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Background A variety of systems are available that
employ nucleic acid vector molecules for the
expression of recombinant proteins in a diverse and
wide variety of eukaryotic or prokaryotic host cells.
The decision of which vector/host cell pair to use
typically depends upon which system provides the
highest yield of the desired recombinant gene product
in a form best suited for its intended use. For
example, if a post-translational modification, such as
glycosylation, is critical to requirements of the
desired recombinant protein (e.g., for antigenicity,
activity, conformation, etc.), then a eukaryotic host
cell system will be desired as prokaryotic cells are
characteristically devoid of post-translational
glycosylation activity. It is also important that a
vector/host cell pair not only produce an expressed
gene product in the desired form, but also that
molecules of the desired expressed gene product can be
readily isolated from the cells that produce them.
Owing to the escalating costs involved in the
development of recombinant proteins intended for human
therapy, there remains an ongoing effort to enhance
the level of expression of such recombinant proteins,
especially in systems that employ eukaryotic host
cells. Various cis- and trans-acting regulatory
elements have been characterized that have nucleotide
sequences (DNA or RNA) that may improve efficiency of
expression and/or overall yield of the desired
recombinant gene product. Such regulatory elements
include, but are not limited to, highly efficient
promoters, transcriptional enhancer sequences (see,
e.g., the review by Dillon and Grosveld, Trends
Genet., 9 : 134 (1993), locus control regions (LCRs;
see, e.g., Grosveld et al., Cell, 51: 975 (1987)),
matrix or scaffold attachment regions (MARs, SARs;
see, e.g., U.S. Patent No. 7,129,062; Bode et al.,
Int. Rev. Cytol, 162A: 389-454 (1995); Bode et al.,
Crit. Rev. Eukaryotic Gene Expression, 6 : 115-138
(1996)); insulator elements (see, e.g. , Kellum et
al., Cell, 64: 941 (1991); and internal ribosome entry
sites (IRES; see, e.g., review by McBratney et al.,
Curr. Opin. Cell Biol, 5 : 961 (1993)). Some of the
nucleic acid sequences of suchelements have been
subsequently found to possess specific subsequences
that can affect expression. Despite advances in the
understanding of various sequences and other factors
that can affect expression of recombinant proteins in
various types of host cells, needs remain to improve
the yields of recombinant proteins, particularly when
such recombinant proteins are intended for therapeutic
or other specialized applications. Summary of the
Invention The present invention provides isolated
nucleic acid molecules (polynucleotide molecules)
comprising nucleotide base sequences that enhance
expression of recombinant proteins. Such nucleic acid
molecules are referred to herein as recombinant
expression vector elements (rEVEs). The presence of a
rEVE on an expression vector enhances the level of
expression of one or more recombinant proteins encoded
by one or more functional genes that reside on the
expression vector as compared to the level of
expression in the absence of the rEVE. Such
rEVE-mediated enhancement of the level of expression
of a recombinant protein is possible whether a rEVE is
located 5' to, 3' to, or both 5' and 3' to (e.g.,
flanking) a gene encoding a recombinant protein(s) of
interest. A rEVE present on an expression vector may
enhance expression of one or more recombinant proteins
whether encoded on separate corresponding genes or
encoded on a single polycistronic gene present on the
expression vector. REVEs may be used to enhance the
level of expression of a recombinant protein using
both stable expression systems and transient
expression systems. In one embodiment, the invention
provides an isolated rEVE polynucleotide molecule that
comprises a nucleotide base sequence selected from the
group consisting of the sequence of bases of SEQ ID
NO:1 ("ARMl"), the sequence of bases of SEQ ID NO:2
("ARM2"), and an expression enhancing portion of any
of the preceding sequences, wherein when the rEVE
polynucleotide is present on the same expression
vector as a recombinant gene encoding a recombinant
protein of interest, the level of expression of the
recombinant protein will be enhanced compared to the
level of expression in the absence of the rEVE.
Preferred rEVE molecules of the invention include a
2329 base pair (bp) rEVE nucleic acid molecule that
has the nucleotide base sequence of SEQ ID NO:1 and a
2422 bp rEVE nucleic acid molecule that has the
nucleotide base sequence of SEQ ID NO:2.The 3'
terminal region of the sequence of SEQ ID NO:2
contains sequences that are critical for rEVE-mediated
enhancement of protein expression. Such preferred 3'
terminal region sequences of SEQ ID NO:2 include the
sequence of bases 462-2422 of SEQ ID NO:2 and the
sequence of bases 1087-2422 of SEQ ID NO:2. An
isolated rEVE nucleic acid molecule comprising one or
more of the nucleotide base sequences described herein
may have any of a variety of forms including, without
limitation, a linear nucleic acid molecule, a plasmid,
a eukaryotic viral molecule, a prokaryotic viral
(bacteriophage) molecule, an artificial chromosome,
and a recombinant chromosome. In a preferred
embodiment, the invention provides an expression
vector comprising at least one rEVE described herein.
Such a rEVE-containing expression vector provides
enhanced (elevated) levels of expression in an
appropriate host cell of at least one recombinant
protein encoded on the expression vector compared to
the level of expression in the host cell carrying the
same expression vector lacking the rEVE. Expression
vectors useful in the invention include any nucleic
acid vector molecule that can be engineered to encode
and express one or more recombinant proteins in an
appropriate (homologous) host cell. Such expression
vectors include, without limitation, eukaryotic
plasmid vectors, eukaryotic viral vectors, prokaryotic
plasmids, bacteriophage vectors, shuttle vectors
(e.g., a vector that can replicate in eukaryotic and
prokaryotic cells), mini-chromosomes, and various
artificial chromosomes. Preferably, an expression
vector is a plasmid expression vector, more
preferably, a plasmid expression vector that stably
integrates into a eukaryotic host cell genome, and
even more preferably, a plasmid expression vector that
stably integrates into a host cell genome by
non-homologous recombination. In another embodiment,
the invention provides a host cell that contains an
expression vector comprising a rEVE described herein
and a recombinant gene that directs the expression of
at least one recombinant protein in the host cell. A
host cell may be a eukaryotic or prokaryotic host
cell. Preferred eukaryotic host cells for use in the
invention include, without limitation, mammalian host
cells, plant host cells, fungal host cells, eukaryotic
algal host cells, protozoan host cells, insect host
cells, and fish host cells. More preferably, a host
cell useful in the invention is a mammalian host cell,
including, but not limited to, a Chinese hamster ovary
(CHO) cell, a COS cell, a Vero cell, an SP2/0 cell, an
NS/0 myeloma cell, a human embryonic kidney (HEK 293)
cell, a baby hamster kidney(BHK) cell, a HeLa cell, a
human B cell, a CV-I /EBNA cell, an L cell, a 3T3
cell, a HEPG2 cell, a PerC6 cell, and an MDCK cell.
Particularly preferred is a CHO cell that can be
treated with a standard methotrexate treatment
protocol to amplify the copy number of recombinant
genes on an expression vector inserted into the host
cell. Fungal cells that may serve as host cells in the
invention include, without limitation, Ascomycete
cells, such as Aspergillus, Neurospora, and yeast
cells, particularly yeast of a genus selected from the
group consisting of Saccharomyces, Pichia, Hansenula,
Schizosaccharomyces, Kluyveromyces, Yarrowia, and
Candida. Preferred yeast species that may serve as
host cells for expression of recombinant proteins
according to the invention include, but are not
limited to, Saccharomyces cerevisiae, Hansenula
polymorpha, Kluyveromyces lactis, Pichia pastoris,
Schizosaccharomyces pombe, and Yarrowia lipolytica.
Prokaryotic host cells that may be used for expressing
recombinant proteins according to the invention
include, without limitation, Escherichia coli,
serovars of Salmonella enterica, Shigella species,
Wollinella succinogenes, Proteus vulgaris, Proteus
mirabilis, Edwardsiella tarda, Citrobacter freundii,
Pasteurella species, Haemophilus species, Pseudomonas
species, Bacillus species, Staphyloccocus species, and
Streptococcus species. Other cells that may be used as
host cells for expression of recombinant proteins
according to the invention include protozoan cells,
such as the trypanosomatid host Leishmania tarentolae,
and cells of the nematode Caenorhaditis elegans. REVE
polynucleotides as described herein, vectors
comprising one or more rEVEs described herein, and
host cells comprising such vectors comprising one or
more rEVEs as described herein may be used in a
variety methods related to expression of recombinant
proteins of interest. In one embodiment, the invention
provides a method of enhancing expression of a
recombinant protein of interest in a host cell
comprising the step of inserting into a host cell a
recombinant expression vector that comprises a rEVE
described herein and a recombinant gene that encodes
and directs the synthesis of the recombinant protein
of interest in the host cell and culturing the host
cell under conditions promoting expression of the
recombinant protein. In another embodiment, the
invention provides a method of producing
methotrexate-resistant host cells that stably (as
opposed to transiently) express a recombinant protein
at an elevated level in the absence of methotrexate
("MTX"), i.e., inthe absence of the selective pressure
for elevated expression of the recombinant protein
provided by the presence of methotrexate. Such a
method comprises the step of inserting into host cells
an expression vector that comprises a recombinant gene
encoding a recombinant protein of interest, a rEVE
described herein, and a gene encoding a dihydrofolate
reductase ("DHFR"); growing the host cells in the
presence of methotrexate to select for a
methotrexate-resistant host cell that expresses the
recombinant protein of interest; and isolating a
methotrexate-resistant host cell, wherein the
methotrexate resistant host cell expresses the
recombinant protein of interest at a level that is
higher than that of a methotrexate-sensitive host
cell, and wherein the methotrexate-resistant host cell
stably 



expresses an elevated level of the recombinant protein
of interest when grown in the presence or in the
absence of methotrexate. In a particularly preferred
embodiment, the rEVE used in this method comprises the
sequence of SEQ ID NO:2 or an expression enhancing
portion thereof that, when present on the same
expression vector as a gene encoding a recombinant
protein of interest, enhances the level of expression
of the recombinant protein in a host cell. In another
embodiment, the invention provides a method for
producing a population of host cells with enhanced or
improved adaptation to the presence of methotrexate in
a DHFR-methotrexate procedure for amplifying
recombinant protein expression comprising the step of
inserting into host cells an expression vector
comprising a gene encoding a recombinant protein of
interest, a rEVE described herein, and a DHFR gene,
wherein a population of the host cells containing the
expression vector adapts better, i.e., has a higher
survivability and/or higher growth rate, in the
presence of methotrexate compared to a population of
host cells carrying the expression vector lacking the
rEVE sequence. In yet another embodiment, the
invention provides a method of enhancing the
amplification (elevation) of expression of a
recombinant protein in host cells obtained using a
DHFR-methotrexate procedure comprising the step of
inserting into host cells an expression vector
comprising a recombinant gene encoding a recombinant
protein of interest, a rEVE described herein, and a
DHFR gene; growing the host cells in the presence of
methotrexate to select for a methotrexate-resistant
host cell that expresses the recombinant protein of
interest; and isolating an methotrexate-resistant host
cell, wherein the isolated methotrexate-resistant host
cell expresses the recombinant protein of interestin
the presence of methotrexate at a level that is higher
than that of a methotrexateresistant host cell
containing the same expression vector lacking a rEVE.
Methotrexate may be conveniently employed in methods
described herein in a range of 20 nM to 500 nM,
although lower and higher concentrations, such as 5 nM
to 10 mM, may also be successfully employed in such
methods to select for amplified expression of
recombinant proteins of interest. In still another
embodiment, the invention provides a method of
lowering, substantially suppressing, or essentially
silencing expression of a recombinant protein from an
expression vector. Such methods employ expression
vectors that comprise one or more fragments of a rEVE
that provides lower levels of expression of a
particular recombinant gene product than provided
using a rEVE comprising the sequence of SEQ ID NO: 1
or SEQ ID NO:2. Such fragments have a particular
truncated variant of SEQ ID NO:2, including a
nucleotide base sequence of bases 1-1086 of SEQ ID
NO:2 or of bases 1-461 of SEQ ID NO:2. A nucleic acid
molecule having the truncated ARM2 sequence consisting
of bases 1-461 of SEQ ID NO:2 is particularly useful
in suppressing or substantially silencing expression
of a recombinant protein from a vector molecule in a
host cell. These findings also indicate that the
sequence of nucleotide bases 462-2422 of SEQ ID NO:2
and the sequence of nucleotide bases 1087-2422 of SEQ
ID NO:2 are most preferred for maximal rEVE-mediated
enhancement of expression of recombinant proteins. A
recombinant protein whose expression may be enhanced
by one or more rEVE molecules described herein may be
any protein (including peptides, polypeptides, and
oligomeric proteins) for which a functional gene(s)
can be engineered into a nucleic acid vector molecule
for expression in an appropriate host cell. Such
proteins include, without limitation, soluble
proteins, membrane proteins, structural proteins
(i.e., proteins that provide structure or support to
cells, tissues, or organs), ribosomal proteins,
enzymes, zymogens, antibody molecules, cell surface
receptor proteins, transcription regulatory proteins,
translation regulatory proteins, chromatin proteins
(e.g., histones), hormones, cell cycle regulatory
proteins, G proteins, neuroactive peptides,
immunoregulatory proteins (e.g., interleukins,
cytokines), blood component proteins, ion gate
proteins, heat shock proteins, dihydrofolate
reductase, an antibiotic resistance protein,
functional fragments thereof, epitope-containing
fragments thereof, and combinations thereof.Nucleic
acid molecules containing a sequence of a rEVE
described herein or portion thereof may also be used
in as nucleic acid probes for identifying the presence
of rEVE sequences in other nucleic acid molecules by
nucleic acid hybridization or as a source of primers
for use in various polymerase chain reaction (PCR)
procedures, e.g., as may be employed for manipulating,
identifying, producing, or amplifying rEVE sequences
described herein. REVE sequences, such as those for
ARMl (SEQ ID NO:1) and for ARM2 (SEQ ID NO:2), may
comprise one or more matrix attachment region (MAR)
sequences. MAR sequences may occur in clusters within
a rEVE sequence, including in clusters at the 5'
and/or 3' terminal regions of a rEVE sequence. REVE
polynucleotides as described herein are a useful
source of MAR sequences. Accordingly, the invention
provides compositions and methods that are useful for
increasing MAR sequences in a nucleic acid molecule
comprising inserting into the nucleic acid molecule a
rEVE described herein or a portion of a rEVE described
herein containing one or more MAR sequences.
Nucleotide base sequences described herein also serve
to provide the complementary sequences thereof. DNA
molecules and nucleotide base sequences described
herein also provide the corresponding RNA molecules
and base sequences, wherein thymine (T) is replaced by
uracil (U), and nucleic acid sequences complementary
thereto. Brief Description of the Drawings Figure 1
shows a schematic diagram of plasmid expression vector
pA205 used to express the immunoglobulin heavy and
kappa light chains that form an active human anti-
TNF-a IgGl molecule ("adalimumab") in stable
transfectants of Chinese hamster ovary (CHO) cells.
Abbreviations: "ENHANCER" refers to the intermediate
early gene enhancer of cytomegalovirus (CMV); "ADENO
PROMOTER" refers to the major late promoter of
adenovirus; "ADALIMUMAB HEAVY CHAIN" refers to the
coding region for IgGl heavy chain of adalimumab;
"SV40 Poly A" refers to the simian virus 40
polyadenylation site; "GASTRIN TERMINATOR" refers to
the transcription termination signal of the human
gastrin gene; "SV40 PROMOTER" is the simian virus 40
promoter; "DHFR" refers to mouse dihydrofolate
reductase gene; "TK Poly A" refers to the
polyadenylation site of the herpes simplex virus
thymidine kinase gene; "ADALIMUMAB LIGHT CHAIN" refers
to the coding region for kappa light chain of
adalimumab; "ORI"refers to the plasmid CoIEl
prokaryotic origin of replication that functions in
Escherichia coli; "P(BLA)" refers to the prokaryotic
promoter of the b-lactamase gene (ampicillin
resistance gene) and small arrow indicates direction
of transcription; "APr" ("ampicllin resistance")
refers to the coding region for b-lactamase. Arrows
indicate direction of transcription (5' to 3'). Figure
2 is a schematic diagram of plasmid expression vector
pA205Genomic in which ARMl ("Al") nucleic acid that
has the nucleotide base sequence of SEQ ID NO:1 is
inserted into expression vector pA205 (Figure 1)
upstream of the adenovirus major late promoter and
adalimumab IgGl heavy chain coding region, and ARM2
("A2") nucleic acid that has the nucleotide base
sequence of SEQ ID NO:2 is inserted downstream of the
adalimumab kappa light chain coding region. For other
abbreviations, see the description of Figure 1, above.
Figure 3 is a schematic diagram of plasmid expression
vector pA205Al in which ARMl ("Al") nucleic acid
having the sequence of SEQ ID NO:1 is inserted into
expression vector pA205 (Figure 1) upstream of the
adeno promoter and the adalimumab IgGl heavy chain
coding region. For other abbreviations, see the
description of Figure 1, above. Figure 4 is a
schematic diagram of plasmid expression vector pA205A2
in which ARM2 ("A2") nucleic acid having the
nucleotide base sequence of SEQ ID NO:2 is inserted
downstream of the adalimumab kappa light chain coding
region. For other abbreviations, see the description
of Figure 1, above. Figure 5 is a schematic diagram of
plasmid expression vector pCHOEL246GGhum used to
express the immunoglobulin heavy and kappa light
chains that form an active human anti-EL-selectin IgGl
molecule in stable transfectants of Chinese hamster
ovary (CHO) cells. "ANTI-EL-SELECTIN HEAVY CHAIN"
refers to the coding region for the heavy chain of a
human anti-EL-selectin IgGl antibody;
"ANTI-EL-SELECTIN LIGHT CHAIN" refers to the coding
region for the kappa light chain of a human
anti-EL-selectin IgGl antibody. For other
abbreviations, see the description of Figure 1, above.
Figure 6 is a schematic diagram of plasmid expression
vector pA-Gen-EL-Selectin in which ARMl ("Al ")
nucleic acid having the nucleotide base sequence of
SEQ ID NO: 1 is inserted into expression vector
pCHOEL246GGhum (Figure 5) upstream of the
anti-ELselectin IgGl heavy chain coding region, and
ARM2 ("A2") nucleic acid having thenucleotide base
sequence of SEQ ID NO:2 is inserted downstream of the
anti-EL-selectin kappa light chain coding region. For
other abbreviations, see the description of Figure 1,
above. Figure 7 is a schematic diagram of plasmid
expression vector pA205-eGFP used to express enhanced
green fluorescent protein (eGFP) in stable
transfectants of CHO cells. The eGFP coding region
("EGFP") is inserted downstream from the adenovirus
major late promoter ("ADENO PROMOTER") into pA205
(Figure 1) from which the light chain coding region,
proximal promoter, and proximal enhancer and the heavy
chain coding region have been deleted. For other
abbreviations, see the description of Figure 1, above.
Figure 8 is a schematic diagram of plasmid expression
vector pA205G-eGFP in which ARMl ("Al ") nucleic acid
having the nucleotide base sequence of SEQ ID NO: 1 is
inserted into expression vector pA205-eGFP (Figure 7)
upstream of the eGFP coding region ("EGFP"), and ARM2
("A2") nucleic acid having the nucleotide base
sequence of SEQ ID NO:2 is inserted downstream of the
eGFP coding sequence. For other abbreviations, see the
description of Figure 1, above. Figure 9 is a
schematic diagram of plasmid expression vector
pA205A2-Spe-trunc, which is essentially identical to
expression vector pA205A2 shown in Figure 4, except
that 



the ARM2 (SEQ ID NO:2) has been replaced with a
truncated ARM2 variant, "A2 (bp 1- 1086)", which has
the nucleotide base sequence of bases 1-1086 of SEQ ID
NO:2 as the result of digestion of ARM2 nucleic acid
with restriction endonuclease Spel. For other
abbreviations, see the description of Figure 1, above.
Figure 10 is a schematic diagram of plasmid expression
vector pA205A2-Swatrunc, which is essentially
identical to expression vector pA205A2 shown in Figure
4, except that ARM2 (SEQ ID NO:2) has been replaced
with a truncated ARM2 variant, "A2 (bp 1-461)", which
has the nucleotide base sequence of bases 1-461 of SEQ
ID NO:2 as the result of digestion of ARM2 nucleic
acid with restriction endonuclease Swal. For other
abbreviations, see the description of Figure 1, above.
Detailed Description of the Invention This invention
is based on the discovery that one or more isolated
nucleic acid molecules (polynucleotide molecules)
comprising a nucleotide sequence of SEQ ID NO: 1:
aattgaattcgttccctttagtgagggttaattccgcggccgcgtcgacagctc
tagagggagtgccaggataggctccaaagcta
cacagagaatccctgtttcaaaaaaccaaaaaaaaaaaaataaaaaataaaaaa
taaaaagtagggtacagatctaaatagacaattctcaatagaggaatctaaaat
gcctgaaagacaaataagaaagtgttcaacatccttagccatcagggaaatgca
aatcaaaaca
actctgagatactatcttactcctgtcataatggccaaattcaaaaacactaat
gacagttcatgttggagagaatgtggagaaagag
gagcacttctccactgctggtgggagtgccaacttggacagccactttggaaat
cagtatggctactcctcaagaaaatggaaatc
agtttaccacaagatccagcaattccactcaggcatatacccaaaagaaccgca
ttcatacaagcaatatctgttcaacgatgttcat
agcagctctatttgtaacagccagaaactggaagcagcctagttgcacctcaac
caaagaaatggatagagaaaatatggtacatt
tatgcaatggagtactactcagcggaaaagtacaatggaatcttgaaatttgca
agaaaatggatggaactagaagaaacctttctg
agcaaggtaactcaatcacaaaaagacaaacatgatatgtaatcactcatatgt
ggattttagacacagtgtaaaggattaccagcct
acaatccacactgccaaagaacctaataaacaaggaggaccctaagggagacat
acatggtcccctggagatggggaatgggt
caagatatgctgagcaaagtgggaacatgggaagaggggggaaggagctaggaa
attgagaaagggagaaaaggagggat
gcagaggacataagggagcagaaacattgactcagggaatgaatcgaagataac
aagccatggagatatcataatagagggag
acattttgggtatacagagaaatcaggcacttgggaaatgtctggaaatctaca
aagtataacaccaggtaacaatctaagcaaca
gaggagaggctaccttaaatgtcctaccctgatagtgagattgatgactaactt
atatgccatgttatagccttcatccagcagctggt
ggaagtagaagcagacacccataactaatcacggaactgaactggaacccagat
tcagagaaggatgagtgaagggcacaga
ggtccagaccaggctggtgaaacccacaaaaacagttgaactgaatatcggtga
actcttgctccccagactgatagctggaata
ccagcatgggactgatccagactccaggaacatgagttcctgtgaggaaacctc
ggaaatctaagggacctcctgtagaagttca
gtacttatccctagcataggtgtggactgagggagcccattccatatagaggaa
tactctctggagccaacacacatgggggtgg
gcataggccctttcccaaagcatacaatagactcggatgacaccctatggaagg
cctcatcatccagggggagcagaaaggatat
gtgatagacagggtttcagttgggagccgggtagtgggaggggagaattggtgg
aagaaggaaaccgggattgtcatgtaaatc
aatgctgtttctaattcaaataagaaagttgaaaaaaaagaaaactgatactta
ttgcaccatgtaatgttatgaaatggcatttgctgtt
aagatgagcagtctatctgctaatctccctagctggcttgtgaacttgttatat
ggacaaagctggtctcaaattcaaagatatttgcgt
atgtctgtctcctgagtgttgagagtacaagtatgtaccaccaatccctttgat
tatacaattacatttgaaaacagtttgagatttaatta
taactatgcaatcaattcaaaataataaatttaaatctcatatttgtctttagg
tggaaatctgttaatatacatcatgattatatattttaattt
attatatgttttctaggacaaaatatactaaaatgaaatctaaggctctaaaca
tacaaaactgtatgcatagatacatcacgatcatat
aatttccatgacatgctattcgggaatataatgatctacctgcagtaatgatta
atttggaaatgctgaatacaactgcttctcttttgaaa
atacaaattccttacatttgtaatctatttaattttaaaggttgtaccccagaa
agtagtgaattcttaa, or a nucleotide sequence of SEQ ID
NO:2:
aagaatatgctcaatgtaatacccatggcaggcattcaatgtttgtctgtcttc
atattgaagataaacagatgtatatcatatacaaaa
atatttaatgtgaagttgtccatgtgttcaggatctatatactttcaaaaatct
ttttccatattcttttcttaatcctcctgaagtgtagacca
ttatactggaaaaccgtcactattgtacaggataggagcctttgactctgagag
gatcccatacattgattgtattttcaaatatattttg
gctgcttttctccatgtgatatttggcaatctggagaggcatttgctcctggaa
atttatcaatgttgacaatgttgtttacatgttttaagt
aactattttgctaccaaggaaactgcttcactccctttcacatataaaactcat
aaaatattgaaaggctccaataagtttaaatcattct
gtattgctcatggagatttaaatttcagtgctaattttttattagcactttaat
ttagaaggcaccaggtttctacaagatttaaaattattggagcatttcaaaatt
ttataagctttccagtaaggttgtggctatgattctttgcttgtaaagtaaagt
gcaatttaaagttaatttaaataatt
taactgctgcagacattttaggagaattgtttgtatttcaaactgaaattcagg
gtagacaattagaataattttacaaagaggaaatatt
tttctaataataaattagtaactctaacttatattaaaatttaagtcctcattg
ctttcaatattttaacaaccctattgtattatttttcttataaa
tatttgaatttataatgatcaaagaatttctttgatacaagtgtctaaatgatt
accatcaaactgttggtaggagcttgttatatatgtgttt
taccttatgttttttgatacttcatttgttactgtactgtgatcgagttaattc
cctactgaaactaaaaatgctatcacatagttttagcatca
tctgttggggaaatggctattttaactactctgagatgagaaattcaacaccat
tcactaacaatatagggaaactagtgttggtagatt
gttgagtgcttatacatatatcttgtcccatggttaactataagttggtgtctg
ttgctgccacccagtatggaaacacattatgttttttct
ttttttttttttatagccatgagaaagaccaaaattctatacttgaaaaaccgt
ttatattgaatgtgtattcctttcacgtccaccttagattc
aactcctaagtcaatttatggtaaagcatagatcatctgcttgacaacagtttg
gatgatgatcttggaaaaaatgccttattatatgata
caatggaattaatgatatgagctgaataaatatatcaatattcaaatgacatac
taatatttatgtctaagagaatgtgttcaaagtagat
gaaagtgccttcacttgaaaattcatctgagttaaaacagatagttgcttcggt
tttagttatttcagaggtattcaagttgacaactaag
aatagccgtcacagatacatatcaattatggacccaaattctattgaatgtcag
ctacatattcttatagaaaataggaacctagatga
ggccgtgttcttggaatgaattttcaacacattgtatgagggttttattgtggt
tttggttgttgttttactttcctttttttccatagacaaattt
gtcccatgtacccacaaggtgaccagtggtgacaagcctactccaggagtcctg
gtgaataaagattatacaagatagtagagact
catcaaaacaataagaaaaagagaatacatagggcagaaatttctcattttctc
agctatggtatcctatttcactcttgtactattctac
tcactagaagtcagtgactaccataactcagtggctgtgccctagatcaaagga
aacattatttcaaggcatgaatgtcagccacac
cttcatagtgggttacttttaatttgtttagtaagaatagacaccctactttgg
ttaggaaacataaacttacaagacattcattggtttttc
tttactaaattaaatcattaagaaaatcgtaattatcagagtttaaatggcatg
aaacatagaaatactcatttgctgccctgatttattttc
ccaagaatattttcaatgtcttctttggaagctccttggtaaatgcactttctt
tcactcatttatgaggtctgtgcacatcacagtcaataa
aggcctgcagtattgaatcagccatacagacataattcataacatttttctatt
tctcatgaatcaaatattgttattgctgtacataaaata
atgaatcaaagtataggtctaga, can be engineered into
expression vector molecules to enhance expression of
one or more recombinant proteins from one or more
genes present on the expression vector molecules. An
isolated polynucleotide molecule that comprises a
nucleotide sequence of SEQ ID NO:1 or SEQ ID NO:2 is
referred to herein as a recombinant expression vector
element (rEVE). REVEs of the invention also include,
but are not limited to, a polynucleotide molecule that
comprises an expression-enhancing portion of the
sequence shown in SEQ ID NO:1 (11ARMl") or SEQ ID NO:2
("ARM2"). Sequences from the 3' terminal region of the
ARM2 SEQ ID NO:2, such as those having the sequence of
bases 462-2422 of SEQ ID NO:2 and of bases 1087-2422
of SEQ ID NO:2, are particularly useful in providing
enhanced expression of a recombinant protein of
interest. A rEVE described herein maybe used in
combination with other control sequences, regulators,
and procedures currently available to increase
production of recombinant proteins in host cells. In
order to more clearly describe the invention the
following terms are defined: The term "antibody" or
"antibody molecule", as used and understood herein,
broadly refer to any immunoglobulin (Ig) molecule
comprised of four polypeptide chains, two heavy (H)
chains and two light (L) chains, or any functional
fragment, mutant, variant, or derivation thereof,
which retains the essential epitope binding features
of an Ig molecule. Such mutant, variant, or derivative
antibodies are known in the art and include the
non-limiting embodiments discussed below. In a
full-length antibody, each heavy chain is comprised of
a heavy chain variable region (VH) and a heavy chain
constant region. The heavy chain constant region is
comprised of three domains, CHl, CH2 and CH3. Each
light chain is comprised of a light chain variable
region (VL) and a light chain constant region. The
light chain constant region is comprised of one domain
(CL). The VH and VL regions can be further subdivided
into regions of hypervariability, termed
complementarity determining regions (CDR),
interspersed with regions that are more conserved,
referred to as framework regions (FR). Each VH and VL
is composed of three CDRs and four FRs, arranged from
amino terminus to carboxy terminus in the following
order: FRl, CDRl, FR2, CDR2, FR3, CDR3, FR4.
Immunoglobulin molecules can be of any type (e.g.,
IgG, IgE, IgM, IgD, IgA, and IgY), class (e.g., IgGl,
IgG2, IgG 3, IgG4, IgAl and IgA2), or subclass. The
terms "antibody" and "antibody molecule" also
encompass one or more fragments of an antibody that
retains the ability to specifically bind to an
antigen. It has been shown that the antigen-binding
function of an antibody can be performed by fragments
of a full-length antibody. Such antibody embodiments
may also be bispecific, dual specific, or
multi-specific formats; specifically binding to two or
more different antigens. Examples of binding fragments
encompassed within the term "antibody" include a Fab
fragment, i.e., a monovalent (one binding site)
fragment consisting of the VL, VH, CL, and CHl
domains; a F(ab')2 fragment, i.e., a bivalent (two
binding sites) fragment comprising two Fab fragments
linked by a disulfide bridge at the hinge region; an
Fd fragment consisting of the VH and CHl domains; an
Fv fragment consisting of the VL and VH domains of a
single arm of an antibody; a single domain antibody
(dAb) (Ward et al., Nature, 341: 544-546 (1989);
Winter et al., PCT publication WO 90/05144
Al,incorporated herein by reference), which comprises
a single variable domain; dual variable domain (DVD)
antibodies (see, e.g., PCT Publication No. WO
2007/024715); and isolated complementarity determining
regions (CDRs). Furthermore, although the two domains
of the Fv fragment, VL and VH, are coded for by
separate genes, they can be joined, using recombinant
methods, by a synthetic linker that enables them to be
made as a single protein chain in which the VL and VH
regions pair to form monovalent molecules (known as
single chain Fv (scFv), see e.g., Bird et al. Science,
242: 423-426 (1988); Huston et al., Proc. Natl. Acad.
Sci. USA, 85: 5879-5883 (1988)). Such single chain
antibodies are encompassed by the terms "antibody" and
"antibody molecule". Diabodies are also encompassed by
the terms "antibody" and "antibody molecule".
Diabodies are bivalent, bispecific antibodies in which
VH and VL domains are expressed on a single
polypeptide chain, but using a linker that is too
short to allow for pairing between the two domains on
the same chain, thereby forcing the domains to pair
with complementary domains of another chain and
creating two antigen binding sites (see e.g., Holliger
et al., Proc. Natl. Acad. Sci. USA, 90: 6444-6448
(1993); Poljak et al., Structure, 2 : 1121-1 123
(1994)). The terms "antibody" and "antibody molecule"
also encompass dual variable domain immunoglobulin
molecules, such as DVD-IG(tm) (Abbott Laboratories)
dual variable domain immunoglobulin molecules (see,
e.g., PCT publication No. WO 2007/024715). As used
herein, "vector" refers to any genetic element capable
of serving as a vehicle of genetic transfer,
expression, or replication for a foreign
polynucleotide in a host cell. For example, a vector
may be an artificial chromosome or a plasmid, and may
be capable of stable integration into a host cell
genome, or it may exist as an independent genetic
element (e.g., episome, plasmid). A vector may exist
as a single polynucleotide or as two or more separate
polynucleotides. Vectors may be single copy vectors or
multicopy vectors when present in a host cell.
Preferred vectors for use in the present invention are
expression vector molecules in which one or more
functional genes can be 



inserted into the vector molecule, in proper
orientation and proximity to expression control
elements resident in the expression vector molecule so
as to direct expression of one or more proteins when
the vector molecule resides in an appropriate
(homologous) host cell. Expression vectors may
include, without limitation, eukaryotic plasmid
vectors, eukaryotic viral vectors, prokaryotic
plasmids, bacteriophage vectors, shuttle vectors
(e.g., a vector that can replicate in eukaryotic and
prokaryotic cells), mini-chromosomes, andvarious
artificial chromosomes (e.g., bacterial artificial
chromosomes (BACs), yeast artificial chromosomes
(YACs)). Preferably, an expression vector used in the
invention is a plasmid, more preferably, a plasmid
expression vector that stably integrates into a host
cell genome, and, even more preferably, a plasmid
expression vector that stably integrates into a host
cell genome by non-homologous recombination. A
"shuttle vector" (or bifunctional vector) refers to
any vector that can replicate in more than one species
of organism. For example, a shuttle vector that can
replicate in both Escherichia coli (E. col) and
Saccharomyces cerevisiae (S. cerevisiae) can be
constructed by linking sequences from an E. coli
plasmid with sequences from the yeast 2m plasmid.
Expression systems comprise an expression vector and
appropriate (homologous) host cell that will express
the recombinant protein(s) encoded on the expression
vector. An expression system may be a stable
expression system or a transient expression system. In
a stable expression system, an expression vector
stably integrates into the host cell genome or is
continuously replicated and faithfully passed on to
both daughter cells so that host cells are able to
continue to express the recombinant protein(s) when
cultured under the appropriate conditions. In a
transient expression system, expression vector
molecules are not retained in both daughter cells and
eventually are lost or so diminished in a growing cell
culture that expression of recombinant protein(s) from
the culture will eventually cease or be so low as to
not be useful for most production purposes. Expression
vectors used in the Examples, below, are types of
shuttle vectors that can replicate to relatively high
copy numbers when inserted (e.g., by transformation)
into E. coli cells and that can also be inserted
(e.g., by transfection) into and stably maintained in
Chinese hamster ovary (CHO) cells to obtain stable
expression of their encoded gene product(s) of
interest (Kaufman et al., Molec. Cell. Biol, 5 :
1750-1759 (1980)) or that can be transiently
maintained in HEK 293 cells (Durocher et al., Nucleic
Acids Res., 30: E9). Thus, a rEVE polynucleotide
molecule described herein may be used to enhance
expression of a recombinant protein(s) of interest in
both stable and transient expression systems.
Exemplary eukaryotic vectors that may be used in the
invention include, but are not limited, to viral and
non-viral vectors. Viral vectors include, without
limitation, retroviral vectors (including lentiviral
vectors); adenoviral vectors including replication
competent, replication deficient, and gutless forms
thereof; adeno-associated virus (AAV)vectors; simian
virus 40 (SV-40) vectors; bovine papilloma virus
vectors; Epstein-Barr virus vectors; herpes virus
vectors, vaccinia virus vectors; Moloney murine
leukemia virus vectors; Harvey murine sarcoma virus
vectors, murine mammary tumor virus vectors, and Rous
sarcoma virus vectors. Baculovirus vectors are well
known and are suitable for expression in insect cells.
A variety of vectors suitable for expression in
eukaryotic or prokaryotic cells are well known in the
art, and many are commercially available. Commercial
sources include, without limitation, Stratagene (La
Jolla, California), Invitrogen (Carlsbad, California),
Promega (Madison, Wisconsin), and Sigma-Aldrich (St.
Louis, Missouri). Many vector sequences are available
through GenBank, and additional information concerning
vectors is available on the internet via the Riken
BioSource Center. A vector molecule typically
comprises at least one origin of replication and may
also comprise a gene for a "marker" or "selectable
marker" by which the vector can be identified or
selected when inserted into a host cell. Such useful
markers may, without limitation, confer resistance to
antibiotics, provide functions that give a selective
growth advantage over cells that lack such functions,
or provide a means to easily identify cells that
possess the vector (e.g., colorigenic system). Such
markers are well known in the art, and the choice of
the proper selectable marker(s) to use in a vector
molecule will depend on what host cell will be used
and what properties are desired of the host cell
containing the vector. The terms "functional gene
construct", "functional gene", and "gene" refer to a
polynucleotide that contains a coding sequence for one
or more proteins that is operably linked to a promoter
sequence and possibly other transcriptional regulatory
sequences to direct proper transcription of the coding
sequence into messenger RNA (mRNA) and that also
comprises any of a variety of translation regulatory
sequences that may be necessary or desired to direct
proper translation of the mRNA into the desired
protein in the intended host cell. A translational
start codon (e.g., ATG) and a ribosome binding site
are typically required in the mRNA for translation to
occur in prokaryotic and eukaryotic cells. Other
translation regulatory sequences that may also be
employed, depending on the host cell, include, but are
not limited to, an RNA splice site and a
polyadenylation site. The term "recombinant" is used
herein to describe altered or manipulated nucleic
acids, nucleic acids isolated from the environment in
which they naturally occur, host cellstransfected with
or otherwise manipulated to contain exogenous nucleic
acids, or proteins expressed non-naturally through
manipulation of isolated DNA and transformation of
host cells. "Recombinant" is a term that specifically
encompasses DNA molecules which have been constructed
in vitro using genetic engineering techniques, and use
of the term "recombinant" as an adjective to describe
a molecule, construct, vector, cell, protein,
polypeptide, or polynucleotide specifically excludes
naturally occurring such molecules, constructs,
vectors, cells, proteins, polypeptides, or
polynucleotides. In particular, a "recombinant
protein" for the purposes of the present invention is
a protein that is expressed by a host cell which has
been manipulated by incorporating at least one genetic
element that was not naturally occurring in the host
cell prior to expression of the protein. A protein,
the coding sequence for which has been artificially
incorporated into a host cell made capable of
expressing the protein, for example by being
transfected with an expression vector including the
coding sequence of the protein, is a "recombinant
protein" once expressed by the host cell. A "host
cell" refers to any cell, i.e., any eukaryotic or
prokaryotic cell, into which a vector molecule can be
inserted. According to the present invention,
preferred host cells are eukaryotic or prokaryotic
cells, including, but not limited to, animal cells
(e.g., mammalian, bird, and fish host cells), plant
cells (including eukaryotic algal cells), fungal
cells, bacterial cells, and protozoan cells. Host
cells useful in the invention may be of any genetic
construct, but are preferably haploid or diploid
cells. Preferred mammalian host cells useful in the
invention include, without limitation, a Chinese
hamster ovary (CHO) cell, a COS cell, a Vero cell, an
SP2/0 cell, an NS/0 myeloma cell, a human embryonic
kidney (HEK 293) cell, a baby hamster kidney (BHK)
cell, a HeLa cell, a human B cell, a CV-I /EBNA cell,
an L cell, a 3T3 cell, an HEPG2 cell, a PerC cell, and
an MDCK cell. A preferred insect cell is Sf9. Fungal
cells that may serve as host cells in the invention
include, without limitation, Ascomycete cells, such as
Aspergillus, Neurospora, and yeast cells, particularly
yeast of the genera Saccharomyces, Pichia, Hansenula,
Schizosaccharomyces, Kluyveromyces, Yarrowia, and
Candida. Particularly preferred yeast fungal species
that may serve as host cells for expression of
recombinant proteins are Saccharomyces cerevisiae,
Hansenula polymorpha, Kluyveromyces lactis, Pichia pas
tons, Schizosaccharomyces pombe, and Yarrowia
lipolytica. Preferred prokaryotic cells that may serve
as host cells in the invention include, without
limitation, Escherichia coli,serovars of Salmonella
enterica, Shigella species, Wollinella succinogenes,
Proteus vulgaris, Proteus mirabilis, Edwardsiella
tarda, Citrobacterfreundii, Pasteurella species,
Haemophilus species, Pseudomonas species, Bacillus
species, Staphyloccocus species, and Streptococcus
species. Other cells that may be useful host cells for
the expression of recombinant proteins according to
the invention include protozoans, such as the
trypanosomatid host Leishmania tarentolae, and cells
of the nematode Caenorhaditis elegans. Various
expression vectors are available for use in the
aforementioned cells. There are a variety of means and
protocols for inserting vector molecules into cells
including, but not limited to, transformation,
transfection, cell or protoplast fusion, use of a
chemical treatment (e.g., polyethylene glycol
treatment of protoplasts, calcium treatment,
transfecting agents such as LIPOFECTIN(r) and
LIPOFECTAMINE(r) transfection reagents available from
Invitrogen (Carlsbad, California), use of various
types of liposomes, use of a mechanical device (e.g.,
nucleic acid coated microbeads), use of electrical
charge (e.g., electroporation), and combinations
thereof. It is within the skill of a practitioner in
the art to determine the particular protocol and/or
means to use to insert a particular vector molecule
described herein into a desired host cell. Methods for
"transferring nucleic acid sequence information" from
one vector or other nucleic acid molecule to another
are not limiting in the present invention and include
any of a variety of genetic engineering or recombinant
nucleic acid techniques known in the art. Particularly
preferred transfer techniques include, but are not
limited to, restriction digestion and ligation
techniques, polymerase chain reaction (PCR) protocols
(utilizing specific or random sequence primers),
homologous recombination techniques (utilizing
polynucleotide regions of homology), and
non-homologous recombination (e.g., random insertion)
techniques. Nucleic acid molecules containing a
specific sequence may also be synthesized, e.g., using
an automated nucleic acid synthesizer, and the
resulting nucleic acid product then incorporated into
another nucleic acid molecule by any of the
aforementioned methodologies. Employing genetic
engineering technology necessarily requires growing
recombinant host cells (e.g., transfectants,
transformants) under a variety of specified conditions
as determined by the requirements of the cells and the
particular cellular state desired by the practitioner.
For example, a host cell may possess (as determined by
its genetic disposition) certain nutritional
requirements, or a particular resistance orsensitivity
to physical (e.g., temperature) and/or chemical (e.g.,
antibiotic) conditions. In addition, specific culture
conditions may be necessary to regulate the expression
of a desired gene (e.g., the use of inducible
promoters), or to initiate a particular cell state
(e.g., 



yeast cell mating or sporulation). These varied
conditions and the requirements to satisfy such
conditions are understood and appreciated by
practitioners in the art. In the context of amplifying
(elevating) recombinant protein expression in a host
cell using a standard dihydrofolate reductase
(DHFR)-methotrexate (MTX) amplification procedure, the
terms "stability" and "stable expression" refer to the
ability of a culture of cells to continue to express
the recombinant protein at an amplified (elevated)
level when grown in the absence of methotrexate, i.e.,
in the absence of the selective pressure for elevated
expression provided by the presence of methotrexate
used in the amplification procedure. Thus, once
isolated, a stably transfectant host cell can express
a recombinant protein of interest in the presence or
absence of methotrexate. In the context of amplifying
recombinant protein expression in a host cell using a
standard dihydrofolate reductase (DHFR)-methotrexate
(MTX) amplification procedure, "enhanced adaptation"
or "improved adaptation" to the presence of
methotrexate refers to the higher survivability and/or
higher growth rate in the presence of methotrexate of
a culture of host cells carrying expression vectors
comprising a rEVE described herein compared to the
survivability and/or growth rate in the presence of
methotrexate of a culture of host cells carrying
expression vectors that lacks the rEVE.
"Survivability" of a population of host cells refers
to the ability of a population of host cells to grow
and to reproduce in the presence of a selective
pressure (e.g., methotrexate). "Sequence homology" is
a familiar concept to practitioners in this field. To
determine the percent homology of two amino acid
sequences or of two nucleic acids, the sequences are
aligned for optimal comparison purposes (e.g., gaps
can be introduced in the sequence of a first amino
acid or nucleic acid sequence for optimal alignment
with a second comparison amino acid or nucleic acid
sequence). The amino acid residues or nucleotides at
corresponding amino acid positions or nucleotide
positions are then compared. When a position in the
first sequence is occupied by the same amino acid
residue or nucleotide as the corresponding position in
the second sequence, then the molecules are homologous
at that position (i.e., as used herein amino acid or
nucleic acid "homology" is equivalent to amino acid or
nucleic acid "identity"). The nucleic acidsequence
homology may be determined as the degree of identity
between two sequences. The homology may be determined
using computer programs known in the art, such as GAP
software provided in the GCG program package. See,
Needleman and Wunsch, J. MoI Biol., 48: 443-453
(1970). A composition or method described herein as
"comprising" one or more named elements or steps is
open-ended meaning that the named elements or steps
are essential, but other elements or steps may be
added within the scope of the composition or method.
To avoid prolixity, it is also understood that any
composition or method described as "comprising" (or
"comprises") one or more named elements or steps also
describes the corresponding, more limited, composition
or method "consisting essentially of (or "consists
essentially of) the same named elements or steps,
meaning that the composition or method includes the
named essential elements or steps and may also include
additional elements or steps that do not materially
affect the basic and novel characteristic(s) of the
composition or method. It is also understood that any
composition or method described herein as "comprising"
or "consisting essentially of one or more named
elements or steps also describes the corresponding,
more limited, and close-ended composition or method
"consisting of (or "consists of) the named elements or
steps to the exclusion of any other unnamed element or
step. In any composition or method disclosed herein,
known or disclosed equivalents of any named essential
element or step may be substituted for that element or
step. It is also understood that an element or step
"selected from the group consisting of refers to one
or more of the elements or steps in the list that
follows, including combinations of any two or more of
the listed elements or steps. Unless indicated
otherwise, the meaning of other terms will be clear
from the context or will be understood to be the same
as understood and used by persons skilled in the art.
Persons skilled in the art also understand that a
nucleic acid sequence (nucleotide base sequence) as
described herein provides the DNA, RNA, and
complementary sequences thereof. Recombinant
expression vector elements (rEVEs) of the invention
were first isolated from the regions of genomic DNA
flanking either side of the site of integration of an
expression vector present in cells of a transfected
DUXBl 1 CHO cell line thatexpressed exceptionally high
levels of anti-IL-12 antibody molecules from genes
present on the expression vector. Cloning and
sequencing of these flanking regions of DUXBl 1 CHO
genomic DNA revealed the sequence of SEQ ID NO: 1 and
of SEQ ID NO:2. The 2329 base sequence of SEQ ID NO:1
is also referred herein as "ARMl", and the 2422 base
sequence of SEQ ID NO:2 is referred to as "ARM2". The
flanking ARMl DNA sequence was shown to be located
upstream of the direction of transcription of the
heavy chain gene of the integrated expression vector,
and the flanking ARM2 DNA sequence was shown to be
located downstream of the direction of transcription
of the light chain gene of the integrated expression
vector (see, Examples section, below). ARMl- and
ARM2-containing DNA molecules were inserted alone and
in combination in expression vectors to determine
whether their presence could affect the level of
expression of various recombinant proteins in host
cells containing the expression vectors. Both ARMl-
and ARM2-containing DNA provide enhanced levels of
expression of recombinant proteins in host cells
compared to the levels of production obtained in the
absence of these sequence (see, Examples, below).
Accordingly, ARMl- and ARM2- containing nucleic acid
molecules are examples of recombinant expression
vector elements (rEVEs). Typically, the enhanced level
of production obtained with an ARMl polynucleotide is
somewhat lower than that obtained with ARM2
polynucleotide or with a combination of ARMl and ARM2
polynucleotides. In all instances where either or both
of ARMl and ARM2 have been employed in the
construction of expression vectors for the production
of a recombinant protein of interest according to the
invention, the level of expression of the protein was
greater using the ARMl and/or ARM2 expression enhancer
elements. Increased comparative expression levels for
the recombinant protein product of greater than
2-fold, greater than 3-fold, greater than 4-fold,
greater than 5-fold, greater than 6-fold, greater than
9-fold, greater than 10-fold, greater than 13-fold,
greater than 16-fold, and greater than 18-fold over
control expression systems having no ARM enhancers
were directly observed. (See Examples, below.)
Moreover, the high level of expression obtained using
expression vectors bearing ARMl or ARM2, or both ARMl
and ARM2, is stably maintained over time in the
transfected host cells. ARMl and ARM2 sequences
possess regions that are relatively rich in sequences
for matrix/scaffold attachment regions (MARs/SARs;
see, e.g., Michalowski et al.,Biochemistry, 38:
12795-12804 (1999); Tikhonov et al., The Plant Cell,
12: 2490-264 (2000) U.S. Patent No. 7,129,062; Bode et
al., Int. Rev. Cytol, 162A: 389-454 (1995); Bode et
al., Crit. Rev. Eukaryotic Gene Expression, 6 :
115-138 (1996)). In the case of ARMl, MAR sequence
motifs are particularly concentrated in the 3'
terminal region of the sequence, whereas in the case
of ARM2, clusters of MAR motifs appear in both the 5'
and 3' terminal regions of the sequence with fewer MAR
motifs situated in the middle region of the sequence.
Deletion analysis indicates that an approximately 1260
base pair 31 terminal region of ARM2 nucleic acid
contains sequences that are critical for ARM2 enhanced
protein expression activity (see, Example 6, below).
The rEVE molecules of the invention include those
nucleic acid molecules that comprise expression
enhancing portions or fragments of the ARMl and ARM2
sequences. Such expression enhancing portions of the
ARMl and ARM2 sequences are those that, when present
on the same expression vector as a gene encoding a
recombinant protein of interest, enhance the level of
expression of the recombinant protein in a host cell
containing the expression vector as compared to that
level of expression obtained in the absence of such
portions or fragments of ARMl or ARM2 sequences. A
rEVE described herein may be used alone or in
combination with any other regulatory element or
expression enhancing system for elevating the level of
production of a desired recombinant protein(s) in a
host cell. Such other sequences and systems may
include, without limitation, the use of regulated
promoters to control or optimize transcription of the
gene(s) encoding a recombinant protein(s) of interest,
the use a signal sequence that directs secretion of
recombinant protein(s) from the host cell, and the use
of gene amplification methods, such as a dihydrofolate
reductase (DHFR)-methotrexate (MTX) amplification
protocol or a glutamine synthetase protocol. In a
DHFR-MTX amplification procedure, host cells carrying
an expression vector that comprises a gene for DHFR
are selected for resistance to increasing
concentrations of methotrexate (see, e.g., Kaufman,
RJ., In Genetic Engineering: Principles and methods
(ed. J.K. Setlow), volume 9, page 155 (Plenum
Publishing, New York, 1987)). Typically, as the level
of resistance to methotrexate increases, there is an
accompanying amplification of the copy number of the
recombinant gene(s) along with a corresponding
amplification (elevation) in the level of recombinant
protein expression from such amplified gene(s).The
nucleic acid sequences of SEQ ID NO:1 and SEQ ID NO:2
were identified from DNA molecules obtained from a
DUXBl 1 CHO cell line. Any of a variety of methods may
be used to produce nucleic acid molecules comprising a
nucleotide sequence of SEQ ID NO:1, SEQ ID NO:2, or
portions of either of these sequences. Such methods
include, without limitation, cloning one or more rEVE
DNA molecules comprising such sequences out of the
genomic DNA of DUXBl 1 CHO cells, solid-phase nucleic
acid synthesis protocols to produce a polynucleotide
comprising such sequences, recombinant nucleic acid
techniques, polymerase chain reaction (PCR) protocols,
automated nucleic acid synthesizers, and combinations
thereof. A rEVE polynulecotide molecule described
herein may also be purchased from commercial suppliers
of custom designed nucleic acid molecules. The method
by which a rEVE is produced or synthesized is not
limiting, and the skilled practitioner can decide
which method or combination of methods is most 



appropriate for producing a particular rEVE described
herein. A rEVE described herein may be inserted into
an expression vector to enhance expression of any of a
variety of proteins (including peptides, polypeptides,
and oligomeric proteins) from an expression vector in
a host cell. Provided a nucleotide coding sequence(s)
is known or available on a nucleic acid (DNA or RNA)
molecule, the coding sequence(s) or the entire
functional gene for a protein of interest may be
inserted into an expression vector using any of a
variety of methods available in the art. Coding
sequences are operably linked to a promoter that will
function in the type of host cell for which expression
is desired. Additional transcriptional and
translational sequences may also be engineered into
the vector for the proper expression of the desired
protein(s) in the host cell. The expression of any of
a vast variety of proteins (including peptides,
polypeptides, oligomeric proteins) from an expression
vector in an appropriate host cell may be enhanced by
one or more rEVEs described herein, including, but not
limited to, soluble proteins, membrane proteins,
structural proteins (i.e., proteins that provide
structure or support to cells, tissues, or organs),
ribosomal proteins, enzymes, zymogens, various
antibody molecules (including, but not limited to,
antibodies to TNF-a, such as adalimumab; antibodies to
selectins; antibodies to immunoregulatory proteins,
such as antibodies to IL- 13; dual variable domain
immunoglobulin molecules, such as DVD-IG(tm) dual
variable domain immunoglobulin molecules; antibodies
to cell surface receptors), cellsurface receptor
proteins, transcription regulatory proteins,
translation regulatory proteins, chromatin proteins,
hormones, cell cycle regulatory proteins, G proteins,
neuroactive peptides, immunoregulatory proteins (e.g.,
interleukins, cytokines, lymphokines), blood component
proteins, ion gate proteins, heat shock proteins,
dihydrofolate reductase, an antibiotic resistance
protein, a functional fragment of any of the preceding
proteins, an epitope-containing fragment of any of the
preceding proteins, and combinations thereof. A
recombinant protein of interest may be produced by
transcribing and translating the gene or genes that
encode the recombinant protein and are present on an
expression vector molecule described herein. Such
transcription and translation of the gene or genes on
an expression vector, including those described
herein, may be carried out using a cellfree
transcription/translation system or using an
appropriate host cell that contains the expression
vector molecule and that has the proper cellular
transcription and translation machinery necessary to
produce the recombinant protein of interest from the
gene or genes present on the expression vector
molecule. Matrix attachment regions (MARs), also
referred to as scaffold attachment regions (SARs),
were originally identified as fragments of chromosomal
DNA that bind to preparations of nuclear proteins that
appear to form a scaffold or matrix in the eukaryotic
nucleus. MARs are believed to reside in loops of
chromatin that attach to the nuclear matrix and to
define or delimit individual structural units of
chromatin. MARs have been associated with some
enhancer sequences and/or linked to a number of
processes that may occur in chromatin, including
transcription, transgene expression, transgene
rearrangement, recombination, replication, and
stabilization of transfections (see, e.g., Michalowski
et al., Biochemistry, 38: 12795-12804 (1999); Zhong et
al., Proc. Natl. Acad. Sci. USA, 96(21): 11970-1 1975
(1999); Tikhonov et al., The Plant Cell, 12: 249-264
(2000); Zhou et al., Gene, 277: 139-144 (2001); Sumer
et al., Genome Research, 13: 1737- 1743 (2003); U.S.
Patent No. 7,129,062; Bode et al., Int. Rev. Cytol,
162A: 389-454 (1995); Bode et al., Crit. Rev.
Eukaryotic Gene Expression, 6 : 115-138 (1996)). ARMl
(SEQ ID NO:1) and ARM2 (SEQ ID NO:2) possess a variety
of MAR elements, which appear to be located
predominantly in clusters in the 3' and/or 51terminal
regions. ARMl contains a cluster of MAR elements in
the 3' terminal region. In the case of ARM2, MAR
elements can be found throughout the length of this
rEVE sequence with clusters of MAR motifs located in
both the 5' and the 3' terminal regions. Clearly,
vectors and other nucleicacid molecules carrying ARMl
and ARM2 sequences are convenient sources of MAR
elements and clusters of MAR elements. Accordingly,
ARMl, ARM2, and MARcontaining portions thereof may be
used to increase the number of MAR elements in a
nucleic acid molecule of interest using any of the
various methods available in the art for recombining
or otherwise transferring nucleic acid sequence
information to a nucleic acid molecule. Nucleic acid
molecules comprising a sequence of a rEVE described
herein or a portion thereof may also be used in a
variety of procedures known in the art to manipulate,
identify, produce, or amplify rEVE sequences in other
nucleic acid molecules. Such procedures may include,
without limitation, use of a rEVE or portion thereof
as a probe in any of the various nucleic acid
hybridization methods known in the art or as a primer
in any of the various polymerase chain reaction (PCR)
procedures known in the art. A rEVE polynucleotide
molecule described herein may be used in methods to
produce a recombinant protein of interest. Preferably,
such a method of producing a recombinant protein of
interest comprises a recombinant expression vector as
described herein that comprises one or more
recombinant genes encoding the recombinant protein of
interest and at least one rEVE polynucleotide molecule
described herein, and transcribing and translating the
one or more recombinant genes present on the
recombinant expression vector to produce the
recombinant proteins of interest. The transcription
and translation of the one or more recombinant genes
from the expression vector is preferably carried out
in a host cell that comprises the expression vector
and is cultured under conditions promoting expression
of the recombinant protein of interest. A rEVE
polynucleotide molecule may be used to enhance the
level of expression of one or more recombinant
proteins of interest from an expression vector in a
host cell, whether transiently expressed (e.g., in a
transfected COS or HEK 293 host cell) or stably
expressed (e.g., in a transfected CHO host cell).
Transcription and translation of one or more
recombinant genes from an expression vector that
carries a rEVE as described herein may also be carried
out using an in vitro cell-free
transcription/translation system available in the art.
A rEVE polynucleotide molecule described herein may be
used in preparing a host cell that stably (as opposed
to transiently) expresses elevated levels of a
recombinant protein when the level of expression has
been amplified (elevated) using a DHFRmethotrexate
amplification procedure. Such host cells are
methotrexate-resistant (MTXresistant) cells that will
continue to express elevated levels of a recombinant
protein not only when grown in the presence of
methotrexate, but also when grown in the absence of
methotrexate, i.e., when grown in the absence of the
selective pressure for elevated expression provided by
the presence of methotrexate. In a preferred
embodiment, such a method to produce a
methotrexate-resistant host cell comprises the steps
of: inserting into host cells an expression vector
comprising: a recombinant gene coding for a
recombinant protein of interest, a rEVE or expression
enhancing portion thereof, and a dihydrofolate
reductase (DHFR) gene, growing the host cells in the
presence of methotrexate to select for a
methotrexate-resistant host cell that expresses the
recombinant protein of interest, and isolating a
methotrexate-resistant host cell; wherein the isolated
methotrexate-resistant host cell expresses the
recombinant protein of interest at a level that is
higher than that of a methotrexate-sensitive host
cell, and wherein said methotrexate-resistant host
cell stably expresses an elevated level of the
recombinant protein when grown in the presence or in
the absence of methotrexate. Preferably, the rEVE
comprises SEQ ID NO:1, SEQ ID NO:2, or an expression
enhancing portion thereof. More preferably, the rEVE
comprises SEQ ID NO:2. The rEVE polynucleotide
molecules described herein may also be used in a
method of improving the ability of a population of
host cells that express a recombinant protein to adapt
to growth in the presence of methotrexate. In a
preferred embodiment, such a method comprises:
inserting into host cells an expression vector
comprising: a recombinant gene encoding a protein of
interest, a recombinant expression vector element
(rEVE) polynucleotide molecule comprising a sequence
selected from the group consisting of SEQ ID NO:1, SEQ
ID NO:2, a portion SEQ ID NO: 1, a portion of SEQ ID
NO:2, and combinations thereof, and - a dihydrofolate
reductase (DHFR) gene; wherein a population of the
host cells containing the expression vector has a
higher survivability and/or higher growth rate when
grown in the presence of methotrexatecompared to a
population of host cells carrying the expression
vector lacking said rEVE polynucleotide molecule. A
rEVE polynucleotide molecule described herein may also
be employed to enhance the amplification (elevation)
of expression of a recombinant protein in host cells
using a DHFR-methotrexate amplification procedure. In
a preferred embodiment, such a method comprises:
inserting into host cells an expression vector
comprising: a recombinant gene coding for a
recombinant protein of interest, a rEVE polynucleotide
molecule comprising a sequence selected from the group
consisting of SEQ ID NO: 1, SEQ ID NO:2, a portion of
SEQ ID NO:1, a portion of SEQ ID NO:2, and
combinations thereof, and a dihydrofolate reductase
(DHFR) gene, growing the host cells in the presence of
methotrexate to select for a methotrexate-resistant
host cell that expresses the recombinant protein of
interest, and isolating the methotrexate-resistant
host cell, wherein the isolated methotrexate-resistant
host cell expresses the recombinant protein of
interest in the presence of methotrexate at a level
that is higher than that of a methotrexateresistant
host cell containing an expression vector lacking said
rEVE polynucleotide 



molecule. In methods described herein that employ a
methotrexate selection for amplified expression of a
desired recombinant protein(s), methotrexate may be
used in the range of 20 nM to 500 nM. However,
advantageously persons skilled in the art recognize
that lower and higher methotrexate concentrations,
such as 5 nM to 10 mM, may also be successfully
employed in methotrexate selections to amplify
expression (see, e.g., Kaufman, R.J., Methods in
Enzvmology. Vol. 185 : 537-566 (1990)). The invention
also provides a method of lowering, substantially
suppressing, or essentially silencing expression of a
recombinant protein from an expression vector. Such a
method may employ an expression vector that comprises
one or more fragments of a rEVE sequence described
herein that provide lower levels of expression of a
particular recombinant gene product than provided
using a full-length rEVE sequence.
Suchexpression-lowering or expression-suppressing
rEVE-derived sequences include a truncated variant of
the sequence of ARM2 having the base sequence of bases
1-1086 of SEQ ID NO:2 or bases 1-461 of SEQ ID NO:2.
Clearly, the presence of the 3' terminal sequence
region deleted from these two variants is highly
desirable for rEVE-mediated enhanced expression of
recombinant proteins. A nucleic acid molecule having
the ARM2 truncated sequence of bases 1-461 of SEQ ID
NO:2 is particularly useful in suppressing or
substantially silencing expression of a recombinant
protein from an expression vector molecule in a host
cell. Such methods may find use in a number of
situations, including, without limitation, when there
is a concern that expression of a recombinant protein
may be toxic to the host cells or when some level of
expression may present problems to purification or
isolation of the desired protein, such as protein
aggregation. Thus, the sequence of bases 462-2422 of
SEQ ID NO:2 and the sequence of bases 1087-2422 of SEQ
ID NO:2 are most preferred for maximal ARM2
rEVE-mediated enhancement of expression of recombinant
proteins. Accordingly, rEVE polynucleotides that are
particularly useful for enhancing expression of
recombinant proteins comprise the sequence of bases
462-2422 of SEQ ID NO.2 and/or the sequence of bases
1087-2422 of SEQ ID NO:2. Additional embodiments and
features of the invention will be apparent from the
following non-limiting examples. Examples Example 1.
Cloning and sequence analysis of ARMl and ARM2
recombinant expression vector elements (rEVEs). A
production DUX BI l CHO cell line carrying a stably
integrated expression vector was studied to determine
the possible basis for the exceptionally high level of
expression of a recombinant anti-IL-12 antibody
encoded on the expression vector with which the host
CHO cells were transfected. In the study, the regions
of genomic DNA flanking the integrated expression
vector were cloned and sequenced. Briefly, genomic DNA
from the host cell was digested with Xbal, and
fragments of an average size of approximately 5
kilobases (kb) were purified using a BioGel A-50
column basically as described by Reynaud et al. (J.
MoI. Biol., 140: 481-504 (1980)). A library of the
purified genomic fragments was prepared by cloning the
fragments into the lambda (l) DASH(r) cloning vector
(Stratagene, La Jolla, California). The library was
amplified and packagedusing GIGAPACK(r) packaging
extract (Stratagene) and transduced into XLl -Blue MRA
or XLl -Blue MRA(P2) Escherichia coli cells according
to the manufacturer's protocols. The library was then
screened with probes for the coding sequence of the
heavy chain variable region (VH) of the anti-IL-12
antibody according to Stratagene protocols. A 14.5 kb
Xbal fragment in lDASH clone#21 contained the
insertion site for the antibody expression vector
along with flanking genomic sequences. These flanking
genomic regions were designated ARMl and ARM2. The
sequences of ARMl and ARM2 regions were determined to
be that of SEQ ID NO:1 and SEQ ID NO:2, respectively.
With respect to the insertion site of the antibody
expression vector in the CHO cell genome, ARMl is
located upstream of the insertion site and 5' to the
direction of transcription of the vector gene for the
antibody heavy chain, and ARM2 is located downstream
of the insertion site and 3' to the direction of
transcription of the vector gene for the antibody
light chain. A BLAST analysis of SEQ ID NO:1 and SEQ
ID NO:2 against a CHO expressed sequence tag (EST)
data base failed to reveal any related coding
sequences, suggesting that the ARMl and ARM2 rEVE
sequences do not contain any CHO coding sequences. A
BLAST analysis of the rEVE sequences was also
conducted against the mouse genome sequence. No mouse
genomic sequence was identified that was homologous to
the ARMl sequence. However, the ARM2 sequence appears
to be related to a highly conserved area on mouse
chromosome 14 that contains no known coding sequences.
Using the Vector NTI sequence analysis program
(Invitrogen), the sequences of ARMl (SEQ ID NO:1) and
ARM2 (SEQ ID NO:2) were also screened for the presence
of a sampling of various representative (i.e., not
all) nucleotide sequence motifs for matrix attachment
region (MAR) elements (see, e.g., Michalowski et al.,
Biochemistry, 38: 12795- 12804 (1999)). The specific
MAR DNA sequence motifs screened by the computer
program are shown in Table 1 (complementary strand
sequences not listed). Table 1. Nucleotide Sequence
Motifs for Representative Matrix Attachment Region
(MAR Elements*complementary strand sequences not
listed; abbreviations: Y = T or C;W = A or T;N = A, T,
G, or C; R = G or A As shown in Table 2, below, at
least 4 1 MAR element sequences were identified in the
ARMl DNA sequence (SEQ ID NO:1) or its complementary
strand sequence, and at least 114 MAR element
sequences were identified in the ARM2 DNA sequence
(SEQ ID NO:2) or its complementary strand sequence.
Table 2. Location of MAR Se uences in ARMl and ARM2
DNA Se uencesCOMPOUNDS FOR THE TREATMENT OF HEPATITIS
C CROSS REFERENCE TO RELATED APPLICATIONS This
application claims the benefit of U.S. provisional
application serial numbers USSN 60/894887 filed March
14, 2007 and 60/989474 filed November 21, 2007.
BACKGROUND OF THE INVENTION Hepatitis C virus (HCV) is
a major human pathogen, infecting an estimated 170
million persons worldwide - roughly five times the
number infected by human immunodeficiency virus type
1. A substantial fraction of these HCV infected
individuals develop serious progressive liver disease,
including cirrhosis and hepatocellular carcinoma
(Lauer, G. M.; Walker, B. D. N. Engl. J. Med. 2001,
345, 41-52). HCV is a positive-stranded RNA virus.
Based on a comparison of the deduced amino acid
sequence and the extensive similarity in the
5'-untranslated region, HCV has been classified as a
separate genus in the Flaviviridae family. All members
of the Flaviviridae family have enveloped virions that
contain a positive stranded RNA genome encoding all
known virus-specific proteins via translation of a
single, uninterrupted, open reading frame.
Considerable heterogeneity is found within the
nucleotide and encoded amino acid sequence throughout
the HCV genome. At least six major genotypes have been
characterized, and more than 50 subtypes have been
described. The major genotypes of HCV differ in their
distribution worldwide, and the clinical significance
of the genetic heterogeneity of HCV remains elusive
despite numerous studies of the possible effect of
genotypes on pathogenesis and therapy. The single
strand HCV RNA genome is approximately 9500
nucleotides in length and has a single open reading
frame (ORF) encoding a single large polyprotein of
about 3000 amino acids. In infected cells, this
polyprotein is cleaved at multiple sites by cellular
and viral proteases to produce the structural and
non-structural (NS)proteins. In the case of HCV, the
generation of mature non-structural proteins (NS2,
NS3, NS4A, NS4B, NS5A, and NS5B) is effected by two
viral proteases. The first one is believed to be a
metalloprotease and cleaves at the NS2-NS3 junction;
the second one is a serine protease contained within
the N-terminal region of NS3 (also referred to as NS3
protease) and mediates all the subsequent cleavages
downstream of NS3, both in cis, at the NS3-NS4A
cleavage site, and in trans, for the remaining
NS4A-NS4B, NS4B-NS5A, NS5A-NS5B sites. The NS4A
protein appears to serve multiple functions, acting as
a cofactor for the NS3 protease and possibly assisting
in the membrane localization of NS3 and other viral
replicase components. The complex formation of the NS3
protein with NS4A seems necessary to the processing
events, enhancing the proteolytic efficiency at all of
the sites. The NS3 protein also exhibits nucleoside
triphosphatase and RNA helicase activities. NS5B (also
referred to as HCV polymerase) is a RNA-dependent RNA
polymerase that is involved in the replication of HCV.
The HCV NS5B protein is described in "Structural
Analysis of the Hepatitis C Virus RNA Polymerase in
Complex with Ribonucleotides (Bressanelli; S. et al,
Journal of Virology 2002, 3482-3492; and Defrancesco
and Rice, Clinics in Liver Disease 2003, 7, 211-242.
Currently, the most effective HCV therapy employs a
combination of alphainterferon and ribavirin, leading
to sustained efficacy in 40% of patients (Poynard, T.
et al. Lancet 1998, 352, 1426-1432). Recent clinical
results demonstrate that pegylated alpha-interferon is
superior to unmodified alpha-interferon as monotherapy
(Zeuzem, S. et al. N. Engl. J. Med. 2000, 343,
1666-1672). However, even with experimental
therapeutic regimens involving combinations of
pegylated alphainterferon and ribavirin, a substantial
fraction of patients do not have a sustained reduction
in viral load. Thus, there is a clear and important
need to develop effective therapeutics for treatment
of HCV infection. DESCRIPTION OF THE INVENTION One
aspect of the invention is a compound of formula
Iwhere: R1 is CO2R5 or CONR 6R7; R2 is 



R3 is hydrogen, halo, alkyl, alkenyl, hydroxy,
benzyloxy, or alkoxy; R is cycloalkyl; R is hydrogen
or alkyl;R6 is hydrogen, alkyl, alkylSO2, alkenylSO2,
, cycloalkylSO2, (cycloalkyl)alkylSO2, haloalkylSO2,
(R9)( R10)NSO2, or (R1 SO2; R7 is hydrogen or alkyl;
R8 is hydrogen, alkyl, cycloalkyl, (cycloalkyl)alkyl,
hydroxyalkyl, alkoxyalkyl, alkylcarbonyl,
cycloalkylcarbonyl, haloalkylcarbonyl, alkoxycarbonyl,
alkylSO2, cycloalkylSO2, haloalkylSO2, aminocarbonyl,
(alkylamino)carbonyl, (dialkylamino)carbonyl, benzyl,
benzyloxycarbonyl, or pyridinyl; R9 is hydrogen or
alkyl; R10 is hydrogen or alkyl; R11 is azetidinyl,
pyrrolidinyl, piperidinyl, N-(R12)piperazinyl,
morpholinyl, thiomorpholinyl, homopiperidinyl,
homomorpholinyl, tetrahydrofuranyl, tetrahydropyranyl,
(tetrahydrofuranyl)alkyl, or (tetrahydropyranyl)alkyl;
and R12 is hydrogen or alkyl; or a pharmaceutically
acceptable salt thereof. Another aspect of the
invention is a compound of formula I where R1 is CO2R5
or CONR6R7; R2 isR is hydrogen, halo, alkyl, alkenyl,
hydroxy, benzyloxy, or alkoxy; R is cycloalkyl; R is
hydrogen or alkyl; R6 is hydrogen, alkyl, alkylSO2,
alkenylSO2, , cycloalkylSO2, (cycloalkyl)alkylSO2,
haloalkylSO2, (R9)( R10)NSO2, or (R1 SO2; R7 is
hydrogen or alkyl; R8 is hydrogen, alkyl, cycloalkyl,
(cycloalkyl)alkyl, alkylcarbonyl, cycloalkylcarbonyl,
haloalkylcarbonyl, alkoxycarbonyl, alkylSO2,
cycloalkylSO2, haloalkylSO2, aminocarbonyl,
(alkylamino)carbonyl, (dialkylamino)carbonyl, benzyl,
benzyloxycarbonyl, or pyridinyl; R9 is hydrogen or
alkyl; R, 10 is hydrogen or alkyl;R11 is azetidinyl,
pyrrolidinyl, piperidinyl, N-(R12)piperazinyl,
morpholinyl, thiomorpholinyl, homopiperidinyl,
homomorpholinyl, tetrahydrofuranyl, tetrahydropyranyl,
(tetrahydrofuranyl)alkyl, or (tetrahydropyranyl)alkyl;
and R, 12 is hydrogen or alkyl; or a pharmaceutically
acceptable salt thereof. Another aspect of the
invention is a compound of formula I where R1 is CO2R5
or CONR6R7; R2 is R3 is hydrogen, halo, alkyl,
alkenyl, hydroxy, benzyloxy, or alkoxy; R4 is
cycloalkyl; R5 is hydrogen or alkyl; Rb is hydrogen,
alkyl, alkylSO2, cycloalkylSO2, haloalkylSO2, (Ry)(
R1U)NSO2, or (RU)SO2; R7 is hydrogen or alkyl;R8 is
hydrogen, alkyl, cycloalkyl, (cycloalkyl)alkyl,
alkylcarbonyl, cycloalkylcarbonyl, haloalkylcarbonyl,
alkoxycarbonyl, alkylS02, cycloalkylSO2, haloalkylSO2,
aminocarbonyl, (alkylamino)carbonyl,
(dialkylamino)carbonyl, benzyl, benzyloxycarbonyl, or
pyridinyl; R9 is hydrogen or alkyl; R10 is hydrogen or
alkyl; R11 is azetidinyl, pyrrolidinyl, piperidinyl,
N-(R12)piperazinyl, morpholinyl, thiomorpholinyl,
homopiperidinyl, or homomorpholinyl; and R12 is
hydrogen or alkyl. Another aspect of the invention is
a compound of formula I where R1 is CONR6R7; R6 is
alkylSO2, cycloalkylSO2, haloalkylSO2, (R9)2NSO2, or
(R10)SO2; and R7 is hydrogen. Another aspect of the
invention is a compound of formula I where R3 is
hydrogen. Another aspect of the invention is a
compound of formula I where R3 is methoxy. Another
aspect of the invention is a compound of formula I
where R4 is cyclohexyl. Another aspect of the
invention is a compound of formula I where R6 is
(R9)(R10)NSO2 or (RU)SO2. Another aspect of the
invention is a compound of formula I according to the
following stereochemistry.Another aspect of the
invention is a compound of formula I according to the
following stereochemistry. Any scope of any variable,
including R1, R2, R3, R4, R5, R6, R7, R8, R9, R10,
R11, or R12, can be used independently with the scope
of any other instance of a variable. Unless specified
otherwise, these terms have the following meanings.
"Alkyl" means a straight or branched alkyl group
composed of 1 to 6 carbons. "Alkenyl" means a straight
or branched alkyl group composed of 2 to 6 carbons
with at least one double bond. "Cycloalkyl" means a
monocyclic ring system composed of 3 to 7 carbons.
"Hydroxy alkyl," "alkoxy" and other terms with a
substituted alkyl moiety include straight and branched
isomers composed of 1 to 6 carbon atoms for the alkyl
moiety. "Haloalkyl" and "haloalkoxy" include all
halogenated isomers from monohalo substituted alkyl to
perhalo substituted alkyl. "Aryl" includes carbocyclic
and heterocyclic aromatic substituents. Parenthetic
and multiparenthetic terms are intended to clarify
bonding relationships to those skilled in the art. For
example, a term such as ((R)alkyl) means an alkyl
substituent further substituted with the substituent
R.The invention includes all pharmaceutically
acceptable salt forms of the compounds.
Pharmaceutically acceptable salts are those in which
the counter ions do not contribute significantly to
the physiological activity or toxicity of the
compounds and as such function as pharmacological
equivalents. These salts can be made according to
common organic techniques employing commercially
available reagents. Some anionic salt forms include
acetate, acistrate, besylate, bromide, chloride,
citrate, fumarate, glucouronate, hydrobromide,
hydrochloride, hydroiodide, iodide, lactate, maleate,
mesylate, nitrate, pamoate, phosphate, succinate,
sulfate, tartrate, tosylate, and xinofoate. Some
cationic salt forms include ammonium, aluminum,
benzathine, bismuth, calcium, choline, diethylamine,
diethanolamine, lithium, magnesium, meglumine,
4-phenylcyclohexylamine, piperazine, potassium,
sodium, tromethamine, and zinc. Some of the compounds
of the invention possess asymmetric carbon atoms (see,
for example, the compound below). The invention
includes all stereoisomeric forms, including
enantiomers and diastereomers as well as mixtures of
stereoisomers such as racemates. Some stereoisomers
can be made using methods known in the art.
Stereoisomeric mixtures of the compounds and related
intermediates can be separated into individual isomers
according to methods commonly known in the art.
Synthetic Methods The compounds may be made by methods
known in the art including those described below. Some
reagents and intermediates are known in the art. Other
reagents and intermediates can be made by methods
known in the art using readily available materials.
The variables (e.g. numbered "R" substituents) used to
describe the synthesis of the compounds are intended
only to illustrate how to make and arenot to be
confused with variables used in the claims or in other
sections of the specification. Abbreviations used
within the schemes generally follow conventions used
in the art. Methyl 2-bromo-3-cyclohexyl-
1H-indole-6-carboxylate can be hydrolyzed to
2-bromo-3-cyclohexyl-1H-indole-6-carboxylic acid (See
Scheme 1). This compound can be condensed with a
variety of sulfonyl ureas, using for example, 1,1'-
carbonyldiimidazole in combination with
1,8-diazabicyclo[5.4.0]undec-7-ene in anhydrous THF.
The resultant acyl sulfamides can be subjected to
known coupling reactions with a diversity of 2-formyl
boronic acids or esters, using for example, Suzuki
coupling conditions, to provide cyclic hemiaminal
intermediates of the type depicted. These compounds
can be converted to indolobenzazepines derivatives by
treatment with methyl 2-(dimethoxyphosphoryl)acrylate
under the influence of cesium carbonate in DMF via
consecutive Michael and Horner Emmons reactions.
Related fused cyclopropyl ester derivatives can be
generated by methods known in the art, including
treatment of the indolobenzazepine esters with
trimethyl sulfoxonium iodide under strongly basic
conditions in DMSO. The residual aliphatic ester
moiety in the resultant fused cyclopropanes can be
hydrolyzed and the product acids can be condensed with
a variety of alkyl-bridged diamines. For example, O-
(1H-benzotriazol-1-yl)-N,N, N',N'-tetramethyluronium
tetrafluoroborate and diisopropyl ethyl amine in DMSO
can give alkyl bridged diamine carboxamides.Scheme 1.
N-protected diamines, for example where W is a
protected Diamine, can also be coupled to the
intermediate indolobenzazepine acids and the resultant
diamine carboxamides can be deprotected using methods
known in the art and derivatizedusing a variety of
synthetic protocols, some illustrative examples of
which are shown below (See Scheme 2). Scheme 2. An
intermediate useful for the synthesis of some
compounds of the invention involves the preparation of
the tert-butyl ester indolobenzazepine shown in Scheme
3.Scheme 3. t-Butylation either: This methodology
involves base catalyzed hydrolysis of the indole
methyl ester shown, followed by its reaction with
either thionyl chloride and potassium tertiary
butoxide, or alkylation with silver carbonate and
tertiary butyl bromides. The 



resultant compound can be transformed using chemistry
analogous to that outlined previously to provide the
mixed ester indolobenzazepines shown above. These
intermediates are useful in an alternative procedure
that can be employed for the preparation of
acylsulfamide and acylsulfonamide alkyl-bridged
diamines, as shown in Scheme 4. Cyclopropanation of an
intermediate t-butyl ester indolobenzazepine and
subsequent cleavage of the t-butyl ester group can
generate the acid which can be coupled to a diversity
of sulfonamides and sulfonylureas. Subsequent
hydrolysis affords the related aliphatic acid, which
can be coupled with a diversity of alkyl-bridged
diamines. For example,
O-(1H-benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
tetrafluoroborate and diisopropyl ethyl amine in DMSO
can give the alkyl bridged diamine carboxamides.
Scheme 4. NaH The reactions depicted in Scheme 4 can
be carried out in alternative order to provide the
same products. Schemes 4a and 4b show two
alternatives. Additionally, a diamine with two
secondary amines could be employed at any of the
depicted points in the schemes where coupling to the
acid on the seven membered ring is depicted and the
free NH functionalized prior to completing the
remaining steps in the scheme.Scheme 4a. DMFScheme 4b.
DMF Some examples exist as stereoisomeric mixtures.
The invention encompasses all stereoisomers of the
compounds. Methods of fractionating stereoisomeric
mixtures are well known in the art, and include but
are not limited to; preparative chiral supercritical
fluid chromatography (SFC) and chiral high performance
liquid chromatography (HPLC). An example using this
approach is shown in scheme 5.Scheme 5. DMF An
additional method to achieve such separations involves
the preparation of mixtures of diastereomers which can
be separated using a variety of methods known in the
art. One example of this approach is shown below
(Scheme 6).Scheme 6. Diastereomers separated by
reverse phase HPLC Some diastereomeric amides can be
separated using reverse phase HPLC. After hydroysis,
the resultant optically active acids can be coupled
with bridged diamines derivatives (Scheme 7). For
example, O-(1H-benzotriazol-1-yl)-N,N,
N',N'-tetramethyluronium tetrafluoroborate and
diisopropyl ethyl amine in DMSO can be used to give
the alkyl bridged carboxamides. Other standard acid
amine coupling methods can also be used to give
optically active carboxamides.Scheme 7. Biological
Methods The compounds demonstrated activity against
HCV NS5B as determined in the following HCV RdRp
assays. HCVNS5B RdRp cloning, expression,
andpurification. The cDNA encoding the NS5B protein of
HCV, genotype Ib, was cloned into the pET21a
expression vector. The protein was expressed with an
18 amino acid C-terminal truncation to enhance the
solubility. The E. coli competent cell line BL21(DE3)
was used for expression of the protein. Cultures were
grown at 37 C for ~ 4 hours until the cultures reached
an optical density of 2.0 at 600 nm. The cultures were
cooled to 20 C and induced with 1mM IPTG. Fresh
ampicillin was added to a final concentration of 50
mg/ml and the cells were grown overnight at 20 C. Cell
pellets (3L) were lysed for purification to yield
15-24 mgs of purified NS5B. The lysis buffer consisted
of 20 mM Tris-HCl, pH 7.4, 500 mM NaCl, 0.5% triton
X-IOO, 1mM DTT, ImM EDTA, 20% glycerol, 0.5 mg/ml
lysozyme, 10 mM MgC12, 15 ug/ml deoxyribonuclease I,
and Complete TM protease inhibitor tablets (Roche).
After addition of the lysis buffer, frozen cell
pellets were resuspended using a tissue homogenizer.
To reduce the viscosity of the sample, aliquots of the
lysatewere sonicated on ice using a microtip attached
to a Branson sonicator. The sonicated lysate was
centrifuged at 100,000 x g for lhr at 4 C and filtered
through a 0.2 mm filter unit (Corning). The protein
was purified using two sequential chromatography
steps: Heparin sepharose CL-6B and polyU sepharose 4B
(Pharmacia). The chromatography buffers were identical
to the lysis buffer but contained no lysozyme,
deoxyribonuclease I, MgC12 or protease inhibitor and
the NaCl concentration of the buffer was adjusted
according to the requirements for charging the protein
onto the column. Each column was eluted with a NaCl
gradient which varied in length from 5-50 column
volumes depending on the column type. After the final
chromatography step, the resulting purity of the
enzyme is >90% based on SDS-PAGE analysis. The enzyme
was aliquoted and stored at -80 C. Standard HCVNS5B
RdRp enzyme assay. HCV RdRp genotype Ib assays were
run in a final volume of 60 ml in 96 well plates
(Corning 3600). The assay buffer is composed of 20 mM
Hepes, pH 7.5, 2.5 mM KCl, 2.5 mM MgC12, 1mM DTT, 1.6
U RNAse inhibitor (PromegaN2515), 0.01 mg/ml BSA
(Sigma B6917), and 2 % glycerol. All compounds were
serially diluted (3-fold) in DMSO and diluted further
in water such that the final concentration of DMSO in
the assay was 2%. HCV RdRp genotype Ib enzyme was used
at a final concentration of 28 nM. A polyA template
was used at 6 nM, and a biotinylated oligo-dT12 primer
was used at 180 nM final concentration. Template was
obtained commercially (Amersham 27- 4 110).
Biotinylated primer was prepared by Sigma Genosys.
3H-UTP was used at 0.6 mCi (0.29 mM total UTP).
Reactions were initiated by the addition of enzyme,
incubated at 30 C for 60 min, and stopped by adding 25
ml of 50 mM EDTA containing SPA beads (4 mg/ml,
Amersham RPNQ 0007). Plates were read on a Packard Top
Count NXT after >lhr incubation at room temperature.
Modified HCVNS5B RdRp enzyme assay. A modified enzyme
assay was performed essentially as described for the
standard enzyme assay except for the following: The
biotinylated oligo dT12 primer was precaptured on
streptavidincoated SPA beads by mixing primer and
beads in assay buffer and incubating at
roomtemperature for one hour. Unbound primer was
removed after centrifugation. The primer-bound beads
were resuspended in 20 mM Hepes buffer, pH 7.5 and
used in the assay at final concentrations of 20 nM
primer and 0.67 mg/ml beads. Order of addition in the
assay: enzyme (1.75 nM) was added to diluted compound
followed by the addition of a mixture of template
(0.36 nM), 3H-UTP (0.6 mCi, 0.29 mM), and primer-bound
beads, to initiate the reaction; concentrations given
are final. Reactions were allowed to proceed for 4
hours at 30 C. IC50 values for compounds were
determined using seven different [I]. IC50 values were
calculated from the inhibition using the formula y =
A+((BA)/( l+((C/x) D))). FRET Assay Preparation. The
HCV FRET screening assay was performed in 96-well cell
culture plates. The FRET peptide (Anaspec, Inc.)
(Taliani et al., Anal. Biochem. 1996, 240, 60-67)
contains a fluorescence donor, EDANS, near one end of
the peptide and an acceptor, DABCYL, near the other
end. The fluorescence of the peptide is quenched by
intermolecular resonance energy transfer (RET) between
the donor and the acceptor, but as the NS3 protease
cleaves the peptide the products are released from RET
quenching and the fluorescence of the donor becomes
apparent. The assay reagent was made as follows: 5X
cell Luciferase cell culture lysis reagent from
Promega (#E153A) diluted to IX with dH2O, NaCl added
to 150 mM final, the FRET peptide diluted to 20 mM
final from a 2 mM stock. To prepare plates, HCV
replicon cells, with or without a Renilla luciferase
reporter gene, were trypsinized and plated in a
96-well plate with titrated test compounds added in
columns 3 through 12; columns 1 and 2 contained a
control compound (HCV control inhibitor), and the
bottom row contained cells with DMSO only. The plates
were then placed in a CO2 incubator at 37 C. Assays.
Subsequent to addition of the test compounds described
above (FRET Assay Preparation), at various times the
plate was removed and Alamar blue solution (Trek
Diagnostics, #00-100) was added to measure cellular
toxicity. After reading in a Cytoflour 4000 instrument
(PE Biosystems), plates were rinsed with PBSand then
used for FRET assay by the addition of 30 ul of the
FRET peptide assay reagent described above (FRET Assay
Preparation) per well. The plate was then placed into
the Cytoflour 4000 instrument which had been set to
340 excite/490 emission, automatic mode for up to 20
cycles and the plate read in a kinetic mode.
Typically, the signal to noise using an endpoint
analysis after the reads was at least three-fold.
Alternatively, after Alamar blue reading, plates were
rinsed with PBS, then used for luciferase assay using
the Promega Dual-Glo Luciferase Assay System or the
Promega EnduRen Live Cell Substrate assay. Compound
analysis was performed by quantification of the
relative HCV replicon inhibition and the relative
cytotoxicity values. To calculate cytoxicity values,
the average Alamar Blue fluorescence signals from the
control wells were set as 100% non-toxic. The
individual signals in each of the compound test wells
were then divided by the average control signal and
multiplied by 100% to determine percent cytotoxicity.
To calculate the HCV replicon inhibition values, an
average background value was obtained from the two
wells containing the highest amount of HCV control
inhibitor at the end of the assay period. These
numbers were similar to those obtained from nave Huh-7
cells. The background numbers were then subtracted
from the average signal obtained from the control
wells and this number was used as 100% activity. The
individual signals in each of the compound test wells
were then divided by the averaged control values after
background subtraction and multiplied by 100% to
determine percent activity. EC50 values were
calculated as the concentration which caused a 50%
reduction in FRET or luciferase activity. The two
numbers generated for the compound plate, percent
cytoxicity and percent activity, 



were used to determine compounds of interest for
further analysis. Representative data for compounds
are reported in Table 1.Table 1.Compositions and Kits
for Treating Influenza Background of the Invention
[001 J The field of the invention is antiviral
combinations and their use for the treatment or
prophylaxis of influenza in a patient. [002] Four
antiviral drugs are currently approved by FDA to treat
acute, uncomplicated influenza. The M2 inhibitors
amantadine hydrochloride (SYMMETREL(r)) and
rimantadine (FLUMADINE(r)) are approved for treatment
and prevention of influenza A. Both amantadine and
rimantadine are provided in 100 mg tablets and 50
mg/ml syrup for oral administration. The usual adult
dose for both drugs is 200 mg in two divided doses per
day (BID). The pediatric dose of amantadine in
patients 1 - 9 years of age is 4.4 to 8.8 mg/kg/day,
not to exceed 150 mg per day; for rimantadine, the
dose is 5 mg/kg administered once per day (QD), not to
exceed 150 mg per day. [003] The neuraminidase
inhibitors zanamivir (RELENZA(r)) and oseltamivir
phosphate (TAMIFLU(r)) are approved for treatment and
prevention of influenza A and B. Zanamivir is provided
for oral inhalation only for use with an inhalation
device. The recommended dose of zanamivir for
prophylaxis and treatment of influenza is 10 mg/day QD
and 20 mg/day BID, respectively. Oseltamivir phosphate
is available as a capsule containing 75 mg oseltamivir
for oral use, and as a powder for oral suspension,
which when constituted with water as directed contains
12 mg/ml oseltamivir. The recommended dose of
oseltamivir for patients over 13 years old for
prophylaxis and treatment of influenza is 75 mg/day QD
and 150 mg BID, respectively. [004] Various
combinations of antiviral drugs have been proposed for
treatment of influenza. U.S. Pat. No. 5,866,601
discloses combining neuraminidase inhibitor
compositions with antivirals (such as amantadine,
rimantadine and ribavirin). In vitro and in vivo
animal model studies on the effect of various dual
combinations of drugs against influenza have been
reported (see e.g. including combinations of ribavirin
with amantadine (Wilson et al., Antimicrob Agents
Chemother (1980) 17:642-648; Hayden et al., Antimicrob
Agents Chemother (1980) 18:536-41; and Burlington et
al., J. Antimicrob Chemother (1983) 11:7-14),
rimantadine (Hayden et al., supra; Galegov et al.,
Experientia (1977) 33:905-906; and Madren et al.,
Antivir Chem Chemother (1995) 6:109-1 13), peramavir
(Smee et al., Chemotherapy (2002) 48:88-93), and
oseltamivir (Smee et al., Antiviral Chem Chemother
(2006) 17:185-92); and combinations ofoseltamivir with
amantadine (Ilyushina et al., Antiviral Res. (2006)
70:121-31) and rimantadine (Govorkova et al.,
Antimicrob Agents Chemother (2004) 48:4855-4863;
Galabov et al., Antivir Chem Chemother (2006)
17:251-8; and Leneva et al., Antiviral Res (2000) 48:
101-15). Several of these papers reported that
combinations of ribavirin and amantadine have additive
to synergistic effect against influenza virus compared
to treatment with the drugs singly (see e.g. Wilson et
al., supra; Hayden et al., supra; and Burlington et
al., supra). In some of the studies, the combination
treatments are reported to have adverse results
compared to the monotherapy treatments. For example,
the combination of oseltamivir and rimantadine at low
concentrations of each drug was reported to result in
an antagonistic interaction against influenza A virus
(Govorkova et al., supra). Smee et al. (2006) reported
that treatment of influenza A virus-infected mice with
the combination of oseltamivir plus ribavirin was no
better than ribavirin used alone, and that when the
treatments were initiated three to four days
post-infection, the groups treated with the
combination had fewer survivors than the animals
treated with ribavirin alone. [005] Viral resistance
to the M2 inhibitors rimantadine and amantadine can
emerge rapidly during treatment because certain single
point mutations in the M2 protein can confer
resistance to both amantadine and rimantadine. In
January 2006, CDC testing revealed that a high
proportion of influenza A viruses circulating in the
U.S. were resistant to amantadine and rimantadine,
causing the CDC to recommend against the use of these
drugs for the treatment and prophylaxis of Influenza
(CDC Health Alert, January 14, 2006). Currently,
oseltamivir is considered a frontline treatment for
influenza A virus. However, oseltamivir-resistant
strains have been reported (de Jong et al., N Engl J
Med. (2005) 353:2667-72; Euro Surveill.
(2OO5)1O(1O):EO5 1020.2) raising concerns that
transmissible, pathogenic resistant strains could
reduce the benefits of antiviral use in pandemic
control (Lipsitch et al., PLoS Med (2007) Jan 23;
4(l):el5 [Epub ahead of print]). Further, oseltamivir
treatment has been linked to serious neuropsychiatric
events, especially in pediatric patients (see
Prescrire Int. (2006) 15:182-3). [0061 In view of the
foregoing, one object of the invention is to provide
improved therapeutics for treatment or prophylaxis of
influenza, particularly pandemic influenza and/or
strains of influenza that are resistant to an M2
inhibitor and/or a neuraminidase inhibitor.[007]
Another object of the invention is to provide improved
therapeutics for treatment or prophylaxis of influenza
that prevent the generation of drug-resistant strains
within a patient or population. [008| Another object
of the invention is to provide improved therapeutics
for treatment or prophylaxis of influenza that have
significantly fewer or no adverse events or toxic
effects compared to current monotherapies. [009]
Summary of the Invention [010] One aspect of the
invention is a composition for the treatment or
prophylaxis of influenza in a patient, said
composition comprising: 10-60 weight percent (wt. %),
25-50 wt %, or 50-75 wt% amantadine or rimantadine;
and 30-80 wt. %, 50-75 wt. %, or 25-50 wt.% ribavirin
or viramidine, wherein the weight percents are based
on the total weight of active agents in the
composition. In specific embodiments, the composition
further comprises 0.5-30 wt. % oseltamivir. [011] In
one embodiment, the composition is in a formulation
suitable for oral or gastric administration, such as a
liquid, syrup, suspension, tablet, capsule, beads in
capsules, or beads in sachets. In a specific
embodiment, the composition is in a unit dosage form
for oral administration comprising 25-125 mg
amantadine or rimantadine and 50-200 mg ribavirin or
viramidine. In a specific embodiment, the unit dosage
form comprises at least 125 mg amantadine in an
extended release form, and less than 200 mg ribavirin.
In another embodiment the unit dosage form comprises
25-125 mg amantadine and 50-200 mg ribavirin. [012] In
another embodiment, the composition is in a form
suitable for parenteral administration, such as a
lyophilized powder, which is reconstituted prior to
administration, or a sterile liquid in a vial. [013]
Another aspect of the invention is a kit for the
treatment or prophylaxis of influenza in a patient
comprising amantadine or rimantadine, and ribavirin or
viramidine, and optionally a neuraminidase inhibitor
such as oseltamivir, zanamivir, or peramivir. [014] In
a specific embodiment, a kit is provided for the oral
treatment or prophylaxis of influenza in a patient
comprising a plurality of dosage forms, said plurality
constituting one or more doses, each dose comprising a
therapeutically or prophylactically effective amount
of a combination of ribavirin and amantadine. The
amantadine and ribavirin may be formulated as separate
dosage forms or co-formulatedas single dosage forms.
The amantadine may be in an extended release form. In
a specific embodiment, the amantadine and ribavirin
are formulated as separate dosage forms, with each
amantadine dosage form comprising 75-250 mg
amantadine, and each ribavirin dosage form comprising
50-200 or 100-400 mg ribavirin. In various
embodiments, the kit comprises an amantadine dosage
form in a dosage strength selected from 80 mg, 180 mg,
and 330 mg, and a ribavirin dosage form in a dosage
strength selected from the group consisting of 115mg,
330 mg and 660 mg. In one embodiment, each dose
further comprises oseltamivir. [015] In another
embodiment, the kit is provided for parenteral
treatment of influenza in a human patient, comprising
amantadine in a form suitable for parenteral
administration; and ribavirin in a form suitable for
parenteral administration. The amantadine may be
contained in a plurality of first vials, and the
ribavirin contained in a plurality of second vials.
Alternatively, the amantadine and ribavirin are
co-formulated and contained in a plurality of vials.
The kit may further comprise oseltamivir, peramivir,
or zanamivir in a form suitable for parenteral
administration. [016] Another aspect of the invention
is a method for the treatment or prophylaxis of
influenza in a patient, said method comprising:
administering to the patient an effective amount of a
combination of three different antiviral agents having
corresponding three different mechanisms of action,
selected from the group consisting of influenza virus
adsorption inhibitor, M2 inhibitor, IMP dehydrogenase
inhibitor, RNA polymerase inhibitor,
influenza-specific interfering oligonucleotide, and
neuraminidase inhibitor. [017] In a specific
embodiment, the method comprises administering to the
patient an effective amount of a combination of first,
second and third antiviral agents comprising: a) an M2
inhibitor selected from the group consisting of
rimantadine and amantadine; b) an RNA polymerase
inhibitor selected from the group consisting of
ribavirin and viramidine; and c) a neuraminidase
inhibitor (NAi) selected from the group consisting of
oseltamivir, zanamivir, and peramivir. [018] In a
preferred embodiment the first and second antiviral
agents are administered in amounts that increase
sensitivity of an influenza virus to the third
antiviral agent by at least 2-fold over sensitivity of
the virus to the third antiviral agent when used as
monotherapy. In a specific such embodiment, the first
and second antiviral agents are ribavirin and
oseltamivir, and the third antiviral agent is
amantadine.[019] In one embodiment of the method, the
antiviral agents are administered to the patient by a
method selected from the group consisting of orally,
parenterally, by inhalation, and combinations thereof.
[020] In a specific embodiment, the patient is
administered amantadine or rimantadine in an amount to
maintain a plasma concentration between 0.1 to 3.0
mg/ml, 0.1 to 1.5 mg/ml, or 0.3 to 1.5 mg/ml for at
least 48 continuous hours. [021] In another
embodiment, the patient is administered amantadine or
rimantadine 



parenterally or orally in an amount of 5 to 500
mg/day, 20 to 250 mg/day, 100 to 800 mg/day, 100 to
600 mg/day, 200 to 700 mg/day, or 200 to 500 mg/day.
When orally administered, amantadine is optionally in
an extended release form. [022] In a further
embodiment, the patient is administered amantadine by
intravenous infusion at a rate of 1 to 50 mg/hr, 3 to
40 tng/hr, or 5 to 30 mg/hr for at least 48 continuous
hours. [023] In one embodiment, the patient is
administered ribavirin or viramidine in an amount to
maintain a plasma concentration between 0.1 to 10.0
mg/ml, 0.5 to 8 mg/ml, 0.5 to 5.0 mg/ml, 1 to 6 mg/ml,
1 to 4 mg/ml, 2 to 6 mg/ml, 2 to 4 mg/ral, 0.01-2
mg/ml, or 0.2-2 mg/ml for at least 48 continuous
hours. The patient is administered ribavirin
parenterally or orally in an amount of 50 to 2000
mg/day, 50 to 1600 mg/day, 100 to 1200 mg/day, 400 to
800 mg/day, 50 to 600 mg/day, 75 to 500 mg/day, or 75
to 200 mg/day. [024] In a specific embodiment, the
patient is administered ribavirin by intravenous
infusion at a rate of 5 to 200 mg/hr, 10 to 150 mg/hr,
15 to 100, or 20 to 80 mg/hr for at least 48
continuous hours. [025] In a specific embodiment,
wherein the patient is administered amantadine or
rimantadine in one of the above-specified amounts
together with ribavirin or viramidine in one of the
above-specified amounts, the patient is further
administered a neuraminidase inhibitor selected from
the group consisting of oseltamivir, oseltamivir
carboxylate, zanamivir, and peramivir, in an amount to
maintain a plasma concentration of the neuraminidase
inhibitor between 0.001-5 mg/ml, 0.02 to 5 mg/ml, 0.1
to 3 mg/ml, 0. 1 to 1 mg/ml, 0.3 to 3 mg/ml, or 0.3 to
1 mg/ml for at least 48 continuous hours. [026] In a
specific embodiment, the patient is administered
zanamivir by intravenous infusion at a rate of 0.1 to
10 mg/hr, 0.4 to 7 mg/hr, or 1 to 5 mg/hr for at least
48 continuous hours.[027J In another embodiment, the
patient is administered oseltamivir by intravenous
infusion at a rate of 0.1 to 20 mg/hr, 0.4 to 7 mg/hr,
1 to 7 mg/hr, 1 to 5 mg/hr, or 2 to 7 mg/hr for at
least 48 continuous hours. [028] In various
embodiments, the patient may be administered
oseltamivir parenterally or orally in an amount of 10
to 150 mg/day, 10 to 50 mg/day, 50 to 100 mg/day, 75
to 150 mg/day, 150 to 300 mg/day, 100 to 500 mg/day,
or 1 to 50 mg/day. [029] The invention provides a
first antiviral agent, a second antiviral agent and a
third antiviral agent for simultaneous separate or
sequential administration, wherein the three agents
have corresponding three different mechanisms of
action, selected from the group consisting of
influenza virus adsorption inhibitor, M2 inhibitor,
IMP dehydrogenase inhibitor, RNA polymerase inhibitor,
influenza-specific interfering oligonucleotide, and
neuraminidase inhibitor. [030] The invention also
provides a first antiviral agent, a second antiviral
agent and a third antiviral agent for combined use in
therapy, wherein the three antiviral agents have
corresponding three different mechanisms of action,
selected from the group consisting of influenza virus
adsorption inhibitor, M2 inhibitor, IMP dehydrogenase
inhibitor, RNA polymerase inhibitor,
influenza-specific interfering oligonucleotide, and
neuraminidase inhibitor. [031] The invention also
provides a first antiviral agent, a second antiviral
agent and a third antiviral agent for combined use in
the treatment and/or prophylaxis of influenza
infection, wherein the three antiviral agents have
corresponding three different mechanisms of action,
selected from the group consisting of influenza virus
adsorption inhibitor, M2 inhibitor, IMP dehydrogenase
inhibitor, RNA polymerase inhibitor,
influenza-specific interfering oligonucleotide, and
neuraminidase inhibitor. [032] The invention also
provides the use of a first antiviral agent, a second
antiviral agent and a third antiviral agent in the
manufacture of a medicament for the treatment and/or
prophylaxis of influenza infection, wherein the three
antiviral agents have corresponding three different
mechanisms of action, selected from the group
consisting of influenza virus adsorption inhibitor, M2
inhibitor, IMP dehydrogenase inhibitor, RNA polymerase
inhibitor, influenza-specific interfering
oligonucleotide, and neuraminidase inhibitor. As
described below, the three agents may be administered
separately from each or in double or triple
combinations.[033] The invention also provides the use
of an antiviral agent in the manufacture of a
medicament for the treatment and/or prophylaxis of
influenza infection, wherein the antiviral agent is
selected from the group consisting of influenza virus
adsorption inhibitors, M2 inhibitors, IMP
dehydrogenase inhibitors, RNA polymerase inhibitors,
influenza-specific interfering oligonucleotides, and
neuraminidase inhibitors, and wherein the medicament
is prepared for administration (or is administered) to
a patient in combination with two further antiviral
agents, wherein the three antiviral agents have
different mechanisms of action, selected from the
group consisting of influenza virus adsorption
inhibitor, M2 inhibitor, IMP dehydrogenase inhibitor,
RNA polymerase inhibitor, influenza-specific
interfering oligonucleotide, and neuraminidase
inhibitor. [034] The invention also provides the use
of a first antiviral agent in the manufacture of a
medicament for the treatment and/or prophylaxis of
influenza infection, wherein the medicament is
prepared for administration (or is administered) to a
patient in combination with a second antiviral agent
and a third antiviral agent, wherein: a) the first
antiviral agent is selected from the group consisting
of influenza virus adsorption inhibitor and M2
inhibitor; b) the second antiviral agent is selected
from the group consisting of IMP dehydrogenase
inhibitor, and RNA polymerase inhibitor; and c) the
third antiviral agent is selected from the group
consisting of interfering oligonucleotide and
neuraminidase inhibitor. [035] The invention also
provides the use of a second antiviral agent in the
manufacture of a medicament for the treatment and/or
prophylaxis of influenza infection, wherein the
medicament is prepared for administration (or is
administered) to a patient in combination with a first
antiviral agent and a third antiviral agent, wherein:
a) the first antiviral agent is selected from the
group consisting of influenza virus adsorption
inhibitor and M2 inhibitor; b) the second antiviral
agent is selected from the group consisting of IMP
dehydrogenase inhibitor, and RNA polymerase inhibitor;
and c) the third antiviral agent is selected from the
group consisting of interfering oligonucleotide and
neuraminidase inhibitor. [036] The invention also
provides the use of a third antiviral agent in the
manufacture of a medicament for the treatment and/or
prophylaxis of influenza infection, wherein the
medicament is prepared for administration (or is
administered) to a patient in combination with a first
antiviral agent and a second antiviral agent, wherein:
a) the first antiviral agent is selected from the
group consisting of influenza virus
adsorptioninhibitor and M2 inhibitor; b) the second
antiviral agent is selected from the group consisting
of IMP dehydrogenase inhibitor, and RNA polymerase
inhibitor; and c) the third antiviral agent is
selected from the group consisting of interfering
oligonucleotide and neuraminidase inhibitor. [037] The
invention also provides the use of a first and a
second antiviral agent in the manufacture of a
medicament for the treatment and/or prophylaxis of
influenza infection, wherein the medicament is
prepared for administration (or is administered) to a
patient in combination with a third antiviral agent,
wherein: a) the first antiviral agent is selected from
the group consisting of influenza virus adsorption
inhibitor and M2 inhibitor; b) the second antiviral
agent is selected from the group consisting of IMP
dehydrogenase inhibitor, and RNA polymerase inhibitor;
and c) the third antiviral agent is selected from the
group consisting of interfering oligonucleotide and
neuraminidase inhibitor. [038] The invention also
provides the use of one or more antiviral agent(s) in
the manufacture of a medicament for the treatment
and/or prophylaxis of influenza infection, wherein the
antiviral agents have different mechanisms of action,
selected from the group consisting of influenza virus
adsorption inhibitor, M2 inhibitor, IMP dehydrogenase
inhibitor, RNA polymerase inhibitor,
influenza-specific interfering oligonucleotide, and
neuraminidase inhibitor, and wherein the medicament is
prepared for administration (or is administered) to a
patient in combination with one or more further
antiviral agents such that the patient receives three
antiviral agents having different mechanisms of action
selected from said group. [039] The invention also
provides the use of an antiviral agent in the
manufacture of a medicament for the treatment and/or
prophylaxis of influenza infection in a patient,
wherein the antiviral agent is selected from the group
consisting of influenza virus adsorption inhibitors,
M2 inhibitors, IMP dehydrogenase inhibitors, RNA
polymerase inhibitors, influenza-specific interfering
oligonucleotides, and neuraminidase inhibitors, and
wherein the patient has previously been treated with
at least two further antiviral agents, wherein said
antiviral agents have different mechanisms of action,
said different mechanisms of action being selected
from the group consisting of influenza virus
adsorption inhibitor, M2 inhibitor, IMP dehydrogenase
inhibitor, RNA polymerase inhibitor,
influenza-specific interfering oligonucleotide, and
neuraminidase inhibitor. (040] The invention also
provides the use of a first antiviral agent in the
manufacture of a medicament for the treatment and/or
prophylaxis of influenza infection in a
patient,wherein the patient has previously been
treated with a second antiviral agent and, optionally,
a third antiviral agent, wherein: a) the first
antiviral agent is selected from the group consisting
of influenza virus adsorption inhibitor and M2
inhibitor; b) the second antiviral agent is selected
from the group consisting of IMP dehydrogenase
inhibitor, and RNA polymerase inhibitor; and c) the
third antiviral agent is selected from the group
consisting of interfering oligonucleotide and
neuraminidase inhibitor. [041] The invention also
provides the use of a second antiviral agent in the
manufacture of a medicament for the treatment and/or
prophylaxis of influenza infection in a patient,
wherein the patient has previously been treated with a
first antiviral agent and, optionally, a third
antiviral agent, wherein: a) the first antiviral agent
is selected from the group consisting of influenza
virus adsorption inhibitor and M2 inhibitor; b) the
second antiviral agent is selected from the group
consisting of IMP dehydrogenase inhibitor, and 



RNA polymerase inhibitor; and c) the third antiviral
agent is selected from the group consisting of
interfering oligonucleotide and neuraminidase
inhibitor. [042] The invention also provides the use
of a third antiviral agent in the manufacture of a
medicament for the treatment and/or prophylaxis of
influenza infection in a patient, wherein the patient
has previously been treated with a first antiviral
agent and a second antiviral agent, wherein: a) the
first antiviral agent is selected from the group
consisting of influenza virus adsorption inhibitor
andM2 inhibitor; b) the second antiviral agent is
selected from the group consisting of IMP
dehydrogenase inhibitor, and RNA polymerase inhibitor;
and c) the third antiviral agent is selected from the
group consisting of interfering oligonucleotide and
neuraminidase inhibitor. [043] In these uses, the
previous treatment of the patient will typically have
been no more than 7 days prior to administration of
said medicament {e.g. in the previous 7, 6, 5, 4, 3, 2
days, or in the previous 24 hours). [044] The
invention also provides an antiviral agent for use in
the treatment and/or prophylaxis of influenza
infection, wherein the antiviral agent is selected
from the group consisting of influenza virus
adsorption inhibitors, M2 inhibitors, IMP
dehydrogenase inhibitors, RNA polymerase inhibitors,
influenza-specific interfering oligonucleotides, and
neuraminidase inhibitors, and wherein the antiviral
agent is administered (or is prepared for
administration) with at least one further antiviral
agent, wherein said antiviral agents have different
mechanisms of action, said different mechanism of
action being selected from the group consisting of
influenza virus adsorption inhibitor, M2inhibitor, IMP
dehydrogenase inhibitor, RNA polymerase inhibitor,
influenza-specific interfering oligonucleotide, and
neuraminidase inhibitor. [045] The invention also
provides a first antiviral agent for use in the
treatment and/or prophylaxis of influenza infection,
wherein the first antiviral agent is administered (or
is prepared for administration) with a second
antiviral agent and, optionally, a third antiviral
agent, wherein: a) the first antiviral agent is
selected from the group consisting of influenza virus
adsorption inhibitor and M2 inhibitor; b) the second
antiviral agent is selected from the group consisting
of IMP dehydrogenase inhibitor, and RNA polymerase
inhibitor; and c) the third antiviral agent is
selected from the group consisting of interfering
oligonucleotide and neuraminidase inhibitor. [046] The
invention also provides a second antiviral agent for
use in the treatment and/or prophylaxis of influenza
infection, wherein the second antiviral agent is
administered (or is prepared for administration) with
a first antiviral agent and, optionally, a third
antiviral agent, wherein: a) the first antiviral agent
is selected from the group consisting of influenza
virus adsorption inhibitor and M2 inhibitor; b) the
second antiviral agent is selected from the group
consisting of IMP dehydrogenase inhibitor, and RNA
polymerase inhibitor; and c) the third antiviral agent
is selected from the group consisting of interfering
oligonucleotide and neuraminidase inhibitor. [047] The
invention also provides a third antiviral agent for
use in the treatment and/or prophylaxis of influenza
infection, wherein the third antiviral agent is
administered (or is prepared for administration) with
a first antiviral agent and a second antiviral agent,
wherein: a) the first antiviral agent is selected from
the group consisting of influenza virus adsof tion
inhibitor and M2 inhibitor; b) the second antiviral
agent is selected from the group consisting of IMP
dehydrogenase inhibitor, and RNA polymerase inhibitor;
and c) the third antiviral agent is selected from the
group consisting of interfering oligonucleotide and
neuraminidase inhibitor. Brief Description of the
Figures [048] FIGS. 1A-4 are plan views of six
different respective blister packs comprising dosage
forms according to different embodiments of the
present invention. [049] FIG. 5 is a synergy volume
plot of the data generated from the experiment
described in Example IB.Detailed Description of the
Invention [050] The invention provides methods, uses,
compositions, and kits for treatment of a human
patient having an influenza virus infection or
suspected of being infected with or at risk of
exposure to influenza virus. The invention can be used
to prevent or reduce the probability of the generation
of drug resistant strains, to treat a human patient
suspected of being infected with or at risk of
exposure to a drug-resistant influenza virus, and to
minimize side-effects and toxicity associated with
monotherapy. [051] One aspect of the invention is a
method for the treatment or prophylaxis of influenza
in a patient to reduce or prevent symptoms associated
with influenza virus infection. The patient can be
human or any other animal susceptible to influenza
infection (e.g. domestic animals such as cats and
dogs; livestock and farm animals such as horses, cows,
pigs, chickens, etc.). Medical care standards are used
to determine that that a patient is likely infected
with influenza virus or is at risk of exposure to
influenza virus. The influenza virus can be an A or B
virus. In specific embodiments, the virus is an
influenza A virus (e.g. HlNl, H1N2, H2N2, H3N2, H5N1,
H7N7, H9N2, etc.). [052] The method comprises
administering to the patient a combination of three
different antiviral agents (referred to herein as a
"triple combination") having corresponding three
different mechanisms of action selected from the group
consisting of influenza virus adsorption inhibitor, M2
inhibitor, IMP dehydrogenase inhibitor, RNA polymerase
inhibitor, influenza-specific interfering
oligonucleotide, and neuraminidase inhibitor. One or
more additional antiviral agents may be added to the
triple combination (e.g. a fourth antiviral agent
having a mechanism of action that differs from the
three mechanisms of the triple combination or that is
the same as one of mechanisms of triple combination).
References herein to specific antiviral agents (e.g.
amantadine, oseltamivir, etc.) are intended to include
pharmaceutically acceptable salts of the antiviral
agents (e.g. amantadine hydrochloride, oseltamivir
phosphate, etc.). [053] The antiviral agents are
preferably administered at relative ratios and dosages
demonstrated to be additive or synergistic with
respect to a reduction in viral load, symptoms,
duration of illness, prevention of drug-resistant
strains, etc. Synergy is when the efficacy of the
combination is greater than the cumulative efficacy of
each drug within the combination as single agents
(Prichard and Shipman, Antiviral Res. (1990)
14:181-206). Methods for measuring drug synergy of
antiviral agents are described in the Examples below,
and are generally known in the art (see e.g. Schinazi
et al.,Antimicrob Agents Chemother. (1982) 22:499-507;
and Prichard and Shipman, supra; and Prichard et al.,
Antibicrob Agents Chemother (1993) 37:540-545; each
incorporated herein by reference). Figure 5 depicts a
three-dimensional synergy plot of data obtained from
the experiment described in Example 1B below; the
analysis was made using methods described by Prichard
et al. (1993), supra. [054] The use of synergistic
amounts of the antiviral agents provides greater
efficacy and/or allows lower amounts of one or more of
the drugs to be used than that used in current
monotherapy, thereby resulting in fewer side-effects
for the patient and permitting the production of more
treatment doses from finite amount of bulk drug. In a
specific embodiment, the combination increases the
sensitivity of one or more strains of an influenza
virus to at least one of the antiviral agents by at
least 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, or
100-fold compared to the sensitivity of the virus to
the drug when used as a monotherapy. For example, when
a drug has an ECso of 1.0 mg/ml against an influenza
virus when used as a monotherapy as determined by in
vitro testing, and has an EC50 of 0.01 mg/ml or less
when used in combination with two other antiviral
agents, the combination is said to increase the
sensitivity of the influenza virus to the drug by at
least 100-fold. Preferably, the sensitivity of two or
all three drugs in the combination is improved by at
least 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, or
100-fold. Example IB below describes an in vitro assay
for determining how increases in drug sensitivity can
be determined using an H3N2 influenza strain. The same
assay can be used to measure drug sensitivity against
other influenza strains. In the absence of synergy,
combinations of antivirals may still be beneficial due
to the additive contribution of each drug within the
combination and the overall efficacy of the
combination without added toxicity. [055] Use of the
triple combination significantly reduces the
probability of the generation of drug resistant
strains compared to prior monotherapies. This is
particularly advantageous in the treatment of
influenza in a pandemic or localized outbreak.
Further, the triple combination can be used to treat a
human patient infected with or at risk of exposure to
a drug-resistant influenza virus. Because rapid viral
genotyping is not usually available on a real time
basis to clinicians allowing rationale drug selection
based on resistance profiles, the invention provides
for broad and effective anti-viral coverage even in
the absence of these data. In specific embodiments,
the drug-resistant influenza virus is resistant to one
of the drugs of the combination used. Surprisingly,
treatment with the triple combination provides a
greater anti-influenza effect against the
drugresistant virus than treatment that is the same
except for the exclusion of the drug to which the
virus is resistant as a monotherapy. Standard medical
procedures are used to assess the likelihood that a
patient is infected with or is at risk of exposure to
a drugresistant virus (e.g. via guidance of CDC Health
Alerts, etc.). [056] Preferably each drug in the
combination is active at a different phase in the
influenza virus life cycle. For example, influenza
virus adsorption inhibitors and M2 inhibitors are
active at the beginning of the lifecycle; IMP
dehydrogenase inhibitors and RNA polymerase inhibitors
are active at the middle of the lifecycle; and
interfering oligonucleotides and neuraminidase
inhibitors are active at the end of the lifecycle.
[057] Examples of influenza virus adsorption
inhibitors include hemagglutinin-specific monoclonal
antibodies (see e.g. Palladino et al., J Virol. (1995)
69:2075-81), polyoxometalates (see e.g. Shigeta et
al., Antimicrob Agents Chemother. (1997) 4 1:1423-7),
sulfated polysaccharides, sialidase fusion proteins
(e.g. Fludase), and Oglycosides of sialic acid (see
e.g. Guo et al, Glycobiology (2002) 12:183-90). These
and other influenza adsorption inhibitors are known in
the art (see e.g. Combating the Threat Of Pandemic
Influenza: Drug Discovery Approaches, Ed. Paul F.
Torrence, John Wiley And Sons Ltd (2007), incorporated
herein by reference). [058] Examples of M2 inhibitors
include aminoadamantane compounds such as 



amantadine (1-amino-adamantane), rimantadine
(l-(l-aminoethyl)adamantane), spiro[cyclopropane-l,
2'-adamantan]-2-amine,
spiro[pyrrolidine-2,2'-adamantane],
spiro[piperidine-2,2'-adamantane],
2-(2-adamantyl)piperidine, 3-(2- adamantyOpyrrolidine,
2-(l-adamantyl)piperidine, 2-(l-adamantyl)pyrrolidine,
and 2-(ladamantyl)- 2-methyl-pyrrolidine; and
M2-specific monoclonal antibodies (see e.g. US
20050170334; and Zebedee and Lamb, J Virol. (1988)
62:2762-72). In a preferred embodiment, one of the
antiviral agents in the triple combination is
amantadine or rimantadine. [059] Examples of IMP
dehydrogenase inhibitors include ribavirin, viramidine
(a prodrug of ribavirin), and merimepodib (VX-497; see
e.g. Markland et al., Antimicrob Agents Chemother.
(2000) 44:859-66). [060] As used herein, the term RNA
polymerase inhibitor refers to an antiviral agent that
inhibits the polymerase, protease, and/or endonuclease
activity of the viral RNA polymerase complex or one of
its subunits (i.e. PBl, PB2 and PA). Exemplary RNA
polymerase inhibitors include antiviral nucleoside
analogs such as ribavirin,
viramidine,6-fluoro-3-hydroxy-2-pyrazinecarboxamide
(T-705), 2'-deoxy-2'-fluoroguanosine, pyrazofurin,
3-deazaguanine, carbodine (see e.g. Shannon et al.,
Antimicrob Agents Chemother. (1981) 20:769-76), and
cyclopenenyl cytosine (see e.g. Shigeta et al.,
Antimicrob Agents Chemother. (1988) 32:906-1 1); and
the endonuclease inhibitor flutimide (see e.g.
Tomassini et al., Antimicrob Agents Chemother. (1996)
40:1 189-93). In a preferred embodiment, one of the
antiviral agents in the triple combination is
ribavirin or viramidine. (061J Examples of
influenza-specific interfering oligonucleotides
include siRNAs (see e.g. Zhou et al., Antiviral Res.
(2007) 76:186-93), antisense oligonucleotides,
phosphorothioate oligonucleotides, ribozymes (see e.g.
US Pat. No. 6,258,585 to Draper), morpholino oligomers
and peptide nucleic acids (see e.g. Schubert and
Kurreck, Handb Exp Pharmacol. (2006) 173:261-87).
[062] Examples of neuraminidase inhibitors include
oseltamivir, oseltamivir carboxylate (GS4071; see e.g.
Eisenberg et al., Antimicrob Agents Chemother. (1997)
4 1:1949-52), zanamivir, peramivir (RWJ-27021;
BXC-1812, BioCryst), 2,3-didehydro-2-
deoxy-N-acetylneuraminic acid (DANA),
2-deoxy-2,3-dehydro-Ntrifluoroacetylneuraminic acid
(FANA), A-322278, and A-3 15675 (see US Pat N.
6,455,571 to Maring et al, and Kati et al., Antimicrob
Agents Chemother. (2002) 46:1014-21). In a preferred
embodiment, one of the antiviral agents in the triple
combination is oseltamivir, peramivir, or zanamivir.
[063] In one embodiment, the first antiviral agent is
an M2 inhibitor, preferably amantadine; the second
antiviral agent is an antiviral nucleoside analog,
preferably ribavirin or viramidine; and the third
antiviral agent is a neuraminidase inhibitor,
preferably oseltamivir or zanamivir. In other
embodiment, the first antiviral agent is amantadine or
rimantadine; the second antiviral agent is ribavirin
or viramidine, and the third antiviral agent is
oseltamivir, oseltamivir carboxylate, peramivir or
zanamivir. [064] Each antiviral agent of the
combination is administered using one or more routes
of administration suitable for the particular agent
(e.g. orally, parenterally, by inhalation,
transdermally, intranasally, gastric administration
(e.g. via G-, NG-, J-, etc. feeding tubes), etc.). In
various embodiments, the antiviral agents are prepared
for oral administration and/or gastric administration
(e.g. via feeding tubes) as liquids, syrups,
suspensions, tablets, capsules, beads in capsules, or
beads in sachets. In some embodiments, at least one of
the antiviral agents is administered by one route
ofadministration (e.g. parenterally), and at least one
of the antiviral agents is administered by an
alternate route of administration (e.g. orally or by
inhalation). [065] In oral dosing embodiments, one or
more of the antiviral agents may be provided in an
immediate release (IR) or extended release (ER) form.
The preparation of ER dosage forms (also referred to
in the art as "controlled release", "sustained
release", and "modified release" dosage forms) is well
known. Suitable M2 inhibitor ER dosage forms are
described in USSN 11/285,905 and USSN 11/399,879, both
to Went et ah, the contents of which are incorporated
herein by reference. The antiviral agents may be
administered as separate formulations, simultaneously,
or sequentially. Alternatively two or more of the
antiviral agents may be provided as combination
compositions in single dosage forms. [066] When
treating an established influenza virus infection in a
patient presenting with symptoms of vomiting and/or
diarrhea, parenteral administration is particularly
preferred, as oral administration may not be effective
in rapidly achieving the desired plasma concentrations
of the antiviral agents. Preferably, the parenteral
administration is selected from intravenous infusion,
intravenous injection, or intramuscular injection.
Most preferred is intravenous infusion. A preferred
kit for parenteral administration comprises an M2
inhibitor (amantadine or rimantadine), an antiviral
nucleoside analogue (ribavirin or viramidine), and
optionally a neuraminidase inhibitor (oseltamivir,
oseltamivir carboxylate, or zanamivir), which are
parenterally administered together with a
pharmaceutically acceptable carrier in a single
pharmaceutical composition. In other embodiments, the
M2 inhibitor, the antiviral nucleoside analogue, and
optionally the neuraminidase inhibitor, are
parenterally administered as separate dosage forms. In
some embodiments, at least one of the M2 inhibitor,
the antiviral nucleoside analogue, and the
neuraminidase inhibitor, if present, is initially
provided in the form of a lyophilized composition
which is reconstituted with a pharmaceutically
acceptable carrier prior to parenteral administration.
In some embodiments, the M2 inhibitor, the antiviral
nucleoside analogue and the neuraminidase inhibitor,
if present, are each initially provided in a separate
container, and thereafter are combined with a
pharmaceutically acceptable carrier prior to
parenteral administration. In some embodiments, one of
the antiviral agents may be provided in lyophilized
form which is reconstituted by a liquid formulation of
one of the other antiviral agents.[067] The plasma
concentration of each drug of the triple combination
is preferably maintained between a desired Cmin and
Cmax for at least 24, 48, 72, 96, 120, 144, or 168
continuous hours. Routine clinical trials are used to
determine the average Cmin, Cmax, and Cmean plasma
concentrations of a patient population by various
dosing regimens. The duration of the therapy is
typically 5-10 days for treatment, or until the virus
has cleared from the patient. For prophylaxis, the
daily dose of the antiviral agents administered is
typically 50% that used for treatment and is
administered over the course of two or more weeks,
typically up to about 6 weeks or more until the risk
of infection abates. [068] The invention is further
exemplified below with respect to uses of specific
antiviral agents and combinations of antiviral agents,
and the dosages and concentrations at which they are
used. Suitable dosages and concentrations of other
antiviral agents that are not further exemplified
below can be determined using information available in
the literature and by routine experimentation, such as
described in the examples below and known generally in
the art. [069] In a specific embodiment of the
invention, the first antiviral agent of the triple
combination is amantadine or rimantadine, which is
administered to the patient in an amount that
maintains a plasma concentration of the amantadine or
rimantadine between 0.05 mg/ml (Cmin) to 5.0 mg/ml
(Cmax), preferably 0.1 to 3.0 mg/ml, more preferably
0.1 to 1.5 mg/ml, and most preferably 0.3 to 1.5 mg/ml
for at least 48 continuous hours. The desired plasma
concentration can be achieved by administering the
amantadine or rimantadine parenterally or orally in an
amount of 5 to 500 mg/day, 20 to 250 mg/day, 100 to
800 mg/day, 100 to 600 mg/day, 200 to 700 mg/day, or
200 to 500 mg/day. Particularly preferred daily oral
dosages of rimantadine range from about 50-400 mg/day,
75-300 mg/day, 100-250 mg/day, or 100-200 mg/day.
[070] In some embodiments, exemplary amantadine and
rimantadine oral dosage forms contain at least about
25, 50, 75, 100, 125, 150, 175 or 200 mg per dosage
form and up to about 75, 100, 125, 150, 175, 200, 225,
250, 275, 300, 350, or 400 mg per dosage form. One,
two, three or four of said dosage forms may be
administered one or two times per day for prophylaxis
or treatment. The resulting daily doses may be at
least 25, 50, 75, 100, 125, 150, 175 or 200 mg per day
and up to about and up to about 75, 100, 125, 150,
175, 200, 225, 250, 275, 300, 325, 350, 400, 450, 500,
550, 600, 650, 700, 750 or 800 mg/day. In one
exemplary treatment, the patient self-administers two
125 mgamantadine ER unit dosage forms (e.g. capsules
or tablets) every twelve hours (i.e. BID) for a total
of about 500 mg/day amantadine, typically taken in
combination with ribavirin as described below. Also in
this example, the prophylactic dose is one 125 mg ER
dosage form BID. [071] For oral administration of 200
mg/day or more of amantadine or rimantadine, ER
formulations are preferred as they allow for lower
Cmac/Cmin ratios, thereby optimizing the time that the
M2 inhibitor concentrations remain above ED50,while
minimizing toxicity. In a preferred ER formulation,
the amantadine or rimantadine has an in vitro
dissolution profile of less than about 70 wt. % in one
hour, less than about 90 wt. % in two hours, greater
than about 40 wt. % in six hours and greater than
about 85 wt. % in 12 hours, as measured using a USP
type 2 (paddle) dissolution system at 50 rpm, at a
temperature of 370.5C with 500 ml water as a
dissolution medium. Further preferred is an ER
formulation of amantadine or rimantadine with an in
vitro dissolution profile of less than 20 wt% in one
hour, less than about 50% in two hours, greater than
about 40% in six hours, and greater than about 90% in
twelve hours as measured above. This reduction in
dissolution may advantageously reduce the interdose
variability in plasma concentration for the active
agent or improve tolerability of the active agent,
especially when the administration is BID or QD. In
certain embodiments, the amantadine or rimantadine is
in an oral dosage form and has a Tmax of at least 4,
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
or 20 hours. [072J In a specific embodiment, the
patient is administered amantadine by intravenous
infusion at a rate of 1 to 50 mg/hr, 3 to 40 mg/hr, or
5 to 30 mg/hr for at least 48, 72, or 96 continuous
hours. 



[073] In one embodiment of the invention, the second
antiviral agent of the triple combination is ribavirin
or viramidine. In a preferred embodiment, the
ribavirin or viramidine is administered together with
amantadine or rimantadine in the abovementioned
amounts. The ribavirin or viramidine is administered
to the patient in an amount to achieve a plasma
concentration of 0.1 mg/ml (Cmin) to 10.0 mg/ml
(Cmax), 0.5 to 8 mg/ml, 0.5 to 5 mg/ml, 1 to 6 mg/ml,
1 to 4 mg/ml, 2 to 6 mg/ml, 2 to 4 mg/ml, 0.01-2
mg/ml, or 0.2-2.0 mg/ml for at least 48, 72, or 96
continuous hours. The desired plasma concentration can
be achieved by administering the ribavirin
parenterally or orally in an amount of 50 to 2400
mg/day, 50 to 2000 mg/day, 50 to 1600 mg/day, 100 to
1200 mg/day, 400 to 800 mg/day, 50 to 600 mg/day, 75
to 500 mg/day, or 75 to 200 mg/day.In a preferred
embodiment, the ribavirin or viramidine is
administered at low daily dosages that have additive
or synergistic effect when administered in combination
amantadine or rimantadine and a neuraminidase
inhibitor such as oseltamivir, peramivir, or
zanamivir. The low dosages are typically about 10-800
mg/day, 25-600 mg/day, 50- 600 mg/day, and preferably
about 75-500 mg/day. In one exemplary treatment, the
patient self-administers one 160 mg ribavirin unit
dosage form BID for a total of 320 mg/day ribavirin.
[074] In a specific embodiment, ribavirin or
viramidine is administered orally in amounts of at
least about 10, 25, 30, 40, 50, 75, 100, 125, 150, 175
or 200 mg per dosage form and up to about 150, 175,
200, 250, 300, 350, 400, 450 or 500 mg per dosage
form. One, two, three or four of said dosage forms may
be administered one or two times per day for
prophylaxis or treatment. The resulting daily doses
may be at least 10, 25, 30, 40, 50, 75, 100, 125, 150,
175 or 200 mg per day and up to about 100, 125, 150,
175, 200, 225, 250, 275, 300, 325, 350, 400, 450, 500,
550, 600, 650, 700, 750, 800, 1200, 1600, or 2000
mg/day. In one exemplary treatment, the patient
self-administers 2 x 200 mg dosage forms BID for a
total of about 800 mg per day. Also in this example,
the prophylactic dose is 1 x 200 mg dosage form BID.
[07S] The ribavirin or viramidine (and optionally one
or both of the other antiviral agents) may be
administered initially in loading dose amount, and
thereafter administered in a daily maintenance dose
amount, wherein the loading dose amount is about 1.5
to about 3 times the daily maintenance dose amount.
The loading dose may be administered by a route that
is the same as or different from that of the
subsequent maintenance dose. The loading dose is
preferably administered parenterally or orally, and
most preferably parenterally. Preferably, the loading
dose is administered as an intravenous infusion,
intravenous injection, or intramuscular injection.
With intravenous infusion, the loading dose may be
achieved by using a higher concentration of the
antiviral agent in the first i.v. bag infused into the
patient. Alternatively, the initial i.v. infusion bag
may have the same concentration of active agents as
the subsequent i.v. bags, but be administered with an
increased rate of infusion (e.g. 3-6 hrs compared to 8
hrs). [076] In a specific embodiment, the patient is
administered ribavirin or viramidine by intravenous
infusion at a rate of 5 to 200 mg/hr, 10 to 150 mg/hr,
15 to 100, or 20 to 80 mg/hr for at least 48, 72, or
96 continuous hours.[077] In a particular embodiment
of the invention, ribavirin or viramidine is
administered together with amantadine and oseltamivir
in the treatment of an influenza virus that is
resistant to amantadine or oseltamivir monotherapy.
[078| In one embodiment of the invention, the third
antiviral agent of the triple combination is a
neuraminidase inhibitor selected from the group
consisting of oseltamivir, oseltamivir carboxylate,
zanamivir, and peramivir. Oseltamivir and zanamivir
are particularly preferred. The neuraminidase
inhibitor, preferably oseltamivir or zanamivir, is
administered to the patient in an amount to achieve a
plasma concentration between 0.001 to 5 mg/ml, 0.02
mg/ml to 5 mg/ml 0.1 to 3 mg/ml, 0.1 to 1 mg/ml, 0.3
to 3 mg/ml, 0.3 to 1 mg/ml, 0.001 to 0.1 mg/ml, or
0.0001 to 0.01 mg/ml for at least 48, 72, or 96
continuous hours. The desired plasma concentration may
be achieved by administering oseltamivir parenterally
or orally in an amount of 10 to 150 mg/day, 10 to 50
mg/day, 50 to 100 mg/day, 75 to 150 mg/day, 150 to 300
mg/day, or 100 to 500 mg/day. Zanamivir is typically
administered in an amount of 25-150 mg/day, preferably
40-100 mg/day. [079] In a preferred embodiment, the
neuraminidase inhibitor is administered at low daily
dosages that have additive or synergistic effect when
administered in combination with amantadine and
ribavirin or viramidine. In specific embodiments,
synergistic effect is achieved when plasma
concentrations of 0.15-1 .5 mg/ml amantadine,
0.0001-0.01 mg/ml oseltamivir, and 0.6-6 mg/ml
ribavirin are maintained in the patient for at least
48, 72, or 96 continuous hours. Specific dosages that
achieve these plasma concentrations are determined
using routine calculations and confirmed by clinical
trials. The low dosages of oseltamivir are typically
about 1-50 mg/day, preferably about 1-25 mg/day, and
more preferably about 2.5-10 mg/day. In one exemplary
treatment, a patient selfadministers a unit dosage
form of 25 mg oseltamivir taken QD or BID. In
preferred embodiments, oseltamivir in any of the above
dosages is taken in combination with any of the
above-described amounts of amantadine and ribavirin.
In a specific embodiment, 25 mg of oseltamivir is
taken QD or BID together with 160 mg amantadine and
160 mg ribavirin (either in separate unit dosage
forms, or in a combination unit dosage form) which are
also taken QD or BID. In another specific embodiment,
75 mg oseltamivir is taken QD or BID together with 100
mg amantadine QD or BID and 600 mg ribavirin QD or
BID.[080] In a specific embodiment, the patient is
administered oseltamivir by intravenous infusion at a
rate of 0.1 to 20 mg/hr, 0.4 to 7 mg/hr, 1 to 7 mg/hr,
1 to 5 mg/hr, or 2 to 7 mg/hr for at least 48, 72, or
96 continuous hours. The desired plasma concentration
of zanamivir may be achieved by parenteral
administration in an amount of 5 to 250 mg/day, 10 to
200 mg/day, or 25 to 150 mg/day. In a specific
embodiment, the patient is administered zanamivir by
intravenous infusion at a rate of 0.1 to 10 mg/hr, 0.4
to 7 mg/hr, or 1 to 5 mg/hr for at least 48, 72, or 96
continuous hours. [081] In a specific embodiment, the
patient is administered oseltamivir orally in an
amount of 1 to 75 mg/day, 1 to 50 mg/day, 1 to 25
mg-day, 10 to 150 mg/day, 50 to 100 mg/day, 75 to 150
mg/day, or 150 to 300 mg/day. In various embodiments,
the amount of oseltamivir administered according to
the present invention, if present, may be at least
about 1, 2, 5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 75,
80, 90, 100, 110, 120, 130, 140 or 150 mg per dosage
form and up to about 75, 80, 90, 100, 110, 120, 130,
140, 150, 160, 170, 180, 190 or 200 mg per dosage
form. One, two, three or four of said dosage forms may
be administered one or two times per day for
prophylaxis or treatment. The resulting daily doses
may be at least 1, 2, 5, 10, 15, 20, 25, 30, 40, 50,
60, 70, 75, 80, 90, 100, 110, 120, 130, 140 or 150 mg
per day and up to about 75, 100, 120, 140, 150, 160,
180, 200, 220, 240, 250, 260, 280 or 300 mg per day.
In one exemplary treatment, the patient
selfadministers a 75 mg dosage form BID for a total of
about 150 mg per day; for prophylaxis the dose is 75
mg taken once every 24 hours (QD). [082] In addition
to the triple antiviral therapy, the patient may be
given an adjunctive therapy to boost natural antiviral
responses. Exemplary adjunctive therapies include
treatment with interferon, pegylated interferon,
vitamin D (see e.g. Cannell et al., Epidemiol Infect.
(2006) 134:1 129-40), geranylgeranylacetone (see e.g.
Unoshima et al., Antimicrob Agents Chemother. (2003)
47:2914-21), poly ICLC (see e.g. Wong et al.,
Antimicrob Agents Chemother. (1995) 39:2574-6),
Ampligen(r), and CpGoligodeoxynucleotides (see e.g.
Lopez et al., Vet Immunol Immunopathol. 2006 Nov 15;1
14(1-2): 103- 10). Such adjunctive therapies may be
particularly beneficial for prophylaxis of influenza.
However, for treatment of active influenza infections
it may be desired to avoid certain adjunctive
therapies (e.g. interferon treatment). Instead, the
antiviral agents may be administered in conjunction
with anti-immune/anti-inflammatory treatments such as
corticosteroids (e.g. methylprednisolone,
hydrocortisone, etc.) or statins (e.g. atorvastatin,
simvastatin, etc.) to reduce the likelihood of a
"cytokine storm".[083] Another aspect of the invention
is a composition and use thereof for the treatment or
prophylaxis of influenza in a human patient. In
various embodiments, the compositions are prepared for
oral, parenteral, or gastric administration (e.g. via
feeding tubes) as liquids, syrups, suspensions,
tablets, capsules, beads in capsules, or beads in
sachets. [084] In a specific embodiment, the
composition comprises amantadine or rimantadine, and
ribavirin or viramidine, and optionally oseltamivir in
single dosage forms for oral, gastric, or parenteral
administration. In a specific embodiment, a single
dosage form contains amantadine in any one of the
above-specified amounts (i.e. 25, 50, 75... 300 mg) in
combination with ribavirin in any one of the
above-specified amounts (i.e. 25, 50, 75... 500 mg)
and optionally oseltamivir in any one of the
above-specified amounts (i.e. 25, 30, 40... 200 mg).
In one embodiment, the composition comprises a
combination of ribavirin and ER amantadine that
preferably has an in vitro dissolution profile and/or
Tmax as previously described above [085] In one
embodiment, the composition comprises 10 to 60 weight
percent (wt. %), 25 to 50 wt. %, or 50 to 75 wt. %
amantadine or rimantadine; and 30 to 80 wt. %, 50 to
75 wt. %, or 25 to 50 wt. % ribavirin or viramidine,
wherein the weight percents are based on the total
weight of active agents in the composition. The
composition may further comprise 0.5-30 wt. %
oseltamivir. In preferred embodiments, the composition
contains amounts of amantadine and ribavirin that
exhibit additive or synergistic effect, as described
above, when used in triple combination with a
neuraminidase inhibitor such as oseltamivir,
peramivir, or zanamivir, for the treatment or
prophylaxis of influenza. [086] For parenteral
administration, the composition may be in a
lyophilized powder or sterile liquid form contained in
a vial. The vial may be fitted with a rubber septum to
allow syringe entry for reconstitution or withdrawal
of the vial contents. [087] For oral administration,
the composition may be in a unit dosage form such as a
capsule or tablet. One exemplary unit dosage form for
oral administration comprises 25- 125 mg or 150-300 mg
amantadine, optionally in ER form, and 50-200 mg
ribavirin in 



tablets or capsules. One dosage form of the invention
comprises 160 mg ER amantadine HCL and 120 mg IR
ribavirin. Another exemplary dosage form is a capsule
comprising 160 mg amantadine and 160 mg ribavirin, and
75 mg oseltamivir. [088] Another aspect of the
invention is kits comprising an M2 inhibitor (e.g.
amantadine or rimantadine), antiviral nucleoside
analogue (e.g. ribavirin or viramidine)and optionally
a neuraminidase inhibitor (e.g. peramivir, zanamivir,
or oseltamivir). The antiviral agents in the kit may
be provided in separate dosage forms that are
co-packaged together, as this can maximize the ease
with which the appropriate therapeutic amount may be
administered to a subject in need thereof. [089] In a
specific embodiment, kits comprise sachets containing
one or more of the active agents. The sachets may
contain beads of the active agents in a unit dose
quantity suitable for oral, enteral or gastric
administration (e.g., via a G-, NG-, or J-tube). [090]
When provided as a kit for oral administration, the
antiviral agents may be provided in a blister pack.
The individual blisters may contain one antiviral
agent, or two, or all three. When provided as a
blister pack, it is preferred that the antiviral
agents to be provided at each dosing interval are
identified separately - this may be accomplished by
providing all of the dosage forms for each dose within
a single blister or, if packaged in separate blisters,
the blisters containing the dosage forms for each dose
may be grouped or identified as a group, e.g., by the
printing surrounding the blisters. Typically, the kit
includes instructions for use. In some embodiments,
the kit may include one or more containers of an M2
inhibitor (e.g. amantadine) and antiviral nucleoside
analogue (e.g. ribavirin) in a first package, and the
neuraminidase inhibitor in a second separate package.
For example, the kit may comprise amantadine and
ribavirin co-packaged in a first blister pack, and 75
mg oseltamivir capsules in a second blister pack. Such
kits can be prepared by co-packaging blister packs of
TAMIFLU(r) with blister packs comprising ribavirin and
amantadine. In another kit of the invention, a bulk
supply of TAMIFLU(r) (e.g. a government stockpile) is
used as a source of oseltamivir. The contents of the
TAMIFLU(r) capsules are emptied, optionally re-tested
for shelf-life stability, then reencapsulated in
amounts less than 75 mg/capsule (e.g. 10, 25, 35, 50
mg), and copackaged with additive or synergistic
amounts of ribavirin and amantadine. Extending the
shelf-life of oseltamivir and reducing the daily dose
needed for treatment or prophylaxis of influenza has
the benefit of greatly extending government stockpiles
of antiviral treatment for pandemic flu. [091) In one
embodiment, a kit comprises amantadine and ribavirin
provided as a plurality of separate oral dosage forms,
with each amantadine dosage form comprising 75-250 mg
amantadine and each ribavirin dosage form comprising
50-400 mg ribavirin. In a specific embodiment, a kit
may comprise one or more blister packs comprising one
or more dosage forms comprising 125 mg amantadine
hydrochloride in an extendedrelease dosage form and
one or more dosage forms comprising 200 mg ribavirin.
The blisters in the pack may be arranged or marked so
that one of each type of dosage form should be
administered once or twice per day. Alternatively, the
dosage forms in the blisters may be arranged to
indicate that one of the amantadine dosage forms
should be administered twice per day and one of the
ribavirin dosage forms should be administered once per
day, or the dosage forms in the blisters may be
arranged to indicate that two of the amantadine dosage
forms and one of the ribavirin dosage forms should be
administered once per day. Optionally, the blister
pack may be configured to include one or more dosage
forms comprising 75 mg oseltamivir similarly
configured or marked to be administered once or twice
per day. Figures 1and 2 of the accompanying drawings
illustrate representative configurations.
Alternatively, the kit may be formatted to optimize
its convenient use adjunctively with a commercially
available neuraminidase inhibitor (e.g. TAMIFLU(r)).
[092J In another embodiment, a kit may be provided
comprising one or more blister packs, wherein each
blister pack comprises one or more groups of blisters
and within each group of blisters one of the blisters
contains one or two tablet or capsule dosage forms
comprising 60 to 300 mg amantadine in an extended
release formulation and one of the blisters contains
one or two tablet or capsule dosage forms comprising
25 to 200 mg ribavirin. The number of groups within a
blister pack or the number of groups provided in the
kit may vary from one to about 5, 7, 10, 14, 15, 20,
21, 28, 30, 40, 42 or 60. Optionally, said kit
includes instructions for once or twice per day
administration. [093] Another exemplary kit for oral
administration of amantadine together with ribavirin
comprises unit dosage forms of 80mg, 180mg, or 330 mg
amantadine in immediate release or extended release
form; and unit dosage forms of 330 mg or 660 mg
ribavirin. In an exemplary treatment a patient is
administered 660 to 2400 mg RBV and 360 to 660 mg
amantadine as the first dose (e.g. Day 1 AM);
thereafter (e.g. Day 2 AM to Day 10) the patient is
administered 660 to 1320 mg RBV and 180 to 660 mg
amantadine once daily (QD). [094] When provided as a
kit for parenteral treatment two or more of the
antiviral agents of the combination are provided in a
form suitable for parenteral administration. For
example, the antiviral agents may be individually
formulated or co-formulated and filled into suitable
containers such as syringes, ampoules, or vials. The
active agents may be provided in the form of a
lyophilized composition in a container, and
reconstitutedwith a pharmaceutically acceptable
carrier prior to parenteral administration. In other
embodiments, the active agents may be provided in a
liquid form in a container that may be administered
without dilution (e.g. for i.v. or i.m. bolus
administration), or alternatively added to an i.v.
infusion bag. In some embodiments, one of the
antiviral agents may be provided in lyophilized form,
which, prior to administration to a patient, is
reconstituted with a liquid form of another antiviral
agent provided in the kit. In some embodiments, an M2
inhibitor (e.g. amantadine or rimantadine), antiviral
nucleoside analogue (e.g. ribavirin or viramidine),
and neuraminidase inhibitor (e.g. oseltamivir,
zanamivir, or peramivir), if present, are each in a
separate container, and thereafter the active agents
are combined with a pharmaceutically acceptable
carrier prior to parenteral administration. Each
container may contain a unit dose of the active
agent(s), and each kit may have a sufficient number of
the containers to treat an individual patient for at
least 12, 24, 48, or 72 hours. The kit may have a
distinctly marked container for a loading dose of one
or more of the active agents with instructions
indicating that the distinctly marked container is the
first one used when initiating a patient's treatment.
Alternatively, loading doses may be separately
packaged and may have separate instructions for use.
Exemplary kits for oral treatment are further detailed
in Examples 5- 9 below. Exemplary kits for parenteral
administration are described in Example 11 below.
Example IA: A dose response study of the antiviral
activity of amantadine, oseltamivir, and ribavirin,
singly and in double and triple combinations, in
A/Albany/1/98 (H3N2) infected MDCK cells cultured in
flasks [095] We performed experiments designed to
evaluate the dose response antiviral activity of a
combination of amantadine, oseltamivir, and ribavirin
in the inhibition of A/Albany/1/98 (H3N2) viral
replication. The objectives of the experiment were to
demonstrate a reduction of viral load compared to no
drug and synergistic effect of double and triple
combinations compared to monotherapy. [096] The EC25,
EC50, and EC75 (where, e.g., EC50, is the
concentration of drug that reduces 50% of the virus at
72 hrs) for each drug were demonstrated in dose
ranging studies using each drug as monotherapy.
Briefly, compounds at varying doses were added to MDCK
cells grown in flasks using previously described
methods (Smee et al., Chemotherapy (2002) 48:88-93).
Thirty minutes after the addition of the drug,
viruseswere added at a multiplicity of infection of
0.00 1 PFU per cell to each well. After -24- 78 hours,
the extracellular virus medium from each well was
removed, centrifuged at 3,200 g for 5 min, and
titrated for virus. The results are provided in Table
IA. [097J Table IA [098] The EC25, EC5o, and EC75
concentrations for each drug were tested singly and at
all possible double and triple combinations for
additive and/or synergistic effects on viral
replication in tissue culture, for a total of 64
conditions tested (i.e. no drug, 9 single treatments,
27 double combination treatments, and 27 triple
combination treatments). Briefly, MDCK cells were
grown as monolayers in flasks, the drugs were added to
the culture, and the cells were infected through the
introduction of A/Albany virus at a multiplicity of
infection (MOI), i.e. ratio of infectious virus
particles to the number of cells being infected, of
0.001 PFU per cell. Culture was maintained for ~48
hours or until cytopathic effect was evident in
monolayer. After centrifugation, supernatants were
stored at -7O0C as 3 x 500ml aliquots for TCID 0, PFU,
and NA analysis and 1 x 200ml for QPCR. [099] Drug
combinations were determined to be synergistic if the
actual inhibition of viral replication was greater
than the calculated inhibition using the MacSynergy II
software as described by Prichard et al. (Antimicrob
Agents Chemother (1993) 37:540- 545). Strong synergy
was seen with double combinations of amantadine with
ribavirin and amantadine with oseltamivir, at
sufficiently low concentrations that will result in
fewer adverse side-effects in humans. In addition,
triple combinations with amantadineat EC25and EC50
demonstrated a strong synergistic effect at
concentrations that would minimize or avoid
side-effects. [0100] Example IB: A dose response study
of the antiviral activity of amantadine, oseltamivir
and ribavirin in combination in A/Sydney/05/97 H3N2
infected MDCK cells [0101 1The objective of this study
was to demonstrate that the triple combination of
amantadine, oseltamivir and ribavirin reduces viral
load compared to no drug, and exhibits a synergistic
effect compared to monotherapy. The methods used were
the same as those used in Example IA, except for where
noted below. [0102] MDCK cells were grown as
monolayers in 96-well plates and infected through the
introduction of A/Sydney/05/97 H3N2 virus at MOI of
0.01 PFU per cell. Drugs were added at each of the 216
possible combinations at the following concentrations:
amantadine atO, 0.032, 0.1, 0.32, 1.0, and 3.2 mg/ml;
oseltamivir at 0, 0.001, 0.0032, 0.01, 



0.032, and 0.1 mg/ml; and ribavirin at 0, 0.032, 0.1,
0.32, 1.0, and 3.2 mg/ml. [0103] The three-dimensional
analytical method described by Prichard and Shipman
(1990), supra, and Prichard et al. (1993), supra was
used to visualize the data as depicted in FIG. 5,
above. Amantadine in double combination with ribavirin
or oseltamivir demonstrated synergy, whereas the
double combination of oseltamivir with ribavirin was
not synergistic. Synergy was seen at the following
concentration ranges: amantadine at 0. 1- 1 mg/ml,
ribavirin at 0.032 - 1.0 mg/ml, and oseltamivir at
0.001-0.032 mg/ml. These concentrations correspond to
human daily dosages of approximately 50-200 mg
amantadine, 200-600 mg ribavirin, and 2.5-25 mg
oseltamivir. Synergy was not demonstrated in
amantadine concentrations above 1 mg/ml due to the
limit of the detection assay (i.e. there was complete
inhibition of viral load). [0104] The experiment
further demonstrated the synergistic interactions of
the three drugs when used in combination. Sensitivity
of the virus to each drug when used in triple
combination was improved by 10- to over 100-fold
compared to each drug used as monotherapy. For
example, monotherapy with amantadine at a
concentration of 1 mg/ml resulted in approximately a
60% reduction in viral load, whereas approximately the
same reduction in viral load was achieved with
amantadine at 0. 1 mg/ml in combination with 0.01
mg/ml oseltamivir and 0.32 mg/ml ribavirin,
demonstrating a 10-fold increase in sensitivity to
amantadine. Monotherapy with oseltamivir at a
concentration of 0.1 mg/mlresulted in approximately a
50% reduction in viral load, whereas oseltamivir at
0.001 mg/ml in combination with 0.32 mg/ml amantadine
and 0.32 mg/ml ribavirin resulted in approximately a
65% reduction in viral load, demonstrating more than a
100-fold increase in sensitivity to oseltamivir.
Monotherapy with ribavirin at concentrations of 1
mg/ml and 3.2 mg/ml resulted in approximately 10% and
95% reductions in viral load, respectively, whereas
ribavirin at 0.032 mg/ml in combination with 0.32
mg/ml amantadine and 0.01 mg/ml oseltamivir resulted
in approximately a 95% reduction in viral load,
demonstrating a 100-fold increase in sensitivity to
ribavirin. [0105] Example 1C: Study to Determine the
Efficacy of Mono and Combination Therapy in an In
Vitro Kinetic Assay [0106] The objective of this study
was to assess the antiviral efficacy of amantadine,
oseltamivir, and ribavirin as single agents and in
combination in an in vitro kinetic model of Influenza
A/Victoria/3/75 (H3N2) virus infection. Efficacy was
assessed by reduction in viral load, as measured by
CCID50 and qPCR, and inhibition of viral cytopathic
effect (CPE), as determined by visual inspection. A
secondary objective was to determine the optimal
infectious dose and the appropriate dosing ranges for
each drug as single agents and the combination. [0107]
Treatment groups are outlined in Table 1C. Each group
was tested in duplicate, and in both MDCK and SIAT-I
cell lines.[0108] Table 1C: Study Design a Each group
was tested in duplicate, and in both MDCK and STAT-I
cell lines. IO1O9| MDCK and SIAT-I cells were seeded
into T25 flasks at a cell density of 4 x 105 cells/mL,
in a total of 5 mL, in growth media. Cells were
allowed to adhere to the flasks overnight, and the
next day the flasks were inspected to verify that
cells were ~70% confluent. Cells were washed once with
5 mL infection media with or without drugs. [01101 At
T = 0, flasks were infected with A/lnfluenza/3/75
(H3N2), at an infectious dose of -10 1 CCfD50/ml.
After 2 hours, the media was removed and the cells
were washed once with 5 mL infection media with drug.
The wash media were discarded and 5 mL of fresh
infection media with drug was added. [0111| At 24
hours, the flasks were removed from the incubator and
were visually inspected for CPE. CPE, an indication of
cell viability, was qualitatively assessed by scoring
the flasks on.a scale of 0 to 4, with 4 being the
maximum CPE. Scoring is an estimation of % viability.
A flask that is 100% dead is scored a 4. A flask that
is 75%dead is scored at 3, 50% = 2, 25% = 1, and 0% =
0. The media was then completely removed from the
flasks and an aliquot was taken and frozen for
subsequent viral load quantitation by CCID50 analysis.
The cell monolayer was washed twice with 5 mL
infection media with or without drugs, and 5 mL of
fresh infection media with or without drug was added.
The flasks were then returned to the incubator. At T =
48, 72, 96, 120, 144, and 168 hours, the procedure was
repeated. CPE assessment was performed and samples for
viral load quantitation were collected for each
regimen at each time point. [0112] After the last time
point, all the viral load samples were thawed and the
viral load for each time point was determined by
CCID50 analysis. MDCK cells were seeded in 384-well
plates at 4 x 105 cells per ml with a volume of 50 mcL
per well. Cells were allowed to adhere overnight. 50
ml of serially diluted virus was then added to the
plate, and the plates were returned to the incubator.
Plates were removed from the incubator on Days 3 and 6
and visually scored for CPE. After 6 days, the plates
were frozen at -80 C in preparation for Sanger
sequencing. [0113] CCID50, defined as the dose at
which 50% of wells are infected, is calculated using
the Karber calculation (Karber, 1931), given by the
equation: log CCID50 = L - d(S-0.5), where: L = log of
the lowest dilution used in the test; d = difference
between log dilution steps; and S = sum of proportion
of "positive" tests (i.e. cultures showing CPE) [0114]
In the absence of drugs, the placebo arms produced a
peak viral titer at 48 hours post infection in both
the SIAT-I and MDCK cell lines. Peak viral titers were
similar for both SIAT-I and MDCK cell lines, with the
SIAT-I cells producing 6.75 logio CCID50/0.05 mL in a
24 hour period measured at 48 hours post infection,
and the MDCK cells producing 6.25 logio CCID50/0.05
mL. The virus appeared to replicate faster in SIAT
than MDCK cells; at 24 hours post infection, the viral
titer was 4 logio CCID50/0.05 mL for SIAT and 2.25
logio CCID50/0.05 mL for MDCK cells. After reaching
the peak, virus production dropped in both cell lines.
Presumably, the drop in viral titer is due to all the
cells having been infected and killed by the
infection. [0115] There was a good correlation between
viral load and cell viability, with all the cells
dying concurrent with the peak viral titer or shortly
thereafter. For instance, for SIAT cells the peak
viral load for the placebo group occurred at 48 hours,
and complete cell death (0% cell viability) occurred
at 48 hours; for MDCK cells the peak viral load
occurred at 48 hours, and complete cell death occurred
at 72 hours.JOl 161 Treatment with the drags as single
agents gave a dose-dependent inhibition of viral load
at 24 hours in both SIAT and MDCK cells. At the 24
hour time point, each drug as single agent at the high
dose reduced viral load by 3-4 logs compared to the
placebo group in SIAT cells and by 2 logs in MDCK
cells. For all three drugs as single agents, the
inhibition seen at the 24 hour time point was not
sustained, and high viral titer can be detected at
later time points. Thus, none of the single agent
treatment regimens succeeded in fully inhibiting virus
replication, although in all cases single agent
treatment delayed the peak of viral production by 24
to 48 hours compared to placebo. [0117] Cell viability
data for the single agent regimens were consistent
with the viral load data: single agent treatment was
able to delay but not inhibit cell mortality. In SIAT
cells, all single agent groups had complete cell
mortality at 72 hours, with the high dose of each drug
delaying cell death by 24 hours as compared to
placebo. In MDCK cells, single agent treatment
delaying cell death by a maximum of 48 to 72 hours
compared to placebo. In terms of cell viability, the
best single agent regimen was the 0.5 mg/mL dose of
amantadine, where substantial cell death was not seen
until 144 hours post infection. [0118] Combination
regimens also showed a dose dependence inhibition of
virus replication. In SIAT cells, the low dose
combination group delayed peak virus production by 24
hours compared to placebo, and the mid dose
combination group delayed peak virus production by 48
hours. In both groups, virus production reached
relatively high titers of 6.1 and 4.9 logio
CCID5O/O.O5 mL for the low and mid dose, respectively,
albeit the viral load as a function of time was
synergistically reduced greater than 2-fold at all
times measured. The high dose combination group,
however, completely inhibited virus production to
undetectable levels up to the last time point taken at
168 hours post infection. Consistent with the complete
inhibition of virus production, cells in the high dose
combination group were also completely protected from
cell death up to the last time point measured at 168
hours post infection. Given the fact that both SIAT
and MDCK cells were 100% viable under this regimen
throughout the entire course of the study, it can be
concluded that the combination of all three drugs at
the high dose tested was not cytotoxic, and that
inhibition of virus production was due to the
synergistic antiviral effects of the drugs in the
combination and not an artificial consequence of
cytotoxicity. The low and mid combination doses
delayed cell death by 24 and 96 hours in SIAT cells,
respectively, and by 72 and 96 hours in MDCK
cells,respectively. Moreover, at these low viral
replication rates, the triple combination completely
suppresses the formation of resistance. [0119J Hence,
triple combinations can lead to a synergistic
reduction in the rate of influenza viral growth and
resistance. More specifically, in using an M2
inhibitor (e.g., amantadine), a neuraminidase
inhibitor (e.g, oseltamivir, zanamivir) and a
replication inhibitor (e.g., ribavirin), there is a
greater than 2-fold synergistic reduction in growth
rate over the concentration ranges of amantadine at
0.15-1 .5 mg/ml, oseltamivir at 0.0001-0.01 mg/ml, and
ribavirin at 0.6-6 mg/ml. [0120] Example 2: Effect of
triple combinations of amantadine, oseltamivir, and
ribavirin on wild type H3N2 influenza in the hollow
fiber system [0121J We designed this experiment to
test the effect of the triple combination of
amantadine, oseltamivir, and ribavirin on virus
replication in the hollow fiber model using previously
described methods (Drusano et al., Antimicrob Agents
Chemother (2002) 46:464-470). The drugs, singly and in
combination, were delivered at steady state
concentrations by continuous infusion at steady-state
for 168 hours. Briefly, 108 MDCK cells were grown in
hollow fibers and infected through the introduction of
102 influenza virus infected cells, applied in cell
culture media in a dual reservoir hollow fiber system.
A wild type A/Albany (H3N2) strain was tested. The
culture was maintained for 168 hours. At T = 24, 48,
72, 96, 120, 144, and 168 hours post-infection,
samples were removed from the hollow fiber and
titrated to determine viral titer. In the drug side of
the 



hollow fiber, twelve independent experiments were
conducted to test the drug combinations and
concentrations shown in Table 2: [01221 Table 2[0123]
Samples were removed from the hollow fiber at various
time points to determine the number of infectious
virus. The viruses from various time points were also
sequenced by Sanger method to determine the sequence
of the NA, HA, and M2 genes. A reduction in sequence
variation with combination treatment compared to
treatment with single drugs demonstrates that triple
combinations inhibit the generation of resistant
mutants to any one of the drugs. [0124] Amantadine
alone had negligible effect at low dose and a 2-3 log
reduction in titer at 48 hours at high dose;
oseltamivir alone had ~ 1 log reduction at both doses;
and ribavirin alone had negligible effect at low dose
and ~3 log reduction at 48 hours at high dose. The
combination of all three drugs at low doses resulted
in ~8 log reduction in titer at 48 hours, a 4-log
synergistic reduction in viral growth. The combination
of all three drugs at high doses resulted in a
synergistic and complete inhibition (i.e. >8 logs) at
all time points. The triple combination thus
demonstrated synergism at the following
concentrations: amantadine at 0.1-1 mg/ml. oseltamivir
at 0.001-0.01 mg/ml, and ribavirin at 0.5-5 mg/ml.
These concentrations correspond to human daily dosages
of approximately 50-700 mg amantadine, 200-2500 mg
ribavirin, and 2.5-10 mg oseltamivir. [0125] In
addition, the monotherapy arms for amantadine and
oseltamivir resulted in appreciable formation of M2
and NA drug restistance, whereas the triple high dose
arm did not. [0126] Example 3A: Effect of triple
combinations of amantadine, oseltamivir, and ribavirin
on treatment of influenza in mice [0127] We designed
this experiment to determine the effects of the triple
combination of amantadine, oseltamivir, and ribavirin
in a mouse model of influenza infection. [0128] Female
mice (17-18 g) were anesthetized with ketamine (100
mg/kg) by intraperitoneal (i.p.) injection. Alzet
osmotic pumps containing amantadine wereinserted
surgically by subcutaneous route in the backs of mice
approximately 12 hours prior to virus challenge. At
the time of infection, mice were again anesthetized
with ketamine. They were infected intranasally (i.n.)
with approximately 2 x 104 cell culture infectious
doses (CCID50) of A/Victoria/3/75 (H3N2) virus per
mouse in a 90-ml inoculum volume. The first oral
treatments (by gavage) with oseltamivir and ribavirin
were given shortly before infection and then continued
once a day for 7 consecutive days (at 12 hour
intervals). There were 20 placebo-treated animals that
received water by oral gavage and initially 12 mice
per drug-treated group. The mice were held 2 1 days to
observe for death, and were weighed as a group every
other day. [0129] Amantadine was administered by Alzet
Pump at 3 mg/ml or 10 mg/ml, to deliver 4 mg/kg/day or
13 mg/kg/day, respectively; oseltamivir was
administered at 30 mg/kg/day or 10 mg/kg/day by oral
gavage; and ribavirin was administered at 7 mg/kg/day
or 2 1 mg/kg/day by oral gavage. The drugs were
administered as monotherapy and in the six possible
triple combinations. [0130] All monotherapy treatments
were highly effective against the infection in
preventing death except for amantadine at 3 mg/ml and
ribavirin at 7 mg/kg/day. The times to death were
significantly increased at these doses, and the 27%
survival rate (3 survivors out of 11) with 3 mg/ml of
amantadine was significantly different from the
placebo control. [0131] All combinations therapies
prevented mortality by 90-100%. This was not
unexpected, based upon the fact that the oseltamivir
monotherapy by itself provided a survival benefit of
92-100% at 10 and 30 mg/kg/day, and oseltamivir at
these effective doses was a component of all of the
combinations. The 10 mg/ml dose of amantadine was
likewise 92% protective, so combinations with this
agent would likewise be highly protective. [0132]
Amantadine at 3 mg/ml and ribavirin at 7 mg/kg/day had
enough of the mice die in these groups to show delays
in death that differed from the placebo control. The
other dose(s) of each compound were highly protective.
The compounds used in combination showed death
patterns similar to the two doses of oseltamivir or
the 10 mg/ml dose of amantadine. [0133] The fact that
all triple combination regimens were equal to or
better than all of the monotherapy regimens suggests
that the three drugs were not antagonistic in
combination at the doses tested. If there were
significant antagonism between any of thethree drugs,
it is expected that the triple combination would yield
lower efficacy than monotherapy. [0134] Overall, the
survival data was not useful in assessing the benefit
achieved by using the drugs in combination. However,
body weight data proved to be useful in assessing
benefit of the compounds in combination. The infection
caused severe drops in body weight in the placebo
group. Weight loss during the infection was minimal in
the 10 mg/ml amantadine group, but weight loss was
more substantial in the other five monotherapy groups
(i.e. amantadine at 3 mg/ml, oseltamivir at 10 or 30
mg/kg/day, and ribavirin at 7 or 2 1 mg/kg/day). Using
the UK/EU mortality criteria for animal studies (death
= 20% weight loss), we found that 10 mg/kg/day
oseltamivir protected 40% of the mice, amantadine at 3
mg/ml protected 10%, and ribavirin at 7 mg/kg/day
protected 0%. When used as a triple combination at the
same drug concentrations, 100% of the mice were
protected. Because amantadine at 10 mg/ml was highly
protective as a monotherapy; there was not a great
deal of difference in weight between the monotherapy
compared to the combinations, but there was still a
difference that favored the combination as being
superior. Resistance formation in the triple arms was
much less than recorded in the monotherapy arms (0 vs.
2%). [0135| [0136] These results demonstrated that the
triple combination containing amantadine, oseltamivir,
and ribavirin was effective in providing both efficacy
and resistance benefit to mice infected with an
influenza A (H3N2) virus. [0137] Example 3B: Effect of
triple combinations of amantadine, oseltamivir, and
ribavirin on treatment of influenza in mice [0138] The
above experiment was repeated except that initiation
of treatment did not begin until 24 or 48 hours after
the mice were infected with the virus, and the
following drug concentrations were used: amantadine at
28 mg/kg/day, oseltamivir at 10 mg/kg/day, and
ribavirin at 40 mg/kg/day. [0139] In the study where
treatment was initiated 24 hours after infection, by
day 9 post infection both the amantadine monotherapy
and the oseltamivir monotherapy groups had 100%
mortality (using the UK/EU mortality criteria); the
ribavirin monotherapy group had 20% survival; and the
triple combination therapy group had 90%
survival.[0140] In the study where treatment was
initiated 48 hours after infection, by day 9 all
groups had more than 20% weight loss. However, the
triple combination therapy group had the least amount
of weight loss at approximately 22%; the ribavirin
monotherapy group had about 26% weight loss; and the
amantadine monotherapy and oseltamivir monotherapy
groups had nearly 35% weight loss each. By day 13, all
treatment groups had started gaining weight, but the
weight gain in the triple combination therapy group
was significantly higher- the animals in this group
were approximately 90% of their original weight. In
comparison, the animals in the ribavirin monotherapy
group were approximately 80% of their original weight,
and the animals in the oseltamivir monotherapy and
amantadine monotherapy groups fared no better than the
untreated controls (approximately 65-70% of their
original weight). [0141] Example 4: A dose response
study of the antiviral activity of amantadine,
oseltamivir and ribavirin in combination in H5N1
infected MDCK cells cultured in flasks [0142] We
designed this experiment to evaluate the dose response
antiviral activity of a combination of amantadine,
oseltamivir, and ribavirin in the inhibition of
A/Indonesia/05/2005 (H5N1) and A/Vietnam/I 204/2004
(H5N1) viral replication and the generation of drug
resistant mutants. The objectives of the experiment
are to demonstrate a reduction of viral load compared
to no drug and synergistic effect of combination
compared to monotherapy. MDCK cells are grown as
monolayers in 96-well plates. At T = 0, 150 mL of
virus at 20 TCID50/mL is added to cells. Shortly
thereafter, 50 mL of drug, either alone or in
combination, is added to the wells to give the
indicated final concentrations. The drugs are tested
at the following concentrations in monotherapy:
amantadine at 0.00032, 0.001, 0.0032, 0.01, 0.032,
0.1, 0.32, 1, 3.2, 10, 32 and 100 mg/ml; oseltamivir
at 0.0001, 0.00032, 0.001, 0.0032, 0.01, 0.032, 0.1,
and 0.32, 1.0, 3.2, 10, 32 mg/ml; and ribavirin at
0.00032, 0.001, 0.0032, 0.01, 0.032, 0.1, 0.32, 1,
3.2, 10, 32 and 100 mg/ml mg/ml. Six doses of each
drug are tested in the combination: amantadine at 0,
0.01, 0.032, 0.1, 0.32, and 1.0 mg/ml; oseltamivir at
0, 0.00032, 0.001, 0.0032, 0.01, 0.032 mg/ml; and
ribavirin at 0, 0.032, 0. 1, 0.32, 1, and 3.2
mg/ml.[0143] At T = 72 hours, 100 mL of supernatant
from each well of duplicate samples is pooled and
frozen for TCID50 analysis. The remaining cell
monolayer is assayed for cell viability by MTS
staining. [0144] Example 5: A kit of extended release
amantadine hydrochloride, ribavirin and oseltamivir
phosphate |0145| With reference to FIG. IA, a blister
pack (10) according to the present invention is
arranged to provide a plurality of rows (12), each row
(12) comprising a plurality of doses (14). In the
present example, there are two such rows (12), each
row comprising seven doses, although the number of
rows or doses may be varied as convenient. [0146] Each
dose comprises a plurality of different kinds of
dosage form, which are grouped together by type in
separate blisters (20) within each row to form
sub-rows (18). A first kind of dosage form (A)
contains amantadine, a second kind (B) contains
ribavirin, and a third kind (C) contains oseltamivir.
The different kinds of dosage forms for a given dose
are grouped together in this manner to facilitate
adherence to a prescribed dosing regimen. In this
example, a single dose comprises two amantadine
capsules (A), two 



ribavirin capsules (B) and one oseltamivir capsule
(C), although the number of dosage forms of each kind
for each dose may also vary as required. The blister
pack shown in Fig. IA is configured for convenient BID
dosing of each of the active agents over a seven day
period. The blister pack shown in FIG. IB is the same
as that shown in FIG. IA except that the oseltamivir
is dosed QD. [0147] The amantadine capsules (A) of
this example each contain 125 mg amantadine
hydrochloride in an extended release form (e.g. as
prepared according to USSN 11/285,905) and are
disposed in each of the blisters (20) of the first and
fourth sub-rows ( 18), although each capsule may
contain more or less amantadine or a different salt
form of amantadine as desired. [0148] The ribavirin
capsules (B) of this example each contain 200 mg
ribavirin in an immediate release form, e.g.,
Ribavirin USP Capsules (Schering) and are disposed in
each of the blisters (20) of the second and fifth
sub-rows ( 18), although each capsule may contain more
or less ribavirin as desired. [0149] The oseltamivir
capsules (C) of this example each contain 75 mg
oseltamivir, e.g., TAMIFLU(tm) (Roche Pharmaceuticals)
and are disposed in each of the blisters (20)of the
third and sixth sub-rows (18), although each capsule
may contain more or less oseltamivir as desired.
[0150] The blister pack also comprises instructions
indicating a typical adult dosage of two amantadine
capsules, two ribavirin capsules and one oseltamivir
capsule twice per day. It will be appreciated that the
blister pack of this example contains dosage forms
sufficient for one week of dosing, comprising 28
capsules containing 125 mg amantadine hydrochloride,
28 capsules containing 200 mg ribavirin and 14
capsules containing 75 mg oseltamivir phosphate. Thus,
the relative percentage of each active agent per daily
dose is 35 wt. % amantadine hydrochloride, 55 wt. %
ribavirin and 10 wt. % oseltamivir phosphate. [0151]
Example 6: A kit of amantadine hydrochloride,
ribavirin and oseltamivir phosphate [0152] A blister
pack similar to the blister pack of Example 5 is
configured to provide two rows (12) of three sub-rows
(18) of seven blisters (20) per row. Two tablets or
capsules of 100 mg amantadine hydrochloride (A) in an
immediate release form, e.g., Symmetrel(tm) (Endo
Pharmaceuticals or Novartis) are packaged in each of
the blisters (20) of the first and fourth sub-rows
(18). Two capsules of 200 mg ribavirin in an immediate
release form, e.g., Ribavirin USP Capsules (Schering)
are packaged each of the blisters (20) of the second
and fifth sub-rows. One capsule of 75 mg oseltamivir,
e.g., Tamiflu(tm) (Roche Pharmaceuticals) is packaged
in each of the blisters (20) of the third and sixth
sub-rows. The blister pack also comprises instructions
indicating a typical adult dosage of two amantadine
tablets or capsules, two ribavirin capsules and one
oseltamivir capsule twice per day. The blister pack
contains dosage forms sufficient for one week of
dosing. [0153| Example 7: A kit of extended release
amantadine hydrochloride and ribavirin [0154] With
reference to FIG. 2, a different blister pack (30)
according to the present invention comprises two rows
(32), each of two sub-rows (38) of seven blisters (40)
per row to provide two rows of seven doses (34) per
row. Each dose (34) comprises two different active
agents, amantadine (A) and ribavirin (B), contained in
different respective types of dosage form. Each dosage
form type for each dose (34) is disposed ina separate
blister (40). The amantadine (A) and ribavirin (B)
dosage forms for each dose (34) are grouped together
to facilitate adherence to the dosing regimen. [0155|
In this example, each dose (34) comprises two
amantadine capsules (A) and two ribavirin capsules
(B). Two capsules (A) of 125 mg amantadine
hydrochloride in an extended release form (prepared
according to USSN 11/285,905) are packaged in each of
the blisters (40) of the first and third sub-rows
(38). Two capsules of 200 mg ribavirin (B) in an
immediate release form, e.g., Ribavirin USP Capsules
(Schering) are packaged each of the blisters (40) of
the second and fourth sub-rows (38). [01S6| The
blister pack (30) also comprises instructions
indicating a typical adult dosage (34) of two
amantadine extended release capsules (A) and two
ribavirin capsules (B) twice per day (BID). The
blister pack contains dosage forms sufficient for one
week of dosing. The kit may be used in conjunction
with a separately packaged neuraminidase inhibitor
such as oseltamivir or zanamivir. Optionally
therefore, said instructions may include a further
instruction to co-administer one capsule of 75 mg
oseltamivir, e.g., Tamiflu(tm) (Roche Pharmaceuticals)
(not shown) once or twice per day in conjunction with
the amantadine and ribavirin dosage forms. Optionally,
the oseltamivir or zanamivir is provided to the
subject separately from the kit as an additionally
prescribed medicine. [0157] Example 8: A kit of
extended release amantadine hydrochloride, ribavirin
and oseltamivir [0158] With reference to FIG. 3A,
another kit for administering a combination of
amantadine chloride, ribavirin and oseltamivir
comprises a blister pack (50) which defines two rows
(52) of blisters, each row (52) comprising two
sub-rows (58) of seven blisters (60) each to define
seven doses (54) per row. The rows (52) serve to group
together two different types of dosage form (D, E)
required for each dose (54). Each dose (54) comprises
a plurality of capsules of one type (D) and one
capsule of another type (E). [0159] In the present
example there are three capsules of the one type (D)
per dose, but fewer or more such capsules may be used
as required. Said capsules of the one type (D)
comprise ribavirin and amantadine hydrochloride, in
which the amantadine hydrochloride is provided in an
extended release formulation, and the ribavirin is in
an immediate release formulation, the two formulations
being co-encapsulated.[0160] The capsules of the other
type (E) comprise oseltamivir and are grouped with the
amantadine - ribavirin capsules (D) to facilitate
adherence with the prescribing instructions. More than
one capsule of the other type (E) per dose (54) may be
used if desired. The blister pack (50) of this example
is thus configured for BID dosing of the active
ingredients over a seven day period. The blister pack
shown in FIG. 3B is the same as that shown in FIG. 3A
except that the oseltamivir is dosed QD. [0161]
Example 9: A kit of extended release amantadine
hydrochloride, ribavirin and oseltamivir [0162] A
different blister pack (70) according to the present
invention is shown in FIG. 4. Said blister pack (70)
defines two rows (72) of blisters (80) in a manner
similar to Examples 5-8 above. In this example
however, there are no sub-rows, each row comprising a
single line of seven blisters (80), each of which
blisters accommodates a plurality of dosage forms (F)
all of the same type, such that within each blister
are sufficient dosage forms (F) to form a single dose
(74). Each row (72) thus provides seven doses (74).
[0163] Each dosage form (F) in this example comprises
amantadine hydrochloride in an extended release form,
ribavirin and optionally oseltamivir. [0164] The
blister pack (70) is thus configured for BID dosing of
each of the active agents over a seven day period.
Such a kit could be used alone, especially where the
dosage form comprises amantadine, ribavirin and
oseltamivir, or in conjunction with a separately
packaged neuraminidase inhibitor, e.g., oseltamivir.
[0165] Example 10: Multiple dose safety study in flu
patients with an ER amantadine, ER oseltamivir, and IR
ribavirin combination. [0166] We designed the clinical
study described in Table 4 to determine the safety and
pharmacokinetics of an extended release combination
formulation of amantadine and oseltamivir
co-administered with IR ribavirin. [0167] Table 4
Purpose To determine the safety and pharmacokinetics
of repeated doses of drug. Dosage: Dosing selected is
based on previous single ascending dose (SAD) study:
e.g. 100 mg amantadine SR + 75mg oseltamivir + 400
mgINTRAVESICAL APAZIQUONE ADMINISTRATION FOLLOWING
TRANSURETHRAL RESECTION FOR TREATING CANCER CROSS
REFERENCE TO RELATED APPLICATIONS [0001] This
application claims the benefit of U.S. Provisional
Patent Application No. 60/894,61 0, filed March 13,
2007. FIELD OF THE INVENTION [0002] The methods
described herein relate to treatments for bladder
cancers. More specifically, the described methods
relates to the intravesical administration of
apaziquone following transurethral resection.
BACKGROUND OF THE INVENTION [0003] Bladder cancer is
the seventh most common cancer worldwide. In 2006,
there were an estimated 280,000 cases of bladder
cancer in Europe and more than 60,000 new cases were
expected in the United States. The most common type of
bladder cancer (90%) is transitional cell carcinoma
(TCC) which derives from the urothelium, the cellular
lining of the urethral system (ureters, bladder and
urethra). About 75% of newly detected bladder cancers
are superficial at initial presentation, meaning that
their entirety remains near the surface of the
urothelium. More specifically, superficial tumors
consist of papillary tumors that are confined to the
mucosa (Ta), papillary or sessile tumors extending
into the lamina propria (T1 ) and carcinoma in situ
(CIS). All types are limited to the mucosal or
submucosal layer without muscle invasion. [0004]
Superficial bladder cancers can be stratified into
prognostic risk classes according to tumor stage,
grade, size, number and recurrence pattern. Low-stage,
low-grade primary tumors (stage Ta, grades G 1-G2)
have a 30% recurrence rate over 2 years and do not
usually progress to muscle invasion, while at the
other extreme, multiple, highly recurrent or large T 1
G3 tumors have up to a 70%-80%recurrence rate and a
10%-30% progression rate to a muscle-invasive stage.
Carcinoma in situ (CIS) presents the highest risk of
tumor progression. 



[0005] Initial treatment for papillary TCC presenting
at stages Ta and T 1 is usually complete transurethral
resection of bladder tumor (TUR-BT) (i.e. surgical
removal) of all visible lesions, while the presence of
CIS generally indicates other additional measures due
to its high risk of progression. For example, CIS
patients are often given adjuvant treatments with
intravesical instillation of a cytotoxic or
immunologic agent (commonly Bacillus Calmette-Guerin
(BCG)). BCG treatments have consistently shown an
advantage over TUR-BT alone in terms of relapse-free
survival. Adjuvant treatment with BCG can also lower
the rate of progression to invasive disease. [0006]
Even though the risk of progression to an invasive
stage is low in low-risk tumors, the multiple
recurrence patterns of these superficial bladder
cancers often requires repeated interventions and
causes considerable trouble to the patient. Therefore,
more effective treatments that reduce the recurrence
of superficial bladder cancers would provide an
important advance in the treatment of these tumors.
SUMMARY OF THE INVENTION [0007] The present disclosure
is directed toward a method of treating cancer
comprising administering to a patient in need thereof,
a composition comprising a therapeutically effective
amount of apaziquone (EO9) after transurethral
resection of bladder tumor (TUR-BT). [0008] In one
embodiment, the present disclosure describes a method
of treating cancer comprising the steps of performing
TUR-BT in patients in need thereof, followed by
administering via intravesical instillation a
therapeutic composition comprising a therapeutic
amount of apaziquone. In one aspect, the therapeutic
composition is administered within about 6 hours
following TUR-BT. In another aspect, the therapeutic
composition is administered within about 5 hours
followingTUR-BT. In another aspect, the therapeutic
composition is administered within about 4 hours
following TUR-BT. In another aspect, the therapeutic
composition is administered within about 3 hours
following TUR-BT. In another aspect, the therapeutic
composition may be administered in a single dose. In
another aspect, the therapeutic composition may be
reconstituted and/or lyophilized before or after
performing TUR-BT in patients in need thereof. [0009]
In one embodiment, the present methods are used for
the treatment of bladder cancer. In another
embodiment, the present methods are used for the
treatment of non-invasive bladder cancer (SBCs). In
another embodiment of the present methods are used for
the treatment of transitional-cell carcinoma of the
bladder. In another embodiment, the present methods
are used for the treatment of a cancer that is TNM
stage Ta or T 1 and histologic grade G 1 or G2 before
TUR. [0010] In one embodiment, the method of treating
cancer may include administering a therapeutically
effective amount of from about 1 mg to about 8 mg per
dose apaziquone in a reconstituted lyophilized
therapeutic composition. In another embodiment, the
method of treating cancer may include administering a
therapeutically effective amount of from about 2 mg to
about 6 mg per dose apaziquone, optionally about 10 mg
to about 200 mg mannitol, and optionally about 2 mg to
about 300 mg sodium bicarbonate in a therapeutic
composition. In another embodiment, the method of
treating cancer may include administering a
therapeutic composition comprising from about 0 ml_ to
about 24 ml_ propylene glycol, and about 0 mg to about
10 mg EDTA. These therapeutic compositions may be
administered to a patient in need of treatment for
cancer following TUR-BT. In another embodiment, the
lyophilized reconstituted therapeutic composition may
be administered via a single intravesical
instillation. [0011] In one aspect, the method of
treating cancer may include administering a volume of
reconstituted lyophilized therapeutic composition of
between about 2 ml_ and about 80 ml_. In another
aspect, the method of treating cancer may include
administering a volume of reconstituted lyophilized
therapeutic composition ofbetween about 30 ml_ and
about 60 ml_. In another aspect, the method of
treating cancer may include administering a volume of
reconstituted lyophilized therapeutic composition of
about 40 ml_. [0012] In one embodiment, the
therapeutic composition administered following TUR-BT
may be prepared using diluents having about 0% to
about 60% vol/vol propylene glycol, about 0 mg/mL to
about 5 mg/mL EDTA, and about 0 mg/mL to about 20
mg/mL sodium bicarbonate, and water. In another
embodiment, the diluents may have about 20% to about
40% vol/vol propylene glycol, about 0.01 mg/mL to
about 1 mg/mL EDTA, and about 1 mg/mL to about 10
mg/mL sodium bicarbonate, and water. In another
embodiment, the diluents may have about 30% (vol/vol)
propylene glycol, about 0.1 mg/mL EDTA, about 5 mg/mL
sodium bicarbonate, and water. In one aspect, the
therapeutic composition may be administered via
intravesical administration. In another aspect, the
therapeutic composition may be reconstituted and/or
lyophilized before or after performing TURBT in
patients in need thereof. In another aspect, the
therapeutic composition may be administered in a
single instillation given within six hours of TUR-BT.
DETAILED DESCRIPTION [0013] Indoloquinone compounds
are known to be useful as cytostatic agents for
treating cancer in humans. See, for example, United
States Patent Number 5,079,257 incorporated herein in
its entirety by reference for all it teaches related
to indoloquinone synthesis, metabolism and therapeutic
activity. In addition, see for example, United States
patent number 6,894,071 incorporated herein in its
entirety by reference for all it teaches related to
apaziquone formulations. [0014] The present disclosure
describes the use of preparations comprising
bioredutive alkylating indoloquinone with anti-tumor
effects such as, but not limited to, apaziquone (EO9),
following transurethral resection of bladder tumor
(TUR-BT) for the treatment of bladder cancer,
non-invasive bladder cancer, superficial bladder
cancers (SBCs), transitional-cell carcinoma of the
bladder, or a cancer that is TNM stage Ta or T 1
and/or histologic grade G 1 or G2.[0015] Apaziquone
(recommended INN) is also known as EO9 or NSC-382459.
Chemically it is 5-(aziridin-1
-yl)-3-(hydroxynnethyl)-2-[(1 E)-3-hydroxyprop-1
-enyl]-1 - methyl-1 /-/-indole-4,7-dione (INN) with
the structural formula: [0016] Apaziquone is a fully
synthetic bioreductive alkylating indoloquinone. It is
a pro-drug that generates cytotoxic species after
enzymatic activation. The enzyme DTD (DT-diaphorase,
also called NAD(P)H:quinone oxidoreductase-1 , or NQO1
) plays a prominent role in the activation of
apaziquone under aerobic conditions. Apaziquone is
also cytotoxic under hypoxic conditions, such as in
cells with low DTD activity. The basic mechanism of
activation of apaziquone is believed to be similar to
that of other indoloquinones, involving reduction by
cellular enzymes that transfer one or two electrons,
forming semiquinone and hydroquinone, respectively.
Oxidation of the semiquinone under aerobic conditions
results in a redox cycle that can cause cell death by
forming reactive oxygen species (ROS), resulting in
DNA strand breaks. The semiquinone / hydroquinone can,
particularly under hypoxic conditions, alkylate and
crosslink DNA and other macromolecules, causing cell
death. [0017] The reductases expressed in tumors may
play an important role in the selectivity of
apaziquone. NQO1 (NAD(P)H: quinone oxidoreductase), a
two electron reductase enzyme, may selectively target
oxygenated cells, while one electron reducing enzymes
such as Cytochrome P450 reductase may be moreeffective
in targeting hypoxic cells. Loadman et al., 137 Br. J.
Pharmacol. 701 -709, 2002. [0018] Lyophilized
preparations of apaziquone have improved stability.
Such preparations may include a bulking agent such as,
but not limited to, maltitol, mannitol, xylitol,
sorbitol, isomaltose, oligofructose and polydextrose.
The lyophilized apaziquone preparation may also
include a pH controlling agent in an amount sufficient
to assist in maintaining pH at a near neutral range.
The pH controlling agent may include, but is not
limited to, sodium carbonate, potassium carbonate,
calcium hydroxide, sodium hydroxide, magnesium
hydroxide, potassium hydroxide, sodium bicarbonate,
magnesium oxide or calcium oxide. [0019] The
lyophilized preparations of apaziquone as described
herein may be reconstituted with any pharmaceutically
acceptable diluent to prepare a pharmaceutically
acceptable solution for administration to the patient
after TUR. The pharmaceutical diluents useful for
reconstituting the lyophilized preparations of the
present disclosure may include, but are not limited
to, diluents having propylene glycol, sodium
bicarbonate, EDTA, and/or water. A preferred dosage
route is by intravesical instillation. Dosage amounts
may vary due to several factors including, but not
limited to, individual patient characteristics, type
and/or stage of cancer, or the specific formulation.
[0020] In previous Phase I and Phase Il clinical
trials with apaziquone as a cancer treatment,
apaziquone was given intravenously. The drug was
relatively well tolerated by the 129 patients treated
by intravenous injection of apaziquone. Doselimiting
toxicity following intravenous administration was
proteinuria. Despite reports of three partial
responses in phase I studies, no responses were
observed in phase Il clinical trials when the drug was
intravenously administered. The most likely
explanation for the absence of tumor response is that
apaziquone has a half-life of 0- 19 minutes in the
bloodstream and therefore, when intravenously
administered, its rapid pharmacokinetic elimination
effectively compromised drug delivery to tumors.[0021]
The pharmacokinetic properties of apaziquone that make
it unfavorable for intravenous administration can be
advantageous in the treatment of superficial cancers
that arise in a readily accessible third compartment
like the urinary bladder because intravesical
administration circumvents the described problems of
intravenous drug delivery. Retention of the drug
within the bladder for one hour can 



improve drug penetration and the delivery of
significant quantities into tumors while its
absorption in the bloodstream remains unlikely. Even,
however, if any drug reached the systemic circulation
it would be rapidly cleared, minimizing the risk of
systemic toxicity. Based on the foregoing and
following studies confirming the presence of both
elevated levels of DTD and regions of hypoxia in
superficial bladder cancer, apaziquone was formulated
as EOquin(r) for use in intravesical instillation in
the treatment of SBCs. [0022] Pharmaceutical
compositions containing the active ingredient
according to the present disclosure are suitable for
administration to humans or other mammals. Typically,
the pharmaceutical compositions are sterile, and
contain no toxic, carcinogenic, or mutagenic compounds
that would cause an adverse reaction when
administered. Administration of the pharmaceutical
composition can be performed before, during, or after
the onset of solid tumor growth. [0023] The "active
ingredient" refers to the active moiety in the
composition and may include, but is not limited to,
apaziquone. A therapeutic composition may contain
active ingredients as described, or a physiologically
acceptable salt, derivative, prodrug, or solvate
thereof. The active ingredients can be administered as
the neat compound, or as a pharmaceutical composition
containing one or more entities. [0024] The
"pharmaceutical composition" or "therapeutic
composition" include those wherein the active
ingredients are administered in an effective amount to
achieve their intended purpose. More specifically, a
"therapeutically effective amount" or "therapeutic
amount" means an amount effective to prevent
development of, to eliminate, to retard the
progression of, or to reduce the size of a solid
tumor.Determination of a therapeutically effective
amount is well within the capability of those skilled
in the art, especially in light of the detailed
disclosure provided herein. [0025] A "therapeutically
effective dose" or "therapeutically effective" refers
to that amount of the active ingredients that result
in achieving the desired effect. Toxicity and
therapeutic efficacy of such active ingredients can be
determined by standard pharmaceutical procedures in
cell cultures or experimental animals, e.g.,
determining the LD50 (the dose lethal to 50% of the
population) and the ED50 (the dose therapeutically
effective in 50% of the population). The dose ratio
between toxic and therapeutic effects is the
therapeutic index, which is expressed as the ratio
between LD50 and ED50. A high therapeutic index is
preferred. The data obtained can be used in
formulating a range of dosage for use in humans. The
dosage of the active ingredients preferably lies
within a range of circulating concentrations that
include the ED50 with little or no toxicity. The
dosage can vary within this range depending upon the
dosage form employed, and the route of administration
utilized. [0026] The exact formulation and dosage may
be determined by an individual physician in view of
the patient's condition and the type or stage of
cancer. [0027] The amount of pharmaceutical
composition administered may be dependent on the
subject being treated, on the subject's weight, the
severity of the affliction, the manner of
administration, and the judgment of the prescribing
physician. [0028] The active ingredients may be
administered alone, or in admixture with a
pharmaceutical carrier selected with regard to the
intended route of administration and standard
pharmaceutical practice. Pharmaceutical compositions
for use in accordance with the present disclosure thus
may be formulated in a conventional manner using one
or more physiologically acceptable carriers comprising
excipients and auxiliaries that facilitate processing
of the active ingredients into preparations which can
be used pharmaceutically.[0029] When a therapeutically
effective amount of the active ingredients is
administered, the composition may be in the form of a
pyrogen-free, parenterally acceptable aqueous
solution. The preparation of such parenterally
acceptable solutions, having due regard to pH,
isotonicity, stability, and the like, is within the
skill in the art. [0030] "Start of instillation" is
the time instillation of the therapeutic composition
begins, following TUR-BT, while the "End of retention"
is the time the administered therapeutic composition
and other bladder contents are drained or voided, i.e.
the time at which retention of the drug in the bladder
is terminated. [0031] For veterinary use, the active
ingredients are administered as a suitably acceptable
formulation in accordance with normal veterinary
practice. The veterinarian can readily determine the
dosing regimen that is most appropriate for a
particular animal. [0032] The following Examples are
provided as illustrative embodiments of the present
disclosure. However, the present disclosure should not
be limited in any way by the Examples set forth below.
Any one or more features of any Example may be
combined with any one or more feature of any other
embodiment or Example of the presently described
methods, without departing from the scope of the
present disclosure. Apaziquone Intravesical
Instillation Studies [0033] For studies described in
Examples 1 and 2, EOquin(r) was reconstituted with 20
ml_ of its diluent, and further diluted with 20 ml_
water for injection to a total instillate volume of 40
ml_. It was instilled into the patients' urinary
bladder through a urethral catheter, two weeks after
transurethral resection of bladder tumor (TUR-BT). The
instillate was retained in the bladder for one hour. A
treatment course consisted of 6 instillations one week
apart.Example 1. [0034] In a first study using
intravesical administration, EOquin(r) was given to 12
patients with SBC, TNM stages Ta or T 1, histologic
grade G 1 or G2. All patients had recurrent, multiple
(2 to 10) superficial tumors of which all but one
"marker lesion", 0.5-1 cm in diameter, were excised by
transurethral resection (TUR-BT) prior to the trial.
Tumor response was defined as complete response (CR),
no response (NR) or progressive disease (PD) confirmed
by cystoscopy and histology (biopsy of the initial
marker lesion site, or complete resection of any
residual or new lesion) four weeks after the last
instillation. EOquin(r) was given weekly for six
weeks, starting two weeks after TUR-BT. [0035] In the
phase I part of the study, six patients were treated
with EOquin(r) concentrations that were increased
weekly by 100% (0.01 25 mg/mL; 0.025 mg/mL; 0.05
mg/mL; 0.1 mg/mL; 0.2 mg/mL; and 0.4 mg/mL and in this
particular example, 0.5, 1, 2, 4, 8 and 16 mg in 40
mL). Following the determination of a recommended dose
in this intra-patient dose escalation cohort, six
additional patients received treatment at a fixed
weekly dose of 0.1 mg/mL (in this particular example,
4 mg EOquin(r) in 40 mL fluid). Two patients in the
intra-patient dose escalation cohort experienced
EOquin(r)-related local side effects after the 0.2
mg/mL dose and received 0.1 mg/mL at their 6th
instillation. The recommended dose was 0.1 mg/mL (4 mg
in 40 mL of instillation fluid). [0036] Efficacy.
Tumor response four weeks after the last instillation
was 4 / 6 Complete Responses in the fixed-dose cohort.
It also was 4 CR out of 6 in the doseescalation
cohort. [0037] Safety. During the intra-patient dose
escalation, mild or moderate bladder pain and dysuria
were seen at all dose levels. Hematuria was seen only
at the 0.2 mg/mL and 0.4 mg/mL dose levels. Other
reported complaints (one case each) were nausea,
tongue discoloration and hot flush at the 0.01 25
mg/mL level and a vasovagal event at 0.2 mg/mL. Almost
all adverse effects were grade 1 or 2 . There were no
deaths on the study.Example 2. [0038] This study was a
multi-center, non-randomized, open-label phase Il
study in patients with primary or recurrent, multiple
(2-1 0) lesions of Ta or T 1, G 1 or G2 transitional
cell SBC. Patients had undergone TUR-BT of all but one
(marker) lesion, 0.5-1 cm in diameter, before study
entry. [0039] Instillations were performed weekly for
six weeks. Tumor response was confirmed by biopsy, or
complete resection of any residual tumor, two to four
weeks after the last instillation. Tumor response was
assessed as complete response (CR), no response (NR)
or progressive disease (PD). [0040] Of 46 patients
entered, 37 had recurrent SBC. More than 50% of the
patients had prior TUR-BT plus intravesical
immunotherapy and/or chemotherapy. In total 17% had
undergone TUR-BT alone and 17% had received no prior
treatment. Tumor grade was reclassified as G3 at
histology review in two patients. [0041] Efficacy.
Tumor response was 3 1 CR in 46 patients (67%). There
were no cases of "progressive disease", i.e.,
progression to a T grade higher than 1 at the time of
response evaluation, as defined in the protocol.
[0042] Safety. Treatment was well tolerated by the
majority of the patients and there were few systemic
(not bladder-related) adverse effects that were
considered EOquin(r)-related. [0043] The activity of
EOquin(r) intravesical instillation compares favorably
to that of other cytotoxic or immunologic agents
studied in marker lesions of superficial bladder
cancer. Safety data in a total of 58 patients in the
Phase I and Phase Il studies also compares well to
that of the other chemotherapeutic agents currently
used in intravesical instillation. Systemic side
effects were reported infrequently. The total
intravesical instillation dose of 4 mg corresponds to
20% or less of the tolerable weekly i.v. dose (12
mg/m2 equivalent to a total dose of 20 mg in a patient
with 1.7 m2 body surface area) was given to 111
patients. In a pharmacokinetic study performed by HPLC
analysis during the course of the first (phase l/ll)
study ofintravesical administration, no detectable
levels of apaziquone or its main metabolite were found
in the plasma. Example 3. 



[0044] Traditionally, adjuvant instillation treatment
was started approximately 2 weeks after TUR-BT. The
practice of a single instillation given within the 6
hours (from the time when TUR-BT is performed to about
6 hours after TUR-BT) following TUR-BT is more recent.
"Immediate" (within 6 hours) or same-day post-TURBT
intravesical instillation of cytotoxic agents was
employed in Europe without reports of excessive
toxicity when compared to those receiving treatment 2
or more weeks following TURBT. As Examples 1 and 2
demonstrate, EOquin(r) as a single agent is safe and
generally well tolerated at a dose of 0.1 mg/mL (here,
4 mg in 40 ml_), given weekly for 6 consecutive weeks
in patients who have undergone TUR-BT, starting
approximately 2 weeks after TUR-BT. [0045] This study
assessed the tolerability and safety of administering
EOquin(r) immediately (i.g. within about 6 hours)
following TUR-BT in patients with superficial bladder
cancer. Plasma levels were measured in patients at
selected sites to assess the degree of systemic
absorption of EOquin(r) following intravesical
instillation immediately (i.e. within about 6 hours)
following TUR-BT. [0046] Patient inclusion criteria
included: ( 1 ) Transitional-cell carcinoma of the
bladder, clinical TNM stage Ta or T 1 and histologic
grade G 1 or G2 before transurethral resection; (2)
Absolute neutrophil count > 1.5 x 109/L, platelets >
100 x 109/L, serum creatinine and bilirubin < 1.5 x
upper limits of local norm (ULN), serum GOT and GPT
(AST / ALT) < 3 x ULN; (3) Negative pregnancy test
results in women of child-bearing age; (4) Agreement
by all patients to use an effective method of
contraception; (5) Eastern Cooperative Oncology Group
(ECOG) performance status of 0-2 (ECOG scale: 0 :
Fully active, able to carry on all pre-disease
performance without restriction; 1: Restricted in
physically strenuous activity but ambulatory and able
to carry out work of a light or sedentary nature,
e.g., light house work, office work; 2 : Ambulatory
and capable of all self care but unable to carry out
any workactivities. Up and about more than 50% of
waking hours; 3 : Capable of only limited self-care,
confined to bed or chair more than 50% of waking
hours; and 4 : Completely disabled. Cannot carry on
any self-care. Totally confined to bed or chair); (6)
Age > 18; and (7) Patient fully informed of the
investigational nature of the study; signed written
informed consent. [0047] Following TUR-BT, after
ensuring complete hemostasis and absence of bladder
perforation, patients received 0.1 mg/mL (4 mg
apaziquone in 40 ml_ of instillate). EOquin(r) was
given intravesically within 6 hours, of completion of
TURBT and retained for 1 hour. Transurethral resection
included resection of all visible tumors, reaching
into the lamina propria, and biopsy of all suspect
sites. The resected and biopsied material, which
contained muscle to be evaluable for tumor depth, was
preserved according to the standard procedures. The
pathologists examined the tumor for histological grade
and tumor stage. The operation summary, including size
and location of tumors, were entered in the
appropriate CRF. [0048] Following TUR-BT, patients had
an indwelling urethral catheter. The drug solution was
instilled into the bladder by gravity drainage, or
injected slowly using a catheter-tip syringe
pre-filled with the prepared drug. The catheter was
clamped once the drug has been delivered. Effort was
made to avoid instillation of air bubbles into the
bladder. [0049] EOquin(r) was retained in the bladder
for one ( 1 ) hour. Patients were monitored during the
retention time and for 1 hour following drainage
(total time 2 hours) for the development of local and
systemic toxicities. The bladder was drained to an
appropriate container at the end of the retention
time. [0050] Vital signs (blood pressure, heart rate
and respiratory rate) were be recorded prior to the
instillation, 30 minutes after the start of
instillation and following the end of retention.
[0051] Pharmacokinetic investigations were performed
in patients at selected sites who had given informed
consent to blood sampling for these studies.
Theappropriate volume of blood (generally 1.5 ml) was
drawn from the cannula or catheter, collected in
heparinized tubes and immediately placed on ice. The
sampling schedule was as follows: Sample 1: Before the
start of instillation of EOquin(r); Sample 2: 5
minutes after the start of instillation; Sample 3 : 15
minutes after the start of instillation; Sample 4 : 30
minutes after the start of instillation; Sample 5 : 45
minutes after the start of instillation; and Sample 6
: 60 minutes after the start of instillation
(corresponding to the time of drainage of EOquin(r) as
per protocol). [0052] As soon as possible after
collection, the blood was centrifuged at 4000 rpm for
5 min and the plasma transferred to 2 clean tubes for
immediate storage at - 70 to -80 0C. [0053] The
primary endpoint of the study was determined by 2 main
assessments: ( 1) Presence, severity and frequency of
adverse events / toxicities in the 2 weeks following
the instillation; and (2) For the first 10 patients
with low-risk histology (stage Ta-TI , Grade G 1-G2),
cystoscopic evaluation of bladder epithelium
approximately 3 months ( 2 weeks) after immediate
post-TUR-BT instillation [0054] Patients will be
initially enrolled in the study based on the
Investigator's visual assessment of the stage and
grade of the tumor. Clinical assessment of the
probable tumor stage and grade and adequacy of the
resection was confirmed only later by histopathologic
examination of the resection specimen. As a result,
all patients enrolled in the study received an
immediate post-TUR-BT instillation of EOquin(r).[0055]
The following measures were taken between Days 6 and
12 (counting from the day of TUR-BT and hereinafter
referred to as "Day 8"): ( 1) Physical examination
(including assessment of performance status); (2)
Recording of vital signs (blood pressure, pulse,
temperature), weight; (3) Hematology: Hemoglobin,
platelet count, WBC and differential count; (4) Serum
chemistry: Serum creatinine, urea or BUN, sodium,
potassium, calcium, albumin, SGOT / SGPT (AST/ALT);
blood sugar; (5) Urinalysis: Macroscopic examination
with pH, specific gravity, glucose, protein, nitrites
blood. Microscopic examination noting WBC, RBC, casts,
other; and (6) Recording of concomitant medications
and adverse events. [0056] The following measures were
taken between days 13 and 17 (counting from the day of
TUR-BT and hereinafter referred to as "Day 15"): ( 1)
Physical examination (including assessment of
performance status); (2) Recording of vital signs
(blood pressure, pulse, temperature), weight; (3)
Hematology: Hemoglobin, platelet count, WBC and
differential count; (4) Serum chemistry: Serum
creatinine, urea or BUN, sodium, potassium, calcium,
albumin, SGOT / SGPT (AST/ALT)and blood sugar; (5)
Urinalysis: Macroscopic examination, pH, specific
gravity, glucose, protein, nitrites and blood;
microscopic examination noting WBC, RBC, casts, other;
and (6) Recording of concomitant medications and
adverse events. [0057] At the cystoscopy scheduled 3
months after TUR-BT, the Investigator assessed the
state of the bladder mucosa in addition to screening
for possible tumor recurrence. Observations on wounds,
scarring and other bladder lesions were recorded.
Biopsies were taken at the discretion of the
Investigator. The following measurements were also
taken within  2 weeks of the end of the third month
following TUR-BT: ( 1 ) Physical examination; (2)
Recording of vital signs (blood pressure, pulse,
temperature), weight; (3) Hematology: Hemoglobin,
platelet count, WBC and differential count; (4) Serum
chemistry: Serum creatinine, urea or BUN, sodium,
potassium, calcium, albumin, SGOT / SGPT (AST/ALT) and
blood sugar; (5) Urinalysis: Macroscopic examination,
pH, specific gravity, glucose, protein, nitrites and
blood; microscopic examination noting WBC, RBC, casts,
other; (6) Urine cytology; (7) Record of concomitant
medications and adverse events (prior tocystoscopy);
and (8) Follow-up cystoscopy, noting the findings on
the Cystoscopy CRF, with urine cytology, and
photograph if available. Patients with unexpected or
abnormal findings at the cystoscopy performed at the
end of the third month following TUR-BT were followed
until the abnormality either resolved or stabilized.
[0058] The following table summarizes various
activities and measures and the time point relative to
TUR-BT at which they were taken: [0059] This was a
multicenter, single dose, safety and tolerability
study. 20 patients were dosed with 4 mg of apaziquone.
The dose was administered intravesically within 6
hours of TURBT. The dose was safe and well tolerated
in most patients. The 3-month post-treatment
cystoscopy showed reepithel ial ization at the
resection site. Additionally, pharmacokinetic data
detected neither apaziquone nor metabolites in the
plasma sample following TUR-BT and drainage of
instillate. Adverse events included genitourinary
symptoms including dysuria, hematuria, urinary
retention and frequency, similar to those seen
following TURBT. No deaths were reported.Example 4.
[0060] In contrast to mitomycin (MMC), EOquin(r) is
not a skin irritant and is not absorbed through the
bladder mucosa when given intravesical^ (molecular
weight 288). EOquin(r) has previously demonstrated
activity against superficial bladder cancer in
previous studies. The next described study evaluated
the tolerability and safety of EOquin(r), as well as
its effect on surgical wound healing and systemic
absorption when given intravesically as a single dose
immediately after TURBT (Transurethral Resection of
Bladder Tumor) in patients with superficial bladder
cancer. [0061] This was a multicenter, single-arm,
open-label, safety study. Patients (N= 22) with < 4
tumors with a maximal diameter of 3.5 cm, clinically
stage Ta-TI and grade G 1-G2, received 4 mg of
EOquin(r) in 40 ml_ instillate within 6 hours of
TURBT. EOquin(r) was instilled via an indwelling Foley
catheter that was then clamped for one hour. After an
hour, the bladder was drained and the catheter was
removed. 



Patients were assessed for adverse events during the
one-hour retention and at follow-up visits on
postoperative days 8 and 15 . Wound healing was
assessed by cystoscopy performed at postoperative day
85. Plasma samples for drug level assays were obtained
from six patients at six time points: before
instillation, and at 5, 15, 30, 45 and 60 minutes of
instillation. The samples were analyzed by a fully
validated method by using high performance liquid
chromatography with tandem mass spectrometry
(HPLC-MS/MS). The lower limit of quantitation (LLOQ)
for EOquin(r) was 5 mg/mL and for its metabolite,
EO5a, the LLOQ was 10 ng/mL. [0062] 23 patients were
enrolled and 20 patients were dosed. Reasons for not
dosing were: syncopal episode on the day prior to
TURBT in one patient and the absence of tumor in two
patients. EOquin(r) instillation and retention was
well tolerated by all patients. No deaths or dropouts
were reported. Four severe adverse events were
reported in three patients: hematuria (x 2), cystitis
and urinary retention. Day 85 cystoscopy showed
reepithelialization without evidence of impaired
woundhealing. Further, neither the parent drug nor its
metabolite was detected in plasma samples. [0063] In
sum, a single, intravesical dose of EOquin(r) was well
tolerated and safe when administered to patients
immediately following TURBT for superficial
(noninvasive) bladder cancer. EOquin was not absorbed
in the bloodstream from the bladder mucosa. [0064]
Various adaptations and modifications of the
embodiments can be made and used without departing
from the scope and spirit of the present disclosure
which can be practiced other than as specifically
described herein. The above description is intended to
be illustrative, and not restrictive. The scope of the
presently described disclosure is to be determined
only by the claims. [0065] The terms and expressions
which have been employed herein are used as terms of
description and not of limitation, and there is no
intention in the use of such terms and expressions of
excluding equivalents of the features shown and
described, or portions thereof, it being recognized
that various modifications are possible within the
scope of the present disclosure claimed. Moreover, any
one or more features of any embodiment of the
presently described methods can be combined with any
one or more other features of any other embodiment of
the present disclosure, without departing from the
scope of the present disclosure. [0066] Unless
otherwise indicated, all numbers expressing quantities
of ingredients, properties such as molecular weight,
reaction conditions, and so forth used in the
specification and claims are to be understood as being
modified in all instances by the term "about."
Accordingly, unless indicated to the contrary, the
numerical parameters set forth in the following
specification and attached claims are approximations
that may vary depending upon the desired properties
sought to be obtained by the present disclosure. At
the very least, and not as an attempt to limit the
application of the doctrine of equivalents to the
scope of the claims, each numerical parameter should
at least be construed in light of the number of
reported significant digits and by applying ordinary
rounding techniques. Notwithstanding thatthe numerical
ranges and parameters setting forth the broad scope of
the present disclosure are approximations, the
numerical values set forth in the specific examples
are reported as precisely as possible. Any numerical
value, however, inherently contains certain errors
necessarily resulting from the standard deviation
found in their respective testing measurements. [0067]
The terms "a" and "an" and "the" and similar referents
used in the context of describing the described
methods (especially in the context of the following
claims) are to be construed to cover both the singular
and the plural, unless otherwise indicated herein or
clearly contradicted by context. Recitation of ranges
of values herein is merely intended to serve as a
shorthand method of referring individually to each
separate value falling within the range. Unless
otherwise indicated herein, each individual value is
incorporated into the specification as if it were
individually recited herein. All methods described
herein can be performed in any suitable order unless
otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all
examples, or exemplary language (e.g. "such as")
provided herein is intended merely to better
illuminate the disclosure and does not pose a
limitation on the scope of the present disclosure
otherwise claimed. No language in the specification
should be construed as indicating any non-claimed
element essential to the practice of the present
disclosure. [0068] Groupings of alternative elements
or embodiments of the presently described methods are
not to be construed as limitations. Each group member
may be referred to and claimed individually or in any
combination with other members of the group or other
elements found herein. It is anticipated that one or
more members of a group may be included in, or deleted
from, a group for reasons of convenience and/or
patentability. When any such inclusion or deletion
occurs, the specification is herein deemed to contain
the group as modified thus fulfilling the written
description of all Markush groups used in the appended
claims. [0069] Certain embodiments according to the
present disclosure are described herein, including the
best mode known to the inventors for carrying out the
presentlydescribed methods. Of course, variations on
these embodiments will become apparent to those of
ordinary skill in the art upon reading the foregoing
description. The inventor expects skilled artisans to
employ such variations as appropriate, and the
inventors intend for the presently described methods
to be practiced otherwise than specifically described
herein. Accordingly, this disclosure includes all
modifications and equivalents of the subject matter
recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the
abovedescribed elements in all possible variations
thereof is encompassed by the methods described herein
unless otherwise indicated herein or otherwise clearly
contradicted by context. [0070] Furthermore, numerous
references have been made to patents and printed
publications throughout this specification. Each of
the above cited references and printed publications
are herein individually incorporated by reference in
their entirety. [0071] In closing, it is to be
understood that the embodiments of the present
disclosure are illustrative of the principles of the
presently described methods. Other modifications that
may be employed are within the scope of the present
disclosure. Thus, by way of example, but not of
limitation, alternative configurations of the present
disclosure may be utilized in accordance with the
teachings herein. Accordingly, the present disclosure
is not limited to that precisely as shown and
described.CLAIMS What is claimed is: 1. A method of
treating cancer comprising administering a therapeutic
composition comprising a therapeutic amount of
apaziquone (EO9) after transurethral resection of
bladder tumor (TUR-BT). 2 . The method according to
claim 1 wherein said administering is via intravesical
instillation. 3 . The method according to claim 1,
wherein said administering occurs within about 6 hours
following TUR-BT. 4 . The method according to claim 1,
wherein said administering occurs within about 5 hours
following TUR-BT. 5 . The method according to claim 1,
wherein said administering occurs within about 4 hours
following TUR-BT. 6 . The method according to claim 1,
wherein said administering occurs within about 3 hours
following TUR-BT. 7 . The method according to claim 1,
wherein said cancer is bladder cancer. 8 . The method
according to claim 1, wherein said cancer is
non-invasive bladder cancer. 9 . The method according
to claim 1, wherein said cancer is transitional-cell
carcinoma of the bladder. 10 . The method according to
claim 1, wherein said cancer is TNM stage Ta or T 1.
11. The method according to claim 1, wherein said
cancer is histologic grade G 1 or G2.12 . The method
according to claim 1, wherein said therapeutic
composition comprises from about 1 mg to about 8 mg
per dose apaziquone. 13 . The method according to
claim 1, wherein said therapeutic composition
comprises from about 2 mg to about 6 mg per dose
apaziquone. 14. The method according to claim 1,
wherein said therapeutic composition comprises from
about 3 mg to about 5 mg per dose apaziquone. 15 . A
method of treating cancer comprising the steps of: (a)
performing TUR in patients in need thereof; (b)
providing a therapeutically effective amount of a
reconstituted lyophilized therapeutic composition
comprising from about 1 mg to about 8 mg per dose
apaziquone; and (c) administering via intravesical
instillation said reconstituted lyophilized
therapeutic composition, after said TUR. 16 . The
method according to claim 15, wherein step (b) can be
performed before or after step (a). 


