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(57) ABSTRACT 

The invention provides a method for treating cancer in a 
human comprising administering to the human a dose of a 
pharmaceutical composition comprising (i) a pharmaceuti 
cally acceptable carrier and (ii) an adenoviral vector com 
prising a nucleic acid sequence encoding TNF-ot operably 
linked to a promoter, Wherein the dose comprises about 
1><10 to about 4><10l2 particle units (pu) of replication 
de?cient adenoviral vector, at least once in a therapeutic 
period comprising up to 10 Weeks, Whereby the cancer in 
human is treated. The invention further provides a method of 
treating a human for multiple tumors, Wherein the method 
comprises contacting a ?rst tumor With a dose of the 
pharmaceutical composition at least once in a therapeutic 
period comprising up to about 10 Weeks, Whereby the human 
is treated for the ?rst tumor and one or more additional 
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THERAPEUTIC REGIMEN FOR TREATING 
CANCER 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This patent application is a continuation of copend 
ing US. patent application Ser. No. 10/ 151,633, ?led May 
17, 2002, Which is a continuation-in-part of copending US. 
patent application Ser. No. 10/001,017, ?led Nov. 2, 2001. 

FIELD OF THE INVENTION 

[0002] This invention pertains to a method and a compo 
sition for treating cancer in a human. 

BACKGROUND OF THE INVENTION 

[0003] The desire of cancer research is the identi?cation of 
a therapy effective on one or several different types of 
cancers. The American Cancer Society, alone, distributed 
approximately $1 billion last year to cancer researchers 
Working to elucidate the mechanisms of a multitude of 
cancer types. Yet, despite extensive research into the disease, 
effective cancer therapeutics remain elusive for the medical 
community. Clinicians have realiZed limited success With 
the current standard therapies: chemotherapy, radiation 
therapy, and surgery. HoWever, each therapy has inherent 
limitations. Chemotherapy and radiation therapy cause 
extensive damage to normal, healthy tissue, despite efforts to 
target such therapy to abnormal tissue (e.g., tumors). Sur 
gery can be effective in removing masses of cancerous cells; 
hoWever, even the most talented surgeon cannot ensure 
complete removal of affected tissue nor are all tumors in an 
anatomical location amenable to surgical removal. The 
limitations of existing therapies are re?ected in the 60% 
5-year relative survival rate for all cancers combined (Can 
cer Facts & Figures 2001, The American Cancer Society, 
NeW York, NY). 

[0004] Clinicians have looked to the delivery of therapeu 
tic nucleic acid sequences as a possible alternative to exist 
ing cancer therapies. The local production of therapeutic 
agents at biologically-signi?cant levels in target sites in 
vivo, thereby reducing the toxicity to normal tissues, 
addresses some of the limitations associated With conven 
tional therapy. Numerous genes have been examined for 
anti-tumor effects. One of the most promising anti-tumor 
agents is tumor necrosis factor (TNF), in particular TNF-ot, 
Which has displayed activity With respect to a number of 
cancer cell lines. TNF-ot is a 17 kDa polypeptide secreted by 
macrophages and monocytes. TNF-ot has been shoWn to 
selectively destroy tumor vasculature and activate a myriad 
of immune cells, as Well as induce apoptosis of some tumor 
cell types (Baher et al., Anticancer Research, 19, 2917-2924 
(1999), and Mauceri et al., C. R. Acad. Sci. III, 322, 225-228 
(1998)). HoWever, the use of TNF in humans as an anti 
cancer agent has been limited by its severe systemic effects, 
including hypotension and respiratory insuf?ciency (Mau 
ceri et al., supra). In addition, many cancer types are 
refractory to treatment With TNF-ot protein such as, for 
instance, pancreatic cancer (BroWn et al., J. Immunotherapy, 
10, 376-378 (1991)), gastric cancer (Muggia, Anticancer 
Drugs, 3, 211-217 (1992)), metastatic breast cancer (Budd et 
al., Cancer, 68, 1694-1695 (1991)), and colorectal cancer 
(Heim et al., Onkalogie, 13, 444-447 (1990)). 
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[0005] Accordingly, there remains a need for a composi 
tion suitable for use in treating a variety of cancer types in 
a patient, as Well as a method for delivering the composition 
to treat cancer. In particular, there remains a need for a 
composition and method that optimiZes the local effects of 
anti-cancer agents, such as TNF, While minimiZing toxicity. 
The invention provides such a composition and method. 
These and other advantages of the invention, as Well as 
additional inventive features, Will be apparent from the 
description of the invention provided herein. 

BRIEF SUMMARY OF THE INVENTION 

[0006] The invention provides a method of treating cancer 
in a human. The method comprises administering to a 
human a dose of a pharmaceutical composition comprising 
(i) a pharrnaceutically acceptable carrier and (ii) an aden 
oviral vector comprising a nucleic acid sequence encoding 
TNF-ot operably linked to a promoter, Wherein the dose 
comprises about 1><107 to about 4><10l2 particle units (pu) of 
adenoviral vector, at least once in a therapeutic period 
comprising up to about 10 Weeks. The method preferably 
further comprises administering a dose of ioniZing radiation 
over the duration of the therapeutic period, Whereby the 
cancer in human is treated. The pharmaceutical composition 
is preferably administered directly to the tumor, e.g., by 
multiple injections to different points of the tumor. 

[0007] The invention further provides a method of treating 
a human for multiple tumors, Wherein the method comprises 
contacting a ?rst tumor With a dose of the pharmaceutical 
composition at least once in a therapeutic period comprising 
up to about 10 Weeks, Whereby the human is treated for the 
?rst tumor and one or more additional tumors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a schematic representation of an unmodi 
?ed adenoviral vector genome. 

[0009] FIG. 2 is a schematic representation of an aden 
oviral vector containing a modi?ed adenoviral genome and 
genetic elements in accordance With one embodiment of the 
present invention. 

[0010] FIG. 3A is an end-on vieW ofa solid tumor With an 
illustration of a preferred pattern for multiple applications of 
a single dose of pharmaceutical composition to the solid 
tumor. FIG. 3B is a side-vieW of a solid tumor With an 
illustration of a preferred pattern for multiple applications of 
a single dose of pharmaceutical composition to the solid 
tumor. 

[0011] FIG. 4 is an end-on vieW of a soft tissue sarcoma 
With an illustration of a preferred pattern for multiple 
applications of a single dose of pharmaceutical composition 
to the soft tissue sarcoma. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0012] The invention provides a method of treating cancer 
in a human (e.g., a patient in need of such treatment). The 
method preferably involves the delivery of TNF-ot to a 
tumor, preferably directly to the tumor, in combination With 
radiation therapy, Whereby the siZe of the tumor is reduced. 
In particular, the method comprises administering to a 
human in need of treatment a pharmaceutical composition 
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comprising an adenoviral vector, preferably a replication 
de?cient adenoviral vector, comprising a nucleic acid 
sequence encoding TNF-ot in a pharmaceutically acceptable 
carrier. The method preferably further comprises adminis 
tering a dose of ioniZing radiation to the human. The 
delivery of the TNF-ot coding sequence, especially in com 
bination With the delivery of radiation, offers an improve 
ment over previously described treatments using soluble 
TNF protein by optimiZing local effect and minimiZing 
systemic toxicity. Indeed, the invention is predicated, in part, 
on the surprising discovery that tumor siZe can be reduced 
Without signi?cant toxicity to the patient. In addition, the 
inventive method has been demonstrated to reduce the siZe 
of tumors that Were refractory to treatment With TNF-ot 
protein. Various aspects of the inventive method are dis 
cussed beloW. Although each parameter is discussed sepa 
rately, the inventive method comprises combinations of the 
parameters set forth beloW to treat a human for cancer. 
Accordingly, any combination of parameters can be used 
according to the inventive method. 

Adenoviral Vector 

[0013] The inventive method comprises administering to a 
human a pharmaceutical composition comprising an aden 
oviral vector comprising a nucleic acid sequence encoding 
TNF-ot in a pharmaceutically acceptable carrier. Adenovirus 
(Ad) is a 36 kb double-stranded DNA virus that ef?ciently 
transfers DNA in vivo to a variety of different target cell 
types. The vector can be produced in high titers and can 
ef?ciently transfer DNA to replicating and non-replicating 
cells. Any subtype, mixture of subtypes, or chimeric aden 
ovirus can be used as the source of the viral genome for the 
adenoviral vector. Adenoviral stocks that can be employed 
as a source of adenovirus can be ampli?ed from the aden 
oviral serotypes 1 through 51, Which are currently available 
from the American Type Culture Collection (ATCC, Manas 
sas, Va.), or from any other serotype of adenovirus available 
from any other source. For instance, an adenovirus can be of 
subgroup A (e.g., serotypes 12, 18, and 31), subgroup B 
(e.g., serotypes 3, 7, 11, 14, 16, 21, 34, and 35), subgroup C 
(e.g., serotypes 1, 2, 5, and 6), subgroup D (e.g., serotypes 
8, 9, 10, 13, 15, 17, 19, 20, 22-30, 32, 33, 36-39, and 42-47), 
subgroup E (serotype 4), subgroup F (serotypes 40 and 41), 
or any other adenoviral serotype. Preferably, the adenoviral 
vector is of subgroup C, especially serotype 2 or 5. 

[0014] The adenoviral vector comprising a nucleic acid 
sequence encoding TNF-ot is ideally manipulated to limit 
replication of the vector Within the target tissue. For 
example, the adenoviral vector of the pharmaceutical com 
position can be a conditionally-replicating adenoviral vec 
tor, Which is engineered to replicate under conditions pre 
determined by the practitioner. For example, replication 
essential gene functions, e.g., gene functions encoded by the 
adenoviral early regions, can be operably linked to an 
inducible, repressible, or tissue-speci?c transcription control 
sequence, e.g., promoter. In this embodiment, replication 
requires the presence or absence of speci?c factors that 
interact With the transcription control sequence. Replication 
of the adenoviral vector can be limited to a target tissue, 
thereby alloWing greater distribution of the vector through 
out the tissue While exploiting adenovirus’ natural ability to 
lyse cells during the replication cycle, thereby providing an 
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additional mode of destroying tumor cells. Conditionally 
replicating adenoviral vectors are described further in Us. 
Pat. No. 5,998,205. 

[0015] Preferably, the adenoviral vector is replication 
de?cient. By “replication-de?cient” is meant that the aden 
oviral vector comprises a genome that lacks at least one 
replication-essential gene function. A de?ciency in a gene, 
gene function, or gene or genomic region, as used herein, is 
de?ned as a deletion of suf?cient genetic material of the viral 
genome to impair or obliterate the function of the gene 
Whose nucleic acid sequence Was deleted in Whole or in part. 
Replication-essential gene functions are those gene func 
tions that are required for replication (e.g., propagation) and 
are encoded by, for example, the adenoviral early regions 
(e.g., the E1, E2, and E4 regions), late regions (e.g., the 
L1-L5 regions), genes involved in viral packaging (e.g., the 
IVa2 gene), and virus-associated RNAs (e.g., VA-RNAl 
and/or VA-RNA-2). Preferably, the replication de?cient 
adenoviral vector comprises an adenoviral genome de?cient 
in at least one replication-essential gene function of one or 
more regions of the adenoviral genome. Preferably, the 
adenoviral vector is de?cient in at least one gene function of 
the E1 region of the adenoviral genome required for viral 
replication (denoted an E1-de?cient adenoviral vector). In 
addition to such a de?ciency in the E1 region, the recom 
binant adenovirus also can have a mutation in the major late 
promoter (MLP), as discussed in International Patent Appli 
cation WO 00/00628. More preferably, the vector is de? 
cient in at least one replication-essential gene function of the 
E1 region and at least part of the nonessential E3 region 
(e.g., an Xba I deletion of the E3 region) (denoted an 
E1/E3-de?cient adenoviral vector). With respect to the E1 
region, the adenoviral vector can be de?cient in at least part 
of the EIA region and at least part of the E1B region, e.g., 
in at least one replication-essential gene function of each of 
the EIA and E1B regions. 

[0016] Preferably, the adenoviral vector is “multiply de? 
cient,” meaning that the adenoviral vector is de?cient in one 
or more gene functions required for viral replication in each 
of tWo or more regions of the adenoviral genome. For 
example, the aforementioned E1-de?cient or E1/E3-de? 
cient adenoviral vector can be further de?cient in at least one 
replication-essential gene function of the E4 region (denoted 
an E1/E4-de?cient adenoviral vector). An adenoviral vector 
deleted of the entire E4 region can elicit a loWer host 
immune response. 

[0017] Alternatively, the adenoviral vector is de?cient in 
at least one gene function of the E1 region and is de?cient 
in at least one gene function of the E2 region (denoted an 
E1/E2-de?cient adenoviral vector). If the adenoviral vector 
of the present invention is de?cient in a replication-essential 
gene function of the E2A region, the vector preferably does 
not comprise a complete deletion of the E2A region, Which 
is less than about 230 base pairs in length. Generally, the 
E2A region of the adenovirus codes for a DBP (DNA 
binding protein), a polypeptide required for DNA replica 
tion. DBP is composed of 473 to 529 amino acids depending 
on the viral serotype. It is believed that DBP is an asym 
metric protein that exists as a prolate ellipsoid consisting of 
a globular Ct With an extended Nt domain. Studies indicate 
that the Ct domain is responsible for DBP’s ability to bind 
to nucleic acids, bind to Zinc, and function in DNA synthesis 
at the level of DNA chain elongation. HoWever, the Nt 
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domain is believed to function in late gene expression at 
both transcriptional and post-transcriptional levels, is 
responsible for ef?cient nuclear localization of the protein, 
and also may be involved in enhancement of its oWn 
expression. Deletions in the Nt domain betWeen amino acids 
2 to 38 have indicated that this region is important for DBP 
function (Brough et al., Wrology, 196, 269-281 (1993)). 
While deletions in the E2A region coding for the Ct region 
of the DBP have no effect on viral replication, deletions in 
the E2A region Which code for amino acids 2 to 38 of the Nt 
domain of the DBP impair viral replication. It is preferable 
that any multiply replication-de?cient adenoviral vector 
contain this portion of the E2A region of the adenoviral 
genome. In particular, for example, the desired portion of the 
E2A region to be retained is that portion of the E2A region 
of the adenoviral genome Which is de?ned by the 5' end of 
the E2A region, speci?cally positions Ad5(23816) to 
Ad5(24032) of the E2A region of the adenoviral genome of 
serotype Ad5. This portion of the adenoviral genome desir 
ably is included in the adenoviral vector because it is not 
complemented in current E2A cell lines so as to provide the 
desired level of viral propagation. 

[0018] In a particularly preferred embodiment, the aden 
oviral vector comprises an adenoviral genome de?cient in 
one or more replication-essential gene functions of each of 
the E1 and E4 regions (i.e., the adenoviral vector is an 
E1/E4-de?cient adenoviral vector), preferably With the 
entire coding region of the E4 region having been deleted 
from the adenoviral genome. In other Words, all the open 
reading frames (ORFs) of the E4 region have been removed. 
The E4 region of the adenoviral vector preferably retains the 
native E4 promoter, polyadenylation sequence, and/or the 
right-side inverted terminal repeat (ITR). 

[0019] The adenoviral vector, When multiply replication 
de?cient, especially in replication-essential gene functions 
of the E1 and E4 regions, preferably includes a spacer 
element to provide viral groWth in a complementing cell line 
similar to that achieved by singly replication-de?cient aden 
oviral vectors, particularly an adenoviral vector comprising 
a de?ciency in the E1 region. The spacer element can 
contain any sequence or sequences Which are of a desired 
length, such as sequences at least about 15 base pairs (e.g., 
betWeen about 15 base pairs and about 12,000 base pairs), 
preferably about 100 base pairs to about 10,000 base pairs, 
more preferably about 500 base pairs to about 8,000 base 
pairs, even more preferably about 1,500 base pairs to about 
6,000 base pairs, and most preferably about 2,000 to about 
3,000 base pairs in length. The spacer element sequence can 
be coding or non-coding and native or non-native With 
respect to the adenoviral genome, but does not restore the 
replication-essential function to the de?cient region. In the 
absence of a spacer, production of ?ber protein and/or viral 
groWth of the multiply replication-de?cient adenoviral vec 
tor is reduced by comparison to that of a singly replication 
de?cient adenoviral vector. HoWever, inclusion of the spacer 
in at least one of the de?cient adenoviral regions, preferably 
the E4 region, can counteract this decrease in ?ber protein 
production and viral groWth. The use of a spacer in an 
adenoviral vector is described in Us. Pat. No. 5,851,806. 

[0020] The adenoviral vector can be de?cient in replica 
tion-essential gene functions of only the early regions of the 
adenoviral genome, only the late regions of the adenoviral 
genome, and both the early and late regions of the adenoviral 
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genome. The adenoviral vector also can have essentially the 
entire adenoviral genome removed, in Which case it is 
preferred that at least either the viral inverted terminal 
repeats (ITRs) and one or more promoters or the viral ITRs 
and a packaging signal are left intact (i.e., an adenoviral 
amplicon). The larger the region of the adenoviral genome 
that is removed, the larger the piece of exogenous nucleic 
acid sequence that can be inserted into the genome. For 
example, given that the adenoviral genome is 36 kb, by 
leaving the viral ITRs and one or more promoters intact, the 
exogenous insert capacity of the adenovirus is approxi 
mately 35 kb. Alternatively, a multiply de?cient adenoviral 
vector that contains only an ITR and a packaging signal 
effectively alloWs insertion of an exogenous nucleic acid 
sequence of approximately 37-38 kb (in that adenovirus can 
package DNA up to about 105% the siZe of the Wild-type 
adenoviral genome). Of course, the inclusion of a spacer 
element in any or all of the de?cient adenoviral regions Will 
decrease the capacity of the adenoviral vector for large 
inserts. Suitable replication-de?cient adenoviral vectors, 
including multiply de?cient adenoviral vectors, are dis 
closed in Us. Pat. Nos. 5,851,806 and 5,994,106 and 
International Patent Applications WO 95/34671 and WO 
97/21826. An especially preferred adenoviral vector for use 
in the present inventive method is that described in Inter 
national Patent Application PCT/US01/20536. 

[0021] In the preferred E1/E4-de?cient adenoviral vector 
for use in the inventive method, the L5 ?ber region is 
retained, and a spacer is located betWeen the L5 ?ber region 
and the right-side ITR. More preferably, in such an aden 
oviral vector, the E4 polyadenylation sequence alone or, 
most preferably, in combination With another sequence, 
exists betWeen the L5 ?ber region and the right-side ITR, so 
as to suf?ciently separate the retained L5 ?ber region from 
the right-side ITR, such that viral production of such a 
vector approaches that of a singly replication-de?cient aden 
oviral vector, particularly an E1-de?cient adenoviral vector. 

[0022] The spacer element inserted into the adenoviral 
genome can contain a promoter-variable expression cassette, 
Which can include any promoter (cellular or viral), foreign 
nucleic acid sequence, and/or polyadenylation sequence. 
Preferably, in the case of a spacer element inserted into the 
E4 region (coding sequences for Which have been removed), 
both the E4 polyadenylation sequence and the E4 promoter 
remain in the vector. In such an embodiment, the spacer 
element is located betWeen the E4 polyadenylation site and 
the E4 promoter, or, if the E4 promoter is not present in the 
vector, the spacer element is proximal to the right-side (3') 
ITR. 

[0023] The spacer element can comprise any suitable 
polyadenylation sequence. Examples of suitable polyadeny 
lation sequences include synthetic optimiZed sequences, as 
Well as the polyadenylation sequences of BGH (Bovine 
GroWth Hormone), polyoma virus, TK (Thymidine Kinase), 
EBV (Epstein Barr Virus), and the papillomaviruses, includ 
ing human papillomaviruses and BPV (Bovine Papilloma 
Virus). Preferably, the spacer element includes an SV40 
(Human Sarcoma Virus-40) polyadenylation sequence. The 
SV40 polyadenylation sequence alloWs for higher virus 
production levels of multiply de?cient adenoviral vectors. If 
the spacer element comprises all or part of a coding 
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sequence and production of a gene product is not desired, the 
spacer element can be ?anked by polyadenylation 
sequences. 

[0024] A foreign coding sequence also can function as the 
spacer element in the E4-de?cient region of the adenoviral 
genome. The foreign coding sequence is limited only by the 
siZe of the insert the vector can accommodate and can be any 
suitable coding sequence. Examples of suitable foreign 
coding sequences include, but are not limited to, coding 
sequences encoding marker proteins such as pGUS, secre 
tory alkaline phosphatase, luciferase, [3-galactosidase, and 
human anti-trypsin; therapeutic factors; potential immune 
modi?ers such as B3-19K, E3-14.7, ICP47, fas ligand, and 
CTLA4; biologically inactive sequences (e.g., sequences 
that are (i) not transcribed to produce a product or (ii) encode 
a defective or biologically inactive product), and other 
innocuous sequences such as the glucuronidase gene. 

[0025] It should be appreciated that the deletion of differ 
ent regions of the adenoviral vector can alter the immune 
response of the mammal. In particular, the deletion of 
different regions can reduce the in?ammatory response 
generated by the adenoviral vector. Furthermore, the aden 
oviral vector’s coat protein can be modi?ed so as to decrease 
the adenoviral vector’s ability or inability to be recogniZed 
by a neutraliZing antibody directed against the Wild-type 
coat protein, as described in International Patent Application 
WO 98/40509. 

[0026] Similarly, the coat protein of the adenoviral vector 
can be manipulated to alter the binding speci?city or rec 
ognition of the adenoviral vector for a viral receptor on a 
potential host cell. Such manipulations can include deletion 
of regions of the ?ber, penton, hexon, pIIIa, pVI, and/ or pIX, 
insertions of various native or non-native ligands into por 
tions of the coat protein, and the like. Manipulation of the 
coat protein can broaden the range of cells infected by the 
adenoviral vector or enable targeting of the adenoviral 
vector to a speci?c cell type. 

[0027] For example, in one embodiment, the adenoviral 
vector comprises a chimeric coat protein (e. g., a ?ber, hexon, 
pIX, pIIIa, or penton protein), Which differs from the Wild 
type (i.e., native) coat protein by the introduction of a 
nonnative amino acid sequence, preferably at or near the 
carboxyl terminus. Preferably, the nonnative amino acid 
sequence is inserted into or in place of an internal coat 
protein sequence. The nonnative amino acid sequence can be 
inserted Within the internal coat protein sequence or at the 
end of the internal coat protein sequence. The resultant 
chimeric viral coat protein is able to direct entry into cells of 
the adenoviral vector comprising the coat protein that is 
more efficient than entry into cells of an adenoviral vector 
that is identical except for comprising a Wild-type viral coat 
protein rather than the chimeric viral coat protein. Prefer 
ably, the chimeric coat protein binds a novel endogenous 
binding site present on the cell surface that is not recognized, 
or is poorly recogniZed, by an adenoviral vector comprising 
a Wild-type coat protein. One direct result of this increased 
ef?ciency of entry is that the adenoviral vector can bind to 
and enter cell types Which an adenovirus comprising Wild 
type coat protein typically cannot enter or can enter With 
only a loW ef?ciency. If desired, native binding of the 
adenoviral coat proteins, e.g., the ?ber or penton base, can 
be ablated. 
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[0028] In another embodiment, the adenoviral vector com 
prises a chimeric virus coat protein not selective for a 
speci?c type of eukaryotic cell. The chimeric coat protein 
differs from the Wild-type coat protein by an insertion of a 
nonnative amino acid sequence into or in place of an internal 
coat protein sequence. For example, a ligand comprising 
about ?ve to about nine lysine residues (preferably seven 
lysine residues) is attached to the C-terminus of the aden 
oviral ?ber protein via a non-coding spacer sequence. In this 
embodiment, the chimeric virus coat protein ef?ciently 
binds to a broader range of eukaryotic cells than a Wild-type 
virus coat, such as described in International Patent Appli 
cation WO 97/20051. In that a tumor does not comprise a 
homogenous population of cancer cells, such adenoviral 
vectors are particularly preferred. 

[0029] The speci?city of binding of the adenoviral vector 
to a given cell also can be adjusted by use of an adenovirus 
comprising a short-shafted adenoviral ?ber gene, as dis 
cussed in US. Pat. No. 5,962,311. Use of an adenovirus 
comprising a short-shafted adenoviral ?ber gene reduces the 
level or ef?ciency of adenoviral ?ber binding to its cell 
surface receptor and increases adenoviral penton base bind 
ing to its cell-surface receptor, thereby increasing the speci 
?city of binding of the adenoviral vector to a given cell. 
Alternatively, use of an adenovirus comprising a short 
shafted ?ber enables targeting of the adenovirus to a desired 
cell-surface receptor by the introduction of a nonnative 
amino acid sequence either into the penton base or the ?ber 
knob. 

[0030] Of course, the ability of an adenoviral vector to 
recogniZe a potential host cell can be modulated Without 
genetic manipulation of the coat protein, i.e., through use of 
a bi-speci?c molecule. For instance, complexing an aden 
ovirus With a bispeci?c molecule comprising a penton 
base-binding domain and a domain that selectively binds a 
particular cell surface binding site enables the targeting of 
the adenoviral vector to a particular cell type. 

[0031] Suitable modi?cations to an adenoviral vector are 
described in US. Pat. Nos. 5,559,099, 5,731,190, 5,712,136, 
5,770,442, 5,846,782, 5,926,311, 5,965,541, 6,057,155, 
6,127,525, and 6,153,435 and International Patent Applica 
tions WO 96/07734, WO 96/26281, WO 97/20051, WO 
98/07865, WO 98/07877, WO 98/54346, WO 00/15823, and 
WO 01/58940. The construction of adenoviral vectors is 
Well understood in the art. Adenoviral vectors can be con 
structed and/or puri?ed using the methods set forth, for 
example, in US. Pat. No. 5,965,358 and International Patent 
Applications WO 98/56937, WO 99/15686, and W0 
99/ 54441. Moreover, numerous adenoviral vectors are avail 
able commercially. 

[0032] Replication-de?cient adenoviral vectors are typi 
cally produced in complementing cell lines that provide 
gene functions not present in the replication-de?cient aden 
oviral vectors, but required for viral propagation, at appro 
priate levels in order to generate high titers of viral vector 
stock. A preferred cell line complements for at least one and 
preferably all replication-essential gene functions not 
present in a replication-de?cient adenovirus. The comple 
menting cell line can complement for a de?ciency in at least 
one replication-essential gene function encoded by the early 
regions, late regions, viral packaging regions, virus-associ 
ated RNA regions, or combinations thereof, including all 



US 2007/0166284 A1 

adenoviral functions (e.g., to enable propagation of aden 
oviral amplicons). Most preferably, the complementing cell 
line complements for a de?ciency in at least one replication 
essential gene function (e.g., tWo or more replication-essen 
tial gene functions) of the E1 region of the adenoviral 
genome, particularly a de?ciency in a replication-essential 
gene function of each of the EIA and E1B regions. In 
addition, the complementing cell line can complement for a 
de?ciency in at least one replication-essential gene function 
of the E2 (particularly as concerns the adenoviral DNA 
polymerase and terminal protein) and/or E4 regions of the 
adenoviral genome. Desirably, a cell that complements for a 
de?ciency in the E4 region comprises the E4-ORF6 gene 
sequence and produces the E4-ORF6 protein. Such a cell 
desirably comprises at least ORF6 and no other ORF of the 
E4 region of the adenoviral genome. The cell line preferably 
is further characterized in that it contains the complementing 
genes in a non-overlapping fashion With the adenoviral 
vector, Which minimizes, and practically eliminates, the 
possibility of the vector genome recombining With the 
cellular DNA. Accordingly, the presence of replication com 
petent adenoviruses (RCA) is minimized if not avoided in 
the vector stock, Which, therefore, is suitable for certain 
therapeutic purposes, especially gene therapy purposes. The 
lack of RCA in the vector stock avoids the replication of the 
adenoviral vector in non-complementing cells. Construction 
of such a complementing cell lines involve standard molecu 
lar biology and cell culture techniques, such as those 
described by Sambrook et al., Molecular Cloning, a Labo 
ratory Manual, 2d edition, Cold Spring Harbor Press, Cold 
Spring Harbor, N.Y. (1989), and Ausubel et al., Current 
Protocols in Molecular Biology, Greene Publishing Associ 
ates and John Wiley & Sons, NeW York, N.Y. (1994). 
Complementing cell lines for producing the gene transfer 
vector (e.g., adenoviral vector) include, but are not limited 
to, 293 cells (described in, e.g., Graham et al., J. Gen. I/irol, 
36, 59-72 (1977)), PER.C6 cells (described in, e.g., Inter 
national Patent Application WO 97/00326, and US. Pat. 
Nos. 5,994,128 and 6,033,908), and 293-ORF6 cells 
(described in, e.g., International Patent Application WO 
95/34671 and Brough et al., J. Vll’0l., 71, 9206-9213 (1997)). 
In some instances, the complementing cell Will not comple 
ment for all required adenoviral gene functions. Helper 
viruses can be employed to provide the gene functions in 
trans that are not encoded by the cellular or adenoviral 
genomes to enable replication of the adenoviral vector. 

Nucleic Acid Sequence Encoding TNF 

[0033] The adenoviral vector, preferably the replication 
de?cient adenoviral vector, comprises a nucleic acid 
sequence encoding TNF-ot. While other members of the 
TNF family of proteins, such as Fas ligand and CD40 ligand, 
have utility in treating a number of diseases, TNF-ot has 
been proven to be an effective anti-cancer agent. The effect 
of TNF-ot on cancer is multifactorial including the induction 
of apoptosis and tumor necrosis. Indirect systemic effects of 
TNF-ot include activation of immune effector cells including 
induction of cytokine secretion and activation of the vascu 
lar coagulation system. TNF-ot induces adhesiveness of 
vascular endothelium to neutrophils and platelets and 
decreases thrombomodulin production (Koga et al., Am. J. 
Physiol, 268, 1104-1113 (1995)). The result is clot forma 
tion in the tumor neovasculature and subsequent hemor 
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rhagic necrosis of the tumors. A nucleic acid sequence 
encoding TNF-ot is described in detail in US. Pat. No. 

4,879,226. 

[0034] While it is preferred that the nucleic acid sequence 
encoding TNF-ot is that set forth in US. Pat. No. 4,879,226, 
many modi?cations and variations of the nucleic acid 
sequence are possible and appropriate in the context of the 
invention. For example, the degeneracy of the genetic code 
alloWs for the substitution of nucleotides throughout 
polypeptide coding regions, as Well as in the translational 
stop signal, Without alteration of the encoded polypeptide. 
Such substitutable sequences can be deduced from the 
knoWn amino acid sequence of the TNF-ot or nucleic acid 
sequence encoding TNF-ot and can be constructed by con 
ventional synthetic or site-speci?c mutagenesis procedures. 
Synthetic DNA methods can be carried out in substantial 
accordance With the procedures of Itakura et al., Science, 
198, 1056-1063 (1977), and Crea et al., Proc. Natl. Acad. 
Sci. USA, 75, 5765-5769 (1978). Site-speci?c mutagenesis 
procedures are described in Maniatis et al., Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor, N.Y. 
(2d ed. 1989). 

[0035] In addition, a nucleic acid sequence encoding a 
homolog of TNF-ot, i.e., any protein that is more than about 
70% identical (preferably more than about 80% identical, 
more preferably more than about 90% identical, and most 
preferably more than about 95% identical) to the protein at 
the amino acid level and displays the same level of anti 
cancer activity of TNF-ot, can be incorporated into the 
adenoviral vector (e. g., replication-de?cient adenoviral vec 
tor). The degree of amino acid identity can be determined 
using any method knoWn in the art, such as the BLAST 
sequence database. Furthermore, a homolog of the protein 
can be any peptide, polypeptide, or portion thereof, Which 
hybridizes to the protein under at least moderate, preferably 
high, stringency conditions, and retains anti-cancer activity. 
Exemplary moderate stringency conditions include over 
night incubation at 37° C. in a solution comprising 20% 
formamide, 5><SSC (150 mM NaCl, 15 mM trisodium 
citrate), 50 mM sodium phosphate (pH 7.6), 5>< Denhardt’s 
solution, 10% dextran sulfate, and 20 mg/ml denatured 
sheared salmon sperm DNA, folloWed by Washing the ?lters 
in 1><SSC at about 37-50° C., or substantially similar con 
ditions, e.g., the moderately stringent conditions described 
in Sambrook et al., supra. High stringency conditions are 
conditions that use, for example (1) loW ionic strength and 
high temperature for Washing, such as 0.015 M sodium 
chloride/0.0015 M sodium citrate/0.1% sodium dodecyl 
sulfate (SDS) at 50° C., (2) employ a denaturing agent 
during hybridization, such as formamide, for example, 50% 
(v/v) formamide With 0.1% bovine serum albumin (BSA)/ 
0.1% Ficoll/0.1% polyvinylpyrrolidone (PVP)/ 50 mM 
sodium phosphate buffer at pH 6.5 With 750 mM sodium 
chloride, 75 mM sodium citrate at 42° C., or (3) employ 50% 
formamide, 5><SSC (0.75 M NaCl, 0.075 M sodium citrate), 
50 mM sodium phosphate (pH 6.8), 0.1% sodium pyrophos 
phate, 5>< Denhardt’s solution, sonicated salmon sperm DNA 
(50 ug/ml), 0.1% SDS, and 10% dextran sulfate at 42° C., 
With Washes at (i) 42° C. in 0.2><SSC, (ii) at 55° C. in 50% 
formamide and (iii) at 55° C. in 0.1><SSC (preferably in 
combination With EDTA). Additional details and an expla 
nation of stringency of hybridization reactions are provided 
in, e.g., Ausubel et al., supra. 



US 2007/0166284 A1 

[0036] The nucleic acid sequence can encode a functional 
portion of TNF-ot, i.e., any portion of the protein that retains 
the biological activity of the naturally occurring, full-length 
protein at measurable levels. A functional TNF-ot fragment 
produced by expression of the nucleic acid sequence of the 
adenoviral vector, preferably the replication-de?cient aden 
oviral vector, can be identi?ed using standard molecular 
biology and cell culture techniques, such as assaying the 
biological activity of the fragment in human cells transiently 
transfected With a nucleic acid sequence encoding the pro 
tein fragment. 

[0037] Alternatively, the nucleic acid sequence encoding 
TNF-ot can be manipulated to alter (preferably enhance) the 
activity of the TNF-ot. The nucleic acid sequence can be 
manipulated to enhance secretion of the TNF-ot protein, or 
can be manipulated to encode a TNF-ot protein that remains 
bound to the cell surface. The nucleic acid sequence can be 
manipulated to enhance the stability of the TNF-ot protein 
(e.g., retain proper three-dimensional conformation under 
adverse conditions), or to increase the potency of the TNF-ot 
protein for activation the TNF receptor. As such, the inven 
tion is not limited to that nucleic acid sequence speci?cally 
in US. Pat. No. 4,879,226, and modi?cations of the nucleic 
acid sequence are contemplated herein. 

[0038] The nucleic acid sequence is desirably present as 
part of an expression cassette, i.e., a particular base sequence 
that possesses functions Which facilitate subcloning and 
recovery of a nucleic acid sequence (e.g., one or more 
restriction sites) or expression of a nucleic acid sequence 
(e.g., polyadenylation or splice sites). The nucleic acid 
sequence coding for TNF-ot is preferably located in the E1 
region (e.g., replaces the E1 region in Whole or in part) of the 
adenoviral genome. For example, the E1 region can be 
replaced by a promoter-variable expression cassette com 
prising a nucleic acid sequence encoding TNF-ot, as shoWn 
in, for example, FIGS. 1 and 2, Which depict an unmodi?ed 
and modi?ed adenoviral vector genome, respectively. The 
E1 region (10) can be replaced by an expression cassette 
(13) comprising a radiation-inducible promoter (14), a 
nucleic acid sequence encoding TNF-ot (15), and a polyade 
nylation sequence (16). The expression cassette is preferably 
inserted in a 3'-5' orientation, e.g., oriented such that the 
direction of transcription of the expression cassette is oppo 
site that of the surrounding adenoviral genome. In addition 
to the expression cassette comprising the nucleic acid 
sequence encoding TNF-ot, the adenoviral vector can com 
prise other expression cassettes containing nucleic acid 
sequences encoding other products, Which cassettes can 
replace any of the deleted regions of the adenoviral genome. 
The insertion of an expression cassette into the adenoviral 
genome (e. g., the E1 region of the genome) can be facilitated 
by knoWn methods, for example, by the introduction of a 
unique restriction site at a given position of the adenoviral 
genome. As set forth above, preferably the E3 region of the 
adenoviral vector (11) is deleted (17), and the E4 region (12) 
is replaced by a spacer element (18). 

[0039] Preferably, the nucleic acid sequence encoding 
TNF-ot further comprises a transcription-terminating region 
such as a polyadenylation sequence located 3' of TNF-ot 
coding sequence (in the direction of transcription of the 
coding sequence). Any suitable polyadenylation sequence 
can be used, including a synthetic optimiZed sequence, as 
Well as the polyadenylation sequence of BGH (Bovine 
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GroWth Hormone), polyoma virus, TK (Thymidine Kinase), 
EBV (Epstein Barr Virus), and the papillomaviruses, includ 
ing human papillomaviruses and BPV (Bovine Papilloma 
Virus). A preferred polyadenylation sequence is the SV40 
(Human Sarcoma Virus-40) polyadenylation sequence. 
[0040] Preferably, the nucleic acid sequence encoding 
TNF-ot is operably linked to (i.e., under the transcriptional 
control of) one or more promoter and/ or enhancer elements, 
for example, as part of a promoter-variable expression 
cassette. Techniques for operably linking sequences together 
are Well knoWn in the art. Any suitable promoter or enhancer 
sequence can be used in the context of the invention. 
Suitable viral promoters include, for instance, cytomega 
lovirus (CMV) promoters, such as the CMV immediate 
early promoter (described in, for example, US. Pat. No. 
5,168,062), promoters derived from human immunode? 
ciency virus (HIV), such as the HIV long terminal repeat 
promoter, Rous sarcoma virus (RSV) promoters, such as the 
RSV long terminal repeat, mouse mammary tumor virus 
(MMTV) promoters, HSV promoters, such as the Lap2 
promoter or the herpes thymidine kinase promoter (Wagner 
et al., Proc. Natl. Acad. Sci., 78, 144-145 (1981)), promoters 
derived from SV40 or Epstein Barr virus, an adeno-associ 
ated viral promoter, such as the p5 promoter, and the like. 
The regulatory sequences to Which the nucleic acid sequence 
is operably linked also can comprise a tissue-speci?c pro 
moter, i.e., a promoter that is preferentially activated in a 
given tissue and results in production of a gene product, 
particularly TNF-ot, in the tissue Where activated. For 
example, regulatory sequences selectively active in, for 
instance, endothelial cells or stromal cells are ideal for 
expressing an exogenous nucleic acid sequence in the envi 
ronment of cancer cells. 

[0041] Many of the above-described promoters are con 
stitutive promoters. Instead of being a constitutive promoter, 
the promoter can be an inducible promoter, i.e., a promoter 
that is up- and/or doWn-regulated in response to an appro 
priate signal. For example, an expression control sequence 
up-regulated by a chemotherapeutic agent is particularly 
useful in cancer applications (e.g., a chemo-inducible pro 
moter). In addition, an expression control sequence can be 
up-regulated by a radiant energy source or by a substance 
that distresses cells. For example, an expression control 
sequence can be up-regulated by ultrasound, light activated 
compounds, radiofrequency, chemotherapy, and cyofreeZ 
ing. A preferred adenoviral vector according to the invention 
comprises a chemo-inducible or radiation-inducible pro 
moter operably linked to the nucleic acid sequence encoding 
TNF-ot. The use of a radiation-inducible promoter enables 
localiZed control of TNF-ot production, for example, by the 
administration of radiation to a cell or host comprising the 
adenoviral vector, thereby minimiZing systemic toxicity. 
Any suitable radiation-inducible promoter can be used in the 
context of the invention. A preferred radiation-inducible 
promoter for use in the context of the invention is the early 
groWth region-1 (EGR-l) promoter, speci?cally the CArG 
domain of the EGR-l promoter. The region of the EGR-l 
promoter likely responsible for radiation-inducibility is 
located betWeen nucleotides —550 bp and —50 bp. The 
EGR-l promoter is described in detail in US. Pat. No. 
5,206,152 and International Patent Application WO 
94/06916. Another suitable radiation-inducible promoter is 
the c-Jun promoter, Which is activated by X-radiation. The 
region of the c-Jun promoter likely responsible for radiation 
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inducibility is believed to be located between nucleotides 
—l.l kb to 740 bp. The c-Jun promoter and the EGR-l 
promoter are further described in, for instance, US. Pat. No. 
5,770,581. The promoter can be introduced into the aden 
oviral genome by any suitable method, such as by use of a 
unique restriction site in a given region of the adenoviral 
genome. Alternatively, the promoter can be inserted as part 
of the expression cassette comprising the nucleic acid 
sequence encoding TNF-ot. 

Other Adenoviral Vector Considerations 

[0042] The adenoviral vector described can comprise 
nucleic acid sequences other than that encoding TNF-ot, e. g., 
a nucleic acid sequence to treat other similar or different 
diseases and/or af?ictions including, but not limited to, 
chronic lung diseases, such as emphysema, asthma, adult 
respiratory distress syndrome, and chronic bronchitis, as 
Well as coronary heart disease, common complications asso 
ciated With cancer, and other a?lictions suitably treated or 
prevented by gene therapy, vaccination, and the like. If the 
additional nucleic acid sequence (i.e., transgene) confers a 
prophylactic or therapeutic bene?t, the nucleic acid 
sequence can exert its effect at the level of RNA or protein. 
Alternatively, the additional nucleic acid sequence can 
encode an antisense molecule, a riboZyme, a protein that 
affects splicing or 3' processing (e.g., polyadenylation), or a 
protein that affects the level of expression of another gene 
Within the cell (i.e., Where gene expression is broadly 
considered to include all steps from initiation of transcrip 
tion through production of a processed protein), such as by 
mediating an altered rate of mRNA accumulation or trans 
port or an alteration in post-transcriptional regulation. The 
additional nucleic acid sequence can encode a chimeric 
protein for combination therapy. The additional nucleic acid 
sequence also can encode a factor that acts upon a different 
target than TNF-ot, thereby providing multifactorial cancer 
treatment. Alternatively, the additional nucleic acid 
sequence can encode a factor that enhances the effect of 
TNF-ot. An example of such a factor is PKR, double 
stranded RNA dependent protein kinase, Which renders 
cancer cells more prone to apoptosis (see, for example, US. 
Pat. No. 5,976,800). 

[0043] The adenoviral vector can comprise an additional 
nucleic acid sequence encoding an anti-angiogenic sub 
stance other than TNF-ot. An anti-angiogenic substance is 
any biological factor that prevents or ameliorates neovas 
culariZation. The anti-angiogenic substance can effect partial 
or complete prevention and amelioration of angiogenesis to 
achieve a therapeutic effect. An anti-angiogenic substance 
includes, for instance, an anti-angiogenic factor, an anti 
sense molecule speci?c for an angiogenic factor, a riboZyme, 
a receptor for an angiogenic factor, and an antibody that 
binds a receptor for an angiogenic factor. To prevent vas 
cular leakage into surrounding tissue, Which can lead to 
tumor spread, the adenoviral vector can comprise an addi 
tional nucleic acid sequence that encodes a vessel matura 
tion factor, such as, for example, an angiopoietin (Ang, e.g., 
Ang-l and Ang-2), midkine (MK), COUP-TFII, and hep 
arin-binding neurotrophic factor (HBNF, also knoWn as 
heparin binding groWth factor). A nucleic acid sequence 
encoding an immunosuppressor also can be incorporated 
into the adenoviral vector to reduce any inappropriate 
immune response thereto as a result of administering the 
adenoviral vector to a host. 
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[0044] The adenoviral vector can further comprise a 
nucleic acid sequence encoding a cytokine, such as an 
interferon (INF 0t, [3, y), a colony stimulating factor, or an 
interleukin (IL-1, IL-2, IL-3, IL-lO, IL-l2, IL-l3, IL-l5, 
etc.). The additional nucleic acid sequence can encode a 
pro-drug converting enZyme, such as HSV thymidine kinase 
(see, for example, International Patent Application WO 
01/24684). The additional nucleic acid sequence preferably 
encodes a protein that is deleterious to the cancer cells of a 
mammal (i.e., a “deleterious protein”). Nucleic acid 
sequences that encode proteins that are deleterious to cancer 
cells are knoWn in the art, examples of Which include nucleic 
acid sequences that encode p53, Fas, Fas ligand (FasL), 
FasLM45 (a derivative of FasL that has a deletion in the 
protease cleavage site), Fas-associating protein With death 
domain (FADD; also knoWn as mediator of receptor-induced 
toxicity (MORT-l)), a cell death-inducing coding sequence 
of Bcl-2 Which comprises an N-terminal deletion, a cell 
death-inducing coding sequence of Bcl-x Which comprises 
an N-terminal deletion, caspases (e.g., caspase 1 (interleu 
kin-l [3-converting enzyme (ICE)), caspase 3, caspase 8 
(MACH/FLICE (FADD-homologous ICE-CED3-like pro 
tease)/Mch5), and caspase l0 (Mch4)), receptor interacting 
protein (RIP), cell death abnormal (CED4), Apaf-l, RIP 
associated ICH-l/CED-3-homologous protein With a death 
domain (RAIDD)/caspase and RIP adapter With death 
domain (CRADD), inhibitor of NF-KB (IKB), DNA frag 
mentation factor (DFF), TNF-Rl, TNF-related apoptosis 
inducing ligand (TRAIL; apo2 ligand (Apo2L)), death 
receptor 4 (DR4), DR5, bax, bak, bid, bad, bik, bif-2, c-myc, 
JUN, a dominant negative JUN product, a protease, a protein 
kinase, a transcriptional activator, a signal transduction 
protein, protein kinase C, PITSLRE kinase, DAP kinase, 
JUN N-terminal kinase (JNK)/SAPK, Daxx, ras, Raf, NIK, 
MEKKI, ASKl, protein kinase R (PKR), Rbl94, an aden 
oviral ElA product, an adenoviral E2F product, a synthetic 
cell cycle-independent form of an adenoviral E2F product, 
an adenoviral E4/ORF4 product, apoptin, an apoptotic 
active portion of any of the foregoing, and a combination of 
tWo or more of the foregoing. 

[0045] The additional nucleic acid sequence can encode a 
marker protein, such as green ?uorescent protein or 
luciferase. Such marker proteins are useful in vector con 
struction and determining vector migration. Marker proteins 
also can be used to determine points of injection in order to 
ef?ciently space injections of the pharmaceutical composi 
tion to provide a Widespread area of treatment. Alternatively, 
the nucleic acid sequence can encode a selection factor (e. g., 
an antibiotic resistance factor), Which also is useful in vector 
construction protocols. If desired, the additional nucleic acid 
sequence(s) can be part of an expression cassette(s). 

[0046] Any of the nucleic acid sequences described herein 
can be altered from their native form to increase their 
therapeutic effect. For example, a cytoplasmic form of a 
therapeutic gene product can be converted to a secreted form 
by incorporating a signal peptide into the encoded gene 
product. A gene product also can be engineered to be taken 
up by neighboring cells by fusion of the peptide With VP22. 

Pharmaceutical Composition 

[0047] The pharmaceutical composition of the invention 
comprises a pharmaceutically acceptable carrier and the 
adenoviral vector (e.g., a replication-de?cient adenoviral 
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vector) comprising the nucleic acid sequence encoding 
TNF-ot. Any suitable pharmaceutically acceptable carrier 
can be used Within the context of the invention, and such 
carriers are Well knoWn in the art. The choice of carrier Will 
be determined, in part, by the particular site to Which the 
pharmaceutical composition is to be administered and the 
particular method used to administer the pharmaceutical 
composition. 
[0048] Suitable formulations include aqueous and non 
aqueous solutions, isotonic sterile solutions, Which can 
contain anti-oxidants, buffers, bacteriostats, and solutes that 
render the formulation isotonic With the blood or other 
bodily ?uid of the intended recipient, and aqueous and 
non-aqueous sterile suspensions that can include suspending 
agents, solubiliZers, thickening agents, stabiliZers, and pre 
servatives. Preferably, the pharmaceutically acceptable car 
rier is a liquid that contains a buffer and a salt. The 
formulations can be presented in unit-dose or multi-dose 
sealed containers, such as ampules and vials, and can be 
stored in a freeZe-dried (lyophiliZed) condition requiring 
only the addition of the sterile liquid carrier, for example, 
Water, immediately prior to use. Extemporaneous solutions 
and suspensions can be prepared from sterile poWders, 
granules, and tablets. Preferably, the pharmaceutically 
acceptable carrier is a buffered saline solution. 

[0049] More preferably, the pharmaceutical composition 
is formulated to protect the adenoviral vector from damage 
prior to administration. The particular formulation desirably 
decreases the light sensitivity and/or temperature sensitivity 
of the adenoviral vector. Indeed, the pharmaceutical com 
position Will be maintained for various periods of time and, 
therefore should be formulated to ensure stability and maxi 
mal activity at the time of administration. Typically, the 
pharmaceutical composition is maintained at a temperature 
above 00 C., preferably at 40 C. or higher (e.g., 4-10o C.). In 
some embodiments, it is desirable to maintain the pharma 
ceutical composition at a temperature of 10° C. or higher 
(e.g., 10-200 C.), 200 C. or higher (e.g., 20-250 C.), or even 
30° C. or higher (e.g., 30-400 C.). The pharmaceutical 
composition can be maintained at the aforementioned tem 
perature(s) for at least 1 day (e.g., 7 days (1 Week) or more), 
though typically the time period Will be longer, such as at 
least 3, 4, 5, or 6 Weeks, or even longer, such as at least 10, 
11, or 12 Weeks, prior to administration to a patient. During 
that time period, the adenoviral gene transfer vector opti 
mally loses no, or substantially no, activity, although some 
loss of activity is acceptable, especially With relatively 
higher storage temperatures and/ or relatively longer storage 
times. Preferably, the activity of the adenoviral vector com 
position decreases about 20% or less, preferably about 10% 
or less, and more preferably about 5% or less, after any of 
the aforementioned time periods. 

[0050] To this end, the pharmaceutical composition pref 
erably comprises a pharmaceutically acceptable liquid car 
rier, such as, for example, those described above, and a 
stabiliZing agent selected from the group consisting of 
polysorbate 80, L-arginine, polyvinylpyrrolidone, ot-D-glu 
copyranosyl ot-D-glucopyranoside dihydrate (commonly 
knoWn as trehalose), and combinations thereof. More pref 
erably, the stabiliZing agent is trehalose, or trehalose in 
combination With polysorbate 80. The stabiliZing agent can 
be present in any suitable concentration in the pharmaceu 
tical composition. When the stabiliZing agent is trehalose, 
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the trehalose desirably is present in a concentration of about 
2-10% (Wt./vol.), preferably about 4-6% (Wt/vol.) of the 
pharmaceutical composition. When trehalose and polysor 
bate 80 are present in the pharmaceutical composition, the 
trehalose preferably is present in a concentration of about 
4-6% (Wt./vol.), more preferably about 5% (Wt./vol.), While 
the polysorbate 80 desirably is present in a concentration of 
about 0.001-0.01% (Wt./vol.), more preferably about 
0.0025% (Wt./vol.). When a stabiliZing agent, e.g., trehalose, 
is included in the pharmaceutical composition, the pharma 
ceutically acceptable liquid carrier preferably contains a 
saccharide other than trehalose. Suitable formulations of the 
pharmaceutical composition are further described in US. 
Pat. No. 6,225,289 and International Patent Application WO 
00/34444. 

[0051] The pharmaceutical composition can further be 
formulated to reduce adherence loss of the adenoviral vector 
on devices used to prepare, store, or administer the expres 
sion vector, such as glassWare, syringes, catheters, or 
needles. Use of such a pharmaceutical composition Will 
extend the shelf life of the pharmaceutical composition, 
facilitate administration, and increase the e?icacy of the 
inventive method. In this regard, the pharmaceutical com 
position also can be formulated to enhance the spread of the 
adenoviral vector throughout the target tissue and/or 
enhance transduction e?iciency. To this end, the pharma 
ceutical composition also can comprise hyaluronidase, 
Which has been shoWn to enhance uptake of adenoviral 
vectors. Addition of proteases to the pharmaceutical com 
position can enhance the spread of the adenoviral vector 
throughout the tumor. It is desirable to formulate the com 
position such that the adenoviral vector (e.g., replication 
de?cient adenoviral vector) remains in the target tissue and 
does not leak into surrounding normal tissue, i.e., to increase 
retention of the pharmaceutical composition in the target 
tissue. Accordingly, agents that increase viscosity of the 
pharmaceutical composition, such as stimuli-sensitive poly 
mers, can be included. Alternatively, the adenoviral vectors 
of the pharmaceutical composition can be bound to biocom 
patible solid carriers, such as particulate carriers (e. g., beads, 
Wafers, etc.), that remain in the target tissue due to siZe, or 
incorporated into a matrix, such as gel or foam. 

[0052] In addition, the pharmaceutical composition can 
comprise additional therapeutic or biologically-active 
agents. For example, therapeutic factors useful in the treat 
ment of a particular indication can be present. Factors that 
control in?ammation, such as ibuprofen or steroids, can be 
part of the pharmaceutical composition to reduce sWelling 
and in?ammation associated With in vivo administration of 
the adenoviral vector and physiological distress. Immune 
system suppressors can be administered With the pharma 
ceutical composition to reduce any immune response to the 
adenoviral vector itself or associated With a disorder. Alter 
natively, immune enhancers can be included in the pharma 
ceutical composition to upregulate the body’s natural 
defenses against disease. Moreover, cytokines other than 
TNF-ot can be administered With the pharmaceutical com 
position to attract immune effector cells to the tumor site. 

[0053] Anti-angiogenic factors, such as soluble groWth 
factor receptors (e.g., s?t), groWth factor antagonists, i.e., 
angiotensin, and the like, also can be part of the pharma 
ceutical composition. Similarly, vitamins and minerals, anti 
oxidants, and micronutrients can be co-administered With 
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the pharmaceutical composition. Antibiotics, i.e., microbi 
cides and fungicides, can be present to reduce the risk of 
infection associated With gene transfer procedures and other 
disorders. The addition of chemotherapeutic agents to the 
pharmaceutical composition can provide an additional 
mechanism of e?fecting tumor reduction. 

Target Tissue 

[0054] The inventive method can be used to deliver a 
nucleic acid sequence encoding TNF-ot to any target tissue 
(e.g., tumor tissue) able to be transduced by adenoviral 
vectors, such as those adenoviral vectors described herein. 
Preferably, the target tissue comprises TNF-ot receptors, 
such that TNF-ot can exert its biological activity on the 
tissue. Ideally, the target tissue is a tumor, e. g., a solid tumor 
or a tumor associated With soft tissue (i.e., soft tissue 
sarcoma), in a human. The tumor can be associated With 
cancers of (i.e., located in) the oral cavity and pharynx, the 
digestive system, the respiratory system, bones and joints 
(e.g., bony metastases), soft tissue, the skin (e.g., mela 
noma), breast, the genital system, the urinary system, the eye 
and orbit, the brain and nervous system (e.g., glioma), or the 
endocrine system (e.g., thyroid) and is not necessarily the 
primary tumor. Tissues associated With the oral cavity 
include, but are not limited to, the tongue and tissues of the 
mouth. Cancer can arise in tissues of the digestive system 
including, for example, the esophagus, stomach, small intes 
tine, colon, rectum, anus, liver, gall bladder, and pancreas. 
Cancers of the respiratory system can a?cect the larynx, lung, 
and bronchus and include, for example, non-small cell lung 
carcinoma. Tumors can arise in the uterine cervix, uterine 
corpus, ovary vulva, vagina, prostate, testis, and penis, 
Which make up the male and female genital systems, and the 
urinary bladder, kidney, renal pelvis, and ureter, Which 
comprise the urinary system. The target tissue also can be 
associated With lymphoma (e.g., Hodgkin’s disease and 
Non-Hodgkin’s lymphoma), multiple myeloma, or leukemia 
(e.g., acute lymphocytic leukemia, chronic lymphocytic 
leukemia, acute myeloid leukemia, chronic myeloid leuke 
mia, and the like). 

[0055] The tumor can be at any stage, and can be subject 
to other therapies. The inventive method is useful in treating 
tumors (i.e., destruction of tumor cells or reduction in tumor 
siZe) that have been proven to be resistant to other forms of 
cancer therapy, such as radiation-resistant tumors. The 
tumor also can be of any siZe. Indeed, the invention is 
predicated, in part, on the surprising ability of the inventive 
method to signi?cantly reduce the siZe of initially large 
tumors (e.g., 42 cm2 or 4400 cm3). Ideally, in treating the 
human for cancer, the inventive method results in cancerous 
(tumor) cell death and/or reduction in tumor siZe. It Will be 
appreciated that tumor cell death can occur Without a 
substantial decrease in tumor siZe due to, for instance, the 
presence of supporting cells, vasculariZation, ?brous matri 
ces, etc. Accordingly, While reduction in tumor siZe is 
preferred, it is not required in the treatment of cancer. 

Methods of Administration 

[0056] The inventive method comprises administering the 
pharmaceutical composition to a human for the treatment of 
cancer. The use of TNF-ot protein in humans as an anti 
cancer/anti-tumor agent has been limited by severe systemic 
e?fects arising as a result of treatment. Therefore, in order to 
attenuate or prevent such negative side elfects, it is desirable 
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to administer the nucleic acid sequence encoding TNF-ot 
only to the tissue Which requires it (i.e., the tumor) or, at the 
very least, to promote expression of the nucleic acid 
sequence predominantly in tumor tissue. Accordingly, the 
pharmaceutical composition can be administered by any 
means such that TNF-ot is produced Within, or in close 
proximity to, the target tissue. 

[0057] The invention preferably involves contacting target 
tissue by administering the pharmaceutical composition 
comprising the adenoviral vector (e.g., the replication-de? 
cient adenoviral vector) comprising a nucleic acid sequence 
encoding TNF-ot in a localiZed manner to the target tissue. 
While any suitable means of administering the pharmaceu 
tical composition to the tumor can be used Within the context 
of the invention, preferably localiZed administration to the 
tumor is accomplished by directly injecting the pharmaceu 
tical composition comprising the adenoviral vector compris 
ing the nucleic acid sequence encoding TNF-ot into a tumor. 
By the term “injecting,” it is meant that the pharmaceutical 
composition is forcefully introduced into the target tissue. 

[0058] The pharmaceutical composition is desirably 
administered in a uniform manner across the tumor mass. 

Thus, When administering the pharmaceutical composition 
via injection, the injection is performed to maximiZe distri 
bution throughout the tumor. For example, the needle of the 
injection device punctures the surface of the tumor tissue 
(commonly at a depth of about 1 cm to about 5 cm, 
preferably about 2 cm to about 4 cm (e.g., 3 cm) depending 
on tumor volume), and the pharmaceutical composition is 
expelled from the delivery device as the needle is sloWly 
removed from the tissue, such that vector is released along 
the track of the needle. In addition, timing of each injection 
can be controlled to evenly deliver the pharmaceutical 
composition to the tumor. In other Words, the pharmaceuti 
cal composition can be expelled from the injection device 
sloWly (e.g., about 5 seconds per injection, preferably about 
10 seconds per injection, and more preferably about 15 
seconds per injection) for ef?cient uptake of the adenoviral 
vector by the surrounding tissue. In one embodiment, from 
about 1 ul to about 10 pl of pharmaceutical composition is 
administered to the tumor over 10 minutes. Alternatively, the 
pharmaceutical composition can be quickly and forcefully 
expelled from the injection device (e.g., in a “spray”) in 
order to force vector uptake. Indeed, the pharmaceutical 
composition can be administered such that the pharmaceu 
tical composition transverses normal tissue prior to contact 
ing target tissue. Of course, homogenous distribution of the 
pharmaceutical composition across the target tissue is not 
required. 

[0059] In instances Wherein a tumor is not readily visible 
through the skin, a clinician can use medical equipment to 
visualiZe the tumor, estimate tumor volume, and guide 
injection placement. Imaging technology for cancer diagno 
sis is quite advanced. Ultrasound and computed tomography 
(CT) equipment are commonly used to detect tumor masses. 
HoWever, more advanced imaging techniques have been 
developed and include positron emission tomography 
(PET), Which reveals the metabolic activity of tissues, single 
photon emission computed tomography (SPECT), spiral CT, 
magnetic resonance imaging (MRI), and endoscopic ultra 
sonagraphy, Which employs a ?ber-optic endoscope ?tted 
With a probe. 
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[0060] Any suitable injection device can be used Within 
the context of the invention. For example, the common 
medical syringe can be used to directly inject the pharma 
ceutical composition into a subcutaneous tumor. Of course, 
standard medical syringes can be used to inject target tissue 
(e.g., tumors) not directly beneath the skin. If the tumor is 
not readily accessible, the tumor can be exposed during a 
surgical procedure to alloW injection. However, minimally 
invasive delivery devices alloW administration of the phar 
maceutical composition Without invasive medical proce 
dures. Such devices are capable of accessing target tissues 
not directly accessible through the skin, for example, via 
small incisions of less than 5 inches. Minimally invasive 
injection devices can comprise injector tips Which are ?ex 
ible and steerable to alloW access via small incisions to the 
curved outer surface of an organ, e.g., the liver. An alterna 
tive means of non-invasive injection comprises the use of a 
needleless injection device, such as the Biojector 2000 
Needle-Free Injection Management System®) available 
from Bioject, Inc. The pharmaceutical composition can be 
administered to a target tissue using a catheter. For example, 
transcatheter chemoemboliZation involves insertion of a 
catheter into the target tissue through a small incision in the 
skin. Angiography is used to guide the catheter into the 
vasculature feeding the target tissue, Whereupon the thera 
peutic agent is released together With particulate matter that 
blocks the How of blood to the target tissue. The therapeutic 
agent does not escape into surrounding tissues, and the 
tumor is starved from nutrients. Endoscopy is similar to 
catheteriZation While permitting visualization of the target 
tissue While administering the pharmaceutical composition. 
Catheters are useful in both releasing the pharmaceutical 
composition in to the blood stream that feeds the tumor, as 
Well as injecting the pharmaceutical composition into tumor 
tissue. To alloW for multiple injections With a speci?c 
geometry, a marking system can be employed so that the 
sites of previous injections are Well delineated. Enhanced 
tumor and injection visualization is especially Warranted 
When the pharmaceutical composition is administered to 
tumor tissue via multiple applications in a distinct geometri 
cal pattern. 

[0061] In addition to directly injecting the pharmaceutical 
composition into tumor tissue, the pharmaceutical compo 
sition can be topically applied to tumor tissue. For example, 
the tumor tissue can be bathed in the pharmaceutical com 
position, thereby elfecting gene transfer to the tissue surface 
and surrounding environment. Of course, more than one 
route of administration can be used such that, for example, 
the pharmaceutical composition is injected and topically 
administered to a tumor tissue. Topical administration com 
prising bathing the tumor in the pharmaceutical composition 
alloWs exposure of the relevant tissue to the adenoviral 
vector for a longer period of time than commonly alloWed by 
injection. Exposure of the tissue to the pharmaceutical 
composition for a prolonged period of time can increase the 
level of uptake in target cells and supporting cells. LikeWise, 
the target tissue can be perfused With the pharmaceutical 
composition over a period of time using any suitable deliv 
ery device, e. g., a catheter. Atumor can be perfused With the 
pharmaceutical composition over any period of time so long 
as transduction occurs, e.g., from about 1 minute to about 20 
hours (e.g., from about 1 minute to about 12 hours), pref 
erably from about 15 minutes to about 10 hours (e.g., from 
about 15 minutes to about 6 hours), more preferably from 
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about 30 minutes to about 5 hours (e.g., from about 30 
minutes to about 3 hours), and more preferably from about 
1-2 hours. 

[0062] While less preferred, other routes of administration 
can be used to administer the pharmaceutical composition. 
Indeed, although more than one route can be used to 
administer the pharmaceutical composition, a particular 
route can provide a more immediate and more effective 
reaction than another route. For example, While not particu 
larly preferred, the pharmaceutical composition can be 
applied or instilled into body cavities, absorbed through the 
skin, inhaled, or administered parenterally via, for instance, 
intramuscular, intravenous, peritoneal, or intraarterial 
administration. Preferably, the adenoviral vector of the phar 
maceutical composition parenterally administered to a 
patient is speci?cally targeted to particular cells, e.g., cancer 
cells. For regional delivery, the pharmaceutical composition 
can be administered intraarterially or intravenously, e.g., via 
the hepatic artery for delivery to the liver or the carotid 
artery for delivery to the brain. For administration to the 
brain, the pharmaceutical composition can be introduced 
into tumor tissue using an intratumoral delivery catheter, 
ventricular shunt catheter attached to a reservoir (e.g., 
Omaya reservoir), infusion pump, or introduced into a tumor 
resection cavity (such as Gliasite, Proxima Therapeutics). 
Tumor tissue in the brain also can be contacted by admin 
istering the pharmaceutical composition via convection 
using a continuous infusion catheter or through cerebrospi 
nal ?uid. Alternatively, the pharmaceutical composition can 
be administered to the pleural cavity for delivery to the lung 
or the peritoneal cavity for mesothelioma. In addition, the 
lymphatic system can be accessed, for example, folloWing 
intratumoral injection, for delivery to lymph nodes. For 
regional delivery, the pharmaceutical composition is pref 
erably delivered directly into an artery feeding the target 
tissue. As discussed herein, an adenoviral vector can be 
modi?ed to alter the binding speci?city or recognition of the 
adenoviral vector for a receptor on a potential host cell. With 
respect to adenovirus, such manipulations can include dele 
tion of regions of the ?ber, penton, or hexon, insertions of 
various native or non-native ligands into portions of the coat 
protein, and the like. Parenteral administration can require 
large doses or multiple administrations to effectively deliver 
the adenoviral vector of the pharmaceutical composition to 
the appropriate host cells. 

[0063] In some instances, the pharmaceutical composition 
need not contact the target tissue directly to realiZe a 
therapeutic effect. For example, the pharmaceutical compo 
sition can be administered to supporting tissue, Whereby 
either the adenoviral vector or resulting TNF-ot is transmit 
ted to target tissue Wherein it exerts its biologic effect. For 
example, it has been surprisingly observed that the admin 
istration of the pharmaceutical composition directly to tumor 
tissue in accordance With the inventive method can promote 
treatment lesions located in other regions of the body. In 
other Words, delivery of the pharmaceutical composition to 
a tumor can promote regression of additional (i.e., one or 
more other) tumors located elseWhere in the body, e.g., 
metastasis. Accordingly, the inventive method can treat a 
human for multiple (i.e., tWo or more) tumors, preferably by 
reducing the siZe of multiple tumors in the human body. In 
particular, multiple tumors located in different regions of the 
body (e.g., a ?rst tumor in the shoulder and a second tumor 
in the abdomen) can be treated by delivery of the pharma 
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ceutical composition to a ?rst tumor. In this embodiment, the 
pharmaceutical composition is administered to a ?rst tumor, 
Which alloWs treatment of the ?rst tumor and, additionally, 
one or more other tumors Which Were not directly admin 

istered the pharmaceutical composition. Preferably, tumor 
cells Within the ?rst tumor and one or more additional 
tumors are destroyed. Also preferably, the siZe of the ?rst 
tumor and one or more additional tumors is reduced. A 

systemic biological effect can, therefore, be achieved via 
local (direct) or regional delivery (e.g., delivery directly into 
the regional lymph or blood supply) of the pharmaceutical 
composition. 

[0064] The pharmaceutical composition can be adminis 
tered in or on a device that alloWs controlled or sustained 

release of the adenoviral vector, such as a sponge, biocom 
patible meshWork, mechanical reservoir, or mechanical 
implant. Implants (see, e.g., US. Pat. No. 5,443,505), 
devices (see, e.g., US. Pat. No. 4,863,457), such as an 
implantable device, e.g., a mechanical reservoir or an 
implant or a device comprised of a polymeric composition, 
are particularly useful for administration of the adenoviral 
vector. The pharmaceutical composition of the inventive 
method also can be administered in the form of sustained 
release formulations (see, e.g., US. Pat. No. 5,378,475) 
comprising, for example, gel foam, hyaluronic acid, gelatin, 
chondroitin sulfate, a polyphosphoester, such as bis-2-hy 
droxyethyl-terephthalate (BHET), and/or a polylactic-gly 
colic acid. 

[0065] The pharmaceutical composition also can be incor 
porated into or coat other materials, such as glass or mag 
netic beads, that are subsequently administered to a patient. 
For example, the FDA has approved study of the use of 
radioactive glass beads to deliver concentrated radiation 
therapy to hidden tissues (e.g., invasive cancers, tumors 
deep Within the body cavity, etc.). Such beads can contain or 
be coated With the pharmaceutical composition. Alterna 
tively, magnetic beads coated With the pharmaceutical com 
position can be administered to a patient, and directed to 
target tissue by placement of a magnet in the vicinity of a 
tumor. While beads are likely to remain lodged in the body 
unless forcibly removed, biodegradable delivery devices 
dissolve into non-toxic end products that are naturally 
removed from the body. The Gliadel® Wafer, for example, 
is currently used to deliver chemotherapeutic drugs to the 
site of glioblastoma. Such biodegradation matrices, once 
implanted, can release the adenoviral vector encoding 
TNF-ot through degradation of the matrix, thereby deliver 
ing the therapeutic agent to the relevant site Without clini 
cian intervention. 

Multiple Applications of a Single Dose 

[0066] While administration of a dose of the pharmaceu 
tical composition can be accomplished through a single 
application (e.g., a single injection or a single topical appli 
cation to the target tissue), preferably a single dose is 
administered via multiple applications of the pharmaceutical 
composition to different points of the target tumor. The 
multiple applications can number anyWhere from about 2 
applications to about 50 applications or more (including all 
integers betWeen 2 and 50), depending on the siZe and 
location of the tumor. For example, a single dose can be 
administered to relevant tissue in 40 separate injections or 
more. A single dose of pharmaceutical composition prefer 
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ably is administered in 2, 3, 4, 5, 6, 7, 8, 9, 10 or more 
applications (e.g., 15, 20, 25, 30, 35, 40, or 45 applications), 
more preferably about 2-8 applications, and even more 
preferably about 2-5 applications. The number of applica 
tions depends on the tumor location, tumor siZe, tumor type, 
and the like. For example, if administering to soft tissue 
sarcoma, Which is typically very large (e.g., 78 cm in its 
largest dimension), the single dose preferably is adminis 
tered in about 3-8 applications. For smaller or more compact 
solid tumors, only 2-5 applications are preferred. Multiple 
applications provide an advantage over single applications 
in that they can be manipulated by such parameters as a 
speci?c geometry de?ned by the location on the tumor 
Where each application is administered. The administration 
of a single dose of the pharmaceutical composition is better 
controlled using multiple applications, and the effectiveness 
With Which any given dose is administered can be maxi 
miZed. In this Way, too, the adenoviral vector and, ultimately 
TNF-ot production, can be uniformly distributed throughout 
the tumor. 

[0067] The speci?c geometry of the multiple applications 
is de?ned by the location on the target tissue, either in tWo 
or three-dimensional space, Where each application of the 
pharmaceutical composition is administered. The location of 
each application Will be dictated by tumor type and volume. 
The pattern of applications is selected to effect a broad 
distribution of the replication-de?cient adenoviral vector 
and, ultimately the produced TNF-ot protein, to the tumor. 
With respect to the speci?c geometry of the multiple appli 
cations in tWo-dimensional space, the speci?c geometry is 
de?ned by a plane (i.e., a cross-section of the target tissue) 
in Which the multiple applications lie. The plane de?ned by 
the multiple applications can lie at a constant distance from 
the surface of the target tissue (i.e., substantially parallel to 
the surface of the target tissue), or, alternatively, the plane 
can lie at an angle With respect to the surface of the target 
tissue. Furthermore, the multiple applications can de?ne any 
suitable pattern or speci?c geometry. Therefore, for 
example, in tWo-dimensional space, the multiple applica 
tions can de?ne a square Whereas in three-dimensional space 
the multiple applications can de?ne a cube. In that the 
inventive method comprises multiple rounds of therapy (i.e., 
administration of multiple doses of the pharmaceutical com 
position over a period of time (therapeutic period), as 
discussed beloW), the geometry of the multiple applications 
desirably is rotated or shifted to achieve maximal distribu 
tion of the pharmaceutical composition over the therapeutic 
period. To aid in consistent, patterned application of the 
pharmaceutical composition, a grid or template overlay Will 
aid in guiding injections, marking devices can record pre 
vious injection points, and imaging techniques can be used 
to visualiZe the target tissue. 

[0068] When administering the pharmaceutical composi 
tion directly to a solid tumor, a single dose of pharmaceutical 
composition preferably is administered via multiple appli 
cations around the circumference of the tumor, especially 
Wherein the administration device, e.g., a needle, is inserted 
to a depth of about 1 cm to about 5 cm in the tumor mass, 
preferably at a depth of about 2 cm to about 4 cm (e. g., about 
3 cm). Ideally, the multiple applications are administered to 
the tumor at equally spaced intervals around the periphery 
(circumference), e.g., in a clockWise or counter-clockwise 
pattern (e.g., at the 12 o’clock, 3 o’clock, 6 o’clock, and 9 
o’clock positions), and an anterior-posterior or dorsal-caudal 
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position, as illustrated in FIG. 3A and FIG. 3B, Which depict 
an end-on vieW and side-vieW of a solid tumor, respectively, 
With an illustration of a preferred pattern for multiple 
applications of a single dose of pharmaceutical composition 
to the solid tumor. The geometry of the multiple applications 
is then shifted in subsequent dose administrations. For 
example, in an especially preferred embodiment, the inven 
tive method comprises administering the pharmaceutical 
composition in the folloWing pattern: (a) 12 o’clock (31), 3 
o’clock (32), 6 o’clock (33), and 9 o’clock (34) positions and 
an anterior-posterior or dorsal-caudal position (35) for each 
administration in Week 1, (b) 1 o’clock, 4 o’clock, 7 o’clock, 
and 10 o’clock positions and an anterior-posterior or dorsal 
caudal position for the ?rst administration in Week 2, (c) 2 
o’clock, 5 o’clock, 8 o’clock, and 11 o’clock positions and 
an anterior-posterior or dorsal-caudal position for the second 
administration in Week 2, and (d) repeating (a)-(c) around 
the periphery of the tumor, using parallel injections (36), 
With each subsequent dose administration. 

[0069] When administering the pharmaceutical composi 
tion to a diffuse or large tumor, such as that associated With 
soft tissue sarcoma, injection into the circumference of the 
tumor is not possible. Accordingly, the injections are admin 
istered in a pattern comprising a series of parallel lines, as 
illustrated in FIG. 4, Which depicts an end-on vieW of a soft 
tissue sarcoma (41) With an illustration of a preferred pattern 
for multiple applications (42) of a single dose of pharma 
ceutical composition to the soft tissue sarcoma. Alterna 
tively, the injections can be administered in concentric 
circles. In either case, the speci?c geometry of applications 
is selected With the goal of Widespread delivery of the 
adenoviral vector (e.g., replication-de?cient adenoviral vec 
tor). In some embodiments, a dose of pharmaceutical com 
position is not administered directly to the tumor tissue, but 
is locally administered to the surrounding cells/tissue of the 
tumor, to prevent tumor spread. 

[0070] Another parameter of the multiple applications 
Which can be manipulated is the time differential betWeen 
each application. Preferably, each of the multiple applica 
tions is administered Within about 10 minutes (e.g., about 
05-10 minutes) of each other, more preferably Within about 
8 minutes (e.g., about 1-8 minutes) of each other, and even 
more preferably Within about 6 minutes (e.g., about 3-6 
minutes) of each other. Most preferably, all of the multiple 
applications of the single dose are administered Within the 
aforesaid time frames. 

Dosage 

[0071] The dose of the pharmaceutical composition, and 
particularly the amount of the adenoviral vector comprising 
the nucleic acid sequence encoding TNF-ot, Will depend on 
a number of factors, including tumor siZe, the extent of any 
side-effects, the particular route of administration, and the 
like. The dosage should be such that the negative side-effects 
associated With TNF-ot are minimized. Desirably, a single 
dose of the pharmaceutical composition comprises at least 
about l><l05 particles (Which also is referred to as particle 
units) to at least about l><l0l3 particles of the adenoviral 
vector. The dose preferably is at least about l><l06 particles 
(e.g., about 4><l06-4><l0l2 particles), more preferably at least 
about l><l07 particles, more preferably at least about l><l08 
particles (e.g., about 4><l08-4><l0ll particles), and most 
preferably at least about l><l09 particles to at least about 
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l><l01O particles (e.g., about 4><l09-4><l0l0 particles) of the 
adenoviral vector. Alternatively, the dose of the pharmaceu 
tical composition comprises no more than about l><l0l4 
particles, preferably no more than about l><l0l3 particles, 
even more preferably no more than about l><l0l2 particles, 
even more preferably no more than about l><l0ll particles, 
and most preferably no more than about l><l01O particles 
(e.g., no more than about l><l09 particles). In other Words, a 
single dose of pharmaceutical composition can comprise 
about l><l06 particle units (pu), 4><l06 Pu, l><l07 pu, 4><l07 
pu, ll>0<l08 pu, 4><l08 pu, l><l09 pu, 4><l09 pu, l><l0lo pu, 
4><l0 pu, l><l01O pu, 4><l0ll pu, l><l0ll pu, 4><l0ll pu, 
l><l0 pu, or 4><l0l2 pu of the adenoviral vector (e.g., the 
replication-de?cient adenoviral vector). Each application of 
a multiple application protocol for a single dose Will include 
the approximate fraction of the total such that the aggrega 
tion of the individual applications equals a single dose as 
described above. Thus, if there are ?ve applications of a dose 
of the pharmaceutical composition, the amount of adenovi 
ral vector (e.g., the replication-de?cient adenoviral vector) 
in each application is desirably one-?fth of a single dose as 
described above. 

[0072] The dose as described herein is suitable for a 
volume of targeted tissue of about 3 cm2 to about 300 cm2 
(e.g., about 5 cm2, 7 cm2, 8 cm2, or 9 cm2), typically about 
10 cm2 to about 200 cm2 (e.g., about 15 cm2, 20 cm2, 25 
cm2, 30 cm2, 35 cm2, 40 cm2, 45 cm2, or 50 cm2), more 
typically about 50 cm2 to about 125 cm2 (e.g., 75 cm2, 80 
cm2, 85 cm2, 90 cm2, or 110 cm2), although tumors smaller 
than 3 cm2 or larger than 300 cm2 can be treated With the 
inventive method. When injecting the pharmaceutical com 
position directly into a target tissue, a single application can 
comprise about 100 pl to about 20 ml of the pharmaceutical 
composition, preferably about 250 pl to about 10 ml, more 
preferably about 500 pl to about 5 ml (e.g., 1 ml, 2 ml, or 3 
ml). Ideally, When administering multiple applications of a 
single dose via injection, each application contains about 1 
ml of pharmaceutical composition. 

[0073] Thus, in a single dose of the pharmaceutical com 
position involving, for example, an ElA/ElB/E3/E4-de? 
cient adenoviral vector comprising the nucleic acid sequence 
encoding human TNF-ot under the control of EGR-l pro 
moter (such as that described in International Patent Appli 
cation WO 02/00906), about l><l08-l><l0l2 adenoviral par 
ticles are administered to a tumor With an estimated volume 

of about 3 cm2 to about 150 cm2. Under these conditions, a 
substantial level of TNF-ot production is achieved in the 
target tissue Without producing the negative side effects 
associated With systemic administration of the TNF-ot pro 
tein. 

Radiation Therapy 

[0074] A typical course of treatment for most types of 
cancer is radiation therapy. Radiation therapy uses a beam of 
high-energy particles or Waves, such as X-rays and gamma 
rays, to eradicate cancer cells by inducing mutations in 
cellular DNA. In that cancer cells divide more rapidly than 
normal cells, tumor tissue is more susceptible to radiation 
than normal tissue. Radiation also has been shoWn to 
enhance exogenous DNA expression in exposed cells. In a 
preferred embodiment, the inventive method further com 
prises administering a dose of radiation to a patient over the 
therapeutic period. Intratumoral delivery of the nucleic acid 
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sequence encoding TNF-ot and confocal radiation to the 
tumor site results in localized delivery of tWo potent anti 
cancer treatment modalities. When the nucleic acid 
sequence encoding TNF-ot is operably linked to a radiation 
inducible promoter, radiation potentiates TNF-ot production 
and maintains therapeutic levels of TNF-ot at the tumor site 
continuously throughout the period of radiation therapy, in 
addition to the additive or synergistic effect of radiation and 
TNF-ot observed in eradicating tumor cells (see, for 
example, Hersh et al., Gene Therapy, 2, 124-131 (1995), and 
KaWashita et al., Human Gene Therapy, 10, 1509-1519 
(1999)). 
[0075] Any type of radiation can be administered to a 
patient, so long as the dose of radiation is tolerated by the 
patient Without signi?cant negative side-effects. Suitable 
types of radiotherapy include, for example, ioniZing (elec 
tromagnetic) radiotherapy (e.g., X-rays or gamma rays) or 
particle beam radiation therapy (e.g., high linear energy 
radiation). loniZing radiation is de?ned as radiation com 
prising particles or photons that have suf?cient energy to 
produce ionization, i.e., gain or loss of electrons (as 
described in, for example, US. Pat. No. 5,770,581). The 
effects of radiation can be at least partially controlled by the 
clinician. The dose of radiation is preferably fractionated for 
maximal target cell exposure and reduced toxicity. Radiation 
can be administered concurrently With radiosensitiZers that 
enhance the killing of tumor cells, or With radioprotectors 
(e.g., IL-1 or IL-6) that protect healthy tissue from the 
harmful effects of radiation. Similarly, the application of 
heat, i.e., hyperthermia, or chemotherapy can sensitiZe tissue 
to radiation. 

[0076] The source of radiation can be external or internal 
to the patient. External radiation therapy is most common 
and involves directing a beam of high-energy radiation to a 
tumor site through the skin using, for instance, a linear 
accelerator. While the beam of radiation is localiZed to the 
tumor site, it is nearly impossible to avoid exposure of 
normal, healthy tissue. HoWever, external radiation is usu 
ally Well tolerated by patients. Internal radiation therapy 
involves implanting a radiation-emitting source, such as 
beads, Wires, pellets, capsules, and the like, inside the body 
at or near the tumor site. Such implants can be removed 
folloWing treatment, or left in the body inactive. Types of 
internal radiation therapy include, but are not limited to, 
brachytherapy, interstitial irradiation, and intracavity irra 
diation. lntemal radiotherapy is particularly suited for can 
cer treatment using adenoviral vectors in that the pharma 
ceutical composition of the inventive method can be 
incorporated in or on the implanted structures, thereby 
alloWing administration of tWo forms of cancer therapy 
simultaneously. A less common form of internal radiation 
therapy is radioimmunotherapy Wherein tumor-speci?c anti 
bodies bound to radioactive material is administered to a 
patient. The antibodies seek out and bind tumor antigens, 
thereby effectively administering a dose of radiation to the 
relevant tissue. 

[0077] No matter the method of administration, the total 
dose of radiation administered to a patient in the context of 
the present invention preferably is about 5 Gray (Gy) to 
about 70 Gy. More preferably, about 10 Gy to about 65 Gy 
(e.g., about 15 Gy, 20 Gy, 25 Gy, 30 Gy, 35 Gy, 40 Gy, 45 
Gy, 50 Gy, 55 Gy, or 60 Gy) are administered over the course 
of treatment. While a complete dose of radiation can be 
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administered over the course of one day, the total dose is 
ideally fractionated and administered over several days. 
Desirably, radiotherapy is administered over the course of at 
least about 3 days, e.g., at least 5, 7, 10, 14, 17, 21, 25, 28, 
32, 35, 38, 42, 46, 52, or 56 days (about 1-8 Weeks). 
Accordingly, a daily dose of radiation Will comprise 
approximately 1-5 Gy (e.g., about 1 Gy, 1.5 Gy, 1.8 Gy, 2 
Gy, 2.5 Gy, 2.8 Gy, 3 Gy, 3.2 Gy, 3.5 Gy, 3.8 Gy, 4 Gy, 4.2 
Gy, or 4.5 Gy), preferably 1-2 Gy (e.g., 1.5-2 Gy). The daily 
dose of radiation should be suf?cient to induce expression of 
the nucleic acid sequence if operably linked to a radiation 
inducible promoter. If stretched over a period of time, 
radiation preferably is not administered every day, thereby 
alloWing the patient to rest and the effects of the therapy to 
be realiZed. For example, radiation desirably is administered 
on 5 consecutive days, and not administered on 2 days, for 
each Week of treatment, thereby alloWing 2 days of rest per 
Week. HoWever, radiation can be administered 1 day/Week, 
2 days/Week, 3 days/Week, 4 days/Week, 5 days/Week, 6 
days/Week, or all 7 days/Week, depending on the response of 
the patient to therapy and any potential side effects. Radia 
tion therapy can be initiated at any time in the therapeutic 
period. Preferably, radiation is initiated in Week 1 or Week 2, 
and is administered for the remaining duration of the thera 
peutic period. For example, radiation is administered in 
Weeks 1-6 or in Weeks 2-6 of a therapeutic period compris 
ing 6 Weeks for treating, for instance, a solid tumor. Alter 
natively, radiation is administered in Weeks 1-5 or Weeks 2-5 
of a therapeutic period comprising 5 Weeks. 

[0078] In some embodiments, such as those instances 
Wherein the nucleic acid sequence encoding TNF-ot is 
operably-linked to a radiation-inducible promoter, the 
inventive method comprises exposing the tumor to radiation 
immediately folloWing administration of the pharmaceutical 
composition in a dose suf?cient to upregulate the activity of 
the promoter, although up to tWo months can pass betWeen 
radiation exposure and administration of the pharmaceutical 
composition. Care should be taken such that Wounds result 
ing from the tumor or administration of the pharmaceutical 
composition (i.e., ulcers) are healed or shielded from exces 
sive radiation exposure. Desirably, at least one application of 
radiation is administered on the day the pharmaceutical 
composition is administered. Most preferably, the target site 
is exposed to radiation about 30 minutes to about 6 hours 
(e.g., about 3 hours), preferably about 1-4 hours (e.g., about 
1-2 hours), folloWing administration of the pharmaceutical 
composition, especially When the adenoviral vector (e.g., the 
replication-de?cient adenoviral vector) comprises a nucleic 
acid sequence encoding TNF-ot, Which is operably linked to 
a radiation-inducible promoter, so as to maximally upregu 
late activity of the radiation-inducible promoter and the 
consequent production of TNF-ot. Of course, When internal 
sources of radiation are employed, e.g., brachytheraphy or 
radio-immunotherapy, the exposure time typically Will 
increase, With a corresponding decrease in the intensity of 
radiation. 

Timing of Administration 

[0079] The proliferative nature of cancer impedes the 
complete elimination of the disease from the body. No 
matter the treatment, a single dose of a therapeutic agent is 
not likely to accomplish a complete anti-cancer effect, as 
surviving cancer cells replicate quickly. Indeed, as With most 
chronic diseases, prolonged treatment involving multiple 
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doses of a therapeutic agent may be required. Accordingly, 
in one embodiment, the inventive method comprises deliv 
ering multiple doses of pharmaceutical composition over a 
period of time (i.e., a therapeutic period). 

[0080] TWo timing issues exist With respect to the inven 
tion: the total therapeutic period, in other Words, the entire 
length of time over Which treatment occurs, and the time 
betWeen the administration of the doses of pharmaceutical 
composition and/or adjuvant therapies. Ideally, the thera 
peutic period is not longer than about 10 Weeks in length, 
such as a therapeutic period comprising about 1-10 Weeks in 
length, although it can be shorter than 1 Week (e.g., 1, 2, 3, 
4, 5, or 6 day(s)) or longer than 10 Weeks (e.g., 12, 14, 16, 
or 18 Weeks). Preferably, the therapeutic period is from 
about 2-9 Weeks (i.e., about 2, 3, 4, 5, 6, 7, 8, or 9 Weeks in 
length), more preferably about 3-8 Weeks (e.g., 4-7 Weeks), 
and most preferably about 5-6 Weeks in length. Atherapeutic 
period of 5-7 Weeks provides suf?cient time to effectively 
attack the cancer While not being so long as to jeopardize 
patient compliance. 

[0081] With respect to the administration of multiple 
doses of the pharmaceutical composition, preferably a dose 
is administered about once a Week throughout the therapeu 
tic period. The start of therapy can require more frequent 
dosing, e.g., a single dose is administered tWo days/Week, 
three days/Week, four days/Week, ?ve days/Week, six days/ 
Week, or seven days/Week (daily administration). Ideally, at 
least tWo doses are administered during Week 1 of the 
therapeutic period and, if necessary, also during Week 2. 
Thereafter, a single dose of the pharmaceutical composition 
can be administered each remaining Week of the therapeutic 
period. HoWever, as the timing of administrations Will rely 
on several factors, such as tolerance of the patient to the 
treatment, the extent of the disease, the availability of the 
clinician, etc., it is acceptable for more than one Week to pass 
betWeen doses. For example, a dose can be administered 
every 10 days, bi-Weekly, every 18 days, tri-Weekly, every 
25 days, once a month, or bimonthly. Preferably, the mul 
tiple doses of the pharmaceutical composition are adminis 
tered such that the level of TNF-ot remains above back 
ground levels during the therapeutic period. 

[0082] Indeed, the timing of administration is selected 
such that gene expression (i.e., expression of the TNF-ot 
coding sequence) occurs, and the desired biological effect is 
realiZed. Accordingly, the timing of administration can be 
optimiZed for reducing a particular tumor type. For instance, 
if the tumor is large and diffuse, such as soft tissue sarcoma, 
the therapeutic period desirably comprises up to ?ve Weeks, 
With tWo doses of pharmaceutical composition administered 
in Week 1, and one dose of the pharmaceutical composition 
administered in each subsequent Week (e. g., Weeks 2-5). For 
smaller, compact solid tumors, the therapeutic period desir 
ably comprises up to six Weeks, With tWo doses of pharrna 
ceutical composition administered in Weeks 1-2, and one 
dose of pharmaceutical composition administered in each 
subsequent Week (e. g., Weeks 3-6). In either case, When tWo 
doses of pharmaceutical administration are administered in 
one Week, the doses preferably are administered on day 1 
and day 4 of treatment. 

[0083] In some embodiments, it may be advantageous to 
employ a method of administering the pharmaceutical com 
position Wherein a dose is continuously administered to the 
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target tissue over a prolonged period of time. For example, 
continuous perfusion of the target tissue With the pharrna 
ceutical composition may be desirable. Accordingly, the 
inventive method can comprise contacting the target tissue 
(e.g., tumor) at least once during the therapeutic period. In 
other Words, a single administration of a dose of pharma 
ceutical composition is delivered over a prolonged period of 
time such as, for example, 1-10 Weeks in length, although it 
can be shorter than 1 Week (e.g., 1 day, 2 days, 3 days, 4 
days, 5 days, 6 days, 2 Weeks, 3 Weeks, 4 Weeks, 5 Weeks, 
6 Weeks, 7 Weeks, 8 Weeks, or 9 Weeks) or longer than 10 
Weeks (e.g., 12, 14, 16, or 18 Weeks). Such a delivery 
strategy can be accomplished through, for instance, incor 
poration of the pharmaceutical composition in a sustained 
release device or reservoir and implantation into the patient. 

Other Considerations 

[0084] The inventive method provides an e?icient and safe 
therapeutic regimen for delivering TNF -0t to a human for the 
prophylactic or therapeutic treatment of disease. Ideally, the 
inventive method promotes inhibition of tumor cell prolif 
eration, the inhibition of tumor vasculariZation, the eradica 
tion of tumor cells, and/or a reduction in the siZe of at least 
one tumor such that a human is treated for cancer. By 
“treatment of cancer” is meant alleviation of cancer in Whole 
or in part. Several parameters to be considered in adminis 
tering TNF-ot to a human patient using adenoviral-mediated 
gene transfer are discussed herein. The proper combination 
of parameters for a particular situation can be established by 
the clinician. The progress of the inventive method in 
treating cancer (e.g., reducing tumor siZe or eradicating 
cancerous cells) can be ascertained using any suitable 
method, such as those methods currently used in the clinic 
to track tumor siZe and cancer progress. Tumor siZe can be 
?gured using any suitable technique, such as measurement 
of dimensions, or estimation of tumor volume using avail 
able computer softWare, such as FreeFlight softWare devel 
oped at Wake Forest University that enables accurate esti 
mation of tumor volume. Tumor siZe can be determined by 
tumor visualiZation using, for example, CT, ultrasound, 
SPECT, spiral CT, MRI, photographs, and the like. Mea 
surement of tumor siZe, detection of neW tumors, tumor 
antigens, or markers (e.g., CEA, PSA, or CA-125), biopsy, 
surgical doWnstaging, PET scans, and the like can point to 
the overall progression (or regression) of cancer in a human. 
Radioimmunodetection (RAID) is used to locate and stage 
tumors using serum levels of markers (antigens) produced 
by and/or associated With tumors (“tumor markers”), e.g., 
carcinembryonic antigen (CEA), and can be useful as both 
a pre-treatment diagnostic predicate and a post-treatment 
diagnostic indicator of recurrence. RAID technology in 
combination With endoscopic detection systems ef?ciently 
distinguishes small tumors from surrounding tissue (see, for 
example, U.S. Pat. No. 4,932,412). Biopsy is particularly 
useful in detecting the eradication of cancerous cells Within 
a tissue. 

[0085] Preferably, the inventive method reduces the siZe 
ofa tumor at least about 5% (e.g., at least about 10%, 15%, 
20%, or 25%). More preferably, tumor siZe is reduced at 
least about 30% (e.g., at least about 35%, 40%, 45%, 50%, 
55%, 60%, or 65%). Even more preferably, tumor siZe is 
reduced at least about 70% (e.g., at least about 75%, 80%, 
85%, 90%, or 95%). Most preferably, the tumor is com 
pletely eliminated. In addition, tumor siZe is reduced as a 
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result of the inventive method preferably Without signi?cant 
adverse events in the human. Adverse events are categorized 
or “graded” by the Cancer Therapy Evaluation Program 
(CTEP) of the National Cancer Institute (NCI), With Grade 
0 representing minimal adverse side effects and Grade 4 
representing the most severe adverse events. The NCI tox 
icity scale (published April 1999) and Common Toxicity 
Criteria Manual (updated August 1999) is available through 
the NCI, e.g., through the NCI internet Website at http:// 
WWW.ctep.info.nih.gov or in the lnvesligalar’s Handbook 
for participants in clinical trials of investigational agents 
sponsored by the Division of Cancer Treatment and Diag 
nosis, NCI (updated March 1998). Desirably, the inventive 
method is associated With minimal adverse events, eg 
Grade 0, Grade 1, or Grade 2 adverse events, as graded by 
the CTEP/NCI. HoWever, as discussed herein, reduction of 
tumor siZe, although preferred, is not required in that the 
actual siZe of tumor may not shrink despite the eradication 
of tumor cells. Eradication of cancerous cells is suf?cient to 
realiZe a therapeutic effect. Likewise, any reduction in tumor 
siZe is su?icient to realiZe a therapeutic effect. 

[0086] Detection, monitoring, and rating of various can 
cers in a human are further described in Cancer Facts and 

Figures 2001, American Cancer Society, NeW York, N.Y., 
and International Patent Application WO 01/24684. Accord 
ingly, a clinician can use standard tests to determine the 
ef?cacy of the various embodiments of the inventive method 
in treating cancer. HoWever, in addition to tumor siZe and 
spread, the clinician also should consider quality of life and 
survival of the patient in evaluating ef?cacy of treatment. 

[0087] The inventive method can be performed in com 
bination With other therapeutic methods to achieve a desired 
biological effect in a patient. In one embodiment, the phar 
maceutical composition is administered before, during, or 
after surgical resection of a tumor. Complete surgical 
removal of tumor tissue is often complicated by invasion of 
the tumor tissue into surrounding tissues and inde?nite 
margins of the mass. As described herein, treatment of a 
tumor using the inventive method leads to tumor shrinkage, 
Which Will facilitate resection. Moreover, post-surgical 
administration of the pharmaceutical composition (using the 
inventive method) can eliminate any residual tumor cells. 

[0088] Like surgical resection, chemotherapy is a standard 
treatment for most cancer types. Accordingly, the inventive 
method can be performed in parallel, before, or after chemi 
cal-based therapies. Common chemotherapeutics include, 
but are not limited to, adriamycin, asparaginase, bleomycin, 
busulphan, cisplatin, carboplatin, carmustine, capecitabine, 
chlorambucil, cytarabine, cyclophosphamide, camptothecin, 
dacarbaZine, dactinomycin, daunorubicin, dexraZoxane, 
docetaxel, doxorubicin, etoposide, ?oxuridine, ?udarabine, 
?uorouracil, gemcitabine, hydroxyurea, idarubicin, ifosfa 
mide, irinotecan, lomustine, mechlorethamine, mercaptopu 
rine, meplhalan, methotrexate, mitomycin, mitotane, mitox 
antrone, nitrosurea, paclitaxel, pamidronate, pentostatin, 
plicamycin, procarbaZine, rituximab, streptoZocin, tenipo 
side, thioguanine, thiotepa, vinblastine, vincristine, vinorel 
bine, taxol, transplatinum, 5-?uorouracil, and the like. 

[0089] The inventive method can be performed alongside 
hormone therapy, Which is the manipulation of hormone 
levels in the body to treat disease. Many cancers are some 
hoW affected by the levels of hormones in the body and, as 

Jul. 19, 2007 

such, typical therapeutics associated With hormone therapy, 
e.g., tamoxifen, Work to reduce the level circulating hor 
mones and/or interrupt the binding of hormones to hormone 
receptors. 

[0090] Hyperthermia, by de?nition, is increasing the 
body’s temperature as a means of therapy. Studies shoW that 
hyperthermia is an effective adjuvant therapy by enhancing 
the effects of chemotherapy, radiotherapy, and immuno 
therapy (Ito et al., Cancer Gene Therapy, 8(9), 649-654 
(2001)). The temperature of speci?c region of the body, such 
as a tumor site, can be raised by a heating device (e.g., a 
device that emits microWaves) or by administering a toxin to 
induce fever or in?ammation. Particles that are induced to 
emit heat also can be administered to the patient such that 
the area of treatment is localiZed and internal. Magnetic 
particles have been shoWn to generate heat under an alter 
nating magnetic ?eld (AMF) by hysteresis loss (Ito et al, 
supra). Submicron particles such as these can be adminis 
tered to the target tissue and activated by AMF. If desired, 
the nucleic acid sequence encoding TNF-ot can be operably 
linked to a promoter responsive to heat or AMF irradiation, 
thereby providing an additional safety measure in that 
TNF-ot production is localiZed to target tissue. 

[0091] The folloWing examples further illustrate the 
invention but, of course, should not be construed as in any 
Way limiting its scope. 

EXAMPLE 1 

[0092] This example demonstrates the safety and ef?cacy 
of the pharmaceutical composition of the present invention 
comprising (i) a pharmaceutically acceptable carrier and (ii) 
an adenoviral vector comprising a nucleic acid sequence 
encoding TNF-ot operably linked to a radiation-inducible 
promoter, Wherein the dose comprises from about 4><109 to 
about 4><10ll particle units (pu) of adenoviral vector, in a 
clinically-relevant animal model. 

[0093] Preclinical toxicology studies Were performed in 
nude mice (nu/nu) bearing a human SQ-20B squamous cell 
carcinoma Zenograft (n=80) and Balb/c mice (n=100). Ten 
nu/nu mice/sex/group in four groups totaling 80 mice Were 
used in the study. The four groups consisted of: 1) vehicle 
control, 2) vehicle control plus radiation, 3) pharmaceutical 
composition comprising 4><109 pu of adenoviral vector plus 
radiation, and 4) pharmaceutical composition comprising 
4><10 pu of adenoviral vector plus radiation. Doses of 
vehicle or pharmaceutical composition comprising adenovi 
ral vectors Were administered by intratumoral injection (20 
pl into 2 sites, 40 pl total) into established SQ-20B human 
squamous cell tumors from 0.4 cm to 0.6 cm in diameter. 
Ten Balb/c mice/sex/ group With 5 groups totaling 100 mice 
also Were used in the study. The groups included: 1) vehicle 
control, 2) vehicle plus radiation control, 3) pharmaceutical 
composition comprising 4><109 pu of adenoviral vector pluls 
radiation, 4) pharmaceutical composition comprising 4><10 
pu of adenoviral vector plus radiation, and 5) pharmaceutical 
composition comprising 4><10ll pu of adenoviral vector plus 
radiation. Doses of vehicle or pharmaceutical composition 
Were administered by (i) subcutaneous (s.c.) injection into 
the right hind limb of each Balb/c mouse or (ii) intratumor 
ally in nu/nu mice on days 0, 3, 7, and 10 in conjunction With 
radiation doses of 5 Gy/fraction administered daily on Days 
0 through 4 and Days 7 through 11 (total dose 50 Gy) 
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starting 4 hr after injection. Radiation Was to (i) the right 
hind limb of Balb/ c mice or (ii) the tumor site of nu/nu mice 
With the rest of the body shielded. 

[0094] The adenoviral vectors comprised an E1A/E1B/E3/ 
E4-de?cient adenoviral serotype 5 viral backbone compris 
ing the coding sequence for human TNF-ot located in the E1 
region and operably linked to the EGR-l promoter. The 
adenoviral vector further comprised a spacer sequence in the 
E4 region. Clinical cage-side observations, food consump 
tion, hematology and chemistry, and clinical pathology Were 
evaluated. Subjects Were necropsied on days 14 and 28. 

[0095] In addition, a pharmacokinetics study in nude mice 
(n=33) Was performed. The mice Were intratumorally 
injected With a dose of pharmaceutical composition com 
prising 4><109 pu of the adenoviral vector on days 0-2 or 
daily 5 days/Week for tWo Weeks, With or Without radiation 
therapy as described above. Subjects Were sacri?ced on days 
3 or 28. TNF-ot levels in plasma and tumor tissue Were 
quanti?ed by ELISA. 

[0096] Doses of up to 350 times the maximum dose 
recommended for clinical studies (on a per kg Weight basis) 
Were Well tolerated Without signi?cant toxicity. Erythema of 
the skin at the injection site in all dose groups Was observed 
in both Balb/c and nu/nu mice and is consistent With the 
erythema reported after s.c. administration of soluble recom 
binant human TNF in humans. The majority of the other 
toxicities observed Were found in the highest dose group 
(4x10 pu) and Were independent of radiation. These tox 
icities consisted of a local reaction including ulceration, 
alopecia, and skin discoloration. Any observed systemic 
reactions Were statistically signi?cantly different When com 
paring the treatment group to the vehicle-treated controls; 
hoWever, the changes in these parameters compared to 
normal levels Were not considered of toxicological signi? 
cance. No mice died or had signi?cant toxicities When 
administered pharmaceutical composition comprising 4><109 
or 4><101O pu of adenoviral vector in combination With 50 Gy 
of radiation. In addition, intratumoral delivery of the phar 
maceutical composition in combination With radiation 
therapy resulted in signi?cant and sustained levels of TNF-ot 
in tumor homogenates Without “spill over” into plasma, and 
demonstrated pronounced anti-neoplastic activity. Indeed, 
radiation increased intra-tumoral levels of TNF-ot 12-fold. 

[0097] The above-described results demonstrate the safety 
and ef?cacy of the inventive pharmaceutical composition 
and method in animal models deemed in the art as reason 
ably predictive of success in humans. 

EXAMPLE 2 

[0098] This example illustrates use of the inventive 
method to therapeutically treat cancer in a human as indi 
cated by siZe reduction of tumor mass. 

[0099] Patients With solid tumors accessible for repeated 
intratumoral injections Were selected for treatment using the 
inventive method. These patients had failed one or more 
prior therapies. Patients Were injected intra-tumorally With a 
pharmaceutical composition comprising one of ?ve dose 
levels of the TNF-ot coding sequence-containing adenoviral 
vector described in Example 1 (4><109-4><10ll pu in 1/2 log 
increments) over a maximum 6-Week therapeutic period. 
Several patients comprised a lesion treated by radiation only, 

Jul. 19, 2007 

Which served as a control. A single dose of pharmaceutical 
composition Was administered via multiple injections to the 
tumor on day 1 and day 4 of Weeks 1 and 2 of the therapeutic 
period, and once Weekly for Weeks 3-6. For each dose, the 
multiple injections Were administered in a pattern such that 
the injections Were equally spaced around the periphery of 
the tumor. For example, injections Were administered to the 
tumor in the folloWing pattern: 12 o’clock, 3 o’clock, 6 
o’clock, and 9 o’clock positions and an anterior-posterior or 
dorsal-caudal position for each administration in Week 1, (b) 
1 o’clock, 4 o’clock, 7 o’clock, and 10 o’clock positions, and 
an anterior-posterior or dorsal-caudal position for the ?rst 
administration in Week 2, (c) 2 o’clock, 5 o’clock, 8 o’clock, 
and 11 o’clock positions, and an anterior-posterior or dorsal 
caudal position for the second administration in Week 2, and 
repeating (a)-(c) around the periphery of the tumor With each 
subsequent dose administration. Concomitant radiation 
therapy started on Week 2 and Was administered for ?ve 
consecutive days, and not administered for tWo days, for 
each remaining Week of the therapeutic period, achieving a 
total dose of 30-70 Gy. Tumor siZe Was calculated at the end 
of treatment and, if possible, 2-3 months post-treatment. 

Tumor Response 

Index % change of Response 
Patient Cancer Lesion Site tumor size Index 

1 NSCLC Breast —62% PR 
2 Breast Chest Wall — 100% CR 

3 Pancreas Pancreas Bed —62% PR 
4 Colon Peritoneum —17% SD 
5 Breast Supraventrical —23% SD 
6 Head/Neck Mandibular —17% SD 
7 Rectal Rectal —100% CR 
8 Head/Neck Head/Neck Not Evaluable Not Evaluable 
9 Breast Breast Not Evaluable Not Evaluable 

10 Pancreas Pancreas —29 MR 
11 Colon Groin —3 8 MR 
12 NSCLC Supraclavicular —60 PR 
13 Melanoma Axilla —100 CR 
14 Sarcoma Skin Not Evaluable Not Evaluable 
16 Head/Neck Oropharynx Not Evaluable Not Evaluable 
17 Sarcoma Mediastinum —47 MR 
18 Bladder Axilla —32 MR 
19 NSCLC Axilla —56 PR 
20 Pancreas Pancreas >125 PD 
21 Melanoma Pelvis 
22 Breast Thorax 0 SD 
23 Rectal Rectum —59 PR 
24 Colorectal Pelvis 0 SD 
25 Lung Kidney >—50 PR 
26 Melanoma Axilla +6 SD 
27 Pancreas Jejenuln —50 PR 

[0100] Regarding safety, no dose-limiting toxicity Was 
observed over the range of doses of adenoviral vectors 
tested. No drug-related serious adverse events Were experi 
enced by the patients, While minimal adverse events 
included injection site pain and chills. Signi?cant increases 
in TNF-ot levels in serum above baseline Were not observed 
(1-50 pg/ml) at all time points tested. No virus Was detected 
in cultures taken from blood or urine, and antibody titer 
against the vector did not increase in seven of eight patients 
tested. 

[0101] Regarding ef?cacy of the treatment protocol, a 
summary of the tumor responses is provided in the table 
beloW, Wherein the folloWing abbreviations have the indi 






