,) is very important to establish a dose. The Kd can
be established by an equilibrium-binding assay. Since a radio-
metal (*’7Lu) is incorporated into the DOTA-alkylamino-
NorBirt, an equilibrium binding assay is very important to
establish and justify that the molecule retains the affinity and
binding to the LFA-1 receptors to the same extent as the
unlabeled DOTA-alkylamino-NorBirt. Finally, competitive
binding is used to validate the assay, showing that the radio-
labeled DOTA-alkylamino-NorBirt has identified the LFA-1
receptor.

Radiolabeling of the DOTA-Alkylamino-NorBirt

[0110] The radiometal, '”"Lu, is incorporated into DOTA,
which is linked to the small molecule. A small concentration
of the DOTA -alkylamino-NorBirt is incubated with '”"Lu at
a buffered pH. This reaction mixture is heated at a particular
temperature for a particular time. The heating time and tem-
perature are based on the energy of activation required to
completely incorporate and stabilize the radiometal into the
chelator.
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[0111] The radiolabeling of the DOTA-alkylamino-Nor-
Birt has been achieved in our laboratory with another radio-
metal, and hence the time, temperature and pH have been
optimized for 2**Bi. The quality control (Q.C) of the product
is done to determine the percent incorporation and the radio-
chemical purity. Instantaneous thin layer chromatography
(ITLC) in conjugation with a Bioscan (AR-2000 Imaging
Scanner)/gamma counter (Wallac Wizard 1480) is used to
determine the percent incorporation of radiometal into the
DOTA-alkylamino-NorBirt.

[0112] The High Performance Liquid Chromatography
(HPLC, Thermo Separation Products) of the radiolabeled
DOTA-alkylamino-NorBirt establishes the radiochemical
purity.

Materials and Method:

[0113] '""Luis used as radiometal for labeling the DOTA-
alkylamino-NorBirt. The alkylamino-NorBirt is provided by
Dr. Richard Larson, University of New Mexico. DOTA is
obtained from the commercial sources that have provided this
service in the past. A novel radiolabeling method has been
developed in our laboratory. The DOTA-alkylamino-NorBirt
has been successfully labeled with 2°Bi (t/4=45.5 minutes)
in our laboratory. Labeling efficiencies as high as 90% have
been achieved using DOTA (metal chelator) as the linker. It is
possible to achieve this same labeling efficiency with *”’Lu
(t¥2=6.72 days).

[0114] Approximately 10 mg of the DOTA-alkylamino-
NorBirt is incorporated with ‘W’ mCi of *’’Lu in an epen-
dorff metal free tube. The reaction tube is buffered with
3M-ammonium acetate to pH ‘X’. Then the tube is heated on
the hotblock at “Y’° C. for ‘2’ minutes. Following incubation,
100 wl of the reaction mixture is mixed with 200 ul of 4 mM
diethylenetriaminepentaacetate (DTPA). The DTPA is added
to the radiolabeled product to chelate any free '”’Lu. The
mixture (approximately 10 uL) is spotted at a point 1 cm from
the bottom of an ITLC silica gel coated fiber sheet (Gelman
Sciences, Inc. Ann Arbor, Mich.) and then developed in a
chamber using 0.9% NaCl solution as the mobile phase. The
solvent front is allowed to migrate on the strip until it reaches
8 cm. This procedure is repeated so that all samples is run in
duplicate. The developed strip is scanned on the BioScan® to
obtain the percent incorporation. Activity retained at the bot-
tom (origin) of the strip is the radiolabled DOTA-alkylamino-
NorBirt. Activity located at the top (solvent front) is the free
Y77Lu (DTPA-""Lu). For HPLC analysis of the radiolabeled
DOTA-alkylamino-NorBirt, 10 ul of the DTPA mixture is
injected on a C-18 analytical reversed phased chromatogra-
phy column (5 umx250 mm) and eluted with an isocratic
solvent system of 100% Methanol and water in aratio of 65:1,
flow rate 1.0 mL per minute.

Data Interpretation:

[0115] For ITLC, the activity at the origin and the solvent
front is determined with the Bioscan® yielding peaks for the
177Lu-DOTA -alkylamino-NorBirt and free '""Lu (*”’Lu-
DTPA). The area under the curve of the peaks on integration
gives counts per minute (CPM). The ratio of the CPM of the
labeled DOTA-alkylamino-NorBirt (origin CPM) to total
CPM (origin CPM+solvent front CPM) will give the percent
incorporation. The variables, W, X,Y, and Z is adjusted until
a percent incorporation of Z90% is achieved.
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[0116] A single radiometric peak is expected for the radio-
labeled DOTA-alkylamino-NorBirt on the HPL.C using a
radiometric detector. The more hydrophilic product, the free
Y77Lu (*77Lu-DTPA), is expected to come off immediately
and the more hydrophobic radiolabeled DOTA-alkylamino-
NorBirt should come off the column much later. To determine
the radiochemical purity of the DOTA-alkylamino-NorBirt,
the area under the curve for each ofthe peaks is assessed using
Win-Flow software. The '7’Lu-DOTA-alkylamino-NorBirt
should have approximately same retention time as the unla-
beled DOTA-alkylamino-NorBirt.

In Vitro Binding Studies

Approach:

[0117] The T-cell lymphoma cell line (ESBL cell line)
expressing LFA-1 receptors is used to determine the affinity
constant for the radiolabeled DOTA-alkylamino-NorBirt.
The ESBL cells are chosen because these same cells isused to
grow tumor in mice. The equilibrium-binding assay measures
the affinity of the DOTA-alkylamino-NorBirt towards its
receptors. The primary aim is to determine the specific bind-
ing of the DOTA-alkylamino-NorBirt towards the target
receptors (saturation binding). This analysis is dependent on
the assumption that the incubation has reached equilibrium.
Reaching this state of equilibrium depends upon many factors
including: the characteristics of the small molecule and the
LFA-1 receptors, the incubation time and temperature, as
well as other experimental factors. The specific binding is
used to calculate the Kd. Lower the value of Kd for the
DOTA-alkylamino-NorBirt; greater is the affinity for the
receptors.

[0118] The competitive binding measures the binding of a
single concentration of the radiolabeled DOTA-alkylamino-
NorBirt in the presence of various concentrations of the unla-
beled DOTA-alkylamino-NorBirt. The competitive binding
is used to determine the IC, (the concentration of unlabeled
drug that blocks half of the specific binding).

Materials and Method:

[0119] The non-specific binding is determined using cells
(5 tubes with 1*10° ESBL cells/ml per tube) pre-treated with
a 500-fold excess of the non-labeled DOTA-alkylamino-Nor-
Birt and allowing it to incubate for 1 hour on ice (to saturate
the binding sites). After the non-labeled DOTA-alkylamino-
NorBirt has saturated the binding sites, the cells is treated
with varying concentrations of the radiolabeled DOTA-alky-
lamino-NorBirt. Total binding will next be determined using
a second set of cells (5 tubes with 1*10° ESBL cells/ml per
tube) treated with varying concentrations (20-500 nm) of the
radiolabeled DOTA -alkylamino-NorBirt (in the absence of
the unlabeled drug). In order to study the high affinity state for
the receptors, a third set of (5 tubes with 1*10° ESBL cells in
1 ml/tube) is treated with 1 mM Mn2+ ions and incubated for
15 minutes on ice. Varying concentrations (20-500 nm) of the
radiolabeled DOTA-alkylamino-NorBirt is added to the tubes
containing the treated cells. All sets of treated cells is incu-
bated for 1 hour on ice. The treated cells is centrifuged after
incubation and washed with ice-cold buffer (to minimize
binding disturbance). This procedure is repeated two times.
Then cells will then be counted on the gamma counter. The
counts from the cells without the block will give the total
binding. The non-specific binding is obtained from the
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blocked cells. The high affinity state binding is obtained from
the cells treated with manganese ions.

[0120] The difference between the total binding and the
non-specific binding provides the specific binding of the
radiolabeled DOTA-alkylamino-NorBirt towards the LFA-1
receptors.

[0121] Finally, competitive binding is used to validate the
assay, showing that the radiolabeled DOTA -alkylamino-Nor-
Birt has identified the LFA-1 receptor. The concentration of
the radiolabeled DOTA-alkylamino-NorBirt to be used is
based on the Kd obtained. The unlabeled DOTA-alkylamino-
NorBirtis used at 10 concentrations and is incubated with the
single concentration of the radiolabeled DOTA-alkylamino-
NorBirt. The treated cells is centrifuged after incubation and
the cells is washed with ice-cold buffer (to minimize binding
disturbance). This procedure is repeated two times. Then cells
will then be counted on the gamma counter.

Data Interpretation:

[0122] CPM versus concentration of the radiolabeled small
molecule is plotted for the non-specific and total binding. The
difference between the non-specific and the total binding is
the specific binding. A scatchard plot is prepared of the spe-
cific binding, as the X-axis, and the ratio of the specific
binding to the concentration of the free radioligand, as the
Y-axis. Kd is determined using the negative reciprocal of the
slope. The DOTA-alkylamino-NorBirt retains its affinity in
the presence of the radiometal. If the binding is less than
expected, we increase incubation so that the optimal Kd is
obtained.

[0123] For the competitive binding, a graph is made with
the total radioligand binding versus the log of the unlabeled
DOTA-alkylamino-NorBirt. The concentration of the unla-
beled drug corresponding to the ICs, is determined using
non-linear regression.

Example:

[0124] To study trafficking of circulating cells in the vas-
culature and tissues by using a mouse model of Non-
Hodgkins lymphoma.

[0125] The In Vivo study is performed in a normal mouse
model injected with 1x10° ESBL cells study the trafficking of
circulating cells in the vasculature and tissues by using a
mouse model of Non-Hodgkins lymphoma. These mice
image after injection with the novel *7’Lu-DOTA-alky-
lamino-NorBirt. These mice are then imaged continuously
over a 2 week period while the tumor model is circulating in
the mice and growing. Imaging studies will determine
whether the drug molecule reaches a specific target area(s) or
remains in circulation. The results of the imaging study also
determine the mean residence time of the drug in and to the
organ(s) of interest as well as the accumulative absorbed dose
for the target organs and the non-specific organs of the body.
This is important for the dosimetry to determine potential
toxicity. Thus based on the results of the In Vivo studies, the
appropriate dose can be determined in order to get the maxi-
mum imaging ability and the minimal toxicity to the dose
limiting organs. The advantages of performing imaging stud-
ies immediately after injection and over time is it will allow us
to track the lymphoma cells.

Aug. 22,2013

Methods and Materials:

[0126] For the tracking of cells circulating, three DBA/2
mice is used at each of the time points selected based upon the
pharmacokinetic data obtained in specific aim 1 (anticipated
tobe 1, 4, 24, 48 and 72 hours) and then every 24 hours for a
period of two week. The animals is re-injected with the 7 "Lu-
DOTA-alkylamino-NorBirt such that not less than 50% of'the
drug has been eliminated. Therefore the animals is reinjected
with the radiolabeled drug whenever it is required.

[0127] Three anaesthetized DBA/2 mice will receive an
injection of 1x10° ESBL cells via the tail vein. One hour after
injection, three of these mice will receive approximately 100
uCi of *”"Lu-DOTA-alkylamino-NorBirt via tail vein injec-
tion. The animals is imaged using a large field-of-view
gamma camera to identify any areas of localization at the five
time points post injection. Animals is placed supine on a
Searle gamma camera with a medium energy, parallel-hole
collimator. A standard prepared by diluting the injectate 1:10,
000 (=1 uCi) is placed within the field of view. Images is
acquired over and the data is recorded using Pinnacle imaging
computer (Medasys, Ann Arbor, Mich.). Static scintigraphic
images is acquired using a 64x64 matrix. Regions of interest
is defined for each foci of localized radioactivity and includ-
ing each organ of interest.

Data Interpretation:

[0128] The imaging data acquired with the Pinnacle imag-
ing computer (Medasys, Ann Arbor, Mich.). will examine the
foci of uptake. The soft tissue is used as the background and
is compared to the injected dose. Whole body images is decay
corrected, and then regions of interest is drawn over the 13
organs. A box is drawn around the whole animal in each
image at the same time points to represent the counts from the
total injected dose given during the study. The counts in each
area of interest or organ is converted to a percentage of total
body counts. The distribution percentages in a given organ for
each animal is averaged, and standard errors is calculated.

Example:

[0129] To determine the precise localization of tumors
within organs by imaging tumor-bearing mice with NHL.

Rationale:

[0130] Cellular and tissue localization of the radiolabeled
small molecule allows in vivo visualization of the trafficking
and localization of cancerous cells and tumors within organs.
A previously developed NHL mouse model is used. The high
target-to-background ratio of the novel radiolabeled small
molecule allows successful imaging of the tumors in these
tumor-bearing mice. A study is performed to see if better
images are achieved with a higher dose of the DOTA-alky-
lamino-NorBirt, then a study is performed to determine the
lowest treatment dose.

Methods and Materials:

[0131] Nine anaesthetized DBA/2 mice receive an injection
of 1x10° ESBL cells via the tail vein. Two weeks after injec-
tion, three of these mice receive approximately 100 uCi of
Y77Lu-DOTA -alkylamino-NorBirt via tail vein injection.
Mice are injected with three different log based doses of the
DOTA-alkylamino-NorBirt based on the Kd50 (1, 10, and
100 times the Kd). The animals are imaged using a large
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field-of-view gamma camera to identify any areas of local-
ization at the five time points (anticipated to be 1, 4,24, 48 and
72 hours) post injection. Animals is placed supine on a Searle
gamma camera with a medium energy, parallel-hole collima-
tor. A standard prepared by diluting the injectate 1:10,000
(Z1 uCi) is placed within the field of view. Images are
acquired over and the data is recorded using Pinnacle imaging
computer (Medasys, Ann Arbor, Mich.). Static scintigraphic
images is acquired using a 64x64 matrix. Regions of interest
are defined for each foci of localized radioactivity and includ-
ing each organ of interest. Nine anaesthetized DBA/2 mice
receive an injection of 1x10° ESBL cells via the tail vein. Two
weeks after injection, three of these mice receive approxi-
mately 100 uCi of '”’Lu-DOTA-alkylamino-NorBirt via tail
vein injection. Mice are injected with three different log based
doses of the DOTA-alkylamino-NorBirt based on the Kd50
(Y10, Y100, and Y1000 times the Kd). The animals are imaged
using a large field-of-view gamma camera to identify any
areas of localization at the five time points (anticipated to be
1, 4, 24, 48 and 72 hours) post injection. Animals are placed
supine on a Searle gamma camera with a medium energy,
parallel-hole collimator. A standard prepared by diluting the
injectate 1:10,000 (=1 uCi) is placed within the field of view.
Images are acquired over and the data is recorded using
Pinnacle imaging computer (Medasys, Ann Arbor, Mich.).
Static scintigraphic images is acquired using a 64x64 matrix.
Regions of interest is defined for each foci of localized radio-
activity and including each organ of interest.

Data Interpretation:

[0132] The imaging data acquired with the Pinnacle imag-
ing computer (Medasys, Ann Arbor, Mich.). will examine the
foci of uptake. The soft tissue is used as the background and
is compared to the injected dose. Whole body images is decay
corrected, and then regions of interest is drawn over the 13
organs and the tumor regions. A box is drawn around the
whole animal in each image at the same time points to repre-
sent the counts from the total injected dose given during the
study. The counts in each area of interest or organ is converted
to a percentage of total body counts. The distribution percent-
ages in a given organ for each animal is averaged, and stan-
dard errors is calculated

Example:

[0133] Establishment of the pharmacokinetic profiles and
to evaluate the safety and toxicity of the radiolabeled small
molecule in normal mice.

Rationale:

[0134] Cellular and tissue localization of the radiolabeled
small molecule allows in vivo visualization of the trafficking
and localization of cancerous cells and tumors within organs.
A previously developed NHL mouse model is in place. The
high target-to-background ratio of the novel radiolabeled
small molecule allows successful imaging of the tumors in
these tumor-bearing mice. The In Vivo studies are performed
in a normal mouse model to determine the In Vivo pharma-
cokinetic profile of the drug molecule being evaluated. A
mouse model is used to determine if the *7’Lu-DOTA-alky-
lamino-NorBirt is being metabolized after injection. The drug
molecule maintains its integrity and behaves in same manner
In Vivo as it does In Vitro in order to achieve the maximum
desired effects. Thus the drug exhibits In Vivo drug stability.
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The pharmacokinetic study is performed to determine the
mean residence time and blood clearance of the injected drug.
The pharmacokinetic study uses a specific dose of the drug
molecule determined from the In Vitro data, which is injected
in a mouse. The safety and toxicity of the '”’Lu-DOTA-
alkylamino-NorBirt is studied by in normal mice. The mice is
sacrificed after 6 weeks and 6 months to determine the effects
the compound has on any of the mice organs as well as
evaluating many toxicity parameters.

Step 1: Pharmacokinetic Study

Approach:

[0135] The *""Lu isotope selected is optimal for the phar-
macokinetic analysis; the longer half-life increases the detec-
tion time for radiometric analysis. Individual urine and blood
samples are collected from mice injected with the radiola-
beled DOTA-alkylamino-NorBirt. Analysis of the samples
are performed using high-pressured liquid chromatography
(Thermo Separation Products) with a radiometric detector
(IN/US gamma ram).

Methods and Materials:

[0136] The In Vivo stability of the DOTA -alkylamino-Nor-
Birt and the pharmacokinetic data is obtained using normal
DBA2/mice. The model selected is a male, DBA/2 mouse, 6
to 8 weeks in age. Mice are housed 7 to 14 days prior to use to
allow them to acclimate to their new environment. Fifteen
healthy mice are used. Based on the dose established using
the In Vitro studies, the labeled DOTA -alkylamino-NorBirt is
injected in the mice via the tail vein. Each injectate is counted
on a gamma counter prior to injection. The mice is placed in
metabolic cages so that urine samples can be collected. 50 ul
otf'blood is withdrawn at each time point from each mouse (1,
4, 24, 48, and 72 hours). Each sample is weighed and then
counted on the gamma counter. All the samples at each time
point are centrifuged at 450 g so as to separate the plasma
using a microcentrifuge. 10 pl of plasma are added to 200 ul
of the 4 mM DTPA solution and 10 ul of this solution is
injected on the HPL.C. The radiometric peaks for the plasma
samples are compared with the radiometric peak obtained
using the injectate (the radiolabeled DOTA-alkylamino-Nor-
Birt). The same procedure is followed for all the five time
points. Also, urine samples are collected for the same time
points and analyzed in the same manner as above (however
the urine samples will not require centrifugation but they will
require filtration to avoid harming the HPL.C column). Fifteen
additional mice are injected with the free 7 "Lu as the control.
The same assays are performed to see the differences between
the radiolabeled and the free !7"Lu.

Data Analysis:

[0137] The In Vivo stability is established if the radiometric
peak of the standard has almost the same retention time as the
injected DOTA-alkylamino-NorBirt obtained in the plasma
and the urine. The retention time is determined using the
Win-Flow software (used with the radiometric detector). Also
the Percent Injected Activity in the blood, plasma and urine is
determined by comparison to the radiometric peaks of the
injectate. Using Win-Nonlin software, the mean residence
time and blood clearance of the drug is calculated. Therefore,
the pharmacokinetics of the radiolabeled DOTA -alkylamino-
NorBirt is established. One potential problem that may occur
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is that not enough activity is obtained in the 10-ul-plasma
DTPA sample, so a larger volume, 100 uL, is used

Step 2: Safety and Toxicity

Approach:

[0138] A chronic (6 months) and an acute (6 weeks) toxic-
ity study is performed on the optimal dose and the optimal
amount of activity with the best treatment regime (determined
in the tumor imaging study, Aim 3) in non-tumor bearing
mice. The toxicity study will begin in year two or year three
and will require a veterinarian pathologist(s) to assist with
histopathology. Through our existing collaborations with
Lovelace Respiratory Research Institute such personnel are
available to us through a professional services agreement
with the UNM HSC.

Methods and Materials:

[0139] Six week old non-tumor bearing DBA/2 mice is
injected with the radiolabeled DOTA-alkylamino-NorBirt in
the acute toxicity study. Six weeks after the last injection of
the radiolabeled DOTA-alkylamino-NorBirt, a group of five
mice is sacrificed. Several organs of these rats is examined
histologically (kidney, liver, pancreas, pituitary, spleen, adre-
nal, bone marrow, bladder and testes) by the veterinary
pathologist(s).

[0140] Blood samples are obtained (by cardiac puncture) at
this time in order to examine the effects of the PRRT on
different organs or tissues by follow up of endocrine (pitu-
itary, adrenals, pancreas) and non-endocrine (liver, kidney,
bone marrow) functions. The following measurements are
done:

Organ Toxicity Monitoring Parameter

Liver Function: LDH, Bilirubin, AL AT, ASAT, total serum
protein

Haematology: Hgb, Het, RBCs, WBCs w/differential,
platelets

Kidney Function: Serum creatinine, creatinine clearance, total
protein

Pancreas Function: Glycosylated Hgb

Pituitary Function:
Adrenal Cortex Function:

ACTH, IGF-1, LH, FSH, TSH
Corticosterone

Gonads: Testosterone
Thyroid: Free T,
[0141] At the correct time point, twenty-four hours before

sacrifice, the mice is placed in a metabolic cage to collect
24-hour urine. The following may be determined: creatinine
clearance, $-2-microglobulin, excretion of Na*, K*, CL".
Also, for the six-week study an HPLC analysis of the urine is
performed to investigate the (amount of) radioactive metabo-
lites. At this moment hematological and endocrine functions
are checked as described for the acute experiment.

[0142] Six week old non-tumor bearing DBA/2 mice is
injected with the radiolabeled DOTA-alkylamino-NorBirt in
the chronic toxicity study. Six months after the last injection
of the radiolabeled DOTA-alkylamino-NorBirt, a group of
five mice is sacrificed. In the chronic long-term experiment (6
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months) creatinine clearance and hematological determina-
tions is done at 16 weeks as well as at the six month period.

[0143] Data Analysis is performed to determine if the
radiolabeled small molecule has caused damage to any of the
tissues or fluids by the specimens collected. The lesions seen
in any of the organs are scored to determine any toxicity or
safety problems affiliated with the 177Lu-DOTA-alky-
lamino-NorBirt.

[0144] Drug Synthesis: The small molecule compound has
been synthesized. DOTA was attached at the Chemistry
Department at New Mexico State University. Standard ana-
Iytical methods (including Mass Spec) showed that the DOTA
linker was successfully attached to the alkylamino-NorBirt
compound. The DOTA-alkylamino-NorBirt was successfully
labeled with >"’Bi (t4=45.5 minutes) in our laboratory. The
radiolabeled product is shown below as a chemical structure
(see FIG. 1) and on the Bioscan® (FIG. 2). If binding is
unsuccessful using Lu-177 as the radioisotope and DOTA as
the linker, other linkers exist and is evaluated for use if
needed.
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1. A compound according to the chemical structure:

Cl

Cl

Br

WhereY is a chemical linker which links the nitrogen to a
chelate group or tricarbonyl complex X, wherein X
incorporates or complexes with a radioisotope.

2. The compound according to claim 1 wherein X incor-
porates a radioisotope selected from the group consisting of
QOY, lllln, 177Lu, 225AC, 209Bi, 213Bi, 67Ga, 68Ga, 64Cu, 67Cu,
71AS, 72AS, 76AS, 77AS, 6SZH, 76Br, 48\], 49\], 203Pb, 209Pb,
212pp, 196Hg, 133Pm. 29! T1, '*¥Re, *°Re, "' Tc and mixtures
thereof.

3. The compound according to claim 1 wherein Y is an
optionally substituted C,-C, , hydrocarbyl group.

4. The compound according to claim 1 wherein Y is a
—(CH,),Z— group;
where n is from 1 to 6;
Z is O, NR, N—CH,CH,—0O—, a keto (C—0) group, a
S(0),, group, a phosphonate group or a phosphate group;
R is H or a C,-C; alkyl group;
w is from O to 4; and

X is a chelate group in which a radioisotope is incorporated
or complexed.

5. The compound according to claim 4 wherein Y is a
—(CH,), NH— group, where n is from 2 to 4, preferably 4
and X is a chelate group.

6. The compound according to claim 4 wherein said chelate
group is an open-chain polyaminocarboxylate, an AZA mac-
rocycle, a polyaminocarboxylic macrocycles or a polyami-
nophosphonate macrocycle.

7. The compound according to claim 5 wherein said chelate
group is an open-chain polyaminocarboxylate, an AZA mac-
rocycle, a polyaminocarboxylic macrocycles or a polyami-
nophosphonate macrocycle.

8. The compound according to claim 6 wherein said chelate
group is 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic
acid (DOTA).

9. The compound according to claim 6 wherein said chelate
group is 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic
acid (DOTA).

10. The compound according to claim 8 wherein said
radioisotope is 2°Bi, !”"Lu or **'In.

11. The compound according to claim 9 wherein said
radioisotope is 2134 177y or L,

12. The compound according to claim 8 wherein said
radioisotope is 2'*Bi or !7"Lu.
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13. The compound according to claim 9 wherein said
radioisotope is ***Bi or }”"Lu.

14. The compound

15. A pharmaceutical composition comprising an effective
amount of a compound according to claim 1, optionally in
combination with a pharmaceutically acceptable carrier,
additive or excipient.

16. A method of diagnosing the existence of a ICAM-1/
LFA-1 mediated disease or condition in tissue of a patient
comprising administering an effective amount of at least one
compound according to claim 1 to said patient; measuring the
amount of said compound which binds to said tissue in said
patient and comparing the measurement obtained in said
measuring step with a standard, wherein an elevated measure-
ment in comparison to said standard is indicative of the exist-
ence of a disease or condition in said tissue.

17. A method of diagnosing the existence of a disease state
or condition in tissue of a patient in which levels of LFA-1 or
ICAM receptors are suspected of being elevated comprising
administering to said patient an effective amount of at least
one compound according to claim 1 to said patient, measuring
the amount of said compound which binds to said tissue in
said patient, and comparing said measurement from said mea-
suring step with a standard, wherein an elevated measurement
in comparison to said standard is indicative of the existence of
said disease state or condition in said patient.

18. The method according to claim 17 wherein said disease
state or condition is an inflammatory or immune cell-medi-
ated disease, a condition resulting from non-specific immune
response, ischemia-reperfusion injury, reperfusion injury of
tissue due to cardiopulmonary bypass, myocardial infarction,
acute glomerulonephritis, vasculitis, reactive arthritis, der-
matosis with acute inflammatory components, stroke, ther-
mal injury, hemodialysis, leukapheresis, ulcerative colitis,
necrotizing enterocolitis, granulocyte transfusion associated
syndrome, solid organ transplant rejection, an autoimmune
diseases, a hyperproliferative disease, and hematopoietic
neoplasms and metastasis of such neoplasms.

19. The method according to claim 18 wherein said inflam-
matory disease is arthritis, rheumatoid arthritis or osteoarthri-
tis, and said condition resulting from a non-specific immune
response is adult respiratory distress syndrome, shock, oxy-
gen toxicity, septic shock, multiple organ injury syndrome
secondary to septicemia or multiple organ injury syndrome
secondary to trauma.

20. The method according to claim 18 wherein said
autoimmune disease is Raynaud’s syndrome, autoimmune
thyroiditis, dermatitis, multiple sclerosis, arthritis, rheuma-
toid arthritis, osteoarthritis, insulin-dependent diabetes mel-
litus, diabetes retinopathy, uveitis, inflammatory bowel dis-
ease, Crohn’s disease, ulcerative colitis, or systemic lupus
erythematosus.
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21. The method according to claim 18 wherein said hyper-
proliferative disease is psoriasis, hyperkeratosis, ichthyosis,
keratoderma, lichen planus or warts.

22. The according to claim 18 wherein said hematopoietic
neoplasm is Hodgkin’s disease, non-Hodgkin’s lymphoma,
acute myelogenous leukemia, acute lymphocytic leukemia,
acute promyelocytic leukemia (APL), acute T-cell lympho-
blastic leukemia, adult T-cell leukemia, basophilic leukemia,
eosinophilic leukemia, granulocytic leukemia, hairy cell leu-
kemia, leukopenic leukemia, lymphatic leukemia, lympho-
blastic leukemia, lymphocytic leukemia, megakaryocytic
leukemia, micromyeloblastic leukemia, monocytic leukemia,
neutrophilic leukemia or stem cell leukemia.

23. A method of treating an ICAM-1/LFA-1 mediated dis-
ease or condition in a patient in need thereof comprising
administering an effective amount of at least one compound
according to claim 1 to said patient.

24. A method of treating a patient in need thereof for a
disease state or condition selected from an inflammatory or
immune cell-mediated disease, a condition resulting from
non-specific immune response, ischemia-reperfusion injury,
reperfusion injury of tissue due to cardiopulmonary bypass,
myocardial infarction, acute glomerulonephritis, vasculitis,
reactive arthritis, dermatosis with acute inflammatory com-
ponents, stroke, thermal injury, hemodialysis, leukapheresis,
ulcerative colitis, necrotizing enterocolitis, granulocyte
transfusion associated syndrome, solid organ transplant
rejection, an autoimmune diseases, a hyperproliferative dis-
ease, and hematopoietic neoplasms and metastasis of such
neoplasms comprising administering to said patient an effec-
tive amount of at least one compound according to claim 1 to
said patient.

25. The method according to claim 24 wherein said disecase
state or condition is an inflammatory or immune cell-medi-
ated disease, a condition resulting from non-specific immune
response, ischemia-reperfusion injury, reperfusion injury of
tissue due to cardiopulmonary bypass, myocardial infarction,
acute glomerulonephritis, vasculitis, reactive arthritis, der-
matosis with acute inflammatory components, stroke, ther-
mal injury, hemodialysis, leukapheresis, ulcerative colitis,
necrotizing enterocolitis, granulocyte transfusion associated
syndrome, solid organ transplant rejection, an autoimmune
diseases, a hyperproliferative disease, and hematopoietic
neoplasms and metastasis of such neoplasms.

26. The method according to claim 24 wherein said inflam-
matory disease is arthritis, rheumatoid arthritis or osteoarthri-
tis and said condition resulting from a non-specific immune
response is adult respiratory distress syndrome, shock, oxy-
gen toxicity, septic shock, multiple organ injury syndrome
secondary to septicemia or multiple organ injury syndrome
secondary to trauma.

27. The method according to claim 24 wherein said
autoimmune disease is Raynaud’s syndrome, autoimmune
thyroiditis, dermatitis, multiple sclerosis, arthritis, rheuma-
toid arthritis, osteoarthritis, insulin-dependent diabetes mel-
litus, diabetes retinopathy, uveitis, inflammatory bowel dis-
ease, Crohn’s disease, ulcerative colitis, or systemic lupus
erythematosus.

28. The method according to claim 24 wherein said hyper-
proliferative disease is psoriasis, hyperkeratosis, ichthyosis,
keratoderma, lichen planus or warts.

29. The according to claim 24 wherein said hematopoietic
neoplasm is Hodgkin’s disease, non-Hodgkin’s lymphoma,
acute myelogenous leukemia, acute lymphocytic leukemia,
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acute promyelocytic leukemia (APL), acute T-cell lympho-
blastic leukemia, adult T-cell leukemia, basophilic leukemia,
eosinophilic leukemia, granulocytic leukemia, hairy cell leu-
kemia, leukopenic leukemia, lymphatic leukemia, lympho-
blastic leukemia, lymphocytic leukemia, megakaryocytic
leukemia, micromyeloblastic leukemia, monocytic leukemia,
neutrophilic leukemia or stem cell leukemia.
30. (canceled)
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