
Description INACTIVATION OF A PATHOGEN IN A SAMPLE BY
A TREATMENT WITH FORMALIN AND UV LIGHT FIELD OF THE
INVENTION [001] The present invention relates to a
method for inactivating viruses by treating a virus
containing sample with an effective concentration of
formalin and by treating the sample with an effective
dose of UV light in a flow-through apparatus.
BACKGROUND OF THE INVENTION [002] Effective
inactivation of pathogens in medical products has been
a public health concern since it was discovered that
previously unknown diseases can be spread quickly
through the administration of therapies. Therefore,
biotechnological products are coming under
increasingly stringent standards intended to decrease
the risk of transmitting agents by their use.
Potential contaminants not only are a problem in the
manufacture of blood products but also in the
production of safe vaccines. [003] One of the most
critical steps in the production of vaccines against
pathogens, in particular viral vaccines, is viral
inactivation. In the case of virus inactivation,
formalin is the most frequently used inactivating
agent in the manufacture of vaccines. The formalin
inactivation step has been validated with established
analytical procedures. However, the introduction of
highly stringent quality control tests such as
mammalian cell culture tests, e.g., the Vera safety
test, has demonstrated evidence of residual
infectivity in some cases. In an effort to eliminate
this residual infectivity mechanical disruption of
aggregates and/or filtration turned out to be
unsuccessful.[004] As an alternative to formalin
treatment, UV inactivation has been considered for
integration into the manufacturing process. The use of
ultraviolet irridationinactivation for human vaccines
has been demonstrated before. Milzer et al. (Am. J.
Pub. Health (1954) 44:26-33) and Wolf et al. (JAMA
(1956) 161 :775-81 ) have reported on immunogenicity
results from studies in humans where they used UV
inactivated poliomyelitis vaccine. Poliovirus is an
unenveloped picomavirus, with a positive single
stranded RNA genome in a single segment. As the viral
genome is more susceptible to UV-damage than viral
surface antigens, in the case of polio te viral capsid
proteins, UV-inactivation was shown to have little
negative effect on the biochemical characteristics or
immunogenicity of the product. The targets for UV
inactivation are primarily nucleic acids in contrast
to proteins which are targeted by formalin. By
combining formalin and UV-inactivation, scientists
tried to overcome the limitations of isolated
UV-inactivation or formalin-inactivation,
respectively, when inactivating the particularly
resilient poliovirus. See, e.g., McLean, et al., "
Experiences in the Production of Poliovirus Vaccines,"
Prog. Med. Virol., vol 1, pp. 122-164 (1958.) [005] UV
radiation technologies have a broad application range
in food, pharmaceutical, cosmetics and beverage
industry, and drinking water. UV disinfection is a
physico-chemical process, wherein covalent bonds of
the cyclic molecules of the purine and pyrimidine
bases are disrupted by the excitation energy of the UV
wavelength radiation, damaging the nucleic acids and
the genetic information that they encode.
Microorganisms such as bacteria and yeasts, etc., as
well as viruses that are exposed to effective UVC (100
to 280 nm) radiation are inactivated within seconds.
Consequently, successful disinfection depends on the
reduction-equivalent irradiation dose. The mean
microbicidal irradiation dose expressed in J/m2 is
measured in the irradiation zone using a biodosimeter.
However, UV-inactivation alone is not suitable for
producing safe and effective vaccine. [006] Taylor et
al. (J. Immunol. (1957) 79:265-75) describe the
inactivation of poliomyelitis virus with a formalin
and ultraviolet combination. Molner et al. (Am. J.
Pub. Health (1958) 48:590-8) describe the formation of
a measurable level of circulating antibodies in the
blood of subjects vaccinated with ultraviolet-formalin
inactivated polyomyelitis vaccine. Truffelli et al.
(Appl. Microbiol. (1967) 15:516-27)report on the
inactivation of Adenovirus and Simian Virus 40
Tumorigenicty in hamsters by a three stage
inactivation process consisting of formalin, UV light
and b- propiolactone. Miyamae (Microbiol. Immunol.
(1986) 30:213-23) describes the preparation of
immunogens of Sendai virus by a treatment with UV rays
and formalin. None of the concepts described above has
ever been adopted for general use in vaccine
production, although there has been an ever-present
need for the production of safe and efficacious
vaccines on an industrial scale. In addition, none of
the cited studies employed a safety test for
determining the residual infectivity of the
"inactivated viruses" that is as sensitive as the Vera
safety test used in the present study. [007]
Surprisingly, the inventors have found that a
combination of formalin and UV inactivation steps can
be utilized to fully inactivate virus in a bulk virus
production in a high-volume throughput system for the
manufacture of inactivated virus for vaccine
preparation on an industrial scale. This has also been
shown with a high-titer 



concentrated viral preparation as used in the
examples, where no residual viral activity is detected
using the very sensitive Vera cell culture test. The
inventors have also surprisingly demonstrated that
this method works particularly well for enveloped
viruses, such as orthomyxoviruses, as compared to the
unenveloped viruses, such as the polio picornavirus.
This discovery has important implications for the
rapid production of safe, highly immunogenic vaccines
for emerging and rapidly changing viral diseases such
as interpandemic and pandemic influenza
strains.SUMMARY OF THE INVENTION [008] It is an object
of the present invention to provide a method which
allows a highly efficient and safe inactivation of a
virus contained in a sample while retaining a high
antigenicity and immunogenicity of the inactivated
virus. Particularly, the method of the present
invention utilizes a formalin inactivation step in
concert with a UV inactivation step in a high-volume
throughput system to produce high-antigen content,
safe bulk viral preparation for use in vaccine
manufacture. DETAILED DESCRIPTION OF THE INVENTION
[009] According to one aspect of the invention, the
object is solved by providing a method for
inactivating a virus contained in a sample, comprising
the steps of (i) treating the sample with an effective
concentration of formalin, and (ii) subjecting the
sample with an effective dose of UV light in a
flow-through apparatus, wherein step (i) is performed
prior to step (ii) or vice versa. Preferably, the flow
rate of the sample through the apparatus is from about
50 litres per hour to about 1000 litres per hour.
[010] In another preferred aspect of the method for
inactivating the virus to be inactivated is an
enveloped virus or an enveloped RNA virus,
respectively, and the enveloped virus or the enveloped
RNA virus, respectively, is wholly inactivated. [011]
According to another aspect it is provided a method
for inactivating a virus contained in a sample,
comprising the steps of (i) treating the sample with
an effective concentration of formalin, and (ii)
subjecting the sample with an effective dose of UV
light in a flow-through apparatus comprising a UV lamp
and a thin layer chamber in the apparatus that is
substantially perpendicular to the diameter of the UV
lamp, wherein step (i) is performed prior to step (ii)
or vice versa, wherein the sample is passed through
the thin layer chamber of the apparatus in step (ii).
[012] In a preferred embodiment of the invention the
sample is treated with an effective dose of UV light
in a flow-through apparatus after it has been treated
with an effective concentration of formalin. Although
the inventors are not bound by any theory, it is
thought that the cross-linking effects of the formalin
on the surfacemolecules of the virion stabilizes the
virus for the rigors of the high-volume fluid dynamics
of the UV inactivation flow-through apparatus. [013]
The method of inactivating according to the invention
is effective and safe as has been demonstrated in
Example 2 and 4 (A). Moreover, the method of
inactivating allows producing vaccines with high
antigenicity and immunogenicity which elicit a
protective immune response as shown in Example 4 (B).
[014] The term "sample" as used herein includes any
sample containing a pathogen or a part thereof such as
any fluids, e.g. biological fluids or solutions
originating from a cell culture process for preparing
biological, medical, or pharmaceutical products such
as blood products or vaccines. It may be a sample
comprising a biological fluid, such as blood or
plasma. It may also be a fluid containing harvested
components of a cell culture (e.g., cell or culture
media fraction of the culture). In a preferred
embodiment the sample is a fluid used in the
manufacture of a therapeutic agent e.g. in the
production of a vaccine, in which the inactivated
virus or a portion thereof is the therapeutic agent.
In particularly preferred embodiments, cell components
are separated from the sample prior to the
inactivation method, for example by filtration or
centrifugation. [015] In a preferred embodiment of the
present application the virus is produced from a
harvest of a cell culture, consisting of the
supernatant and the cells, which is further used for
the preparation of a medical product, e.g. a vaccine.
In a further embodiment of the present invention the
cells of said cell culture have been infected with the
pathogen. The cells may be primary cells or any
cultured ceil line suitable for producing the virus.
Examples of cells which may be used include mammalian
cells (e.g., CHO, BHK, VERO, HELA cells), avian cells
(e.g, chicken embryo fibroblasts, or continuous cell
lines from an avian) and insect cells (e.g.. Sf9
cells.) In preferred embodiments of the invention, the
cells and cell debris from the cell culture production
of the viral bulk are separated from the viral bulk
prior to the chemical (formalin) inactivation step
and/or the UV irradiation inactivation step. [016] In
the present invention, the viruses to be inactivated
are enveloped or unenveloped DNA or RNA viruses, with
single or double(DNA) stranded genomes,sense or
anitisense, continuous or segmented. The viruses may
be selected from the group consisting of
baculoviruses, poxviruses, adenoviruses,
papovaviruses, parvoviruses, hepadnaviruses,
coronaviruses, flaviviruses, togaviruses,
astroviruses, picornaviruses, retroviruses,
orthomyxoviruses, filoviruses, paramyxoviruses,
rhabdoviruses, arenaviruses, and bunyaviruses. In
preferred embodiments of the invention, the viruses
are selected from the group of enveloped viruses,
including, 



flaviviruses, togaviruses, retroviruses,
coronaviruses, filoviruses, rhabdoviruses,
bunyaviruses, orthomyxoviruses, paramyxoviruses,
arenaviruses, hepadnaviruses, herpesviruses, and
poxviruses. As demonstrated in Examples 6 and 7, the
inactivation methods of the invention are particularly
effective on enveloped viruses such as influenza and
Ross River viruses, as compared to unenveloped polio
and adenoviruses. In other preferred embodiments of
the invention, the viruses are selected from the group
of enveloped RNA viruses, including, flaviviruses,
togaviruses, retroviruses, coronaviruses, filoviruses,
rhabdoviruses, bunyaviruses, orthomyxoviruses,
paramyxoviruses, and arenaviruses. In one particularly
preferred embodiment, the virus is selected from the
orthomyxoviruses, for example, an influenza virus
strain: influenza virus strains may have varying
combinations of hemaglutianin and neuraminidase
surface proteins. In another particularly preferred
example, the virus is selected from the togaviruses,
for example an alphavirus such as the Ross River Virus
(RRV.) Another preferred group of viruses for use as
the bulk viral solution are the coronaviruses,
including the virus associated with Severe Acute
Respiratory Syndrome (SARS). Another group of
preferred viruses are the flaviviruses, including
Japanese Encephalitis, tick borne encephalitis (TBE),
Dengue fever virus, yellow fevers virus, and
hemorrhagic fever virus. Another preferred group of
viruses are the poxviruses, including orthopoxviruses
(such as vaccinia or modified vaccinia Ankara
viruses), and avipoxviruses. [017] Parts of an
inactivated viral pathogen are also encompassed by the
present invention. In a preferred embodiment of the
present application said parts can serve as an epitope
in an immunogen. This epitope may be used to elicit an
immune response against the pathogen. In a preferred
embodiment of the present application parts of a
pathogen are used as a vaccine against the pathogen.
In an especially preferred embodiment said parts of a
pathogen are split virions, which my be inactivated
before or after being split.[018] Within the meaning
of the present invention the method of inactivating
according to the invention is considered safe, or
wholly inactivated, when the inactivated virus
produced using the method passes a mammalian cell
culture test, for example, the safety test described
in detail in Example 2. As demonstrated these tests
are more sensitive than the other tests utilized, e.g,
the egg test. Preferred pass/fail criteria of the
safety test are detailed in Example 1 and 2. [019] In
a preferred embodiment of the present application the
virus titer reduction due to the inactivation of the
virus in the sample is at least about 1 x 105, in a
more preferred embodiment, at least about 1 x 107 in a
more preferred embodiment at least about 1 x 1010 ,
and in a most preferred embodiment at least about 1 x
1014 . [020] In a preferred embodiment of the present
invention, the sample is treated with an effective
concentration of formalin for about 12 to about 96
hours. In more preferred embodiments, the sample is
treated with an effective concentration of formalin
for about 24 to about 48 hours, and more preferably
for about 24 to about 30 hours. [021] In an especially
preferred embodiment of the present invention, the
sample is treated with an effective concentration of
formalin for about 24 to about 24.5 hours. [022] In a
further embodiment the step of treating the sample
with an effective concentration of formalin is carried
out at about 10 to about 40 0C. In an especially
preferred embodiment of the present application the
step of treating the sample with an effective
concentration of formalin is carried out at about 32
0C. [023] A preferred embodiment of the present
invention includes the treatment of the sample with an
effective concentration of formalin, wherein the
effective concentration of formalin ranges preferably
from about 0.01 % to about 1% (w/w), preferably from
about 0.01 % to about 0.1% more preferably between
about 0.025 % and about 0.1 % which corresponds to
about 92 mg/l and about 368 mg/l formalin respectively
when using a 37% formalin solution for adjusting the
effective concentration.[024] In the present
application the term "UV light" means ultraviolet
radiation having a wavelength of 100 to 400 nm. The UV
light may be selected from the group consisting of UVC
(100 to 280 nm), UVB (280 to 320 nm), and UVA (320 to
400 nm). Photosensitizing agents like those which
intercalate into the DNA and are activated by UV
light, e.g. psoralens, may be used to enhance the
inactivating effect of the UV radiation. In a
preferred embodiment of the present invention the UV
light is UVC having a wavelength of about 100 to about
280 nm. In a more preferred embodiment of the present
invention the UV light has a wavelength from about 240
to about 290 nm. In an especially preferred embodiment
of the present invention about 85% or more of the UV
light have a wavelength of about 254 nm. [025] The UV
light emission may be a continuous form of UV light
emission, e.g. mercury lamp technology, or pulsed UV
light, e.g. monochromatic laser technology. The
desired UV intensity may be generated by combining two
or more lamps. In a preferred embodiment the UV light
is emitted continuously by a lamp of about 110 W. In a
preferred embodiment illustrated in the examples, the
UV lamp has a length 



of about one meter, as does the lamp used in the
examples (950 mm.) [026] The subject matter of the
invention encompasses any effective dose of UV light,
i.e. any dose of UV light which safely inactivates a
given virus when combined with a formalin treatment as
described above. The effective dose may depend on a
variety of factors which are generally known in the
field, e.g. the physical parameters of the UV
inactivation chambers such as size and diameter of the
lamp and the chamber, distance between the virus
containing medium and the UV light source, light
absorption and reflection properties of the material
of the chamber. By the same token, the wavelength and
intensity of the UVC light as well as the contact time
the virus is exposed to the UV light is also critical
for the effective dose. Furthermore, the effective
dose is also influenced by the virus itself, the
medium containing the virus and their light absorption
properties. Preferably, the effective dose is
sufficient for killing at least 99.99% of virus
contained in the sample, more preferably inactivating
the virus to a level where no active virus is detected
in a mammalian cell culture test, preferably the test
according to Example 2, or wholly inactivated. In a
preferred embodiment using UVC light a sample
containing the virus is exposed to an effectivedose
ranging from about 5 to about 200 mJ/cm2. In a
preferred embodiment the effective dose is in the
range of about 20 to about 100 mJ/cm2, and in other
preferred embodiments the effective dose in the range
of about 40 to about 90 mJ/cm2. As a comparison, the
effective dose for killing 99.99% of pathogens present
in drinking water is about > 40 mJ/cm2. In a preferred
embodiment, the effective dose reduces an initial
virus titer by 1 x 105. In bulk vaccine inactivation,
the effective dose should be sufficient to eliminate
any residual live virus which may be present after the
initial chemical (formalin) inactivation step. As
illustrated in the examples, this may be determined by
very sensitive mammalian cell culture infection tests,
such as the Vero cell culture test described. [027]
Further preferred embodiments of the invention and in
particular of the UV light chamber are provided in the
examples. [028] In a further preferred embodiment of
the present invention the contact time of the sample
with the UV light is in the range of about 1 to about
20 seconds, preferably from about 1.4 to about 14
seconds. The contact time is preferably calculated
based on a sample which is approximately 1 mm thick
along the tangent to the light source, and the wattage
of the UV lamp of about 110 W. As one of skill in the
art will appreciate, thicker sample depths and lesser
energy (wattage) light sources would increase the
exposure time and vice versa. In a more preferred
embodiment of the present application the contact time
of the sample with the UV light is about 1.4 to about
7 seconds and in an especially preferred embodiment of
the present application the contact time of the sample
with the UV light is about 2.8 to about 4.2 seconds.
[029] In order to test whether a given set-up of the
method according to the invention employing a given UV
light dose effectively inactivates a pathogen
according to the invention, one should test the
inactivated virus for residual viral activity. This
may be accomplished by using a mammalian cell culture
test, for example the Vero safety test preferably
applying the criteria detailed in Examples 1 and
2.[030] According to the present invention the
treatment of the sample with an effective dose of UV
light is carried out in a flow-through apparatus,
preferably as specified in Table 1 and Fig. 1. [031]
In a preferred embodiment of the present invention the
flow-through apparatus contains a thin layer chamber.
The minimum thickness of the chamber should allow
sufficient flow of the bulk viral solution to allow
for reasonable swift processing, and to prevent the
disruption of virus for whole inactivated virus
vaccines. Thus, preferably, the thin layer is at least
about 0.1 mm thick for the production of whole
inactivated virus. Also, due to the absorbance of the
UV radiation by the bulk viral solution, and the need
to ensure sufficient irradiation of all virus in the
solution, the maximum thickness should not allow any
virion to pass through the apparatus without being
sufficiently irradiated. Thus, the thin layer should
not be thicker than about 1 cm thick. The thin layer
is preferably from 0.5 mm to 3 mm thick, and more
preferably about 1 mm so that the maximum distance
between the UV lamp and the pathogen to be inactivated
is less than about 1 mm. Alternatively, the sample may
be passed through the lamp parallel to the length of
the lamp, so that the sample is irradiated from the
outer diameter, rather than the inner diameter, of the
sample chamber. Similarly, a lamp within a sample
chamber within a lamp (or circle of lamps) could be
used as a configuration, irradiating the sample
chamber from both the internal and external diameters.
In addition, the chamber is preferably designed so
that the flow of the sample through the chamber is not
strictly laminar, but rather is turbid. This will
assist in mixing the virus through the sample medium,
ensuring even exposure to the UV radiation. [032] In
another preferred embodiment of the present
application the flow-through apparatus contains an UV
inactivation chamber, wherein the UV lamp has a
diameter of about 30 mm and the chamber surrounding
the UV lamp through which the 



sample flows has a diameter of about 32 mm. In a
preferred embodiment of the present application the
chamber has a total volume of about 92 ml. [033] The
sample to be irradiated can be passed through the
apparatus. In a preferred embodiment the sample is
cooled while passing the UV irradiation chamber. In a
further preferred embodiment of the present invention
the samplepassing the UV irradiation chamber has a
temperature of about 2 to about 32C, more preferably
of about 2 to about 80C. [034] Preferably, the
flow-rate of the sample in the flow-through apparatus
is in the range from about 50 to about 1000 litres per
hour, more preferably about 230 to about 480 litres.
In an especially preferred embodiment flow-rate of the
sample in the flow-apparatus is in the range from
about 230 to about 250 litres per hour, more
preferably about 240 litres per hour. These preferred
flow rates, exemplified in the examples, allow for the
economical large scale UV processing of the bulk viral
solution. [035] In a preferred embodiment, the contact
time depends on the length of the sample chamber in
which the sample is exposed to the UV radiation, and
the flow rate of the sample through the chamber. Thus,
the effective dose which can be simply adjusted by
increasing the number of UV-lamps arranged in the
flow-through apparatus, increasing the effective
length of the sample chamber exposed to UV radiation.
Alternatively, using a same number of longer
lamp-chambers will increase the effective dose, as
using a larger number of shorter lamp-chambers may be
equivalent to the same effective dose. [036] In a
further preferred embodiment of the present
application the step of subjecting the sample to an
effective dose of UV light in a flow-through apparatus
is repeated in a cyclic or serial manner. It may be
repeated for about 2 to about 10 times. In a preferred
embodiment of the present application the step of
subjecting the sample to an effective dose of UV light
in a flow-through apparatus is repeated for about 2 to
about 5 times and in a more preferred embodiment of
the present application it is repeated for about 2 to
about 3 times. An added benefit to using multiple lamp
chambers in serial, or recirculated flow through the
same lamp, is that the sample may be more thoroughly
mixed between chambers or cycles to ensure even
exposure of the virus to the UV radiation. [037] After
the virus in the sample has been inactivated, the
inactivated virus may then be purified for use in
various applications, including vaccine and other
pharmaceutical compositions. According to another
preferred embodiment of theinvention, the method of
inactivation further comprises a step of purifying the
inactivated virus in the sample to pharmaceutical
purity and formulating the purified virus into a
pharmaceutical composition for used as a vaccine.
Purification may be accomplished by means known in the
art, including, but not limited to, filtration or
diafiltration, chromatography (e.g.,, size exclusion,
ion exchange, immunoaffinity, and the like,) or
centrifugation. Alternatively, the virus may be
purified prior to inactivation by the methods of the
invention. [038] According to another preferred
embodiment of the invention, the method of
inactivation further comprises a purification step,
i.e the sample is subjected to a purification step to
remove residual formalin in the sample. Such
purification is useful if levels of formalin remain
which are higher than pharmaceutically acceptable
levels. The inactivated virus, after optional
purification steps, may then be formulated into a
pharmaceutical composition. Formulations may
optionally include carriers (e.g., physiological
saline or buffers), excipients, stabilizers (e.g.,
albumin, saccharides, and/or amino acids,) salts,
and/or adjuvants (e.g., alum). Alternatively, the
inactivated virus may be further modified for
pharmaceutical use, e.g., by encapsulation in
liposomes. [039] The present invention will be further
illustrated in the following examples, without any
limitation thereto. Having described the invention in
detail, it will be apparent that modifications and
variations are possible without departing the scope of
the invention defined in the appended claims. FIGURES
[040] Figure 1 shows an UV thin layer chamber which
may be used for the UV inactivation step of the
present invention. [041] Figure 2 shows an UV
inactivation system equipped with an UV sensor. The UV
sensor and flowmeter are optional features. In a
further embodiment of the present application the pump
and/or the flowmeter may be installed at the outlet
tube.[042] Figure 3 shows an UV inactivation system
utilizing several UV thin layer chambers (UV reactor)
connected to each other for the repeated subjecting of
the sample to an effective dose of UV light in a
flow-through apparatus. The number of UV thin layer
chambers may vary between about 2 and about 10. The UV
sensor and flowmeter are optional features. In a
further embodiment of the present application the pump
and/or the flowmeter may be installed at the outlet
tube. A continuous UV generator with serially
connected inactivation chambers may be used in a large
scale manufacturing process, thus allowing high
throughput of a sample. 



EXAMPLES Example 1: Principle of the standard egg
safety test [043] A standard egg safety test was used
to test for residual infectivity of inactivated
influenza strains. A monovalent bulk product, i.e. a
purified virus antigen after sucrose gradient
centrifugation and ultra-diafiltration, is injected
into 10 eggs (0.2 ml/egg). After incubating for 3 days
at 320C, the eggs are harvested, pooled, and again
injected into 10 eggs (0.2 ml/egg). After another
incubation step for 3 days at 320C, the eggs are
harvested, pooled, and tested for hemagglutinin (HA).
[044] The HA-test is based on the fact that Influenza
viruses can bind erythrocytes using their surface
protein hemagglutinin. The test is carried out in a
sterile environment. A suspension of Influenza viruses
with a defined HA titer serves as a positive control
and a 0.9% NaCI solution serves as a negative control.
50 ml of a 1:2 dilution in 0.9% NaCI of a sample to be
tested are given into one well of a 96-well plate. To
each well 50 ml of a solution containing chicken
erythrocytes is added. Subsequently, the plates are
incubated for 30 to 45 minutes at room temperature.
Then the hemagglutination is visually determined,
wherein, if five wells containing the same sample do
not show any hemagglutination, the sample passed the
HA test. Example 2: Principle of the standard Vero
safety test [045] The standard Vero safety test is a
highly stringent quality test for the residual
infectivity of inactivated influenza strains. The test
is also applicable to other viruses.A monovalent bulk
product, i.e. purified virus antigen after sucrose
gradient centrifugation and ultra-diafiltration, is
added to 5 Roux flasks (4 ml/flask). After incubating
for 7 days at 32C in Vero culture medium, the cell
cultures are harvested, pooled and added to 5 Roux
flasks (10 ml/flask). After another incubation step
for 7 days at 32C, the cell cultures are harvested,
pooled, and tested for hemagglutinin (HA) as described
in Example 1. Example 3: Formalin inactivation [046]
The first inactivation step with formalin is carried
out on a cell-free, infectious monovalent virus
harvest, i.e. a bioreactor harvest after clarification
via centrifugation. After the collection at 30 to 34C
the monovalent virus harvest is treated with about 0.9
to about 1. 1 U/ml Benzonase at 30 to 34C for 4 to 8
hours. Then it is treated with < 92 mg/l formalin for
24 to 24.5 hours at 32 + 2 hours. Example 4:
Inactivation experiments with a 65 Watt UV lamp [047]
A number of inactivation experiments with
formalin-inactivated viruses are carried out using an
inactivation chamber with a 65 W UV lamp and a thin
layer chamber. Although full inactivation of
monovalent virus harvest can be demonstrated when
using flow rates of 100 liter per hour for three
cycles, this setup did not allow the on-line
measurement of the UV signal. The Vero cell culture
medium used for Influenza production contains various
organic compounds being responsible for absorption of
the UV signal. Therefore, the system, is equipped with
a 110 W lamp allowing a continuous monitoring of the
UV signal during monovalent virus harvest treatment.
Example 5: Inactivation experiments with a 110 Watt UV
lamp [048] Formalin treated monovalent Influenza
Panama harvest is used as a model substrate for the
inactivation studies. For continuous inactivation with
thin layer UV technology a WEDECO VISA system
(Germany) equipped with a VISA lamp ( 1 10 W/4 V) is
used. The UV thin layer chamber is a stainless steel
1.4435 device with a 30 mm diameter quartz tube (cf.
Table 1) . A calibrated UV sensor allows
on-linecontrol of the UV signal. The UV thin layer
chamber is operated at a flow rate of 240 + 10 liter
per hour at ambient temperature. The flow rate
conditions are controlled by a calibrated flowmeter
(cf. Fig. 2). Table 1 Characteristics of the UV
inactivation chamber. [049] The monovalent harvest is
exposed to 10 UV cycles. After each cycle 20 liter of
the UV treated monovalent harvest is removed and
further purified by sucrose gradient purification
using continuous ultracentrifugation conditions with
an extended 42% sucrose gradient in 20 mM Tris-buffer
and a defined purified monovalent harvest (PMVH) from
48% to 36% sucrose using a Sorvall CC40 centrifuge
without preclarifier (Hitachi Koki Co, LTD., Tokyo,
Japan).Table 2 Overview of ultracentrifugation runs of
formalin and UV treated Influenza Panama. (A) Antigen
yield and purity [050] Influenza antigen yield and
purity are compared based on hemagglutinin content
(HA), total protein and Vero-protein (host cell
protein). The purified virus is compared on the basis
of the HA/protein ratio, host cell protein/HA ration
and virus safety (cf. Table 3). For all UV treated
harvests no viral growth can be detected. In contrast,
purified virus derived from standard formalin
inactivation process (no UV radiation applied) can be
amplified in Vera cell culture. Although a slight
reduction in the HA/protein ratio can be seen after
cycle 7 and 10, no significant difference of formalin
and double inactivated product is detected with
respect to antigen purity measured as HA/protein and
host cell protein/HA ratio.Table 3 



Sucrose gradient purified Panama virus after formalin
and UV treatment. Comparison of HA/protein ratio, host
cell protein/HA ratio and safety after 0 to 10 UV
cycles. [051] Further studies are carried out to
characterize the effect of UV inactivation on
antigenicity and immunogenicity in guinea pigs and
mice by hemagglutinin inhibition (HAI) analysis. (B)
Antigenicity [052] Antigenicity is analysed by HAI
assay against Panama specific antisera. Although
increased UV contact time results in slight loss of
HA, no negative effect is shown for the HAI titer (cf.
Table 4).Table 4 Sucrose gradient purified Panama
virus after formalin and UV treatment. Comparison of
antigenicity based on HA and HAI titer with Panama
specific antisera after Oto 10 UV cycles. (C)
Immunogenicitv [053] lmmunogenicity is analysed by
immunizing guinea pigs and mice with different
aliquots of the Purified Monovalent Virus Harvests
followed by a booster three weeks after the first
immunization. The sera of the immunized animals are
collected and pooled after three and six weeks and
analysed by HAI assay against egg-derived and
Vero-derived antigens lmmunogenicity tested in guinea
pigs and mice after 3 and 6 weeks give very promising
results, no significant difference can be seen for the
double inactivated virus versus standard formalin
treated virus (cf. Table 5).Table 5 Sucrose gradient
purified Panama virus after formalin and UV treatment
(0 to 10 cycles). Comparison of the immunogenicity
tested in guinea pigs and mice. A) after 3 weeks, B)
after 6 weeks. HAI with egg- and Vero-derived
Influenza antigen. A Number of Contact Guinea pigs
Mice UV Cycles Time (s) HAI titer after 3 weeks HAI
titer after 3 weeks Egg Vero Egg Vero 0 0 (no UV) 160
320 320 1280 1.4 160 320 320 1280 2.8 160 640 320 1280
4.2 160 320 320 1280 7.0 160 320 320 1280 9.8 160 320
320 1280 10 14 160 640 320 1280 control 40 20 80 80
B[054] The results summarized in Table 4 and Table 5
show that the UV treatment does not result in
significant differences in HAI titers demonstrating
that the antigenicity and thus immunogenicity of the
product is not affected. [055] In all double
inactivation experiments total safety can be
demonstrated even after 1 cycle of UV treatment. The
detailed investigations in laboratory and final scale
demonstrated the effectiveness of the UV irradiation
step when combined with formalin treatment. The
immunological characterization of the purified virus
antigen after UV treatment yields results comparable
to those obtained with non UV untreated product. No
negative effect on the biochemical characteristics nor
immunogenicity of the viral product can be detected.
Example 6: Virus titer reduction with formalin and/or
UV inactivation [056] The virus titer reduction by the
combined treatment of the sample with an effective
concentration of formalin and an effective
concentration of UV light in a flow-through apparatus
is tested with different viruses. The formalin
inactivation was carried out at 32C for 24 hours with
a final formalin concentration of 0.025% (w/v). The UV
inactivation in the flow-through apparatus is carried
out for 3 cycles at a flow rate of 240 I/hour. The
contact time of the sample with the UV light per cycle
is 1.4 seconds. Table 6[057] The results show that by
a combined formalin- and UV- treatment of viruses a
drastic reduction of the respective virus titers is
obtained. Example 7: UV-lnactivation of a Ross River
Virus (RRV) Candidate Vaccine [058] Ross River Virus
(RRV) is a mosquito borne alphavirus which causes a
disease in humans known as epidemic polyarthritis
(EPA). Symptoms include arthritis, particularly in the
knees and in the small joints of the hands and feet,
often accompanied by fever, rash and other
non-specific constitutional changes. Arthritis
symptoms commonly last 30 - 40 weeks and 25% of
patients still have residual symptoms 1 year after
onset. It is endemic in Australia, with more than 8000
cases each year, and throughout the Pacific region. In
1979/80 epidemics of Ross River Virus infection also
occurred in Fiji, Samoa, the Cook Islands and New
Caledonia. There is currently no vaccine existing. (A)
RRV Inoculation of Serum-free Microcarrier Based 1200
Liter Vero Cell Fermenter Cultures and Formalin
Inactivation 



[059] 1200 liter fermenter cultures of microcarrier
based serum-free Vero cells were inoculated with Ross
River production virus. The cultures were incubated
for 3 days at 37C. Samples were drawn every day for
titration. At day 3, when 100% of the cells were
destroyed by CPE (cytopathic effect) virus was
harvested. After separation of cell debris and
microcarriers from the infectious virus harvest and a
first filtration step ( 1 .2 mm/0.2 mm), benzonase was
added for degradation of nucleic acids (DNA/RNA).
Formalin inactivation was carried out with 0.1% (w/v)
formalin end concentration for eight days. A second
and a third filtration step were carried out after two
hours and 24 hours, respectively. Benzonase was added
a second time at 24 hours for removal of residual
nucleic acids. Samples were drawn for virus titration
=tissue culture infectious dose 50 (TCID 5o/ml) in
Vera cells and safety tests on C6-36 cells and Vera
cells according to Table 7. [060] One day after
inoculation of a 1200 liter fermenter with RRV, a
virus titer of log TCID 5o/ml of 5.8 could be
demonstrated, which rose to 7.8 (day 2), 8.1 (day 3
before harvest) and 8.0 after virus harvest. After
separation, first filtration and benzonase addition,
virus titers dropped to 7.5, 7.2, and 7.4,
respectively. After formalin addition, titers were
determined after removal of the cytotoxic formalin
suspension by centrifugation and resuspension of the
virus pellet (Table 7, column: TCID 50/ml TL 100). 15
minutes after formalin was added to the virus harvest,
titers dropped dramatically to 1.6. 12 h after
formalin inactivation, no more virus titer could be
demonstrated. [061] 24 hours after onset of formalin
inactivation samples were submitted to safety tests on
C6-36 cells and Vero cells. Whereas after 24 h and 26
h after inactivation 1 positive (CPE) and 4 negative
samples could be demonstrated on Vero cells, 4
positive and 1 negative sample were obtained with the
much more sensitive C6-36 cell line. From day 2
onwards, all samples were negative on Vero cells. The
C6-36 cell line still showed CPE with 1 sample on days
2 and 3, and 4 negative samples, respectively. On days
4 and 5 all samples tested negative on C6-36 cells,
but on days 6 and 7 one sample again showed CPE. After
day 8 no more positive samples could be shown on
neither Vero cells nor C6-36
cells.3-AMINO-l-ARYLPROPYLINDOLES AS MONOAMINE
REUPTAKEINHIBITOR This invention pertains to compounds
of formula I and methods useful for treatment of
diseases associated with monoamine reuptake
inhibitors: or a pharmaceutically acceptable salt
thereof, wherein: p is 1 or 2; Ar is: indolyl selected
from indol-1-yl, indol-2-yl and indol-3-yl, each
optionally substituted; 2,3-dihydroindolyl selected
from 2,3-dihydroindol-l-yl, 2,3- dihydroindol-2-yl and
2,3-dihydroindol-3-yl, each optionally substituted;
indazolyl selected from indazol-1-yl, indazol-2-yl and
indazol-3-yl, each optionally substituted;
benzimidazolyl selected from benzimidazol- 1-yl and
benzimidazol- 2-yl, each optionally substituted;
benzofuranyl selected from benzofuran-2-yl
andbenzofuran-3-yl, each optionally substituted;
benzothiophenyl selected from benzothiophen-2-yl and
benzothiophen-3-yl, each optionally substituted;
optionally substituted benzoxazol-2-yl; or optionally
substituted benzothiazol-2-yl; R1 is: aryl selected
from phenyl and naphthyl, each optionally substituted;
heteroaryl selected from thienyl, furanyl, pyridinyl,
pyrimidinyl, pyridazinyl, pyrazinyl, oxazolyl,
thiazolyl, isoxazolyl, isothiazolyl, imidazolyl,
pyrazolyl quinolinyl and isoquinolinyl, each
optionally substituted;optionally substituted
arylalkyl; optionally substituted heteroarylalkyl;
cycloalkyl; cycloalkylmethyl; or branched alkyl; R2
and R3 each independently is: hydrogen; alkyl;
hydroxyalkyl; alkoxyalkyl; benzyl; or R2 and R3
together with the nitrogen to which they are attached
may form an optionally substituted four to seven
membered ring that 



optionally includes an additional heteroatom selected
from N, O and S; Ra is: hydrogen; or alkyl; Rb is:
hydrogen; alkyl; hydroxy; alkoxy; or hydroxyalkyl; Rc
and Rd each independently is: hydrogen; or alkyl; or
one of R2 and R3 together with one of Ra and Rb and
the atoms to which they are attached may form a five
or six membered ring that optionally includes an
additional heteroatom selected from O, N and S; or one
of R2 and R3 together with one of Rc and Rd together
with the atoms to which they are attached may form a
four to six membered ring that optionally includes an
additional heteroatom selected from O, N and S; and Re
is hydrogen or alkyl; provided that when p is 1, Ra, R
, Rc and R are hydrogen, Ar is indol-1-yl and R1 is
phenyl, then R2 and R3 are not simultaneously methyl
and do not form a sixmembered ring, and further
provided that when Ar is indol-3-yl, p is 1, Ra, Rb,
Rc and Rdare hydrogen, and R1 is phenyl or
3-methoxyphenyl, then R2 and R3 are not simultaneously
hydrogen. The invention also provides pharmaceutical
compositions, methods of using, and methods of
preparing the aforementioned compounds. More
particularly, this invention provides compounds usable
as dual reuptake inhibitors of serotonin and
norepinephrin, as well as related methods for making
and using such compounds. Monoamine deficiency has
been long been linked to depressive, anxiolytic and
other disorders (see, e.g.: Charney et al., / . Clin.
Psychiatry (1998) 59, 1-14; Delgado et al., / . Clin.
Psychiatry (2000) 67, 7-11; Resser et al., Depress.
Anxiety (2000) 12 (Suppl 1) 2-19; and Hirschfeld et
al., / . Clin. Psychiatry (2000) 61, 4-6. In
particular, serotonin (5- hydroxytryptamine) and
norepinephrine are recognized as key modulatory
neurotransmitters that play an important role in mood
regulation. Selective serotonin reuptake inhibitors
(SSRIs) such as fluoxetine, sertraline, paroxetine,
fluvoxamine, citalopram and escitalopram have provided
treatments fot depressive disorders (Masand et al.,
Harv. Rev. Psychiatry (1999) 7, 69-84). Noradrenaline
or norepinephrin reuptake inhibitors such as
reboxetine, atomoxetine, desipramine and nortriptyline
have provided effective treatments for depressive,
attention deficit and hyperactivity disorders (Scates
et al., Ann. Pharmacother. (2000) 34, 1302-1312;
Tatsumi et al., Eur. J. Pharmacol. (1997) 340,
249-258). Enhancement of serotonin and norepinephrine
neurotransmission is recognized to be synergistic in
the pharmacotherapy of depressive and anxiolytic
disorders, in comparison with enhancement of only
serotonin or norepinephrine neurotransmission alone
(Thase et al., Br. J. Psychiatry (2001) 178, 234, 241;
Tran et al., / . Clin. Psychop- harmacology (2003) 23,
78-86). Dual reuptake inhibitors of both serotonin and
norepinephrine, such as duloxetine, milnacipran and
venlafaxine are currently under development for
treatment of depressive and anxiolytic disorders
(Mallinckrodt et al., / . Clin. Psychiatry (2003) 5(1)
19-28; Bymaster et al., Expert Opin. Investig. Drugs
(2003) 12(4) 531-543). Dual reuptake inhibitors of
serotonin and norepinephrine also offer potential
treatments for schizophrenia and other psychoses,
dyskinesias, drug addition, cognitive disorders,
Alzheimer's disease, obsessive-compulsive behaviour,
attention deficit disorders, panic attacks, social
phobias, eating disorders such as obesity, anorexia,
bulimia and "binge-eating", stress, hyperglycaemia,
hyperlipidemia, non-insulindependent diabetes, seizure
disorders such as epilepsy, and treatment of
conditions associated with neurological damage
resulting from stroke, brain trauma, cerebral
ischaemia, head injury and haemorrhage. Dual reuptake
inhibitors of serotonin andnorepinephxine also offer
potential treatments for disorders and disease states
of the urinary tract, and for pain and inflammation.
There is accordingly a need for compounds that are
effective as serotonin reuptake inhibitors,
norepinephrine reuptake inhibitors, and/or dual
reuptake inhibitors of serotonin and norepinephrine,
as well as methods of making and using such compounds
in the treatment of depressive, anxiolytic,
genitourinary, and other disorders. The present
invention satisfies these needs. The methods for
preparing the compounds of the invention comprise, in
certain embodiments: reacting an indole a: with an
aldehyde b: 



R -CHO b; in the presence of
2,2-dimefhyl-[l,3]dioxane-4,6-dione, to form a
compound c: reacting the compound c with an amine d:
HNR 2R3 . to form a compound of formula e: reducing
compound e to form a compound of formula VI:wherein m,
R1, R2, R3, R4, R5 and R6 are as defined herein. In
other embodiments, the subject methods comprise:
heating a compound of formula Vl wherein R5 is
hydrogen, in the presence of polyphosphoric acid, to
form a compound of formula V: wherein m, R1, R2, R3,
R4, R5 and R6 are as defined herein. In still other
embodiments the subject methods comprise: reacting an
indole k with an acrylic ester 1 R CX O to form an
indole propionic ester m reducing indole propionic
ester m to afford an indole propanol ntreating indole
propanol n with methanesulfonyl chloride, followed by
lithium chloride, to provide an indole propyl chloride
o reacting indole propyl chloride o with an amine d
HNR 2R3 in the presence of sodium iodide, to yield a
compound of formula IV; wherein m, R1, R2, R3, R4, R5
and R6 are as defined herein. In yet other
embodiments, the methods may comprise: reacting an
aminopropyl compound f R1 H R2 OH with trifiuoro
acetic anhydride to produce a trifluoroacetate
compound g reacting trifiuoracetate compound g with
indole compound hh; and treating the resulting
compound with base to afford a compound of formula VI;
wherein m, R1, R2, R3, R4, R5 and R6 are as defined
herein. Unless otherwise stated, the following terms
used in this Application, including the specification
and claims, have the definitions given below. It must
be noted that, as used in the specification and the
appended claims, the singular forms "a", "an," and
"the" include plural referents unless the context
clearly dictates otherwise. "Agonist" refers to a
compound that enhances the activity of another
compound or receptor site. "Alkyl" means the
monovalent linear or branched saturated hydrocarbon
moiety, consisting solely of carbon and hydrogen
atoms, having from one to twelve carbon atoms. "Lower
alkyl" refers to an alkyl group of one to six carbon
atoms, i.e. Q-Cealkyl. Examples of alkyl groups
include, but are not limited to, methyl, ethyl,
propyl, isopropyl, isobutyl, sec-butyl, tert-butyl,
pentyl, n-hexyl, octyl, dodecyl, and the like.
"Branched alkyl" means isopropyl, isobutyl,
tert-butyl, "Alkylene" means a linear saturated
divalent hydrocarbon radical of one to six carbon
atoms or a branched saturated divalent hydrocarbon
radical of three to six carbon atoms, e.g., methylene,
ethylene, 2,2-dimethylethylene, propylene,
2-methylpropylene, butylene, pentylene, and the like.
"Alkoxy" means a moiety of the formula -OR, wherein R
is an alkyl moiety as defined herein. Examples of
alkoxy moieties include, but are not limited to,
methoxy, ethoxy, isopropoxy, and the like.
"Alkoxyalkyl" means a moiety of the formula -R'-R",
where R' is alkylene and R" is alkoxy as defined
herein. Exemplary alkoxyalkyl groups include, by way
of example, 2- methoxyethyl, 3-methoxypropyl,
l-methyl-2-methoxyethyl, l-(2-methoxyethyl)-3-
methoxypropyl, and l-(2-methoxyethyl)
-3-methoxypropyl. "Alkylcarbonyl" means a moiety of
the formula -R'-R", where R' is oxo and R" is alkyl as
defined herein."Alkylsulfonyl" means a moiety of the
formula -R'-R", where R' is -SO2- and R" is alkyl as
defined herein. "Alkylsulfonylalkyl" means a moiety of
the formula Ra-SO2-Rb-, where Ra is alkyl and Rb is
alkylene as defined herein. Exemplary
alkylsulfonylalkyl groups include, by way of example,
3-methanesulfonylpropyl, 2-methanesulfonylethyl,
2-methanesulfonylpropy, and the like. "Antagonist"
refers to a compound that diminishes or prevents the
action of another compound or receptor site. "Aryl"
means a monovalent cyclic aromatic hydrocarbon moiety
consisting of a mono-, bi- or tricyclic aromatic ring.
The aryl group can be optionally substituted as
defined herein. Examples of aryl moieties include, but
are not limited to, optionally substituted phenyl,
naphthyl, phenanthryl, fluorenyl, indenyl, pentalenyl,
azulenyl, 



oxydiphenyl, biphenyl, methylenediphenyl,
aminodiphenyl, diphenylsulfidyl, diphenylsulfonyl,
diphenylisopropylidenyl, benzodioxanyl, benzofuranyl,
benzodioxylyl, benzopyranyl, benzoxazinyl,
benzoxazinonyl, benzopiperadinyl, benzopiperazinyl,
benzopyrrolidinyl, benzomorpholinyl,
methylenedioxyphenyl, ethylenedioxyphenyl, and the
like, including partially hydrogenated derivatives
thereof. "Aryloxy" means a moiety of the formula -OR,
wherein R is an aryl moiety as defined herein.
"Arylalkyl" and "Aralkyl", which may be used
interchangeably, mean a radical-R aRb where Ra is an
alkylene group and R is an aryl group as defined
herein; e.g., phenylalkyls such as benzyl,
phenylethyl, 3-(3-chlorophenyl)-2-methylpentyl, and
the like are examples of arylalkyl. "Aralkoxy" means a
moiety of the formula -OR, wherein R is an aralkyl
moiety as defined herein. "Cyanoalkyl" means a moiety
of the formula -R'-R", where R' is alkylene as defined
herein and R" is cyano or nitrile. "Cycloalkyl" means
a monovalent saturated carbocyclic moiety consisting
of monoor bicyclic rings. Cycloalkyl can optionally be
substituted with one or more substituents, wherein
each substituent is independently hydroxy, alkyl,
alkoxy, halo, haloalkyl, amino, monoalkylamino, or
dialkylamino, unless otherwise specifically indicated.
Examples of cycloalkyl moieties include, but are not
limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, and the like, including
partially unsaturated derivatives thereof.
"Cycloalkylalkyl" means a moiety of the formula
-R'-R", where R' is alkylene and R" is cycloalkyl as
defined herein. "Heteroalkyl" means an alkyl radical
as defined herein, including a branched C4-C7- alkyl,
wherein one, two or three hydrogen atoms have been
replaced with a substituentindependently selected from
the group consisting of -ORa, -NRbRc, and -S(O) Rd
(where n is an integer from 0 to 2), with the
understanding that the point of attachment of the
heteroalkyl radical is through a carbon atom, wherein
Ra is hydrogen, acyl, alkyl, cydoalkyl, or
cycloalkylalkyl; Rb and Rc are independently of each
other hydrogen, acyl, alkyl, cycloalkyl, or
cycloalkylalkyl; and when n is 0, R is hydrogen,
alkyl, cydoalkyi, or cycloalkylalkyl, and when n is 1
or 2, R is alkyl, cycloalkyl, cycloalkylalkyl, amino,
acylamino, monoalkylamino, or dialkylamino.
Representative examples include, but are not limited
to, 2-hydroxyethyl, 3-hydroxypropyl,
2-hydroxy-l-hydroxymethylethyl, 2,3- dihydroxypropyl,
1-hydroxymethylethyl, 3-hydroxybutyl,
2,3-dihydroxybutyl, 2- hydroxy- 1-methylpropyl,
2-aminoethyl, 3-aminopropyl, 2-methylsulfonylethyl,
aminosulfonylmethyl, aminosulfonylethyl,
aminosulfonylpropyl, methylaminosulfonylmethyl,
methylaminosulfonylethyl, methylaminosulfonylpropyl,
and the like. "Heteroaryl" means a monocyclic or
bicyclic radical of 5 to 12 ring atoms having at least
one aromatic ring containing one, two, or three ring
heteroatoms selected from N, O, or S, the remaining
ring atoms being C, with the understanding that the
attachment point of the heteroaryl radical will be on
an aromatic ring. The heteroaryl ring may be
optionally substituted as defined herein. Examples of
heteroaryl moieties include, but are not limited to,
optionally substituted imidazolyl, oxazolyl,
isoxazolyl, thiazolyl, isothiazolyl, oxadiazolyl,
fhiadiazolyl, pyrazinyl, thienyl, thiophenyl, furanyl,
pyranyl, pyridyl, pyrrolyl, pyrazolyl, pyrimidyl,
quinolinyl, isoquinolinyl, benzofuryl, benzofuranyl,
benzothiophenyl, benzothiopyranyl, benzimidazolyl,
benzoxazolyl, benzooxadiazolyl, benzothiazolyl,
benzothiadiazolyl, benzopyranyl, indolyl, isoindolyl,
triazolyl, triazinyl, quinoxalinyl, purinyl,
quinazolinyl, quinolizinyl, naphthyridinyl,
pteridinyl, carbazolyl, azepinyl, diazepinyl,
acridinyl and the like, including partially
hydrogenated derivatives thereof. The terms "halo" and
"halogen", which may be used interchangeably, refer to
a substituent fruoro, chloro, bromo, or iodo.
"Haloalkyl" means alkyl as defined herein in which one
or more hydrogen has been replaced with same or
different halogen. Exemplary haloalkyls include -CH
2Cl, -CH 2CF3, -CH 2CCl3, perfluoroalkyl (e.g., -CF
3), and the like. "Haloalkoxy" means a moiety of the
formula -OR, wherein R is a haloalkyl moiety as
defined herein. Examples of haloalkoxy moieties
include, but are not limited to, trifiuoromethoxy,
difiuoromethoxy, 2,2,2-trifluoroethoxy, and the like.
"Hydroxyalkyl" refers to a subset of heteroalkyl and
refers in particular to an alkyl moiety as defined
herein that is substituted with one or more,
preferably one, two or three hydroxy groups, provided
that the same carbon atom does not carry more than
onehydroxy group. Representative examples include, but
are not limited to, hydroxymethyl, 2-hydroxyethyl,
2-hydroxypropyl, 3-hydroxypropyl, 1- (hydroxymethyl)
-2-methylpropyl, 2-hydroxybutyl, S-hydroxybutyl,
4-hydroxybutyl, 2,3-dihydroxypropyl,
2-hydroxy-lhydroxymethylethyl, 2,3-dihydroxybutyl,
3,4-dihydroxybutyl and 2-(hydroxymethyl) -
3-hydroxypropyl. "Heterocycloamino" means a saturated
ring wherein at least one ring atom is N, NH or
N-alkyl and the remaining ring atoms form an alkylene
group. "Heteroarylalkyl" and "heteroaralkyl", which
maybe used interchangeably, mean a 



radical-RaRb where Ra is an alkylene group and Rb is a
heteroaryl group as defined herein. H eterocydyl"
means a monovalent saturated moiety, consisting of one
to three rings, incorporating one, two, or three or
four heteroatoms (chosen from nitrogen, oxygen or
sulfur). The heterocyclyl ring may be optionally
substituted as defined herein. Examples of
heterocyclyl moieties include, but are not limited to,
optionally substituted piperidinyl, piperazinyl,
homopiperazinyl, azepinyl, pyrrolidinyl,
pyrazolidinyl, imidazolinyl, imidazolidinyl,
pyridinyl, pyridazinyl, pyrimidinyl, oxazolidinyl,
isoxazolidinyl, morpholinyl, thiazolidinyl,
isothiazolidinyl, quinuclidinyl, quinolinyl,
isoquinolinyl, benzimidazolyl, thiadiazolylidinyl,
benzothiazolidinyl, benzoazolylidinyl, dihydrofuryl,
tetrahydrofuryl, dihydropyranyl, tetrahydropyranyl,
thiamorpholinyl, thiamorpholinylsulfoxide,
thiamorpholinylsulfone, dihydroquinolinyl,
dihydrisoquinolinyl, tetrahydroquinolinyl,
tetrahydrisoquinolinyl, and the lilce. "Optionally
substituted", when used in association with "aryl",
phenyl", "heteroaryl" (including indolyl such as
indol-1-yl, indol-2-yl and indol-3-yl,
2,3-dihydroindolyl such as 2,3-dihydroindol-l-yl,
2,3-dihydroindol-2-yl and 2,3-dihydroindol-3-yl,
indazolyl such as indazol-1-yl, indazol-2-yl and
indazol-3-yl, benzimidazolyl such as benzimidazol-
1-yl and benzimidazol-2-yl, benzofuranyl such as
benzofuran-2-yl and benzofuran-3-yl, benzothiophenyl
such as benzothiophen-2-yl and benzothiophen-3-yl,
benzoxazol-2-yl, benzothiazol-2-yl, thienyl, furanyl,
pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl,
oxazolyl, thiazolyl, isoxazolyl, isothiazolyl,
imidazolyl, pyrazolyl and quinolinyl) " or
"heterocyclyl", means an aryl, phenyl, heteroaryl or
heterocyclyl which is optionally substituted
independently with one to four substituents,
preferably one or two substituents selected from
alkyl, cycloalkyl, alkoxy, halo, haloalkyl,
haloalkoxy, cyano, nitro, heteroalkyl, amino,
acylamino, mono-alkylamino, di-alkylamino,
hydroxyalkyl, alkoxyalkyl, benzyloxy, cycloalkylalkyl,
cycloalkoxy, cycloalkylalkoxy, optionally substituted
thienyl, optionally substituted pyrazolyl, optionally
substituted pyridinyl, morpholinocarbonyl,-(CH
2)q-S(O) rRf; -(CH 2)q-NRsRh; -(CH 2)q-C(=O)-NR sRh; -
(CH2)q-C(=O)-C(=O)-NR gR ; -(CH 2)q-SO2-NR gRh; -(CH
2)q-N(R f)-C(=O)-R i; -(CH2)q-C(=O)-R i; or -(CH
2)q-N(Rf)-SO 2- Rg; where q is 0 or 1, r is from 0 to
2, Rf, Rg, and Rh each independently is hydrogen or
alkyl, and each R1is independently hydrogen, alkyl,
hydroxy, or alkoxy. "Leaving group" means the group
with the meaning conventionally associated with it in
synthetic organic chemistry, i.e., an atom or group
displaceable under substitution reaction conditions.
Examples of leaving groups include, but are not
limited to, halogen, alkane- or arylenesulfonyloxy,
such as methanesulfonyloxy, ethanesulfonyloxy,
thiomethyl, benzenesulfonyloxy, tosyloxy, and
thienyloxy, dihalophosphinoyloxy, optionally
substituted benzyloxy, isopropyloxy, acyloxy, and the
like. "Modulator" means a molecule that interacts with
a target. The interactions include, but are not
limited to, agonist, antagonist, and the like, as
defined herein. "Optional" or "optionally" means that
the subsequently described event or circumstance may
but need not occur, and that the description includes
instances where the event or circumstance occurs and
instances in which it does not. "Disease" and "Disease
state" means any disease, condition, symptom, disorder
or indication. "Inert organic solvent" or "inert
solvent" means the solvent is inert under the
conditions of the reaction being described in
conjunction therewith, including for example, benzene,
toluene, acetonitrile, tetrahydrofuran,
N,N-dimethylformamide, chloroform, methylene chloride
or dichloromethane, dichloro ethane, diethyl ether,
ethyl acetate, acetone, methyl ethyl ketone, methanol,
ethanol, propanol, isopropanol, tertbutanol, dioxane,
pyridine, and the like. Unless specified to the
contrary, the solvents used in the reactions of the
present invention are inert solvents.
"Pharmaceutically acceptable" means that which is
useful in preparing a pharmaceutical composition that
is generally safe, non-toxic, and neither biologically
nor otherwise undesirable and includes that which is
acceptable for veterinary as well as human
pharmaceutical use. "Pharmaceutically acceptable
salts" of a compound means salts that are
pharmaceutically acceptable, as defined herein, and
that possess the desired pharmacological activity of
the parent compound. Such salts include: acid addition
salts formed with inorganic acids such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the like; or formed with organic
acids such as acetic acid, benzenesulfonic acid,
benzoic, camphorsulfonic acid, citric acid,
ethanesulfonic acid, fumaric acid, glucoheptonic acid,
gluconic acid, glutamic acid, glycolic acid,
hydroxynaphtoic acid, 2-hydroxyefhanesulfonic acid,
lactic acid, maleic acid, malic acid, malonic acid,
mandelic acid, methanesulfonic acid, muconic
acid,2-naphthalenesulfonic acid, propionic acid,
salicylic acid, succinic acid, tartaric acid,
ptoluenesulfonic acid, trimethylacetic acid, and the
like; or salts formed when an acidic proton present in
the parent compound either is replaced by a metal ion,
e.g., an alkali metal ion, an alkaline earth ion, or
an aluminum ion; or coordinates with an organic or
inorganic base. Acceptable organic bases include 



diethanolamine, ethanolamine, N-methylglucamine,
triethanolamine, tromethamine, and the like.
Acceptable inorganic bases include aluminum hydroxide,
calcium hydroxide, potassium hydroxide, sodium
carbonate and sodium hydroxide. The preferred
pharmaceutically acceptable salts are the salts formed
from acetic acid, hydrochloric acid, sulphuric acid,
methanesulfonic acid, maleic acid, phosphoric acid,
tartaric acid, citric acid, sodium, potassium,
calcium, zinc, and magnesium. It should be understood
that all references to pharmaceutically acceptable
salts include solvent addition forms (solvates) or
crystal forms (polymorphs) as defined herein, of the
same acid addition salt. The terms "pro-drug" and
"prodrug", which maybe used interchangeably herein,
refer to any compound which releases an active parent
drug according to formula I in vivo when such prodrug
is administered to a mammalian subject. Prodrugs of a
compound of formula I are prepared by modifying one or
more functional group(s) present in the compound of
formula I in such a way that the modification(s) may
be cleaved in vivo to release the parent compound.
Prodrugs include compounds of formula I wherein a
hydroxy, amino, or sulfhydryl group in a compound of
Formula I is bonded to any group that maybe cleaved in
vivo to regenerate the free hydroxy!, amino, or
sulfhydryl group, respectively. Examples of prodrugs
include, but are not limited to, esters (e.g.,
acetate, formate, andbenzoate derivatives), carbamates
(e.g., N,Ndimethylaminocarbonyl) of hydroxy functional
groups in compounds of formula I, Nacyl derivatives
(e.g. N-acetyl) N-Mannich bases, Schiff bases and
enaminones of amino functional groups, oximes,
acetals, ketals and enol esters of ketone and aldehyde
functional groups in compounds of Formula I, and the
like, see Bundegaard, H. "Design of Prodrugs" rl-92,
Elsevier, New York-Oxford (1985), and the like.
"Protective group" or "protecting group" means the
group which selectivelyblocks one reactive site in a
multifunctional compound such that a chemical reaction
can be carried out selectively at another unprotected
reactive site in the meaning conventionally associated
with it in synthetic chemistry. Certain processes of
this invention rely upon the protective groups to
block reactive nitrogen and/or oxygen atoms present in
the reactants. For example, the terms
"amino-protecting group" and "nitrogen protecting
group" are used interchangeably herein and refer to
those organic groups intended to protect the nitrogen
atom against undesirable reactions during synthetic
procedures.Exemplary nitrogen protecting groups
include, but are not limited to, trifluoroacetyl,
acetamido, benzyl (Bn), benzyloxycarbonyl
(carbobenzyloxy, CBZ), pmethoxybenzyloxycarbonyl,
p-nitrobenzyloxycarbonyl, ferf-butoxycarbonyl (BOC),
and the like. Skilled persons will know how to choose
a group for the ease of removal and for the ability to
withstand the following reactions. "Solvates" means
solvent additions forms that contain either
stoichiometric or non stoichiometric amounts of
solvent. Some compounds have a tendency to trap a
fixed molar ratio of solvent molecules in the
crystalline solid state, thus forming a solvate. If
the solvent is water the solvate formed is a hydrate,
when the solvent is alcohol, the solvate formed is an
alcoholate. Hydrates are formed by the combination of
one or more molecules of water with one of the
substances in which the water retains its molecular
state as H O, such combination being able to form one
or more hydrate. "Subject" means mammals and
non-mammals. Mammals means any member of the mammalia
class including, but not limited to, humans; non-human
primates such as chimpanzees and other apes and monkey
species; farm animals such as cattle, horses, sheep,
goats, and swine; domestic animals such as rabbits,
dogs, and cats; laboratory animals including rodents,
such as rats, mice, and guinea pigs; and the like.
Examples of non-mammals include, but are not limited
to, birds, and the like. The term "subject" does not
denote a particular age or sex. "Disease states"
associated with serotonin and norepinephrine
neurotransmission include depressive and anxiolytic
disorders, as well as schizophrenia and other
psychoses, dyskinesias, drug addition, cognitive
disorders, Alzheimer's disease, attention deficit
disorders such as ADHD, obsessive-compulsive
behaviour, panic attacks, social phobias, eating
disorders such as obesity, anorexia, bulimia and
"binge-eating", stress, hyperglycaemia,
hyperlipidaemia, non-insulin-dependent diabetes,
seizure disorders such as epilepsy, and treatment of
conditions associated with neurological damage
resulting from stroke, brain trauma, cerebral
ischaemia, head injury , haemorrhage, and disorders
and disease states of the urinary tract. "Depression"
as used herein includes, but is not limited to, major
depression, longterm depression, dysthymia, mental
states of depressed mood characterised by feelings of
sadness, despair, discouragement, "blues", melancholy,
feelings of low self esteem, guilt and self reproach,
withdrawal from interpersonal contact, and somatic
symptoms such as eating and sleep disturbances.
"Anxiety" as used herein includes, but is not limited
to, unpleasant or undesirable emotional states
associated with psychophysiological responses to
anticipation of unreal, imagined or exaggerated danger
or harm, and physical concomitants such as
increasedheart rate, altered respiration rate,
sweating, trembling, weakness and fatigue, feelings of
impending danger, powerlessness, apprehension and
tension. 



"Disorders of the urinary tract" or "uropathy" used
interchangeably with "symptoms of the urinary tract"
means the pathologic changes in the urinary tract.
Examples of urinary tract disorders include, but are
not limited to, stress incontinence, urge incontence,
benign prostatic hypertrophy (BPH), prostatitis,
detrusor hyperreflexia, outlet obstruction, urinary
frequency, nocturia, urinary urgency, overactive
bladder, pelvic hypersensitivity, urethritis,
prostatodynia, cystitis, idiophatic bladder
hypersensitivity, and the like. "Disease states
associated with the urinary tract" or "urinary tract
disease states" or "uropathy" used interchangeably
with "symptoms of the urinary tract" mean the
pathologic changes in the urinary tract, or
dysfunction of urinary bladder smooth muscle or its
innervation causing disordered urinary storage or
voiding. Symptoms of the urinary tract include, but
are not limited to, overactive bladder (also known as
detrusor hyperactivity), outlet obstruction, outlet
insufficiency, and pelvic hypersensitivity.
"Overactive bladder" or "detrusor hyperactivity"
includes, but is not limited to, the changes
symptomatically manifested as urgency, frequency,
altered bladder capacity, incontinence, micturition
threshold, unstable bladder contractions, sphincteric
spasticity, detrusor hyperreflexia (neurogenic
bladder), detrusor instability, and the like. "Outlet
obstruction" includes, but is not limited to, benign
prostatic hypertrophy (BPH), urethral stricture
disease, tumors, low flow rates, difficulty in
initiating urination, urgency, suprapubic pain, and
the like. "Outlet insufficiency" includes, but is not
limited to, urethral hypermobility, intrinsic
sphincteric deficiency, mixed incontinence, stress
incontinence, and the like. "Pelvic Hypersensitivity"
includes, but is not limited to, pelvic pain,
interstitial (cell) cystitis, prostatodynia,
prostatitis, vulvadynia, urethritis, orchidalgia,
overactive bladder, and the like. "Pain" means the
more or less localized sensation of discomfort,
distress, or agony, resulting from the stimulation of
specialized nerve endings. There are many types of
pain, including, but not limited to, lightning pains,
phantom pains, shooting pains, acute pain,
inflammatory pain, neuropathic pain, complex regional
pain, neuralgia, neuropathy, and the like (Dorland's
Illustrated Medical Dictionary, 28th Edition,W. B.
Saunders Company, Philadelphia, PA). The goal of
treatment of pain is to reduce the degree of severity
of pain perceivedby a treatment subject. "Neuropathic
pain" means the pain resulting from functional
disturbances and /or pathological changes as well as
noninflammatory lesions in the peripheral nervous
system. Examples of neuropathic pain include, but are
not limited to, thermal ormechanical hyperalgesia,
thermal or mechanical allodynia, diabetic pain,
entrapment pain, and the like. "Therapeutically
effective amount" means an amount of a compound that,
when administered to a subject for treating a disease
state, is sufficient to effect such treatment for the
disease state. The "therapeutically effective amount"
will vary depending on the compound, disease state
being treated, the severity or the disease treated,
the age and relative health of the subject, the route
and form of administration, the judgment of the
attending medical or veterinary practitioner, and
other factors. The terms "those defined above" and
"those defined herein" when referring to a variable
incorporates by reference the broad definition of the
variable as well as preferred, more preferred and most
preferred definitions, if any. "Treating" or
"treatment" of a disease state includes: (i)
preventing the disease state, i.e. causing the
clinical symptoms of the disease state not to develop
in a subject that maybe exposed to or predisposed to
the disease state, but does not yet experience or
display symptoms of the disease state. (ii) inhibiting
the disease state, i.e., arresting the development of
the disease state or its clinical symptoms, or (iii)
relieving the disease state , Ie., causing temporary
or permanent regression of the disease state or its
clinical symptoms. The terms "treating", "contacting"
and "reacting" when referring to a chemical reaction
means adding or mixing two or more reagents under
appropriate conditions to produce the indicated and/or
the desired product. It should be appreciated that the
reaction which produces the indicated and/or the
desired product may not necessarily result directly
from the combination of two reagents which were
initially added, i.e., there may be one or more
intermediates which are produced in the mixture which
ultimately leads to the formation of the indicated
and/or the desired product. In general, the
nomenclature used in this Application is based on
AUTONOM(tm) v.4.0, a Beilstein Institute computerized
system for the generation of IUPAC systematic
nomenclature. Chemical structures shown herein were
prepared using ISIS version 2.2. Any open valency
appearing on a carbon, oxygen or nitrogen atom in the
structures herein indicates the presence of a hydrogen
atom. For convenience, the IUPAC numbering of the
positions of representative indole and related
compounds described herein is shown by the formula:7 1



Whenever a chiral carbon is present in a chemical
structure, it is intended that all stereoisomers
associated with that chiral carbon are encompassed by
the structure. All patents and publications identified
herein are incorporated herein by reference in their
entirety. As already mentioned hereinabove, the
invention provides compounds of formula I : or a
pharmaceutically acceptable salt thereof, wherein: p
is 1 or 2; Ar is: indolyl selected from indol-1-yl,
indol-2-yl and indol-3-yl, each optionally
substituted; 2,3-dihydroindolyl selected from
2,3-dihydroindol-l-yl, 2,3- dihydroindol-2-yl and
2,3-dihydromdol-3~yl, each optionally substituted;
indazolyl selected from indazol-1-yl, indazol-2-yl and
indazol-3-yl, each optionally substituted;
benzimidazolyl selected from benzimidazol-1-yl and
benzimidazol- 2-yl, each optionally substituted;
benzofuranyl selected from benzofuran-2-yl and
benzofuran-3-yl, each optionally substituted;
benzothiophenyl selected from benzothiophen-2-yl and
benzothiophen-3-yl, each optionally substituted;
optionally substituted benzoxazol-2-yl; or optionally
substituted benzothiazol-2-yl; R1 Is: aryl selected
from phenyl and naphthyl, each optionally substituted;
heteroaryl selected from thienyl, furanyl, pyridinyl,
pyrimidinyi, pyridazinyl, pyrazinyl, oxazolyl,
thiazolyi, isoxazolyl, isothiazolyl,imidazolyl,
pyrazolyl quinolinyl and isoquinolinyl, each
optionally substituted; optionally substituted
arylalkyi; optionally substituted hetero arylalkyi;
cydoalkyl; cydoalkylmethyl; or branched alkyl; R2 and
R3 each independently is: hydrogen; alkyl;
hydroxyalkyl; alkoxyalkyl; benzyl; or R2 and R3
together with the nitrogen to which they are attached
may form an optionally substituted four to seven
membered ring that optionally includes an additional
heteroatom selected from N, O and S; Ra is: hydrogen;
or alkyl; Rb is: hydrogen; alkyl; hydroxy; alkoxy; or
hydroxyalkyl; Rc and Rd each independently is:
hydrogen; or alkyl; or one of R2 and R3 together with
one of Ra and R and the atoms to which they are
attached may form a five or six membered ring that
optionally includes an additional heteroatom selected
from O, N and S; or on of R2 and R3 together with one
of Rc and R together with the atoms to which they are
attached may form a four to six membered ring that
optionally includes an additional heteroatom selected
from O, N and S; and Re is hydrogen or alkyl; provided
that when p is 1, Ra, R , Rc and R are hydrogen, Ar is
indol-1-yl and R1 is phenyl, then R2 and R3 are not
simultaneously methyl and do not form a sixmembered
ring, and further provided that when Ar is indol-3-yl,
p is 1, Ra, Rb, Rc and Rd are hydrogen, and R1 is
phenyl or 3-methoxyphenyl, then R2 and R3 are not
simultaneously hydrogen. It is to be understood that
the scope of this invention encompasses not only the 



various isomers which may exist but also the various
mixture of isomers which may be formed. Furthermore,
the scope of the present invention also encompasses
solvates and salts of compounds of formula I. In
certain embodiments of formula I, p is 1. In many
embodiments of formula I, Ra, R >Rc and R are
hydrogen. In many embodiments of formula I, Re is
hydrogen. In certain embodiments of formula I, R1 is
optionally substituted aryl, preferably optionally
substituted phenyl or optionally substituted naphthyl.
In certain embodiments of formula I, R1 is optionally
substituted heteroaryl. In such embodiments R1may be
pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl,
thienyl or quinolinyl, each optionally substituted.
Preferably, when R1 is optionally substituted
heteroaryl, R1 is pyridinyl, pyrimidinyl, pyrazinyl or
pyridazinyl, eacho optionally substituted. More
preferably, R1 maybe optionally substituted pyridinyl,
such as optionally substituted pyridin-2-yl,
optionally substituted pyridin-3-yl or optionally
substituted pyridin-4-yl, and more specifically
optionally substituted pyridin-2-yl or optionally
substituted pyridin-3-yl. In certain embodiments of
formula I, R1 is optionally substituted phenyl. In
certain embodiments of formula I, R1 is optionally
substituted pyridinyl. In certain embodiments of
formula I, R1 is arylalkyl, preferably optionally
substituted benzyl or optionally substituted
phenylethyl. In certain embodiments of formula I, R1
is heteroarylalkyl, preferably optionally substituted
pyridinylmethyl. In certain embodiments of formula I,
R1 is cycloalkyl, preferably cyclohexyl. In certain
embodiments of formula I, R1 is branched alkyl such as
isobutyl or isopropyl. In certain embodiments of
formula I, R1 is phenyl, 3,4-methylenedioxy-phenyl, 4-
methoxy-phenyl, 3-methoxy-phenyl, 2-methoxy-phenyl,
4-fl.uoro-phenyl, 3-fluorophenyl, 2-fluoro-phenyl,
4-chloro-phenyl, 3-chloro-phenyl, 2-chloro-phenyl,
naphthylene-1-yl, naphthylene-2-yl, thien-2-yl,
thien-3-yl, pyridin-4-yl, pyridin-3-yl, pyridin-2-yl,
pyrimidin-5-yl, 2-methoxy-pyridin-3-yl, quinolin-2-yl,
2-chloro-pyridin-3- yl,
6-fluoro-2-methyl-pyridin-3-yl,
2-chloro-5-fluoro-pyridm-3-yl,
5-chloro-4-methoxypyridin- 3-yl, or
4-methoxy-pyridin-3-yLIn certain embodiments of
formula I, R1 is phenyl, 3,4-methylenedioxy-phenyl, 4-
methoxy-phenyl, 3-methoxy-phenyl, 2-methoxy-phenyl,
4-fmoro-phenyl, 3-fiuorophenyl, 2-fluoro-phenyl,
4-chloro-phenyl, 3-chloro-phenyl, 2-chloro-phenyl,
naphthylene-1-yl, or naphthylene-2-yl. In certain
embodiments of formula I, R1 is phenyl,
3,4-methylenedioxy-phenyl, 4- methoxy-phenyl,
3-methoxy-phenyl, 2-methoxy-phenyl, 4-fluoro-phenyl,
3-fmorophenyl, 2-fluoro-phenyl, 4-chloro-phenyl,
3-chloro-phenyl, or 2-chloro-phenyl. In certain
embodiments of formula I, R1 is thien-2-yl,
tbien-3-yl, pyridin-4-yl, pyridin-3-yl, pyridin-2-yl,
pyrimidin-5-yl, 2-methoxy-pyridin-3-yl, quinolin-2-yl,
2- chloro -pyridin-3-yl,
6-fluoro-2-methyl-pyridin-3-yl,
2-chloro-5-fluoro-pyridin-3-yl, 5-
chloro-4-mefhoxy-pyridin-3-yl, or
4-mefhoxy-pyridin-3-yl. In certain embodiments of
formula I, R1 is pyridin-4-yl, pyridin-3-yl,
pyridin-2-yl, 2-methoxy-pyridin-3-yl, quinolin-2-yl,
2-chloro-pyridin-3-yl, 6-fluoro-2-methylpyridin- 3-yl,
2-chloro-5-fluoro-pyridin-3-yl,
5-chloro-4-methoxy-pyridin-3-yl, or 4-
methoxy-pyridin-S-yl. In certain embodiments of
formula I,Ar is indolyl, indazolyl,
2,3-dihydroindolyl, benzimidazolyl or benzofuranyl,
each optionally substituted. In such embodiments Ar is
preferably optionally substituted indolyl or
optionally substituted indazolyl. Where Ar is
optionally substituted indolyl, Ar is more preferably
optionally substituted indol-1-yl or optionally
substituted indol-3-yl. Where Ar is optionally
substituted indazolyl, Ar is more preferably
optionally substituted indazol-1-yl or optionally
substituted indazol-2-yl. In many embodiments of
formula I, one of R2 and R3 is hydrogen and the other
is allcyl, preferably methyl. In certain embodiments
of formula I, p is 2 and Ra, Rb, Rc and Rd are
hydrogen. In such embodiments Ar may be optionally
substituted indolyl, R1 may be optionally substituted
phenyl, and one of R2 and R3 is hydrogen while the
other is alkyl, preferably methyl. In certain
embodiments of formula I, p is 1, Ra R and Rc are
hydrogen, and R is alkyl, preferably methyl. In such
embodiments Ar maybe optionally substituted indolyl,
R1 may be optionally substituted phenyl, and one of R2
and R3 is hydrogen while the other is alkyl,
preferably methyl. In certain embodiments of formula
I, p is 1, Ra, Rc and R are hydrogen, and R is alkyl,
preferably methyl. In such embodiments Ar may be
optionally substituted indolyl, R1 may be optionally
substituted phenyl, and one of R2 and R3 is hydrogen
while the other is alkyl, preferably methyl. In
certain embodiments of formula I, p is 1, Ra, Rc and
Rd are hydrogen, and Rb is hydroxy. In such
embodiments Ar may be optionally substituted indolyl,
R1 may b eoptionaUy substituted phenyl, and one of R2
and R3 is hydrogen while the other is alkyl, 



preferably methyl. In certain embodiments of formula
I, p is 2, Ra, Rc and Rd are hydrogen, R2 is hydrogen,
and Rb together with R3 and the atoms to which they
are attached form a six membered ring. In such
embodiments Ar may be optionally substituted indolyl
and R1 may be optionally substituted phenyl. In
certain embodiments of formula I, p is 2, Ra, Rc and R
are hydrogen, R2 is hydrogen, and R together with R3
and the atoms to which they are attached form a four
membered ring. In such embodiments Ar may be
optionally substituted indolyl and R1 may be
optionally substituted phenyl. In certain embodiments
of formula I, p is 1, Ra, Rb and Rc are hydrogen, R2
is hydrogen, and R3 and R together with the atoms to
which they are attached form a five membered ring,
preferably an imidazolinyl ring. In such embodiments
Ar may be optionally substituted indolyl and R1 maybe
optionally substituted phenyl. In certain embodiments
of formula I, p is 1 and Ra, R , Rc and R are
hydrogen, and Re is alkyl, preferably methyl. In such
embodiments Ar may be optionally substituted indolyl,
R1 maybe optionally substituted phenyl, and one of R2
and R3 is hydrogen while the other is alkyl,
preferably methyl. In certain embodiments of formula I
: p is 1; Ra, R , Rc, R and Re are hydrogen; Ar is
indolyl optionally substituted one, two, three or four
times with alkyl, alkoxy, halo, haloalkyl, haloalkoxy,
cyano, nitro, hydroxyalkyl, heteroalkyl, alkoxyalkyl,
benzyloxy, cycloalkoxy, cycloalkylalkoxy, optionally
substituted thienyl, optionally substituted pyrazolyl,
optionally substituted pyridinyl,
morpholinocarbonyl,-(CH 2)q-S(O)rRf; - (CH2)q-NRgRh;
-(CH 2)q-C(=O)-NR gRh; -(CH 2)q-C(=O)-C(=O)-NR gRh;
-(CH 2)q-SO2- NRgRh; or -(CH 2)q-N(Rf)-SO 2- Rg; where
q is 0 or 1, r is from 0 to 2, Rf, Rg, and Rh each
independently is hydrogen or alkyl, and each R1is
independently hydrogen, alkyl, hydroxy, or alkoxy; R1
is phenyl optionally substituted one, two, three or
four times with alkyl, alkoxy, cyano, halo, haloalkyl,
haloalkoxy, alkoxyalkyl or hydroxyalkyl; and one of R2
and R3 is hydrogen while the other is alkyl,
preferably methyl. In such embodiments Ar may be
indol-1-yl. Alternatively, in such embodiments Ar may
be indol-3-yl. In certain embodiments of formula I : p
is 1; Ra, Rb, Rc, Rd and Re are hydrogen; Ar is
indolyl optionally substituted one, two, three or four
times with alkyl, alkoxy, halo, haloalkyl, haloalkoxy,
cyano, nitro, hydroxyalkyl, heteroalkyl, alkoxyalkyl,
benzyloxy, cycloalkoxy, cycloalkylalkoxy, optionally
substituted thienyl, optionally substituted pyrazolyl,
optionally substituted pyridinyl,
morpholinocarbonyl,-(CH 2)q-S(O)rRf; - (CH2)q-NRgRh;
-(CH 2)q-C(=O)-NR gRh; -(CH 2)q-C(=O)-C(=O)-NR gRh;
-(CH 2)q-SO2-NRgRh;-(CH 2)q-N(Rf)-C(=O)-R i; -(CH 2) C
O)- R1; or -(CH 2)q-N(Rf)-SO 2- Rs; where q is 0 or 1,
r is from 0 to 2, Rf, Rg, and Rh each independently is
hydrogen or alkyl, and each R1is independently
hydrogen, alkyl, hydroxy, or alkoxy; R1 is pyridinyl
optionally substituted one, two or three times with
alkyl, alkoxy, cyano, halo, haloalkyl, haloalkoxy,
alkoxyalkyl or hydroxyalkyl; and one of R2 and R3 is
hydrogen while the other is alkyl, preferably methyl.
In such embodiments Ar may be indol-1-yl.
Alternatively, in such embodiments Ar maybe
indol-3-yl. In such embodiments R1 is preferably
pyridin-3-yl. In certain embodiments of formula I : p
is 1; Ra, Rb, Rc, Rd and Re are hydrogen; Ar is
indazolyl optionally substituted one, two, three or
four times with alkyl, alkoxy, halo, haloalkyl,
haloalkoxy, cyano, nitro, hydroxyalkyl, heteroalkyl,
alkoxyalkyl, benzyloxy, cycloalkoxy, cycloalkylalkoxy,
optionally substituted thienyl, optionally substituted
pyrazolyl, optionally substituted pyridinyl,
morpholinocarbonyl,-(CH2) q-S(O) rRf; - (CH2)q-NRgRh;
-(CH 2)q-C(=O)-NR sRh; -(CH 2)q-C(=O)-C(=O)-NR gRh;
-(CH 2)q-SO2- NRgRh; -(CH 2)q-N(Rf)-C(=O)-R i; -(CH
2)^CC=O)-R ; or -(CH 2)q-N(Rf)-SO 2- Rg; where q is 0
or 1, r is from 0 to 2, R , Rg, and R each
independently is hydrogen or alkyl, and each R1is
independently hydrogen, alkyl, hydroxy, or alkoxy; R1
is phenyl optionally substituted one, two, three or
four times with alkyl, alkoxy, cyano, halo, haloalkyl,
haloalkoxy, alkoxyalkyl or hydroxyalkyl; and one of R2
and R3 is hydrogen while the other is alkyl,
preferably methyl. In such embodiments Ar maybe
indazol-1-yl. Alternatively, in such embodiments Ar
may be indazol-2-yl. In certain embodiments of formula
I : p is 1; Ra, Rb, Rc, Rd and Re are hydrogen; Ar is
indazolyl optionally substituted one, two, three or
four times with alkyl, alkoxy, halo, haloalkyl,
haloalkoxy, cyano, nitro, hydroxyalkyl, heteroalkyl,
alkoxyalkyl, benzyloxy, cycloalkoxy, cycloalkylalkoxy,
optionally substituted thienyl, optionally substituted
pyrazolyl, optionally substituted pyridinyl,
morpholmocarbonyl,-(CH 2)q-S(O) rRf; - (CH2)q-NRsRh;
-(CH 2)q-C(=O)-NR gRh; -(CH 2)q-C(=O)-C(=O)-NR gRh;
-(CH 2)q-SO2- NRgRh;-(CH 2)q-N(R f)-C(=O)-R i; -(CH
2)^CC=O)-R 1; or -(CH 2)q-NCRf)-SO 2- Rg; where q is 0
or 1, r is from 0 to 2, R , Rg, and R each
independently is hydrogen or alkyl, and each R1is
independently hydrogen, alkyl, hydroxy, or alkoxy; R1
is pyridinyl optionally substituted one, two or three
times with alkyl, alkoxy, cyano, halo, haloalkyl,
haloalkoxy, alkoxyalkyl or hydroxyalkyl; and one of R2
and R3 is hydrogen while the other is alkyl,
preferably methyl. In such embodiments Ar maybe
indazol-1-yl. Alternatively, in such embodiments Ar
may be indazol-2-yl. In such embodiments R1 is
preferably pyridin-3- 



yi- In certain embodiments of formula I where p is 1
and Ra, R , Rc, Rd and Re are hydrogen, the subject
compounds maybe represented by.formula II:wherein: R2
and R3 each independently is hydrogen or alkyl; and Ar
and R1 are as defined herein; provided that when Ar is
indol-1-yl and R1 is phenyl, then R2 and R3 are not
simultaneously methyl, and farther provided that when
Ar is indol-3-yl and R1 is phenyl or 3-methoxyphenyl,
then R2 and R3 are not simultaneously hydrogen. In
certain embodiments of formula II, one of R2 and R3 is
hydrogen and the other is alkyl, preferably methyl. In
certain embodiments of formula II, R1 is optionally
substituted aryl, preferably optionally substituted
phenyl or optionally substituted naphthyl. In certain
embodiments of formula II, R1 is optionally
substituted heteroaryl. In such embodiments R1 maybe
pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl,
thienyl, thiazolyl, oxazolyl or quinolinyl, each
optionally substituted. Preferably, when R1 is
optionally substituted heteroaryl, R1 is pyridinyl,
pyrimidinyl, pyrazinyl or pyridazinyl, each optionally
substituted. More preferably, R1 maybe pyridinyl or
pyrimidinyl. Still more preferably, R1 may be
optionally substituted pyridinyl, such as optionally
substituted pyridin-2-yl, optionally substituted
pyridin-3-yl or optionally substituted pyridin-4-yl,
and more specifically optionally substituted
pyridin-2-yl or optionally substituted pyridine-3-yl.
In certain embodiments of formula II, R1 is optionally
substituted phenyl or optionally substituted pyridyl.
In certain embodiments of formula II, R1 is optionally
substituted phenyl. In certain embodiments of formula
II, R1 is optionally substituted pyridyl. In certain
embodiments of formula II, R1 is arylalkyl, preferably
optionally substituted benzyl or optionally
substituted phenylethyl. In certain embodiments of
formula II, R1 is heteroarylalkyl, preferably
optionally substituted pyridinylmethyl. In certain
embodiments of formula II, R1 is cydoalkyl, preferably
cyclohexyl. In certain embodiments of formula II, R1
is branched alkyl such as isobutyl or isopropyl. In
certain embodiments of formula II, R1 is optionally
substituted pyridinylmethyl. In certain embodiments of
formula II, R1 is cycloalkylmethyl, preferably
cyclohexylmethyl.In certain embodiments of formula II,
R1 is phenyl, 3,4-methylenedioxy-phenyl, 4-
methoxy-phenyl, 3-methoxy-phenyl, 2-methoxy-phenyl,
4-fluoro-phenyl, 3-fluorophenyl, 2-fluoro-phenyl,
4-chloro-phenyl, 3-chloro-phenyl, 2-chloro-phenyl,
naphthylene-1-yl, or naphthylene-2-yl. In certain
embodiments of formula II, R1 is phenyl,
3,4-methylenedioxy-phenyl, 4- methoxy-phenyl,
3-methoxy-phenyl, 2-methoxy-phenyl, 4-fluoro-phenyl,
3-fluorophenyl, 2-fluoro-phenyl, 4-chloro-phenyl,
3-chloro-phenyl, or 2-chloro-phenyl. In certain
embodiments of formula II, R1 is thien-2-yl,
thien-3-yl, pyridin-4-yl, pyridin-3-yl, pyridin-2-yl,
pyrimidin-5-yl, 2-methoxy-pyridin-3-yl, quinolin-2-yl,
2- chloro-pyridin-3-yl,
6-fluoro-2-methyl-pyridin-3-yl,
2-chloro-5-fluoro-pyridin-3-yl, 5-
chloro-4-methoxy-pyridin-3-yl, or
4-methoxy-pyridin-3-yl. In certain embodiments of
formula II, R1 is pyridin-4-yl, pyridin-3-yl,
pyridin-2-yl, 2-methoxy-pyridin-3-yl, quinolin-2-yl,
2-chloro-pyridin-3-yl, 6-fluoro-2-methyIpyridin- 3-yl,
2-chloro-5-fluoro-pyridm-3-yl,
5-chloro-4-methoxy-pyridm-3-yl, or 4-
methoxy-pyridin-3-yl. In certain embodiments of
formula II, Ar is indolyl, indazolyl,
2,3-dihydroindolyl, benzimidazolyl or benzofuranyl,
each optionally substituted. In such embodiments Ar is
preferably optionally substituted indolyl or
optionally substituted indazolyl. Where Ar is
optionally substituted indolyl, Ar is more preferably
optionally substituted indol-1-yl or optionally
substituted indol-3-yl. Where Ar is optionally
substituted indazolyl, Ar is more preferably
optionally substituted indazol-1-yl or optionally
substituted indazol-2-yl. In certain embodiments of
formula II, Ar is optionally substituted indolyl or
optionally substituted indazolyl. Where Ar is
optionally substituted indolyl, Ar is more preferably
optionally substituted indol-1-yl or optionally
substituted indol-3-yl. Where Ar is optionally
substituted indazolyl, Ar is more preferably
optionally substituted indazol-1-yl or optionally
substituted indazol-2-yl. In certain embodiments of
formula II, Ar is optionally substituted indolyl
selected from optionally substituted indol-1-yl,
optionally substituted indol-2-yl or optionally
substituted indol-3-yl. More preferably, in such
embodiments Ar is optionally substituted indol-1-yl or
optionally substituted indol-3-yl. In certain
embodiments of formula II, Ar is optionally
substituted indazolyl selected from optionally
substituted indazol-1-yl, optionally substituted
indazol-2-yl or optionally substituted indazol-3-yl.
More preferably, in such embodiments Ar is optionally
substituted indazol-1-yl or optionally substituted
indazol-2-yl. 



In certain embodiments of formula II, Ar is optionally
substituted 2,3- dihydroindonlyl, preferably
2,3-dihydroindol-l-yl.In certain embodiments of
formula II, Ar is optionally substituted
benzimidazolyl, preferably benzimidazol-1-yl. In
certain embodiments of formula II, Ar is optionally
substituted benzofuranyl, preferably optionally
substituted benzofuran-2-yl. In certain embodiments of
formula II, Ar is optionally substituted
benzothiophenyl, preferably optionally substituted
benzothiophen-2-yl. In certain embodiments of formula
II, Ar is optionally substituted benzoxazol-2-yl. Ln
certain embodiments of formula II, Ar is optionally
substituted benzothiazol-2- yi- In certain embodiments
of formula II, Ar is: indol-1-yl; indol-2-yl;
indol-3-yl; 2,3- dihydroindol-1-yl; indazol-1-yl;
indazol-2-yl; or indazol-3-yl; each optionally
substituted one, two or three or four times with
alkyl, alkoxy, halo, haloalkyl, haloalkoxy, cyano,
nitro, hydroxyalkyl, heteroalkyl, alkoxyalkyl,
benzyloxy, cycloalkoxy, cycloalkylalkoxy, optionally
substituted thienyl, optionally substituted pyrazolyl,
optionally substituted pyridinyl, morpholinocarbonyl
,-(CH 2)q-S(O)rRf; -(CH 2)q-NRgRh; -(CH 2)q-C(=O)-
NRgRh; -(CH 2)q-C(=O)-C(=O)-NR gRh; -(CH 2)q-SO2-NR
gRh; -(CH 2)q-N(Rf)-C(=O)- R1; -(CH 2)q-C(=O)-R i; or
-(CH 2)q-N(Rf)-SO 2- Rg; where q is 0 or 1, r is from
0 to 2, Rf, Rg, and R each independently is hydrogen
or alkyl, and each R1is independently hydrogen, alkyl,
hydroxy, or alkoxy. In certain embodiments of formula
II, Ar is: indol-1-yl; indol-2-yl; indol-3-yl; 2,3-
dihydroindol-1-yl; indazol-1-yl; indazol-2-yl; or
indazol-3-yl; each optionally substituted one, two or
three or four times with fluoro, chloro, bromo,
methoxy, cyano, ethoxy, isopropoxy,
dimethylamino-oxo-acetamide, carboxylic acid methyl
ester, carboxylic acid amide, carboxylic acid
methyamide, carboxylic acid dimethylamide, acetamide,
methanesulfonamido, methanesulfonyl, benzyloxy,
trifluoromethyl, 2,2,2- trifluoroethoxy, thien-2-yl,
cyclopropylmethoxy, cyclobutylmethoxy, morpholin-4-
ylmethanone, pyridin-3-yl and l-methyl-pyrazol-4-yl.
In certain embodiments of formula II, Ar is:
indol-1-yl; indol-2-yl; or indol-3-yl; each optionally
substituted one, two or three times with alkyl,
alkoxy, halo, haloalkyl, haloalkoxy, cyano,
hydroxyalkyl, heteroalkyl, alkoxyalkyl, benzyloxy,
cycloalkoxy, cycloalkylallcoxy, optionally substituted
thienyl, optionally substituted pyrazolyl, optionally
substituted pyridinyl, morpholinocarbonyl,-(CH
2)q-S(O)rRf; -(CH 2)q-NRgRh; -(CH 2)q-C(=O)-NR gRh;
-(CH 2)q-C(=O)-C(=O)-NR gRh; -(CH 2)q-SO2-NR gRh; -(CH
2)q- -(CH 2)q-C(=O)-R i; or -(CH 2)q-N(Rf)-SO 2- Rg;
where q is 0 or 1, r is from 0 to 2, Rf, Rg, and Rh
each independently is hydrogen or alkyl, and each R1is
independently hydrogen, alkyl, hydroxy, or alkoxy.In
certain embodiments of formula II, Ar is: indol-1-yl;
indol-2-yl; or indol-3-yl; each optionally substituted
one, two or three times with fluoro, chloro, bromo,
methoxy, cyano, ethoxy, isopropoxy,
dimethylamino-oxo-acetamide, carboxylic acid methyl
ester, carboxylic acid amide, carboxylic acid
methyamide, carboxylic acid dimethylamide, acetamide,
methanesulfonamido, methanesulfonyl, benzyloxy,
trifluoromethyl, 2,2,2- trifluoroethoxy, thien-2-yl,
q^clopropylmethoxy, cyclobutylmethoxy, morpholin-4-
ylmethanone, pyridin-3-yl or l-methyl-pyrazol-4-yl. In
certain embodiments of formula II, Ar is:
indazol-1-yl; or indazol-2-yl; each optionally
substituted one, two or three times with alkyl,
alkoxy, halo, haloalkyl, haloalkoxy, cyano,
hydroxyalkyl, heteroalkyi, alkoxyalkyl, benzyloxy,
cycloalkoxy, cydoalkylalkoxy, optionally substituted
thienyl, optionally substituted pyrazolyl, optionally
substituted pyridinyl, morpholinocarbonyl,-(CH
2)q-S(O) rRf; -(CH 2)q-NRgRh; ~(CH 2)q-C(=O)-NR gRh;
-(CH 2)q-C(=O)-C(=O)-NR gRh; -(CH 2)q-SO2-NR gRh; -(CH
2)q- N(Rf)-C(=O)-R i; -(CH 2)q-C(=O)-R i; or -(CH
2)q-N(Rf)-SO 2- Rg; where q is 0 or 1, r is from 0 to
2, R , Rg, and R each independently is hydrogen or
alkyl, and each R1is independently hydrogen, alkyl,
hydroxy, or alkoxy. In certain embodiments of formula
II, Ar is: indazol-1-yl; or indazol-2-yl; each
optionally substituted one, two or three times with
fluoro, chloro, bromo, methoxy, cyano, ethoxy,
isopropoxy, dimethylamino-oxo-acetamide, carboxylic
acid methyl ester, carboxylic acid amide, carboxylic
acid methyamide, carboxylic acid dimethylamide,
acetamide, methanesulfonamido, methanesulfonyl,
benzyloxy, trifluoromethyl, 2,2,2- trifluoroethoxy,
thien-2-yl, cyclopropylmethoxy, cyclobutylmethoxy,
morpholin-4- ylmethanone, pyridin-3-yl or
l-methyl-pyrazol-4-yl In many embodiments of formula
II: Ar is indolyl optionally substituted one, two,
three or four times with alkyl, alkoxy, halo,
haloalkyl, haloalkoxy, cyano, nitro, hydroxyalkyl,
heteroalkyi, alkoxyalkyl, benzyloxy, cycloalkoxy,
cydoalkylalkoxy, optionally substituted thienyl,
optionally substituted pyrazolyl, optionally
substituted pyridinyl, morpholinocarbonyl,-(CH
2)q-S(O)rRf; -(CH 2)q-NRgRh; -(CH 2)q-C(=O)- NRgRh;
-(CH 2)q-C(=O)-C(=O)-NR gRh; -(CH 2)q-SO2-NR gRh; -(CH
2)q-N(Rf)-C(=O)- R ; -(CH 2)q-C(=O)-R i; or -(CH
2)q-N(Rf)-SO 2- Rg; where q is 0 or 1, r is from 0 to
2, Rf, Rg, and R each independently is hydrogen or
alkyl, and each R1is independently hydrogen, alkyl,
hydroxy, or alkoxy; R is phenyl optionally substituted
one, two, three or 



four times with alkyl, alkoxy, cyano, halo, haloalkyl,
haloalkoxy, alkoxyalkyl or hydroxyalkyl; and one of R2
and R3 is hydrogen while the other is alkyl,
preferably methyl. In such embodiments Ar may be
indol-1-yl, which may be substituted once at the 4- or
7- position with halo or alkoxy. Alternatively, in
such embodiments Ar maybe indol-3-yl, which may be
substituted once at the 4- or 7-position with halo or
alkoxy. A preferredhalo in such embodiments is chloro,
and a preferred alkoxy in such embodiments is methoxy.
In many embodiments of formula II: Ar is indolyl
optionally substituted one, two, three or four times
with alkyl, alkoxy, halo, haloalkyl, haloalkoxy,
cyano, nitro, hydroxyalkyl, heteroalkyl, alkoxyalkyl,
benzyloxy, cycloalkoxy, cycloalkylalkoxy, optionally
substituted thienyl, optionally substituted pyrazolyl,
optionally substituted pyridinyl, morpholinocarbonyl
,-(CH 2)q-S(O) rRf; -(CH 2)q-NRgRh;-(CH 2)q-C(=O)-
NRgRh; -(CH 2)q-C(=O)-C(=O)-NR gRh; -(CH
2)q-SO2-MRgRh; -(CH 2)q-N(Rf)-C(=O)- R -(CH
2)q-C(=O)-R i; or -(CH 2)q-N(Rf)-SO 2- Rs; where q is
0 or 1, r is from 0 to 2, Rf, Rs, and Rh each
independently is hydrogen or alkyl, and each R1is
independently hydrogen, alkyl, hydroxy, or alkoxy; R1
is pyridinyl optionally substituted one, two or three
times with alkyl, alkoxy, cyano, halo, haloalkyl,
haloalkoxy, alkoxyalkyl or hydroxyalkyl; and one of R2
and R3 is hydrogen while the other is alkyl,
preferably methyl. In such embodiments Ar may be
indol-1-yl, which may be substituted once at the 4- or
7- position with halo or alkoxy. Alternatively, in
such embodiments Ar may be indol-3-yl, which may be
substituted once at the 4- or 7-position with halo or
alkoxy. A preferred halo in such embodiments is
chloro, and a preferred alkoxy in such embodiments is
methoxy. In certain embodiments of formula II: Ar is
indazolyl optionally substituted one, two, three or
four times with alkyl, alkoxy, halo, haloalkyl,
haloalkoxy, cyano, nitro, hydroxyalkyl , heteroalkyl,
alkoxyalkyl, benzyloxy, cycloalkoxy, cycloalkylalkoxy,
optionally substituted thienyl, optionally substituted
pyrazolyl, optionally substituted pyridinyl,
morpholinocarbonyl ,-(CH 2)q-S(O) rRf; -(CH 2)q-NRgRh;
-(CH 2)q-C(=O)- NRgRh; -(CH 2)q-C(=O)-C(=O)-NR gRh;
-(CH 2)q-SO2-NR sRh; -(CH 2)q-N(Rf)-C(=O)- R1; -(CH
2)q-C(=O)-R i; or -(CH 2)q-N(Rf)-SO 2- Rg; where q is
0 or 1, r is from 0 to 2, Rf, Rs, and R each
independently is hydrogen or alkyl, and each R1is
independently hydrogen, alkyl, hydroxy, or alkoxy; R1
is phenyl optionally substituted one, two, three or
four times with alkyl, alkoxy, cyano, halo, haloalkyl,
haloallcoxy, alkoxyalkyl or hydroxyalkyl; and one of
R2 and R3 is hydrogen while the other is alkyl,
preferably methyl. In such embodiments Ar may be
indazol-1-yl, which may be substituted once at the 4-
or 7-position with halo or alkoxy. Alternatively, in
such embodiments Ar maybe indazol-2- yl, which may be
substituted once at the 4- or 7-position with halo or
alkoxy. A preferred halo in such embodiments is
chloro, and a preferred alkoxy in such embodiments is
methoxy. In certain embodiments of formula II: Ar is
indazolyl optionally substituted one, two, three or
four times with alkyl, alkoxy, halo, haloalkyl,
haloalkoxy, cyano, nitro, hydroxyalkyl, heteroalkyl,
heteroalkyl, alkoxyalkyl, benzyloxy,
cycloalkoxy,cycloalkylalkoxy, optionally substituted
thienyl, optionally substituted pyrazolyl, optionally
substituted pyridinyl, morpholinocarbonyl,-(CH
2)q-S(O)rRf; -(CH 2)q-NRgRh; -(CH 2)q-C(=O)-NR gRh;
-(CH 2)q-C(=O)-C(=O)-NR gRh -(CH 2)q-SO2-NR sRh; -(CH
2)q- or -(CH 2)q-N(Rf)-SO 2- Rs; where q is Oor 1, r
is from Oto 2, Rf, Rs, and Rh each independently is
hydrogen or alkyl, and each R1is independently
hydrogen, alkyl, hydroxy, or alkoxy; R1 is pyridinyl
optionally substituted one, two or three times with
alkyl, alkoxy, cyano, halo, haloalkyl, haloalkoxy,
alkoxyalkyl or hydroxyalkyl; and one of R2 and R3 is
hydrogen while the other is alkyl, preferably methyl.
In such embodiments Ar may be indazol-1-yl, which may
be substituted once at the 4- or 7-position with halo
or alkoxy. Alternatively, in such embodiments Ar may
be indazol-2-yl, which maybe substituted once at the
4- or 7-position with halo or alkoxy. A preferred halo
in such embodiments is chloro, and a preferred alkoxy
in such embodiments is methoxy. In compounds of
formula II in which Ar is optionally substituted
indolyl, the subject compounds may be represented by
formula III: wherein: m is from 0 to 4; R4 and R5 each
independently is: hydrogen; alkyl, alkoxy, halo,
haloalkyl, haloalkoxy, cyano, nitro, hydroxyalkyl,
heteroalkyl, alkoxyalkyl, benzyloxy, cycloalkoxy,
cycloalkylalkoxy, morpholinocarbonyl ,-(CH
2)q-S(O)rRf; -(CH 2)q-NRgRh; -(CH 2)q- C(=O)-NR gRh;
-(CH 2)q-C(=O)-C(=O)-NR gRh; -(CH 2)q-SO2-NR gRh; -(CH
2)q-N(Rf)- C(=O)-R i; -(CH 2)q-C(=O)-R 1; or -(CH
2)q-N(Rf)-SO 2- Rg; where q is 0 or 1, r is from 0 to
2, R , Rg, and R each independently is hydrogen or
alkyl, and each R1is independently hydrogen, alkyl,
hydroxy, or alkoxy; each R6 is independently: alkyl,
alkoxy, halo, haloalkyl, haloalkoxy, cyano, nitro,
hydroxyalkyl, heteroalkyl, alkoxyalkyl, benzyloxy,
cycloalkoxy, cycloalkylalkoxy, optionally substituted
thienyl, optionally substituted pyrazolyl,
morpholinocarbonyl,- (CH2)q-S(O)rRf; -(CH 2)q-NReRh;
-(CH 2)q-C(=O)-NR gRh; -(CH 2)q-C(=O)-C(=O)- 



NRgRh; -(CH 2)q-SO2-NR gRh; -(CH 2)q-N(Rf)-C(=O)-R 1;
-(CH 2)q-C(=O)-R i; or - (CH2)q-N(Rf)-SO 2- R8; where
q is 0 or 1, r is from 0 to 2, Rf, Rg, and Rh each
independently is hydrogen or alkyl, and each R1is
independently hydrogen, alkyl, hydroxy, or alkoxy; and
R1, R2 and R3 are as defined herein.In embodiments of
formula II wherein Ar is optionally substituted
indol-1-yl, the compounds of the invention maybe more
specifically of formula IV: wherein m, R1, -Rn 2, tR3,
R4, and R are as defined herein. In certain
embodiments of formula IV, the subject compounds may
be more specifically of formula IVa or IVb: wherein m,
R1, R2, R3, R4, R5 and R6 are as defined herein.
Preferably such compounds are of formula IVa. In
embodiments of formula II wherein Ar is optionally
substituted indol-2-yl, the compounds of the invention
may be more specifically of formula V: wherein m, R1,
R2, R3, R4, R5 and R6 are as defined herein. . In
embodiments of formula V, R4 is preferably hydrogen.
In embodiments of formula II wherein Ar is optionally
substituted indol-3-yl, the compounds of the invention
maybe more specifically of formula V:wherein m, R1,
R2, R3, R4, R5 and R6 are as defined herein. In
embodiments of formula VI, R4 is preferably hydrogen.
In certain embodiments of formula VI, the subject
compounds maybe more specifically of formula Via or
VIb: wherein m, R1, R2, R3, R4, R5 and R6 are as
defined herein. Preferably such compounds are of
formula Via. In embodiments of formula Via and VIb, R4
is preferably hydrogen. In certain embodiments of any
of formulas III, IV,V, VI, Via or VIb, one of R2 and
R3 is hydrogen and the other is alkyl, preferably
methyl. In certain embodiments of any of formulas III,
IV,V, VI, Via or VIb, R1 is optionally substituted
aryl, preferably optionally substituted phenyl. In
certain embodiments of any of formulas III, IV,V, VI,
Via or VIb, R1 is optionally substituted heteroaryl.
In such embodiments R1 may be pyridinyl, pyrimidinyl,
pyridazinyl, pyrazinyl, thienyl or quinolinyl, each
optionally substituted. Preferably, when R1 is
optionally substituted heteroaryl, R1 is pyridinyl,
pyrimidinyl, pyrazinyl or pyridazinyl, each optionally
substituted. More preferably, R1 maybe pyridinyl or
pyrimidinyl. Still more preferably, R1may be
optionally substituted pyridinyl, such as optionally
substituted pyridin-2-yl, optionally substituted
pyridin-3-yl or optionally substituted pyridin-4-yl,
and more specifically optionally substituted
pyridin-2-yl or optionally substituted pyridine-3-yl.
In certain embodiments of any of formulas III, IV,V,
VI, Via or VIb, R1 is optionally substituted phenyl or
optionally substituted pyridyl. In certain embodiments
of any of formulas III, IV,V, VI, Via or VIb, R1 is
optionally substituted phenyl. In certain embodiments
of any of formulas III, IV,V, VI, Via or VIb, R1 is
optionally substituted pyridyl. In certain embodiments
of any of formulas III, IV, IVa, IVb, V, VI, Via or
VIb, R1 is arylalkyl, preferably optionally
substituted benzyl or optionally substituted
phenylethyl. In certain embodiments of any of formulas
III, IV, IVa, IVb, V, VI, Via or VIb, R1 is
heteroarylalkyl, preferably optionally substituted
pyridinylmethyl.In certain embodiments of any of
formulas III, IV, V, VI, Via or VIb, Rl is cycloalkyl,
preferably cyclohexyl. In certain embodiments of any
of formulas III, IV, V, VI, Via or VIb, R1 is branched
alkyl such as isobutyl, tert-butyl or isopropyl. In
certain embodiments of any of formulas III, IV, V, VI,
Via or VIb, R1 is optionally substituted
pyridinylmethyl. In certain embodiments of any of
formulas III, IV,V, VI, Via or VIb, R1 is
cycloalkylmethyl, preferably cyclohexylmethyl. In
certain embodiments of formula III, IV, V, VI, Via or
VIb, R1 is phenyl, 3,4- methylenedioxy-phenyl,
4-methoxy-phenyl, 3-methoxy-phenyl, 2-methoxy-phenyl,
4- fluoro-phenyl, 3-fluoro-phenyl, 2-fluoro-phenyl,
4-chloro-phenyl, 3-chloro-phenyl, 2- chloro-phenyl,
naphthylene-1-yl, or naphthylene-2-yl. In certain
embodiments of formula III, IV, V, VI, Via or VIb, R1
is phenyl, 3,4- methylenedioxy-phenyl,
4-methoxy-phenyl, 3-methoxy-phenyl, 2-methoxy-phenyl,
4- fluoro-phenyl, 3-fluoro-phenyl, 2-fluoro-phenyl,
4-chloro-phenyl, 3-chloro-phenyl, or 2- chloro-phenyl.
In certain embodiments of formula III, IV, V, VI, Via
or VIb, R1 is thien-2-yl, thien-3-yl, pyridin-4-yl,
pyridin-3-yl, pyridin-2-yl, pyrimidin-5-yl,
2-methoxy-pyridin-3- yl, quinolin-2-yl,
2-chloro-pyridin-3-yl, 6-fluoro-2-methyl-pyridin-3-yl,
2-chloro-5- fluoro-pyridin-3-yl,
5-chloro-4-methoxy-pyridin-3-yl, or
4-methoxy-pyridin-3-yl. In certain embodiments of
formula III, IV, V, VI, Via or VIb, R1 is
pyridin-4-yl, pyridin-3-yl, pyridin-2-yl,
2-methoxy-pyridin-3-yl, quinolin-2-yl,
2-chloro-pyridin-3-yl, 



6-fluoro-2-methyl-pyridin-3-yl,
2-chloro-5-fluoro-pyridin-3-yl,
5-chloro-4-methoxypyridin- 3-yl, or
4-methoxy-pyridin-3-yl. In certain embodiments of any
of formulas III, IV, V, VI, Via or VIb, each R6 is
independently fluoro, chloro, bromo, methoxy,
difiuoromethoxy, cyano, ethoxy, isopropoxy,
dimethylamino-oxo-acetamide, carboxylic acid methyl
ester, carboxylic acid amide, carboxylic acid
methyamide, carboxylic acid dimethylamide, acetamide,
methanesulfonamido, methanesulfonyl, benzyloxy,
trifluoromethyl, 2,2,2- trifluoroethoxy, thien-2-yl,
cyclopropylmethoxy, cyclobutylmethoxy, morpholin-4-
ylmethanone, pyridin-3-yl and l-methyl-pyrazol-4-yl.
In certain embodiments of any of formulas III, IV, V,
VI, Via or VIb, m is 0, 1 or 2 and each R6 is
independently chloro, methoxy, isopropoxy, cyano or
cyclopropylmethoxy. In certain embodiments of any
ofiormulas III, IV, V, VI, Via or VIb, m is 0, 1 or 2
and each R6 is independently halo, alkyl, alkoxy or
cyano. In certain embodiments of any of formulas III,
IV, V, VI, Via or VIb, m is 0.In certain embodiments
of any of formulas III, IV, V, VI, Via or VIb, m is 1,
and R6 is located at the 4- or 7 position of the
indole ring system. In certain embodiments of any of
formulas III, IV, V, VI, Via or VIb, m is 1, and R6 is
halo, cyano or alkoxy at the 4- or 7 position of the
indole ring system. In certain embodiments of any of
formulas III, IV, V, VI, Via or VTb, m is 2, and R6 is
located at the 4- and 7 positions of the indole ring
system. In certain embodiments of any of formulas III,
IV, V, VI, Via or VIb, m is 2, and each R6 is
independently halo, cyano or alkoxy located at the 4-
and 7 positions of the indole ring system. In certain
embodiments of formulas III, IV, V, VI, Via or VIb, R4
and R5 are hydrogen. In certain embodiments of any of
formulas III, IV, V, VI, Via or VIb, one of R and R5
is hydrogen and the other is allcyl, cyano, halo or
alkoxy. In certain embodiments of any of formulas III,
IV, V, VI, Via or VIb, m is 0, 1 or 2, R1 is
optionally substituted phenyl, and one of R2 and R3 is
hydrogen and the other is allcyl, preferably methyl.
In such embodiments optionally substituted phenyl may
be phenyl optionally substituted one, two, three or
four times with allcyl, alkoxy, cyano, halo, halo
allcyl, halo alkoxy, allcoxyalkyl or hydroxyalkyl. In
certain embodiments of any of formulas III, IV, V, VI,
Via or VIb, m is 0, 1 or 2, R1 is optionally
substituted phenyl, one of R2 and R3 is hydrogen and
the other is allcyl, preferably methyl, and R4 and R5
are hydrogen. In such embodiments optionally
substituted phenyl maybe phenyl optionally substituted
one, two, three or four times with allcyl, allcoxy,
cyano, halo, haloalkyl, haloallcoxy, allcoxyallcyl or
hydroxyalkyl. In certain embodiments of any of
formulas III, IV, V, VI, Via or VIb, m is 0, 1 or 2,
R1 is optionally substituted phenyl, one of R2 and R3
is hydrogen and the other is allcyl, preferably
methyl, R and R are hydrogen, and each R is
independently halo, cyano or alkoxy. In such
embodiments optionally substituted phenyl may be
phenyl optionally substituted one, two, three or four
times with allcyl, alkoxy, cyano, halo, haloalkyl,
haloallcoxy, allcoxyalkyl or hydroxyalkyl. In specific
embodiments m is 1 and R6 is halo, cyano or alkoxy at
the 4- or 7- position of the indole ring system. A
preferred halo in such embodiments is chloro, and a
preferred alkoxy in such embodiments is methoxy. In
certain embodiments of any of formulas III, IV, V, VI,
Via or VIb, m is 0, 1 or 2, R1 is optionally
substituted pyridinyl, and one of R2 and R3 is
hydrogen and the other is alkyl, preferably methyl. In
such embodiments optionally substituted pyridinyl
maybe pyridinyl optionally substituted one, two or
three times with allcyl, allcoxy, cyano, halo,
haloalkyl, haloallcoxy, alkoxyalkyl or hydroxyalkyl.
In such embodiments R1 is preferably pyridin-3-yl.In
certain embodiments of formulas any of III, IV, V, VI,
Via or VIb, m is 0, 1 or 2, R1 is optionally
substituted pyridinyl, one of R2 and R3 is hydrogen
and the other is alkyl, preferably methyl, and R4 and
R5 are hydrogen. In such embodiments optionally
substituted pyridinyl may be pyridinyl optionally
substituted one, two or three times with alkyl,
alkoxy, cyano, halo, haloalkyl, haloalkoxy,
alkoxyalkyl or hydroxyalkyl. In such embodiments R1 is
preferably pyridin-3-yl. In certain embodiments of any
of formulas III, IV, V, VI, Via or VIb, m is 0, 1 or
2, R1 is optionally substituted pyridinyl, one of R2
and R3 is hydrogen and the other is alkyl, preferably
methyl, R4 and R5 are hydrogen, and each R6 is
independently halo, cyano or alkoxy. In such
embodiments optionally substituted pyridinyl may be
pyridinyl optionally substituted one, two or three
times with alkyl, alkoxy, cyano, halo, haloalkyl,
haloalkoxy, allcoxyalkyl or hydroxyalkyl. In specific
embodiments m is 1 and R6 is halo, cyano or alkoxy at
the 4- or 7- position of the indole ring system. A
preferred halo in such embodiments is chloro, and a
preferred alkoxy in such embodiments is methoxy. In
such embodiments R1 is preferably pyridin-3-yl. In
certain embodiments of formula VT, m is 1, R1 is
optionally substituted phenyl, one of R2 and R3 is
hydrogen and the other is alkyl, preferably methyl, R4
and R5 are hydrogen, and Rd is halo, cyano or alkoxy
at the 7-position of the indole ring system. A 



preferred halo in such embodiments is chloro, and a
preferred alkoxy in such embodiments is methoxy. In
certain embodiments of formula Via, m is 1, R1 is
optionally substituted phenyl, one of R2 and R3 is
hydrogen and the other is alkyl, preferably methyl, R4
and R5 are hydrogen, and R6 is halo or alkoxy at the
7-position of the indole ring system. A preferred halo
in such embodiments is chloro, and a preferred alkoxy
in such embodiments is methoxy. In certain embodiments
of formula VI, m is 2, R1 is optionally substituted
phenyl, one of R2 and R3 is hydrogen and the other is
alkyl, preferably methyl, R4 and R5 are hydrogen, and
each R6 is independently halo, cyano or alkoxy located
at the 4- and 7- positions of the indole ring system.
A preferred halo in such embodiments is chloro, and a
preferred alkoxy in such embodiments is methoxy. In
certain embodiments of formula Via, m is 1, R1 is
optionally substituted phenyl, one of R2 and R3 is
hydrogen and the other is alkyl, preferably methyl, R4
and R5 are hydrogen, and R6 is halo, cyano or alkoxy
located at the 4- or 7-position of the indole ring
system. Apreferred halo in such embodiments is chloro,
and a preferred alkoxy in such embodiments is methoxy.
In certain embodiments of formula VI, m is 1, R1 is
optionally substituted pyridinyl, one of R2 and R3 is
hydrogen and the other is alkyl, preferably methyl, R4
andR5 are hydrogen, and. R6 is halo, cyano or alkoxy
at the 7-position of the indole ring system. A
preferred halo in such embodiments is chloro, and a
preferred alkoxy in such embodiments is methoxy. In
such embodiments R1 is preferably optionally
substituted pyridin-3-yl. In certain embodiments of
formula Via, m is 1, R1 is optionally substituted
pyridinyl, one of R2 and R3 is hydrogen and the other
is alkyl, preferably methyl, R4 and R5 are hydrogen,
and R6 is halo or alkoxy at the 7-position of the
indole ring system. A preferred halo in such
embodiments is chloro, and a preferred alkoxy in such
embodiments is methoxy. In such embodiments R1 is
preferably optionally substituted pyridin-3-yl. In
certain embodiments of formula VI, m is 2, R1 is
optionally substituted pyridinyl, one of R2 and R3 is
hydrogen and the other is alkyl, preferably methyl, R4
and R5 are hydrogen, and each R6 is independently
halo, cyano or alkoxy located at the 4- and
7-positions of the indole ring system. A preferred
halo in such embodiments is chloro, and a preferred
alkoxy in such embodiments is methoxy. In such
embodiments R is preferably optionally substituted
pyridin-3-yl. In certain embodiments of formula Via, m
is 1, R1 is optionally substituted pyridinyl, one of
R2 and R3 is hydrogen and the other is alkyl,
preferably methyl, R4 and R5 are hydrogen, and R6 is
halo, cyano or alkoxy located at the 4- or 7-position
of the indole ring system. A preferred halo in such
embodiments is chloro, and a preferred alkoxy in such
embodiments is methoxy. In such embodiments R1 is
preferably optionally substituted pyridin-3-yl. In
embodiments of the invention wherein Ar is optionally
substituted indolyl, R1 is optionally substituted
phenyl and R3 is hydrogen, the subject compounds maybe
represented by formula VII: wherein: n is from 0 to 4;
R2 is alkyl, preferably methyl; each R7 independently
is alkyl, alkoxy, cyano, halo, haloalkyl, haloalkoxy,
alkoxyalkyl or hydroxyalkyl, or two of R7 may form an
alkylene dioxy; and m, R , R5, and R6 are as defined
herein.In certain embodiments of formula VII, the
compounds of the invention may more specifically be
represented by formula VIII: wherein m, n, R1, R2, R4,
R5, R6 and R7 are as defined herein. In certain
embodiments of formula VIII, the compounds of the
invention may more specifically be represented by
formula VIIIa or formula VIIIb: Villa; VIIIb; wherein
m, n, R1, R2, R4, R5, R6 and R7 are as defined herein.
Preferably such compounds are of formula Villa. In
certain embodiments of formula VII, the compounds of
the invention may more specifically be represented by
formula IX: wherein m, n, R1, R2, R4, R5, R6 and R7
are as defined herein. In embodiments of formula IX,
R4 is preferably hydrogen. In certain embodiments of
formula VII, the compounds of the invention may more
specifically be represented by formula X:wherein m, n,
R1, R2, R4, R5, R6 and R7 are as defined herein. In
embodiments of formula X, R4 is preferably hydrogen.
In certain embodiments of formula X, the compounds of
the invention may more specifically be represented by
formula Xa or formula Xb: wherein m, n, R1, R2, R4,
R5, R6 and R7 are as defined herein. Preferably, in
such embodiments the compounds are of formua Xa. In
embodiments of formula Xa and Xb, R4 is preferably
hydrogen. 



In certain embodiments of any of formulas VII, VIII,
Villa, VIIIb, IX, X, Xa or Xb, R4, R5 and R6 each
independently is fluoro, chloro, bromo, methoxy,
difluoromethoxy, cyano, ethoxy, isopropoxy,
dimethylamino-oxo-acetamide, carboxylic acid methyl
ester, carboxylic acid amide, carboxylic acid
methyamide, carboxylic acid dimethylamide, acetamide,
methanesulfonamido, methanesulfonyl, benzyloxy,
trifluoromethyl, 2,2,2- trifluoroethoxy, fhien-2-yl,
cyclopropylmethoxy, cyclobutylmethoxy, morpholin-4-
ylmethanone, pyridin-3-yl and l-methyl-pyrazol-4-yl.
In certain embodiments of any of formulas VII, VIII,
Villa, VIIIb, IX, X, Xa or Xb, m is 0, 1 or 2 and each
R6 is independently chloro, methoxy, isopropoxy, cyano
or cyclopropylmethoxy. In certain embodiments of any
of formulas VII, VIII, VIIIa, VIIIb, IX, X, Xa or Xb,
m is 0, 1 or 2 and each R6 independently is halo,
alkyl, alkoxy or cyano. In certain embodiments of any
of formulas VII, VIII, Villa, VIIIb, IX, X, Xa or Xb,
m is 1, and R6 is halo or alkoxy at the 4- or 7
position of the indole ring system. In certain
embodiments of any of formulas VII, VIII, Villa,
VIIIb, IX, X, Xa or Xb, R4 and R5 are hydrogen.In
certain embodiments of any of formulas VII, VTII,
VTIIa, VTIIb, IX, X,Xa or Xb, one of R4 and R5 is
hydrogen and the other is alkyl, cyano, halo or
alkoxy. In certain embodiments of any of formulas VII,
VIII, Villa, VTIIb, IX, X,Xa or Xb, R2 is methyl. In
certain embodiments of any of formulas VII, VTII,
VTIIa, VTIIb, IX, X,Xa or Xb, R2 is methyl and R4 and
R5 are hydrogen. In certain embodiments of any of
formulas VII, VTII, VTIIa, VTIIb, IX, X, Xa or Xb, R2
is methyl, R4 and R5 are hydrogen, m is 0, 1 or 2 and
n is 0, 1 or 2. In certain embodiments of any of
formulas VTI, VTII, Villa, VIIIb, IX, X, Xa or Xb, R2
is methyl, R4 and R5 are hydrogen, m is 0, 1 or 2, n
is 0 or 2, and R is halo or alkoxy. In certain
embodiments of any of formulas VII, VIII, Villa,
VTIIb, IX, X,Xa or Xb, R2 is methyl, R4 and R5 are
hydrogen, m is 0, 1 or 2, n is 0, 1 or 2, and R6 is
halo, cyano or alkoxy located at the 4- or 7- position
of the indole ring system. A preferred halo in such
embodiments is chloro, and a preferred alkoxy in such
embodiments is methoxy. In certain embodiments of any
of formulas VTI, VTII, Villa, VIIIb, IX, X, Xa or Xb,
R2 is methyl, R4 is hydrogen, m is 1, n is 0, 1 or 2,
and R is chloro or methoxy located at the 4- or 7-
position of the indole ring system. In certain
embodiments of any of formulas X,Xa or Xb, R2 is
methyl, R4 is hydrogen, m is 1, n is 0, 1 or 2, and R6
is halo, cyano or alkoxy located at the 4- position of
the indole ring system. A preferred halo in such
embodiments is chloro, and a preferred alkoxy in such
embodiments is methoxy. In certain embodiments of any
of formulas X, Xa or Xb, R2 is methyl, R4 is hydrogen,
m is 2, n is 0, 1 or 2, and each R6 independently is
halo, cyano or alkoxy located at the 4- and
7-positions of the indole ring system. A preferred
halo in such embodiments is chloro, and a preferred
alkoxy in such embodiments is methoxy. In compounds of
formula II in which Ar is optionally substituted
indazolyl, the subject compounds maybe represented by
formula XI: wherein: m is from 0 to 4; R4 is:
hydrogen; alkyl, alkoxy, halo, haloalkyl, haloalkoxy,
cyano, nitro, hydroxyalkyl, heteroalkyl, alkoxyalkyl,
benzyloxy, cycloalkoxy, cycloalkylalkoxy,
morpholinocarbonyl,-(CH 2)q-S(O) rRf; -(CH 2)q-NRgRh;
-(CH 2)q-C(=O)-NR gR ; - (CH2)q-C(=O)-C(=O)-NR gRh;
-(CH 2)q-SO2-NR gRh -(CH 2)q-N(R f)-C(=O)-R 1;
-(CH2)q-C(=O)-R i; or -(CH 2)q-N(Rf)-SO 2- Rs; where q
is 0 or 1, r is from 0 to 2, Rf, Rg, and R each
independently is hydrogen or alkyl, and each R1is
independently hydrogen, alkyl, hydroxy, or alkoxy;
each R6 is independently: alkyl, alkoxy, halo,
haloalkyl, haloalkoxy, cyano, nitro, hydroxyalkyl,
heteroalkyl, alkoxyalkyl, benzyloxy, cycloalkoxy,
cycloalkylalkoxy, optionally substituted thienyl,
optionally substituted pyrazolyl, morpholinocarbonyl,-
(CH2)q-S(O)rRf;-(CH 2)q-NRgRh;-(CH 2)q-C(=O)-NR gRh;
-(CH 2)q-C(=O)-C(=O)- NRsRh; -(CH 2)q-SO2-NRsRh; -(CH
2)q-C(=O)-R i; or - (CH2)q-N(Rf)-SO 2- Rg; where q is
0 or 1, r is from 0 to 2, Rf, Rg, and Rh each
independently is hydrogen or alkyl, and each R1is
independently hydrogen, alkyl, hydroxy, or alkoxy; and
R1, R2 and R3 are as defined herein. In embodiments of
formula II wherein Ar is optionally substituted
indazol-1-yl, the compounds of the invention may be
more specifically of formula XII: wherein m, R1, R2,
R3, R4 and R6 are as defined herein. . In embodiments
of formula XII, R4 is preferably hydrogen. In
embodiments of formula II wherein Ar is optionally
substituted indazol-2-yl, the compounds of the
invention maybe more specifically of formula XIII:
wherein m, R1, R2, R3, R4 and R6 are as defined
herein. In embodiments of formula II wherein Ar is
optionally substituted indazol-3-yl, the compounds of
the invention maybe more specifically of formula
XIV:wherein m, R1, R2, R3, R4 and R6 are as defined
herein. 



In certain embodiments of any of formulas XI, XII,
XIII or XIV, one of R2 and R3 is hydrogen and the
other is alkyl, preferably methyl. In certain
embodiments of any of formulas XI, XII, XIII or XIV,
R1 is optionally substituted aryl, preferably
optionally substituted phenyl. In certain embodiments
of any of formulas XI, XII, XIII or XIV, R1 is
optionally substituted heteroaryl. In such embodiments
R1 maybe pyridinyl, pyrimidinyl, pyridazinyl,
pyrazinyl, thienyl or quinolinyl, each optionally
substituted. Preferably, when R1 is optionally
substituted heteroaryl, R1 is pyridinyl, pyrimidinyl,
pyrazinyl or pyridazinyl, each optionally substituted.
More preferably, R1 may be pyridinyl or pyrimidinyl.
Still more preferably, R1 maybe optionally substituted
pyridinyl, such as optionally substituted
pyridin-2-yl, optionally substituted pyridin-3-yl or
optionally substituted pyridin-4-yl, and more
specifically optionally substituted pyridin-2-yl or
optionally substituted pyridine-3-yl. In certain
embodiments of any of formulas XI, XII, XIII or XIV,
R1 is optionally substituted phenyl or optionally
substituted pyridyl. In certain embodiments of any of
formulas XI, XII, XIII or XIV, R1 is optionally
substituted phenyl In certain embodiments of any of
formulas XI, XII, XIII or XIV, R1 is optionally
substituted pyridyl. In certain embodiments of any of
formulas XI, XII, XIII or XIV, R1 is arylalkyl,
preferably optionally substituted benzyl or optionally
substituted phenylethyl. In certain embodiments of any
of formulas XI, XII, XIII or XIV, R1 is hetero
arylalkyl, preferably optionally substituted
pyridinylmethyl. In certain embodiments of any of
formulas XI, XII, XIII or XIV, R1 is cycloalkyl,
preferably cyclohexyl. In certain embodiments of any
of formulas XI, XII, XIII or XIV, R1 is branched
allcyl such as isobutyl, tert-butyl or isopropyl. In
certain embodiments of formulas XI, XII, XIII or XIV,
R1 is optionally substituted pyridinylmethyl. In
certain embodiments of formulas XI, XII, XIII or XIV,
R1 is cycloalkylmethyl, preferably cyclohexylmethyl.
In certain embodiments of formula XI, XII, XIII or
XIV, R1 is phenyl, 3,4- methylenedioxy-phenyl,
4-methoxy-phenyl, 3-methoxy-phenyl, 2-methoxy-phenyl,
4- fluoro-phenyl, 3-fiuoro-phenyl, 2-fluoro-phenyl,
4-chloro-phenyl, 3-chloro -phenyl, 2- chloro -phenyl,
naphthylene-1-yl, or naphthylene-2-yl.In certain
embodiments of formula XI, XII, XIII or XIV, R1 is
phenyl, 3,4- methylenedioxy-phenyl, 4-methoxy-phenyl,
3-methoxy-phenyl, 2-methoxy-phenyl, 4- fluoro-phenyl,
3-fl.uoro-phenyl, 2-fluoro-phenyl, 4-chloro-phenyl,
3-chloro -phenyl, or 2- chloro-phenyl. In certain
embodiments of formula XI, XII, XIII or XIV, R1 is
thien-2-yl, thien-3-yl, pyridin-4-yl, pyridin-3-yl,
pyridin-2-yl, pyrimidin-5-yl, 2-methoxy-pyridin-3-yl,
quinolin-2-yl, 2-chloro-pyridin-3-yl,
6-puoro-2-methyl-pyridin-3-yl,
2-chloro-5-fluoropyridin- 3-yl,
5-chloro-4-methoxy-pyridin-3-yl, or
4-methoxy-pyridin-3-yl. In certain embodiments of
formula XI, XII, XIII or XIV, R1 is pyridin-4-yl,
pyridin- 3-yl, pyridin-2-yl, 2-methoxy-pyridin-3-yl,
quinolin-2-yl, 2-chloro-pyridin-3-yl, 6-
nuoro-2-methyl-pyridin-3-yl,
2-chloro-5-fluoro-pyridin-3-yl,
5-chloro-4-methoxypyridin- 3-yl, or
4-methoxy-pyridin-3-yl. In certain embodiments of any
of formulas XI, XII, XIII or XIV, each R6 is
independently is fluoro, chloro, bromo, methoxy,
difluoromethoxy, cyano, ethoxy, isopropoxy,
dimethylamino-oxo-acetamide, carboxylic acid methyl
ester, carboxylic acid amide, carboxylic acid
methyamide, carboxylic acid dimethylamide, acetamide,
methanesulfonamido, methanesulfonyl, benzyloxy,
trifluoromethyl, 2,2,2- trifluoroethoxy, thien-2-yl,
cydopropylmethoxy, cyclobutylmethoxy, morpholin-4-
ylmethanone, pyridin-3-yl and l-methyl-pyrazol-4-yl.
In certain embodiments of any of formulas XI, XII,
XIII or XIV, m is 0, 1 or 2 and each R6 independently
is halo, alkyl, alkoxy or cyano. In certain
embodiments of any of formulas XI, XII, XIII or XIV, m
is 0. In certain embodiments of any of formulas XI,
XII, XIII or XIV, m is 1, and R6 is located at the 4-
or 7 position of the indazole ring system. In certain
embodiments of any of formulas XI, XII, XIII or XIV, m
is 1, and R6 is halo, cyano or alkoxy located at the
4- or 7 position of the indazole ring system. In
certain embodiments of any of formulas XI, XII, XIII
or XIV, m is 2, and R6 is located at the 4- and 7
positions of the indazole ring system. In certain
embodiments of any of formulas XI, XII, XIII or XIV, m
is 2, and each R6 is independently halo, cyano or
alkoxy located at the 4- and 7 positions of the
indazole ring system. In certain embodiments of any of
formulas XI, XII, XIII or XIV, R4 is hydrogen. In
certain embodiments of any of formulas XI, XII, XIII
or XIV, R4 is alkyl, cyano, halo or alkoxy. 



In certain embodiments of any of formulas XI, XII,
XIII or XIV, m is 0, 1 or 2, R1 is optionally
substituted phenyl, and one of R2 and R3 is hydrogen
and the other is alkyl, preferably methyl. In such
embodiments optionally substituted phenyl maybe
phenyloptionally substituted one, two, three or four
times with alkyl, alkoxy, cyano, halo, haloalkyl,
haloalkoxy, alkoxyalkyl or hydroxyalkyl. In certain
embodiments of any of formulas XI, XII, XIII or XTV,m
is 0, 1 or 2, R1 is optionally substituted phenyl, one
of R2 and R is hydrogen and the other is alkyl,
preferably methyl, and R4 is hydrogen. In such
embodiments optionally substituted phenyl maybe phenyl
optionally substituted one, two, three or four times
with alkyl, alkoxy, cyano, halo, haloalkyl,
haloalkoxy, alkoxyalkyl or hydroxyalkyl. In certain
embodiments of any of formulas XI, XII, XIII or XIV, m
is 0, 1 or 2, R1 is optionally substituted phenyl, one
of R2 and R3 is hydrogen and the other is alkyl,
preferably methyl, R4 is hydrogen, and each R6 is
independently halo, cyano or alkoxy. In such
embodiments optionally substituted phenyl maybe phenyl
optionally substituted one, two, three or four times
with alkyl, alkoxy, cyano, halo, haloalkyl,
haloalkoxy, alkoxyalkyl or hydroxyalkyl. In specific
embodiments m is 1 and R6 is halo or alkoxy at the 4-
or 7- position of the indazole ring system. A
preferred halo in such embodiments is chloro, and a
preferred alkoxy in such embodiments is methoxy. In
certain embodiments of any of formulas XI, XII, XIII
or XIV, m is 0, 1 or 2, R1 is optionally substituted
pyridinyl, and one of R2 and R3 is hydrogen and the
other is alkyl, preferably methyl. In such embodiments
optionally substituted pyridinyl may be pyridinyl
optionally substituted one, two or three times with
alkyl, alkoxy, cyano, halo, haloalkyl, haloalkoxy,
alkoxyalkyl or hydroxyalkyl. In such embodiments R1 is
preferably optionally substituted pyridin-3-yl. In
certain embodiments of any of formulas XI, XII, XIII
or XIV, m is 0, 1 or 2, R1 is optionally substituted
pyridinyl, one of R2 and R3 is hydrogen and the other
is alkyl, preferably methyl, and R4 is hydrogen. In
such embodiments optionally substituted pyridinyl may
be pyridinyl optionally substituted one, two or three
times with alkyl, alkoxy, cyano, halo, haloalkyl,
haloalkoxy, alkoxyalkyl or hydroxyalkyl. In such
embodiments R1 is preferably optionally substituted
pyridin-3-yl. In certain embodiments of any of
formulas XI, XII, XIII or XIV, m is 0, 1 or 2, R1 is
optionally substituted pyridinyl, one of R2 and R3 is
hydrogen and the other is alkyl, preferably methyl, R4
is hydrogen, and each R6 is independently halo, cyano
or alkoxy. In such embodiments optionally substituted
pyridinyl maybe pyridinyl optionally substituted one,
two or three times with alkyl, alkoxy, cyano, halo,
haloalkyl, haloalkoxy, alkoxyalkyl or hydroxyalkyl. In
specific embodiments m is 1 and R6 is halo or alkoxy
at the 4- or 7- position of the indazole ring system.
A preferred halo in such embodiments is chloro, and a
preferred alkoxy in such embodiments is methoxy. In
such embodiments R1 is preferably optionally
substituted pyridin-3-yl.In embodiments of the
invention wherein Ax is optionally substituted
indazolyl, R1 is optionally substituted phenyl and R3
is hydrogen, the subject compounds maybe represented
by formula XV: wherein: n is from 0 to 4; each R7
independently is alkyl, alkoxy, cyano, halo,
haloalkyl, haloalkoxy, alkoxyalkyl or hydroxyalkyl, or
two of R7 may form an alkylene dioxy; and m, R2, R4
and R6 are as defined herein. In certain embodiments
of formula XV, the compounds of the invention may more
specifically be represented by formula XVI: wherein m,
n, R1, R2, R4, R6 and R7 are as defined herein. In
certain embodiments of formula VII, the compounds of
the invention may more specifically be represented by
formula XVII: wherein m, n, R1, R2, R4, R6 and R7 are
as defined herein. In certain embodiments of formula
VII, the compounds of the invention may more
specifically be represented by formula XVIII:XVIII;
wherein m, n, R1, R2, R4, R6 and R7 are as defined
herein. In embodiments of formula XVIII, R4 is
preferably hydrogen. In certain embodiments of any of
formulas XV, XVI, XVII or XVIII, m is 0, 1 or 2 and
each R6 is independently halo, alkyl, alkoxy or cyano.
In certain embodiments of any of formulas XV, XVI,
XVII or XVIII, m is 1, and R6_ is halo, cyano or
alkoxy at the 4- or 7 position of the indazole ring
system. In certain embodiments of any of formulas XV,
XVI, XVII or XVIII, R4 is hydrogen. In certain
embodiments of any of formulas XV, XVI, XVII or XVIII,
R4 is allcyl, cyano, halo or alkoxy. In certain
embodiments of any of formulas XV, XVI, XVII or XVIII,
R2 is methyl. In certain embodiments of any of
formulas VII, VIII, IX, X, Xa or Xb, R2 is methyl and
R4 is hydrogen. In certain embodiments of any of
formulas XV, XVI, XVII or XVIII, R2 is methyl, R4 is
hydrogen, m is 0, 1 or 2 and n is 0, 1 or 2. In
certain embodiments of any of formulas XV, XVI, XVII
or XVIII, R2 is methyl, 



R4 is hydrogen, m is 0, 1 or 2, n is 0 or 2, and R6 is
halo or alkoxy. In certain embodiments of any of
formulas XV, XVI, XVII or XVIII, R2 is methyl, R4 is
hydrogen, m is 0, 1 or 2, n is 0, 1 or 2, and each R6
is independently halo or alkoxy located at the 4- or
7- position of the indazole ring system. In certain
embodiments of any of formulas XV, XVI, XVII or XVIII,
R2 is methyl, R4 is hydrogen, m is 1, n is 0, 1 or 2,
and R6 is chloro or methoxy located at the 4- or 7-
position of the indazole ring system. In compounds of
formula II in which Ar is optionally substituted
benzimidazolyl, the subject compounds may be
represented by formula XIX: wherein: m is from 0 to 4;
R4 is: hydrogen; alkyl, alkoxy, halo,
haloalkyl/haloalkoxy, cyano, nitro, hydroxyalkyl,
heteroalkyl, alkoxyalkyl, benzyloxy, cycloalkoxy,
cycloalkylalkoxy, optionally substituted thienyl,
optionally substituted pyrazolyl, morpholinocarbonyl,-
(CH2)q-S(O)rRf; -(CH 2)q-NRgRh; -(CH 2)q-C(=O)-NR gRh;
-(CH 2)q-C(=O)-C(=O)- NRsRh; -(CH 2)q-SO2-NR gRh; -(CH
2)q-N(Rf)-C(=O)-R i; -(CH 2)q-C(=O)-R i; or -
(CH2)q-N(Rf)-SO 2- Rg; where q is 0 or 1, r is from 0
to 2, Rf, Rg, and Rh each independently is hydrogen or
alkyl, and each R1is independently hydrogen, alkyl,
hydroxy, or alkoxy; each R6 is independently: alkyl,
alkoxy, halo, haloalkyl, haloalkoxy, cyano, nitro,
hydroxyalkyl, heteroalkyl, alkoxyalkyl, benzyloxy,
cycloalkoxy, cycloalkylalkoxy, optionally substituted
thienyl, optionally substituted pyrazolyl,
morpholinocarbonyl,- (CH2)q-S(O)rRf; -(CH 2)q-NRgRh;
-(CH 2)q-C(=O)-NR sRl1; -(CH 2)q-C(=O)-C(=O)- NRgRh;
-(CH 2)q-SO2-NR eRh; or - (CH2)q-N(Rf)-SO 2- Rg; where
q is 0 or 1, r is from 0 to 2, Rf, Rg, and Rh each
independently is hydrogen or alkyl, and each R1is
independently hydrogen, alkyl, hydroxy, or alkoxy; and
R1, R2 and R3 are as defined herein. In embodiments of
formula II wherein Ar is optionally substituted
benzimidazol-1- yl, the compounds of the invention may
be more specifically of formula XX: wherein m, R1, R2,
R3, R4 and R6 are as defined herein. In embodiments of
formula II wherein Ar is optionally substituted
benzimidazol-2- yl, the compounds of the invention
maybe more specifically of formula V: wherein m, R1,
R2, R3, R4 and R6 are as defined herein. In
embodiments of formula XXI, R4 is preferably hydrogen.
In compounds of formula II in which Ar is optionally
substituted benzofuranyl, the subject compounds may be
represented by formula XXII:wherein: R4 is: hydrogen;
alkyl, alkoxy, halo, haloalkyl, haloalkoxy, cyano,
nitro, hydroxyalkyl, heteroalkyl, alkoxyalkyl,
benzyloxy, cycloalkoxy, cycloalkylalkoxy, optionally
substituted thienyl, optionally substituted pyrazolyl,
morpholinocarbonyl,- (CH2)q-S(O)rRf; -(CH 2)q-NRgRh;
-(CH 2) -C(=O)-NR sRh; -(CH 2)q-C(=O)-C(=O)- NRsRh;
-(CH 2)q-SO2-NR gRh; -(CH 2) -N(Rf)-C(=O)-R i; -(CH
2)q-C(=O)-R i; or - (CH2)q-N(Rf)-SO 2- RB; where q is
0 or 1, r is from 0 to 2, Rf, Rs, and Rh each
independently is hydrogen or alkyl, and each R1is
independently hydrogen, alkyl, hydroxy, or alkoxy;
each R6 is independently: alkyl, alkoxy, halo,
haloalkyl, haloalkoxy, cyano, nitro, hydroxyalkyl,
heteroallcyl, alkoxyalkyl, benzyloxy, cycloalkoxy,
cycloalkylalkoxy, optionally substituted thienyl,
optionally substituted pyrazolyl, morpholinocarbonyl,-
(CH2)q-S(O)rRf; -(CH 2)q-NRgRh; -(CH 2)q-C(=O)-NR gRh;
-(CH 2)q-C(=O)-C(=O)- NRgRh; -(CH 2)q-SO2-NR gRh; -(CH
2)q-C(=O)-R i; or - (CH2)q-N(Rf)-SO 2- Rg; where q is
0 or 1, r is from 0 to 2, Rf, Rg, and Rh each
independently is hydrogen or alkyl, and each R1is
independently hydrogen, alkyl, hydroxy, or alkoxy; and
R1, R2 and R3 are as defined herein. In embodiments of
formula II wherein Ar is optionally substituted
benzofuranyl, the compounds of the invention maybe
more specifically of formula XXIII: XXIII; wherein m,
R1, R2, R3, R4 and R6 are as defined herein. In
embodiments of formula II wherein Ar is optionally
substituted benzofuranyl, the compounds of the
invention maybe more specifically of formula XXIV:
wherein m, R1, R2, R3, R4 and R6 are as defined
herein.In compounds of formula II in which Ar is
optionally substituted benzothiophenyl, the subject
compounds may be represented by formula XXV: wherein:
m is from 0 to 4; R4 is: hydrogen; alkyl, alkoxy,
halo, haloalkyl, haloalkoxy, cyano, nitro,
hydroxyalkyl, heteroalkyl, alkoxyalkyl, benzyloxy,
cycloalkoxy, cycloalkylalkoxy, optionally substituted
thienyl, optionally substituted pyrazolyl,
morpholmocarbonyl,- (CH2)q-S(O)rRf; -(CH 2)q-NRgRh;
-(CH 2)q-C(=O)-NR gRh; -(CH 2)q-C(=O)-C(=O)- NRgRh;
-(CH 2)q-SO2-NR sRh; -(CH 2)q-N(Rf)-C(=O)-R i; -(CH 2)
C =O)- R ; or - 



(CH2)q-N(Rf)-SO 2- Rs; where q is 0 or 1, r is from 0
to 2, Rf, Rg, and Rh each independently is hydrogen or
alkyl, and each R1is independently hydrogen, alkyl,
hydroxy, or alkoxy; each R6 is independently: alkyl,
alkoxy, halo, haloalkyl, haloalkoxy, cyano, nitro,
hydroxyalkyl, heteroalkyl, alkoxyalkyl, benzyloxy,
cycloalkoxy, cycloalkylalkoxy, optionally substituted
thienyl, optionally substituted pyrazolyl,
morpholinocarbonyl,- (CH2)q-S(O)rRf; -(CH 2)q-NRgRh;
-(CH 2)q-C(=O)-NR gRh; -(CH 2)q-C(=O)-C(=O)- NRgR ;
-(CH 2)q-SO2-NR gRh; -(CH 2)q-N(Rf)-C(=O)-R i; -(CH
2)q-C(=O)-R i; or - (CH2)q-N(Rf)-SO 2- Rg; where q is
0 or 1, r is from 0 to 2, Rf, Re, and Rh each
independently is hydrogen or alkyl, and each R1is
independently hydrogen, alkyl, hydroxy, or alkoxy; and
R1, R2 and R3 are as defined herein. In embodiments of
formula II wherein Ar is optionally substituted
benzothiophenyl,, the compounds of the invention maybe
more specifically of formula XXIII: wherein m, R1, R2,
R3, R4 and R6 are as defined herein. In embodiments of
formula II wherein Ar is optionally substituted
benzothiophenyl, the compounds of the invention maybe
more specifically of formula XXIV:XXVII; wherein m,
R1,R2, R3, R4 and R6 are as defined herein. In
embodiments of formula II wherein Ar is optionally
substituted benzoxazol-2-yl, the compounds of the
invention maybe more specifically of formula V:
XXVIII; wherein m, R1, R2, R3 and R6 are as defined
herein. In embodiments of formula II wherein Ar is
optionally substituted benzothiazol-2- yl, the
compounds of the invention maybe more specifically of
formula V: wherein m, R1, R2, R3 and R6 are as defined
herein. In compounds of formula II in which Ar is
optionally substituted 2,3- dihydroindolyl, the
subject compounds may be represented by formula XXX:
wherein: m is from 0 to 4; R4 and R5 each
independently is: hydrogen; alkyl, alkoxy, halo,
haloalkyl, haloalkoxy, cyano, nitro, hydroxyalkyl,
heteroallcyl, alkoxyalkyl, benzyloxy, cycloalkoxy,
cycloalkylalkoxy, optionally substituted thienyl,
optionally substituted pyrazolyi, morpholinocarbonyl
,-(CH 2)q-S(O)rRf; -(CH 2)q-NRgRh; -(CH 2)q-C(=O)-NR
gRh; - (CH2)q-C(=O)-C(=O)-NR gRl1; -(CH 2)q-SO2-NR
eRh; -(CH 2)q-N(Rf)-C(=O)-R i; - (CH2)q-C(=O)-R i; or
-(CH 2)q-N(Rf)-SO 2- Re; where q is 0 or 1 r is from 0
to 2, Rf, Rs, and Rh each independently is hydrogen or
alkyl, and each R1is independently hydrogen, alkyl,
hydroxy, or alkoxy;each R6 is independently: alkyl,
alkoxy, halo, haloalkyl, haloalkoxy, cyano, nitro,
hydroxyalkyl, heteroalkyl, alkoxyalkyl, benzyloxy,
cycloalkoxy, cycloalkylalkoxy, optionally substituted
tbienyl, optionally substituted pyrazolyl,
morpholinocarbonyl,- (CH2)q-S(O)rRf; -(CH 2)q-NReRh;
-(CH 2)q-C(=O)-NR gRh; -(CH 2)q-C(=O)-C(=O)- NRgRh;
-(CH 2)q-SO2-NR sRh; or - (CH2)q-N(Rf)-SO2- Rs; where
q is 0 or 1, r is from 0 to 2, Rf, Rg, and Rh each
independently is hydrogen or alkyl, and each R1is
independently hydrogen, alkyl, hydroxy, or alkoxy; and
R1, R2 and R are as defined herein. In embodiments of
formula II wherein Ar is optionally substituted 2,3-
dihydroindol-1-yl, the compounds of the invention
maybe more specifically of formula XXXI: wherein m,
R1, R2, R3, R4, R5 and R6 are as defined herein. In
embodiments of formula II wherein Ar is optionally
substituted 2,3- dihydroindol-2-yl, the compounds of
the invention maybe more specifically of formula
XXXII: XXXII; wherein m, R1, R2, R3, R4, R5 and R6 are
as defined herein. In embodiments of formula II
wherein Ar is optionally substituted 2,3-
dihydroindol-3-yl, the compounds of the invention
maybe more specifically of formula XXXIII: XXXIII;
wherein m, R1, R2, R3, R , R5 and R6 are as defined
herein.Unless otherwise indicated, where any of R1,
R2, R3, R4, R5, R6, R7, Ra Rb, Rc, Rd, Re, Rf, Rs or
Rh are alkyi or contain an alkyl moiety, such alkyl is
preferably lower alkyl, i.e. Ci-C alkyi, and more
preferably Ci-C4alkyl. Representative compounds in
accordance with the methods of the invention are shown
in Table 1. TABLE lTREATMENT WITH CISPLATIN AND AN
EGFR-INfflBITOR BACKGROUND OF THE INVENTION [1] The
present invention is directed to compositions and
methods for 



manufacturing medicaments intended for treating
cancer. In particular, the present invention is
directed to methods for manufacturing medicaments
comprising cisplatin and an epidermal growth factor
receptor (EGFR) kinase inhibitor. [2] Cancer is a
generic name for a wide range of cellular malignancies
characterized by unregulated growth, lack of
differentiation, and the ability to invade local
tissues and metastasize. These neoplastic malignancies
affect, with various degrees of prevalence, every
tissue and organ in the body. [3] A multitude of
therapeutic agents have been developed over the past
few decades for the treatment of various types of
cancer. The most commonly used types of anticancer
agents include: DNA-alkylating agents (e.g.,
cyclophosphamide, ifosfamide), antimetabolites (e.g.,
methotrexate, a folate antagonist, and 5-fluorouracil,
a pyrimidine antagonist), microtubule disrupters
(e.g., vincristine, vinblastine, paclitaxel), DNA
intercalators (e.g., doxorubicin, daunomycin,
cisplatin), and hormone therapy (e.g., tamoxifen,
flutamide). [4] According to the National Cancer
Institute, lung cancer is the single largest cause of
cancer deaths in the United States and is responsible
for nearly 30% of cancer deaths in the country.
According to the World Health Organization, there are
more than1.2 million cases worldwide of lung and
bronchial cancer each year, causing approximately 1.1
million deaths annually. NSCLC is the most common form
of lung cancer and accounts for almost 80 percent of
all cases. Treatment options for lung cancer are
surgery, radiation therapy, and chemotherapy, either
alone or in combination, depending on the form and
stage of the cancer. For advanced NSCLC, agents that
have been shown to be active include cisplatin (CisP;
e.g. platinol(r)), carboplatin, paclitaxel, docetaxel,
topotecan, irinotecan, vinorelbine, gemcitabine, and
the EGFR kinase inhibitors gefitinib and erlotinib.
Cisplatin-containing and carboplatin-containing
combination chemotherapy regimens have been shown to
produce objective response rates that are higher than
those achieved with single-agent chemotherapy (Weick,
J.K., et al. (1991) J. Clin. Oncol. 9(7): 1157-1 162).
It has been reported that paclitaxel has singleagent
activity in stage IV patients, with response rates in
the range of 21% to 24% (Murphy W.K., et al. (1993) J.
Natl. Cancer Inst. 85(5):384-388). Paclitaxel
combinations have shown relatively high response
rates, significant 1 year survival, and palliation of
lung cancer symptoms (Johnson D.H., et al. (1996) J.
Clin. Oncol. 14(7):2054-2060). With a paclitaxel plus
carboplatin regimen, response rates have been in the
range of'27% to 53% with 1-year survival rates of 32%
to 54%. However, efficacy of such treatments is such
that no specific regimen can be regarded as standard
therapy at present. [5] Over-expression of the
epidermal growth factor receptor (EGFR) kinase, or its
ligand TGF-alpha, is frequently associated with many
cancers, including breast, lung, colorectal and head
and neck cancers (Salomon D.S., et al. (1995) Crit.
Rev. Oncol. Hematol. 19:183-232; Wells, A. (2000)
Signal, 1:4-1 1), and is believed to contribute to the
malignant growth of these tumors. A specific
deletion-mutation in the EGFR gene has also been found
to increase cellular tumorigenicity (Halatsch, M-E. et
al. (2000) J . Neurosurg. 92:297-305; Archer, G.E. et
al. (1999) CHn. Cancer Res. 5:2646-2652). Activation
of EGFR stimulated signaling pathways promote multiple
processes that are potentially cancer-promoting, e.g.
proliferation, angiogenesis, cell motility and
invasion, decreased apoptosis and induction of drug
resistance. The development for use as anti tumor
agents of compounds that directly inhibit the kinase
activity of the EGFR, as well as antibodies that
reduce EGFR kinase activity by blocking EGFR
activation, are areas of intense research effort (de
Bono J.S. and Rowinsky, E.K. (2002) Trends in MoI.
Medicine 8:S19-S26; Dancey, J. and Sausville, E.A.
(2003) Nature Rev. Drug Discovery 2:92-3 13). Several
studies have demonstrated or disclosed that some EGFR
kinaseinhibitors can improve tumor cell or neoplasia
killing when used in combination with certain other
anti-cancer or chemotherapeutic agents or treatments
(e.g. Raben, D. et al. (2002) Semin. Oncol. 29:37-46;
Herbst, R.S. et al. (2001) Expert Opin. Biol. Ther.
1:719-732; Magne, N et al. (2003) Clin. Can. Res.
9:4735-4732; Magne, N. et al. (2002) British Journal
of Cancer 86:81 9-827; Torrance, CJ. et al. (2000)
Nature Med. 6:1024- 1028; Gupta, RA. and DuBois, RN.
(2000) Nature Med. 6:974-975; Tortora, et al. (2003)
Clin. Cancer Res. 9:1566-1572; Solomon, B. et al
(2003) Int. J. Radiat. Oncol. Biol. Phys. 55:713-723;
Krishnan, S. et al. (2003) Frontiers in Bioscience 8,
el-13; Huang, S et al. (1999) Cancer Res.
59:1935-1940; Contessa, J. N. et al. (1999) Clin.
Cancer Res. 5:405-41 1; Li, M. et al. Clin. (2002)
Cancer Res. 8:3570-3578; Ciardiello, F. et al. (2003)
Clin. Cancer Res. 9:1546-1556; Ciardiello, F. et al.
(2000) Clin. Cancer Res. 6:3739-3747; Grunwald, V. and
Hidalgo, M. (2003) J. Nat. Cancer Inst. 95:851-867;
Seymour L. (2003) Current Opin. Investig. Drugs
4(6):658-666; Khalil, M.Y. et al. (2003) Expert Rev.
Anticancer Ther.3:367-380; Bulgaru, A.M. et al. (2003)
Expert Rev. Anticancer Ther.3:269-279; Dancey, J. and
Sausville, E.A. (2003) Nature Rev. Drug Discovery
2:92-313; Kim, E.S. et al. (2001) Current Opinion
Oncol. 13:506-513; Arteaga, CL. and Johnson, D.H.
(2001) Current Opinion Oncol. 13:491-498; Ciardiello,
F. et al. (2000) Clin. Cancer Res. 6:2053-2063; Patent
Publication Nos: US 2003/0108545; US 2002/0076408; and
US 2003/0157104; and International Patent 



Publication Nos: WO 99/60023; WO 01/12227; WO
02/055106; WO 03/088971; WO 01/34574; WO 01/76586; WO
02/05791; and WO 02/089842). [6] An anti-neoplastic
drag would ideally kill cancer cells selectively, with
a wide therapeutic index relative to its toxicity
towards non-malignant cells. It would also retain its
efficacy against malignant cells, even after prolonged
exposure to the drug. Unfortunately, none of the
current chemotherapies possess such an ideal profile.
Instead, most possess very narrow therapeutic indexes.
Furthermore, cancerous cells exposed to slightly
sub-lethal concentrations of a chemotherapeutic agent
will very often develop resistance to such an agent,
and quite often cross-resistance to several other
antineoplastic agents as well. [7] Thus, there is a
need for more efficacious treatment for neoplasia and
other proliferative disorders. Strategies for
enhancing the therapeutic efficacy of existing drugs
have involved changes in the schedule for their
administration, and also their use in combination with
other anticancer or biochemical modulating agents.
Combinationtherapy is well known as a method that can
result in greater efficacy and diminished side effects
relative to the use of the therapeutically relevant
dose of each agent alone. In some cases, the efficacy
of the drug combination is additive (the efficacy of
the combination is approximately equal to the sum of
the effects of each drug alone), but in other cases
the effect is synergistic (the efficacy of the
combination is greater than the sum of the effects of
each drug given alone). [8] However, there remains a
critical need for improved treatments for lung and
other cancers. This invention provides anti-cancer
combination therapies that reduce the dosages for
individual components required for efficacy, thereby
decreasing side effects associated with each agent,
while maintaining or increasing therapeutic value. The
invention described herein provides new drug
combinations, and methods for using drug combinations
in the treatment of lung and other cancers. SUMMARY OF
THE INVENTION [9] The present invention provides a
method for manufacturing a medicament intended for
treating tumors or tumor metastases, characterized in
that an EGFR kinase inhibitor and cisplatin are used.
Preferably, the combination of a therapeutically
effective amount of an EGFR kinase inhibitor and
cisplatin is intended for administration to the
patient simultaneously or sequentially, with or
without additional agents or treatments, such as other
anti-cancer drugs or radiation therapy.. [10] The
invention also encompasses a pharmaceutical
composition that is comprised of an EGFR kinase
inhibitor and cisplatin combination in combination
with a pharmaceutically acceptable carrier. [11] A
preferred example of an EGFR kinase inhibitor that can
be used in practicing this invention is the compound
erlotinib HCl (also known as Tarceva(tm)). BRIEF
DESCRIPTION OF THE FIGURES [12] Figure 1: Erlotinib
plasma concentrations over time (A) Dose-dependent
plasma concentrations (B) Correlation between tumor
drug concentrations and plasma drug concentrations.
Tumor-bearing mice were given daily oral doses
oferlotinib at 0, 6.3, 12.5, 25.0, 100.0 or 150.0
mg/kg for 2 1 days. On day 28 post tumor implant,
blood (from the retro-orbital sinus) and tumor samples
were collected at 1 and 6 hours post dosing.
Concentrations of erlotinib were determined using
LC-MS/MS. Values are means  SD, n=3. [13] Figure 2:
Effect of erlotinib on mean tumor volume in H460a
NSCLC xenograft model. Mice were implanted with H460a
NSCLC cells. When palpable tumors were established,
animals were randomized such that each group had a
mean starting tumor volume of 100-150 mm3. Mice were
given daily oral doses of erlotinib at 0, 6.3, 12.5,
25 or 100 mg/kg for 2 1 days. Tumor size was measured
3 times per week. Values are means, n=10. [14] Figure
3: Single-dose pharmacokinetics of erlotinib 20 and
100mg/kg in nontumour bearing female nu/nu athymic
mice. [15] Figure 4: Effect of erlotinib and cisplatin
alone and in combination on mean tumor volume in the
H460a NSCLC xenograft model. Mice were implanted with
H460a NSCLC cells. When palpable tumors were
established, animals were randomised such that each
group had a mean starting tumor volume of 100-150 mm3.
Mice were treated with vehicle, oral erlotinib alone
at 25 or 100 mg/kg/day for 3 weeks, i.p. cisplatin
alone at 1.5 or 6 mg/kg every 6 days for 3 weeks, or
erlotinib at 25 mg/kg/day with cisplatin at 1.5 mg/kg
every 6 days. Tumor size was measured 3 times per
week. Values are means, n=10. [16] Figure 5: Maximum
tolerated dose assessment in non-tumour bearing
athymic nude mice treated for 14 days (n=5). [17]
Figure 6: Effect of erlotinib and cisplatin alone and
in combination on mean tumor volume in the A549 NSCLC
xenograft model. Mice were implanted with A549 NSCLC
cells. When palpable tumors were established, animals
were randomised such that each group had a mean
starting tumor volume of 100-150 mm3. Mice were
treated with vehicle, oral erlotinib alone at 25 or
100 mg/kg/day for 3 weeks, i.p. cisplatin alone at 1.5
or 6 mg/kg every 6 days for 3 weeks, or erlotinib at
25 mg/kg/day with cisplatin at1.5 mg/kg every 6 days.
Tumor size was measured 3 times per week. Values are
means, 



n=10. [18] Figure 5: Skin lesions in mice administered
erlotinib. At necropsy, skin samples were fixed in 10%
buffered formalin, embedded in paraffin, sectioned at
5m and stained with haematoxylin and eosin. In mice
given erlotinib at 100 mg/kg/day for 2 1 days, skin
lesions were grossly characterised as reddened and
flaky. Histologically the lesions consisted of
diffuse, mild to moderate epidermal acanthosis,
epidermal hyperkeratosis, focal escharosis, and
infiltration of mostly acute inflammatory cells in the
dermis. The lesions were transient and dissipated with
continued treatment. [19] Figure 6: Photomicrographs
of immunohistochemical staining of NSCLC in xenograft
models. Sections of tumors from nude mice were stained
for the antigen Ki67 to detect cell proliferation in
control mice (A) and mice treated with erlotinib at
100 mg/kg/day for 2 1 days (B). Dark areas represent
Ki67 staining indicative of proliferative activity.
BRIEF DESCRIPTION OF THE TABLES [20] Table 1:
Single-dose pharmacokinetics of erlotinib 20 and 100
mg/kg in nontumour bearing female nu/nu athymic mice
(page 44). [21] Table 2: Maximum tolerated dose
assessment in non-tumour bearing athymic nude mice
treated for 14 days (n=5) (page 45). DETAILED
DESCRIPTION OF THE INVENTION [22] The term "cancer" in
an animal refers to the presence of cells possessing
characteristics typical of cancer-causing cells, such
as uncontrolled proliferation, immortality, metastatic
potential, rapid growth and proliferation rate, and
certain characteristic morphological features. Often,
cancer cells will be in the form of a tumor, but such
cells may exist alone within an animal, or may
circulate in the blood stream as independent cells,
such as leukemic cells.[23] "Abnormal cell growth", as
used herein, unless otherwise indicated, refers to
cell growth that is independent of normal regulatory
mechanisms (e.g., loss of contact inhibition). This
includes the abnormal growth of: (1) tumor cells
(tumors) that proliferate by expressing a mutated
tyrosine kinase or overexpression of a receptor
tyrosine kinase; (2) benign and malignant cells of
other proliferative diseases in which aberrant
tyrosine kinase activation occurs; (4) any tumors that
proliferate by receptor tyrosine kinases; (5) any
tumors that proliferate by aberrant serine/threonine
kinase activation; and (6) benign and malignant cells
of other proliferative diseases in which aberrant
serine/threonine kinase activation occurs. [24] The
term "treating" as used herein, unless otherwise
indicated, means reversing, alleviating, inhibiting
the progress of, or preventing, either partially or
completely, the growth of tumors, tumor metastases, or
other cancer-causing or neoplastic cells in a patient.
The term "treatment" as used herein, unless otherwise
indicated, refers to the act of treating. [25] The
phrase "a method of treating" or its equivalent, when
applied to, for example, cancer refers to a procedure
or course of action that is designed to reduce or
eliminate the number of cancer cells in an animal, or
to alleviate the symptoms of a cancer. "A method of
treating" cancer or another proliferative disorder
does not necessarily mean that the cancer cells or
other disorder will, in fact, be eliminated, that the
number of cells or disorder will, in fact, be reduced,
or that the symptoms of a cancer or other disorder
will, in fact, be alleviated. Often, a method of
treating cancer will be performed even with a low
likelihood of success, but which, given the medical
history and estimated survival expectancy of an
animal, is nevertheless deemed an overall beneficial
course of action. [26] The term "therapeutically
effective agent" means a composition that will elicit
the biological or medical response of a tissue,
system, animal or human that is being sought by the
researcher, veterinarian, medical doctor or other
clinician. [27] The term "method for manufacturing a
medicament" relates to the manufacturing of a
medicament for use in the indication as specified
herein and in particular for use in tumors, tumor
metastases, or cancer in general. The term relates
tothe so-called "Swiss-type" claim format in he
indication specified. [28] The term "therapeutically
effective amount" or "effective amount" means the
amount of the subject compound or combination that
will elicit the biological or medical response of a
tissue, system, animal or human that is being sought
by the researcher, veterinarian, medical doctor or
other clinician. [29] The data presented in the
Examples herein below demonstrate that co
administration of cisplatin with an EGFR kinase
inhibitor is effective for treatment of advanced
cancers, such as colorectal cancer. Accordingly, the
present invention provides a method for manufacturing
a medicament intended for treating tumors or tumor
metastases in a patient, characterized in that a
therapeutically effective amount of an EGFR kinase
inhibitor and cisplatin combination is used.
Preferably, such combination is intended for
administration to the patient simultaneously or
sequentially. In one embodiment the tumors or tumor
metastases to be treated are colorectal tumors or
tumor metastases. [30] Preferably, such substances are
intended for administration to the patient 



simultaneously or sequentially. Therefore, the present
invention further provides a method for manufacturing
a medicament for treating tumors or tumor metastases,
characterized in that a therapeutically effective
amount of an EGFR kinase inhibitor and cisplatin
combination is used and is intended for administration
to the patient simultaneously or sequentially.
Preferably, in addition, one or more other cytotoxic,
chemotherapeutic or anti-cancer agents, or compounds
that enhance the effects of such agents are used..
[31] In the context of this invention, additional
other cytotoxic, chemotherapeutic or anti-cancer
agents, or compounds that enhance the effects of such
agents, include, for example: alkylating agents or
agents with an alkylating action, such as
cyclophosphamide (CTX; e.g. Cytoxan(r)), chlorambucil
(CHL; e.g. leukeran(r)), busulfan (e.g. myleran(r)),
melphalan, carmustine (BCNU), streptozotocin,
triethylenemelamine (TEM), mitomycin C, and the like;
anti-metabolites, such as methotrexate (MTX),
etoposide (VP16; e.g. vepesid(r)), 6-mercaptopurine
(6MP), 6-thiocguanine (6TG), cytarabine (Ara-C),
5-fluorouracil (5-FU), capecitabine (e.g.Xeloda(r)),
dacarbazine (DTIC), and the like; antibiotics, such as
actinomycin D, doxorubicin (DXR; e.g.adriamycin(r)),
daunorubicin (daunomycin), bleomycin, mithramycin and
the like; alkaloids, such as vinca alkaloids such as
vincristine (VCR), vinblastine, and the like; and
other antitumor agents, such as paclitaxel (e.g.
taxol(r)) and pactitaxel derivatives, the cytostatic
agents, glucocorticoids such as dexamethasone (DEX;
e.g. decadron(r)) and corticosteroids such as
prednisone, nucleoside enzyme inhibitors such as
hydroxyurea, amino acid depleting enzymes such as
asparaginase, leucovorin, folinic acid and other folic
acid derivatives, and similar, diverse antitumor
agents. The following agents may also be used as
additional agents: arnifostine (e.g. ethyol(r)),
dactinomycin, mechlorethamine (nitrogen mustard),
streptozocin, cyclophosphamide, lornustine (CCNU),
doxorubicin lipo (e.g. doxil(r)), gemcitabine (e.g.
gemzar(r)), daunorubicin lipo (e.g. daunoxome(r)),
procarbazine, mitomycin, docetaxel (e.g. taxotere(r)),
aldesleukin, carboplatin, cladribine, camptothecin,
CPT 1 1 (irinotecan), 10-hydroxy 7-ethylcamptothecin
(SN38), floxuridine, fludarabine, ifosfamide,
idarubicin, mesna, interferon alpha, interferon beta,
mitoxantrone, topotecan, leuprolide, megestrol,
melphalan, mercaptopurine, plicamycin, mitotane,
pegaspargase, pentostatin, pipobroman, plicamycin,
tamoxifen, teniposide, testolactone, thioguanine,
thiotepa, uracil mustard, vinorelbine, chlorambucil.
[32] Also more preferred is a method for manufacturing
a medicament for treating tumors or tumor metastases,
characterized in that a therapeutically effective
amount of an EGFR kinase inhibitor and cisplatin
combination is used and is intended for administration
to the patient simultaneously or sequentially, wherein
in addition, one or more anti-hormonal agents are
used. As used herein, the term "anti-hormonal agent"
includes natural or synthetic organic or peptidic
compounds that act to regulate or inhibit hormone
action on tumors. [33] Antihormonal agents include,
for example: steroid receptor antagonists,
antiestrogens such as tamoxifen, raloxifene, aromatase
inhibiting 4(5)-imidazoles, other aromatase
inhibitors, 42-hydroxytamoxifen, trioxifene,
keoxifene, LY 117018, onapristone, and toremifene
(e.g. Fareston(r)); anti-androgens such as flutamide,
nilutamide, bicalutamide, leuprolide, and goserelin;
and pharmaceutically acceptable salts, acids or
derivatives of any of the above; agonists and/or
antagonists of glycoprotein hormones such as follicle
stimulating hormone (FSH), thyroid stimulating hormone
(TSH), and luteinizing hormone (LH) and LHRH
(leuteinizing hormone-releasing hormone); the LHRH
agonist goserelin acetate, commercially available as
Zoladex(r)(AstraZeneca); the LHRH antagonist
D-alaninamide N-acetyl-3-(2-naphthalenyl)-Dalanyl-
4-chloro-D-phenylalanyl-3-(3-pyridinyl)-D-alanyl-L-ser
yl-N6-( 3- pyridinylcarbonyl)-L-lysyl-N6-(3
-pyridinylcarbony I)-D-IySyI-L-IeUCyI-No- (1-
methylethyl)-L-lysyl -L-proline (e.g Antide(r),
Ares-Serono); the LHRH antagonist ganirelix acetate;
the steroidal anti-androgens cyproterone acetate (CPA)
and megestrol acetate, commercially available as
Megace(r) (Bristol-Myers Oncology); the nonsteroidal
anti-androgen flutamide (2-methyl-N-[4,
20-mtro-3-(trifluoromethyl) phenylpropanamide),
commercially available as Eulexin(r) (Schering Corp.);
the non steroidal anti-androgen nilutamide,
(5,5-dimethyl-3-[4-nitro-3-(trifluoromethyl-4'-
nitrophenyl)-4,4-dimethyl-imidazolidine-dione); and
antagonists for other nonpermissive receptors, such as
antagonists for RAR, RXR, TR, VDR, and the like. [34]
The use of the cytotoxic and other anticancer agents
described above in chemotherapeutic regimens is
generally well characterized in the cancer therapy
arts, and their use herein falls under the same
considerations for monitoring tolerance and
effectiveness and for controlling administration
routes and dosages, with some adjustments. For
example, the actual dosages of the cytotoxic agents
may vary depending upon the patient's cultured cell
response determined by using histoculture methods.
Generally, the dosage will be reduced compared to the
amount used in the absence of additional other agents.
[35] Typical dosages of an effective cytotoxic agent
can be in the ranges recommended by the manufacturer,
and where indicated by in vitro responses or 



responses in animal models, can be reduced by up to
about one order of magnitude concentration or amount.
Thus, the actual dosage will depend upon the judgment
of the physician, the condition of the patient, and
the effectiveness of the therapeutic method based on
the in vitro responsiveness of the primary cultured
malignant cells or histocultured tissue sample, or the
responses observed in the appropriate animal models.
[36] In the context of this invention, of the above
additional other cytotoxic, chemotherapeutic or
anticancer agents the compounds gemcitabine, taxotere,
and vinorelbine are preferred. [37] Also more
preferred is a method for manufacturing a medicament
for treating tumors or tumor metastases, characterized
in that a therapeutically effective amount of anEGFR
kinase inhibitor and cisplatin combination is used and
is intended for administration to the patient
simultaneously or sequentially, wherein in addition,
one or more angiogenesis inhibitors are used. [38]
Anti-angiogenic agents include, for example: VEGFR
inhibitors, such as SU- 5416 and SU-6668 (Sugen Inc.
of South San Francisco, Calif., USA), or as described
in, for example International Application Nos. WO
99/24440, WO 99/62890, WO 95/21613, WO 99/61422, WO
98/50356, WO 99/10349, WO 97/32856, WO 97/22596, WO
98/54093, WO 98/02438, WO 99/16755, andWO 98/02437,
and U.S. Patent Nos. 5,883,1 13, 5,886,020, 5,792,783,
5,834,504 and 6,235,764; VEGF inhibitors such as IM862
(Cytran Inc. of Kirkland, Wash., USA); angiozyme, a
synthetic ribozyme from Ribozyme (Boulder, Colo.); and
antibodies to VEGF, such as bevacizumab (e.g.
Avastin(tm), Genentech, South San Francisco, CA), a
recombinant humanized antibody to VEGF; integrin
receptor antagonists and integrin antagonists, such as
to qvb3, avb5 and avb6 integrins, and subtypes
thereof, e.g. cilengitide (EMD 121974), or the
anti-integrin antibodies, such as for example avb3
specific humanized antibodies (e.g. Vitaxin(r));
factors such as IFN-alpha (U.S. Patent Nos. 41530,901,
4,503,035, and 5,231,176); angiostatin and plasminogen
fragments (e.g. kringle 1-4, kringle 5, kringle 1-3
(O'Reilly, M. S. et al. (1994) Cell 79:315-328; Cao et
al. (1996) J. Biol. Chem. 271: 29461-29467; Cao et al.
(1997) J. Biol. Chem. 272:22924-22928); endostatin
(O'Reilly, M. S. et al. (1997) Cell 88:277; and
International Patent Publication No. WO 97/15666);
thrombospondin (TSP-I; Frazier, (1991) Curr. Opin.
Cell Biol. 3:792); platelet factor 4 (PF4);
plasminogen activator/urokinase inhibitors; urokinase
receptor antagonists; heparinases; fumagillin analogs
such as TNP-4701; suramin and suramin analogs;
angiostatic steroids; bFGF antagonists; flk-1 and
flt-1 antagonists; anti-angiogenesis agents such as
MMP-2 (matrix-metalloprotienase 2) inhibitors and
MMP-9 (matrixmetalloprotienase 9) inhibitors. Examples
of useful matrix metalloproteinase inhibitors are
described in International Patent Publication Nos. WO
96/33172, WO 96/27583, WO 98/07697, WO 98/03516, WO
98/34918, WO 98/34915, WO 98/33768, WO 98/30566, WO
90/05719, WO 99/52910, WO 99/52889, WO 99/29667, and
WO 99/07675, European Patent Publication Nos. 818,442,
780,386, 1,004,578, 606,046, and 931,788; Great
Britain Patent Publication No. 9912961, and U.S.
patent Nos. 5,863,949 and 5,861,510. Preferred MMP-2
and MMP-9 inhibitors are those that have little or no
activity inhibiting MMP-I. More preferred, are those
that selectively inhibit MMP-2 and/or MMP-9 relative
to the other matrix-metalloproteinases (i.e. MMP-I,
MMP-3,MMP-4, MMP-5, MMP-6, MMP-7, MMP-8, MMP-IO, MMP-1
1, MMP-12, and MMP- 13). [39] Also more preferred is a
method for manufacturing a medicament for treating
tumors or tumor metastases, characterized in that a
therapeutically effective amount of an EGFR kinase
inhibitor and cisplatin combination is used and is
intended for administration to the patient
simultaneously or sequentially, wherein in addition,
one or more tumor cell pro-apoptotic or
apoptosis-stimulating agents are used. [40] Also more
preferred is a method for manufacturing a medicament
for treating tumors or tumor metastases, characterized
in that a therapeutically effective amount of an EGFR
kinase inhibitor and cisplatin combination is used and
is intended for administration to the patient
simultaneously or sequentially, wherein in addition,
one or more signal transduction inhibitors are used.
[41] Signal transduction inhibitors include, for
example: erbB2 receptor inhibitors, such as organic
molecules, or antibodies that bind to the erbB2
receptor, for example, trastuzumab (e.g.
Herceptin(r)); inhibitors of other protein
tyrosine-kinases, e.g. imitinib (e.g. Gleevec(r)); ras
inhibitors; raf inhibitors; MEK inhibitors; mTOR
inhibitors; cyclin dependent kinase inhibitors;
protein kinase C inhibitors; and PDK-I inhibitors (see
Dancey, J . and Sausville, E.A. (2003) Nature Rev.
Drug Discovery 2:92-313, for a description of several
examples of such inhibitors, and their use in clinical
trials for the treatment of cancer). [42] ErbB2
receptor inhibitors include, for example: ErbB2
receptor inhibitors, such as GW-282974 (Glaxo Wellcome
pic), monoclonal antibodies such as AR-209 (Aronex
Pharmaceuticals Inc. of The Woodlands, Tex., USA), and
erbB2 inhibitors such as those described in
International Publication Nos. WO 98/02434, WO
99/35146, WO 99/35132, WO 98/02437, WO 97/13760, and
WO 95/19970, and U.S. Patent Nos. 5,587,458,
5,877,305, 6,465,449 and 6,541,481. 



[43] Also more preferred is a method for manufacturing
a medicament for treating tumors or tumor metastases,
characterized in that a therapeutically effective
amount of an EGFR kinase inhibitor and cisplatin
combination is used and is intended foradministration
to the patient simultaneously or sequentially, wherein
in addition, an anti- HER2 antibody or an
immunotherapeutically active fragment thereof is
used.. [44] Also more preferred is a method for
manufacturing a medicament for treating tumors or
tumor metastases, characterized in that a
therapeutically effective amount of an EGFR kinase
inhibitor and cisplatin combination is used and is
intended for administration to the patient
simultaneously or sequentially, wherein in addition,
one or more additional anti-proliferative agents are
used. [45] Additional antiproliferative agents
include, for example: Inhibitors of the enzyme
farnesyl protein transferase and inhibitors of the
receptor tyrosine kinase PDGFR, including the
compounds disclosed and claimed in U.S. patent Nos.
6,080,769, 6,194,438, 6,258,824, 6,586,447, 6,071,935,
6,495,564, 6,150,377, 6,596,735 and 6,479,513, and
International Patent Publication WO 01/40217. [46]
Also more preferred is a method for manufacturing a
medicament for treating tumors or tumor metastases,
characterized in that a therapeutically effective
amount of an EGFR kinase inhibitor and cisplatin
combination is used and is intended for administration
to the patient simultaneously or sequentially, wherein
in addition, a COX II (cyclooxygenase II ) inhibitor
is used. Examples of useful COX-II inhibitors include
alecoxib (e.g. Celebrex(tm)), valdecoxib, and
rofecoxib. [47] Also more preferred is a method for
manufacturing a medicament for treating tumors or
tumor metastases, characterized in that a
therapeutically effective amount of an EGFR kinase
inhibitor and cisplatin combination is used and is
intended for administration to the patient
simultaneously or sequentially, wherein in addition, a
radiopharmaceutical is used. Instead of adding a
radiopharmaceutical or additionally, treatment with
radiation may be carried out. [48] The source of
radiation can be either external or internal to the
patient being treated. When the source is external to
the patient, the therapy is known as external beam
radiation therapy (EBRT). When the source of radiation
is internal to the patient, the treatment is called
brachytherapy (BT). Radioactive atoms for use in the
context of this invention can be selected from the
group including, but not limited to, radium, cesium-
137, iridium-192, americium-241, gold-198, cobalt-57,
copper-67, technetium-99,iodine-123, iodine-131, and
indium-Ill. Where the EGFR kinase inhibitor according
to this invention is an antibody, it is also possible
to label the antibody with such radioactive isotopes.
[49] Radiation therapy is a standard treatment for
controlling unresectable or inoperable tumors and/or
tumor metastases. Improved results have been seen when
radiation therapy has been combined with chemotherapy.
Radiation therapy is based on the principle that
high-dose radiation delivered to a target area will
result in the death of reproductive cells in both
tumor and normal tissues. The radiation dosage regimen
is generally defined in terms of radiation absorbed
dose (Gy), time and fractionation, and must be
carefully defined by the oncologist. The amount of
radiation a patient receives will depend on various
considerations, but the two most important are the
location of the tumor in relation to other critical
structures or organs of the body, and the extent to
which the tumor has spread. A typical course of
treatment for a patient undergoing radiation therapy
will be a treatment schedule over a 1 to 6 week
period, with a total dose of between 10 and 80 Gy
administered to the patient in a single daily fraction
of about 1.8 to 2.0 Gy, 5 days a week. In a preferred
embodiment of this invention there is synergy when
tumors in human patients are treated with the
combination treatment of the invention and radiation.
In other words, the inhibition of tumor growth by
means of the agents comprising the combination of the
invention is enhanced when combined with radiation,
optionally with additional chemotherapeutic or
anticancer agents. Parameters of adjuvant radiation
therapies are, for example, contained in International
Patent Publication WO 99/60023. [50] Also more
preferred is a method for manufacturing a medicament
for treating tumors or tumor metastases, characterized
in that a therapeutically effective amount of an EGFR
kinase inhibitor and cisplatin combination is used and
is intended for administration to the patient
simultaneously or sequentially, wherein in addition,
one or more agents capable of enhancing antitumor
immune responses are used. [51] Agents capable of
enhancing antitumor immune responses include, for
example: CTLA4 (cytotoxic lymphocyte antigen 4)
antibodies (e.g. MDX-CTLA4), and other agents capable
of blocking CTLA4. Specific CTLA4 antibodies that can
be used in the present invention include those
described in U.S. Patent No. 6,682,736.[52] Also more
preferred is a method for manufacturing a medicament
for reducing the side effects caused by the treatment
of tumors or tumor metastases, characterized in that a
therapeutically effective amount of an EGFR kinase
inhibitor and cisplatin combination is used and is
intended for administration to the patient
simultaneously or sequentially in amounts that are
effective to produce an additive, or a superadditive
or synergistic antitumor effect, and that are
effective at inhibiting the growth of the tumor. 



[53] The present invention further provides a method
for the treatment of cancer, comprising administering
to a subject in need of such treatment (i) an
effective first amount of an EGFR kinase inhibitor, or
a pharmaceutically acceptable salt thereof; and (ii)
an effective second amount of cisplatin. [54] The
present invention also provides a method for the
treatment of cancer, comprising administering to a
subject in need of such treatment (i) a
sub-therapeutic first amount of the EGFR kinase
inhibitor erlotinib, or a pharmaceutically acceptable
salt thereof; and (ii) a sub-therapeutic second amount
of cisplatin. [55] Additionally, the present invention
provides a pharmaceutical composition comprising an
EGFR inhibitor and cisplatin in a pharmaceutically
acceptable carrier. [56] The present invention further
provides a pharmaceutical composition, in particular
for use in cancer, comprising (i) an effective first
amount of an EGFR kinase inhibitor, or a
pharmaceutically acceptable salt thereof; and (ii) an
effective second amount of cisplatin. Such composition
optionally comprises pharmaceutically acceptable
carriers and / or excipients. [57] The present
invention further provides a pharmaceutical
composition, in particular for use in cancer,
comprising (i) a sub-therapeutic first amount of the
EGFR kinase inhibitor erlotinib, or a pharmaceutically
acceptable salt thereof; and (ii) a subtherpeutic
second amount of cisplatin. Such composition
optionally comprises pharmaceutically acceptable
carriers and / or excipients. [58] Preferably, the
EGFR kinase inhibitor is elotinib.- l  - 9] As used
herein, the term "patient" preferably refers to a
human in need of treatment with an EGFR kinase
inhibitor for any purpose, and more preferably a human
in need of such a treatment to treat cancer, or a
precancerous condition or lesion. However, the term
"patient" can also refer to non-human animals,
preferably mammals such as dogs, cats, horses, cows,
pigs, sheep and non-human primates, among others, that
are in need of treatment with an EGFR kinase
inhibitor. [60] In a preferred embodiment, the patient
is a human in need of treatment for cancer, or a
precancerous condition or lesion. The cancer is
preferably any cancer treatable, either partially or
completely, by administration of an EGFR kinase
inhibitor. The cancer may be, for example, lung
cancer, non small cell lung (NSCL) cancer,
bronchioloalviolar cell lung cancer, bone cancer,
pancreatic cancer, skin cancer, cancer of the head or
neck, cutaneous or intraocular melanoma, uterine
cancer, ovarian cancer, rectal cancer, cancer of the
anal region, stomach cancer, gastric cancer, colon
cancer, breast cancer, uterine cancer, carcinoma of
the fallopian tubes, carcinoma of the endometrium,
carcinoma of the cervix, carcinoma of the vagina,
carcinoma of the vulva, Hodgkin's Disease, cancer of
the esophagus, cancer of the small intestine, cancer
of the endocrine system, cancer of the thyroid gland,
cancer of the parathyroid gland, cancer of the adrenal
gland, sarcoma of soft tissue, cancer of the urethra,
cancer of the penis, prostate cancer, cancer of the
bladder, cancer of the kidney or ureter, renal cell
carcinoma, carcinoma of the renal pelvis,
mesothelioma, hepatocellular cancer, biliary cancer,
chronic or acute leukemia, lymphocytic lymphomas,
neoplasms of the central nervous system (CNS), spinal
axis tumors, brain stem glioma, glioblastoma
multiforme, astrocytomas, schwanomas, ependymonas,
medulloblastomas, meningiomas, squamous cell
carcinomas, pituitary adenoma, including refractory
versions of any of the above cancers, or a combination
of one or more of the above cancers. The precancerous
condition or lesion includes, for example, the group
consisting of oral leukoplakia, actinic keratosis
(solar keratosis), precancerous polyps of the colon or
rectum, gastric epithelial dysplasia, adenomatous
dysplasia, hereditary nonpolyposis colon cancer
syndrome (HNPCC), Barrett's esophagus, bladder
dysplasia, and precancerous cervical conditions.
Preferably, the cancer is colon cancer and most
preferably colorectal cancer. Also preferably, the
cancer is lung cancer and most preferably non-small
cell lung cancer (NSCL).[61] For purposes of the
present invention, "co-administration of and "co
administering" cisplatin with an EGFR kinase inhibitor
(both components referred to hereinafter as the "two
active agents") refer to any administration of the two
active agents, either separately or together, where
the two active agents are administered as part of an
appropriate dose regimen designed to obtain the
benefit of the combination therapy. Thus, the two
active agents can be administered either as part of
the same pharmaceutical composition or in separate
pharmaceutical compositions. Cisplatin can be
administered prior to, at the same time as, or
subsequent to administration of the EGFR kinase
inhibitor, or in some combination thereof. Where the
EGFR kinase inhibitor is administered to the patient
at repeated intervals, e.g., during a standard course
of treatment, cisplatin can be administered prior to,
at the same time as, or subsequent to, each
administration of the EGFR kinase inhibitor, or some
combination thereof, or at different intervals in
relation to the EGFR kinase inhibitor treatment, or in
a single dose prior to, at any time during, or
subsequent to the course of treatment with the EGFR
kinase inhibitor. [62] The EGFR kinase inhibitor will
typically be administered to the patient in a 



dose regimen that provides for the most effective
treatment of the cancer (from both efficacy and safety
perspectives) for which the patient is being treated,
as known in the art, and as disclosed, e.g. in
International Patent Publication No. WO 01/34574. In
conducting the treatment method of the present
invention, the EGFR kinase inhibitor can be
administered in any effective manner known in the art,
such as by oral, topical, intravenous,
intra-peritoneal, intramuscular, intra-articular,
subcutaneous, intranasal, intra-ocular, vaginal,
rectal, or intradermal routes, depending upon the type
of cancer being treated, the type of EGFR kinase
inhibitor being used (e.g., small molecule, antibody,
RNAi or antisense construct), and the medical
judgement of the prescribing physician as based, e.g.,
on the results of published clinical studies. [63] The
amount of EGFR kinase inhibitor administered and the
timing of EGFR kinase inhibitor administration will
depend on the type (species, gender, age, weight,
etc.) and condition of the patient being treated, the
severity of the disease or condition being treated,
and on the route of administration. For example, small
molecule EGFR kinase inhibitors can be administered to
a patient in doses ranging from 0.001 to 100 mg/kg of
body weight per day or per week in single or divided
doses, or by continuous infusion (see for example,
International Patent Publication No. WO 01/34574).
Inparticular, erlotinib HCl can be administered to a
patient in doses ranging from 5-200 mg per day, or
100-1600 mg per week, in single or divided doses, or
by continuous infusion. A preferred dose is 150
mg/day. Antibody-based EGFR kinase inhibitors, or
antisense, RNAi or ribozyme constructs, can be
administered to a patient in doses ranging from 0.1 to
100 mg/kg of body weight per day or per week in single
or divided doses, or by continuous infusion. In some
instances, dosage levels below the lower limit of the
aforesaid range may be more than adequate, while in
other cases still larger doses may be employed without
causing any harmful side effect, provided that such
larger doses are first divided into several small
doses for administration throughout the day. [64] The
EGFR kinase inhibitors and cisplatin can be
administered either separately or together by the same
or different routes, and in a wide variety of
different dosage forms. For example, the EGFR kinase
inhibitor is preferably administered orally or
parenterally, whereas cisplatin is preferably
administered parenterally. Where the EGFR kinase
inhibitor is erlotinib HCl (Tarceva(tm)), oral
administration is preferable. [65] The EGFR kinase
inhibitor can be administered with various
pharmaceutically acceptable inert carriers in the form
of tablets, capsules, lozenges, troches, hard candies,
powders, sprays, creams, salves, suppositories,
jellies, gels, pastes, lotions, ointments, elixirs,
syrups, and the like. Administration of such dosage
forms can be carried out in single or multiple doses.
Carriers include solid diluents or fillers, sterile
aqueous media and various non-toxic organic solvents,
etc. Oral pharmaceutical compositions can be suitably
sweetened and/or flavored. [66] The EGFR kinase
inhibitor and cisplatin can be combined together with
various pharmaceutically acceptable inert carriers in
the form of sprays, creams, salves, suppositories,
jellies, gels, pastes, lotions, ointments, and the
like. Administration of such dosage forms can be
carried out in single or multiple doses. Carriers
include solid diluents or fillers, sterile aqueous
media, and various non-toxic organic solvents, etc.
[67] AUformulations comprising proteinaceous EGFR
kinase inhibitors should be selected so as to avoid
denaturation and/or degradation and loss of biological
activity of the inhibitor.[68] Methods of preparing
pharmaceutical compositions comprising an EGFR kinase
inhibitor are known in the art, and are described,
e.g. in International Patent Publication No. WO
01/34574. Methods of preparing pharmaceutical
compositions comprising cisplatin are also well known
in the art. In view of the teaching of the present
invention, methods of preparing pharmaceutical
compositions comprising both an EGFR kinase inhibitor
and cisplatin will be apparent from the above-cited
publications and from other known references, such as
Remington's Pharmaceutical Sciences, Mack Publishing
Company, Easton, Pa., 18th edition (1990). [69] For
oral administration of EGFR kinase inhibitors, tablets
containing one or both of the active agents are
combined with any of various excipients such as, for
example, micro-crystalline cellulose, sodium citrate,
calcium carbonate, dicalcium phosphate and glycine,
along with various disintegrants such as starch (and
preferably corn, potato or tapioca starch), alginic
acid and certain complex silicates, together with
granulation binders like polyvinyl pyrrolidone,
sucrose, gelatin and acacia. Additionally, lubricating
agents such as magnesium stearate, sodium lauryl
sulfate and talc are often very useful for tableting
purposes. Solid compositions of a similar type may
also be employed as fillers in gelatin capsules;
preferred materials in this connection also include
lactose or milk sugar as well as high molecular weight
polyethylene glycols. When aqueous suspensions and/or
elixirs are desired for oral administration, the EGFR
kinase inhibitor may be combined with various
sweetening or flavoring agents, coloring matter or
dyes, and, if so desired, emulsifying and/or
suspending agents as well, together with such diluents
as water, ethanol, propylene glycol, glycerin and
various like combinations thereof. [70] For parenteral
administration of either or both of the active agents,
solutions 



in either sesame or peanut oil or in aqueous propylene
glycol may be employed, as well as sterile aqueous
solutions comprising the active agent or a
corresponding water-soluble salt thereof. Such sterile
aqueous solutions are preferably suitably buffered,
and are also preferably rendered isotonic, e.g., with
sufficient saline or glucose. These particular aqueous
solutions are especially suitable for intravenous,
intramuscular, subcutaneous and intraperitoneal
injection purposes. The oily solutions are suitable
for intra-articular, intramuscular and subcutaneous
injection purposes. The preparation of all these
solutions under sterile conditions is readily
accomplished by standard pharmaceutical techniques
well known to those skilled in the art. Any parenteral
formulation selected foradministration of
proteinaceous EGFR kinase inhibitors should be
selected so as to avoid denaturation and loss of
biological activity of the inhibitor. [71]
Additionally, it is possible to topically administer
either or both of the active agents, by way of, for
example, creams, lotions, jellies, gels, pastes,
ointments, salves and the like, in accordance with
standard pharmaceutical practice. For example, a
topical formulation comprising either an EGFR kinase
inhibitor or cisplatin in about 0.1% (w/v) to about 5%
(w/v) concentration can be prepared. [72] For
veterinary purposes, the active agents can be
administered separately or together to animals using
any of the forms and by any of the routes described
above. In a preferred embodiment, the EGFR kinase
inhibitor is administered in the form of a capsule,
bolus, tablet, liquid drench, by injection or as an
implant. As an alternative, the EGFR kinase inhibitor
can be administered with the animal feedstuff, and for
this purpose a concentrated feed additive or premix
may be prepared for a normal animal feed. The
cisplatin is preferably administered in the form of
liquid drench, by injection or as an implant. Such
formulations are prepared in a conventional manner in
accordance with standard veterinary practice. [73] The
present invention further provides a kit comprising a
single container comprising both an EGFR kinase
inhibitor and cisplatin. The present invention further
provides a kit comprising a first container comprising
an EGFR kinase inhibitor and a second container
comprising cisplatin. In a preferred embodiment, the
kit containers may further include a pharmaceutically
acceptable carrier. The kit may further include a
sterile diluent, which is preferably stored in a
separate additional container. The kit may further
include a package insert comprising printed
instructions directing the use of the combined
treatment as a method for treating cancer. [74] As
used herein, the term "EGFR kinase inhibitor" refers
to any EGFR kinase inhibitor that is currently known
in the art or that will be identified in the future,
and includes any chemical entity that, upon
administration to a patient, results in inhibition of
a biological activity associated with activation of
the EGF receptor in the patient, including any of the
downstream biological effects otherwise resulting from
the binding to EGFR of its natural ligand. Such EGFR
kinase inhibitors include any agent that can block
EGFR activation or any of the downstream biological
effects of EGFR activationthat are relevant to
treating cancer in a patient. Such an inhibitor can
act by binding directly to the intracellular domain of
the receptor and inhibiting its kinase activity.
Alternatively, such an inhibitor can act by occupying
the ligand binding site or a portion thereof of the
EGFR receptor, thereby making the receptor
inaccessible to its natural ligand so that its normal
biological activity is prevented or reduced.
Alternatively, such an inhibitor can act by modulating
the dimerization of EGFR polypeptides, or interaction
of EGFR polypeptide with other proteins, or enhance
ubiquitination and endocytotic degradation of EGFR.
EGFR kinase inhibitors include but are not limited to
low molecular weight inhibitors, antibodies or
antibody fragments, antisense constructs, small
inhibitory RNAs (i.e. RNA interference by dsRNA;
RNAi), and ribozymes. In a preferred embodiment, the
EGFR kinase inhibitor is a small organic molecule or
an antibody that binds specifically to the human EGFR.
[75] EGFR kinase inhibitors that include, for example
quinazoline EGFR kinase inhibitors, pyrido-pyrimidine
EGFR kinase inhibitors, pyrimido-pyrimidine EGFR
kinase inhibitors, pyrrolo-pyrimidine EGFR kinase
inhibitors, pyrazolo-pyrimidine EGFR kinase
inhibitors, phenylamino-pyrimidine EGFR kinase
inhibitors, oxindole EGFR kinase inhibitors,
indolocarbazole EGFR kinase inhibitors, phthalazine
EGFR kinase inhibitors, isoflavone EGFR kinase
inhibitors, quinalone EGFR kinase inhibitors, and
tyrphostin EGFR kinase inhibitors, such as those
described in the following patent publications, and
all pharmaceutically acceptable salts and solvates of
said EGFR kinase inhibitors: International Patent
Publication Nos. WO 96/33980, WO 96/30347, WO
97/30034, WO 97/30044, WO 97/38994, WO 97/49688, WO
98/02434, WO 97/38983, WO 95/19774, WO 95/19970, WO
97/13771, WO 98/02437, WO 98/02438, WO 97/32881, WO
98/33798, WO 97/32880, WO 97/3288, WO 97/02266, WO
97/27199, WO 98/07726, WO 97/34895, WO 96/31510, WO
98/14449, WO 98/14450, WO 98/14451, WO 95/09847, WO
97/19065, WO 98/17662, WO 99/35146, WO 99/35132, WO
99/07701, and WO 92/20642; European Patent Application
Nos. EP 520722, EP 566226, EP 787772, EP 837063, and
EP 682027; U.S. Patent Nos. 5,747,498, 5,789,427,
5,650,415, and 5,656,643; and German Patent
Application No. DE 19629652. Additional non-limiting
examples of low molecular weight EGFR kinase
inhibitors include any of 



the EGFR kinase inhibitors described in Traxler, P.,
1998, Exp. Opin. Ther. Patents 8(12):1599-1625.[76]
Specific preferred examples of low molecular weight
EGFR kinase inhibitors that can be used according to
the present invention include
[6,7-bis(2-methoxyethoxy)-4-
quinazolin-4-yl]-(3-ethynylphenyl) amine (also known
as OSI-774, erlotinib, or Tarceva(tm) (erlotinib HCl);
OSI Pharmaceuticals/Genentech/Roche) (U.S. Pat. No.
5,747,498; International Patent Publication No. WO
01/34574, and Moyer, J.D. et al. (1997) Cancer Res.
57:4838-4848); CI-1033 (formerly known as PD183805;
Pfizer) (Sherwood et al., 1999, Proc. Am. Assoc.
Cancer Res. 40:723); PD-158780 (Pfizer); AG- 1478
(University of California); CGP-59326 (Novartis);
PKI-166 (Novartis); EKB-569 (Wyeth); GW-2016 (also
known as GW-572016 or lapatinib ditosylate ; GSK); and
gefitinib (also known as ZD 183 9 or Iressa(tm);
Astrazeneca) (Woodburn et al., 1997, Proc. Am. Assoc.
Cancer Res. 38:633). A particularly preferred low
molecular weight EGFR kinase inhibitor that can be
used according to the present invention is [6,7-bis(2-
methoxyethoxy)-4-quinazolin-4-yl]-(3-ethynylphenyl)
amine (i.e. erlotinib), its hydrochloride salt (i.e.
erlotinib HCl, Tarceva(tm)), or other salt forms (e.g.
erlotinib mesylate). [77] Antibody-based EGFR kinase
inhibitors include any anti-EGFR antibody or antibody
fragment that can partially or completely block EGFR
activation by its natural ligand. Non-limiting
examples of antibody-based EGFR kinase inhibitors
include those described in Modjtahedi, H., et al.,
1993, Br. J . Cancer 67:247-253; Teramoto, T., et al.,
1996, Cancer 77:639-645; Goldstein et al., 1995, Clin.
Cancer Res. 1:1311-1318; Huang, S. M., et al., 1999,
Cancer Res. 15:59(8):1935-40; and Yang, X., et al.,
1999, Cancer Res. 59:1236-1243. Thus, the EGFR kinase
inhibitor can be monoclonal antibody Mab E7.6.3 (Yang,
X.D. et al. (1999) cancer Res. 59:1236-43), or Mab
C225 (ATCC Accession No. HB-8508), or an antibody or
antibody fragment having the binding specificity
thereof. Suitable monoclonal antibody EGFR kinase
inhibitors include, but are not limited to, IMC-C225
(also known as cetuximab or Erbitux(tm); Imclone
Systems), ABXEGF (Abgenix), EMD 72000 (Merck KgaA,
Darmstadt), RH3 (York Medical Bioscience Inc.), and
MDX-447 (Medarex/ Merck KgaA). [78] Additional
antibody-based EGFR kinase inhibitors can be raised
according to known methods by administering the
appropriate antigen or epitope to a host animal
selected, e.g., from pigs, cows, horses, rabbits,
goats, sheep, and mice, among others. Various
adjuvants known in the art can b e used to enhance
antibody production.[79] Although antibodies useful in
practicing the invention can be polyclonal, monoclonal
antibodies are preferred. Monoclonal antibodies
against EGFR can be prepared and isolated using any
technique that provides for the production of antibody
molecules by continuous cell lines in culture.
Techniques for production and isolation include but
are not limited to the hybridoma technique originally
described by Kohler and Milstein (Nature, 1975, 256:
495-497); the human B-cell hybridoma technique (Kosbor
et al, 1983, Immunology Today 4:72; Cote et al, 1983,
Proc. Nati. Acad. Sci. USA 80: 2026-2030); and the
EBV-hybridoma technique (Cole et al, 1985, Monoclonal
Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp.
77-96). [80] Alternatively, techniques described for
the production of single chain antibodies (see, e.g.,
U.S. Patent No. 4,946,778) can be adapted to produce
anti-EGFR single chain antibodies. Antibody-based EGFR
kinase inhibitors useful in practicing the present
invention also include anti-EGFR antibody fragments
including but not limited to F(ab').sub.2 fragments,
which can be generated by pepsin digestion of an
intact antibody molecule, and Fab fragments, which can
be generated by reducing the disulfide bridges of the
F(ab').sub.2 fragments. Alternatively, Fab and/or scFv
expression libraries can be constructed (see, e.g.,
Huse et al., 1989, Science 246: 1275-1281) to allow
rapid identification of fragments having the desired
specificity to EGFR. [81] Techniques for the
production and isolation of monoclonal antibodies and
antibody fragments are well-known in the art, and are
described in Harlow and Lane, 1988, Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory, and
in J.W. Goding, 1986, Monoclonal Antibodies:
Principles and Practice, Academic Press, London.
Humanized anti-EGFR antibodies and antibody fragments
can also be prepared according to known techniques
such as those described in Vaughn, T. J. et al., 1998,
Nature Biotech. 16:535-539 and references cited
therein, and such antibodies or fragments thereof are
also useful in practicing the present invention. [82]
EGFR kinase inhibitors for use in the present
invention can alternatively be based on antisense
oligonucleotide constructs. Anti-sense
oligonucleotides, including anti-sense RNA molecules
and anti-sense DNA molecules, would act to directly
block the translation of EGFR mRNA by binding thereto
and thus preventing protein translation or increasing
mRNA degradation, thus decreasing the level of EGFR
kinase protein, and thus activity, in a cell. For
example, antisense oligonucleotides of at leastabout
15 bases and complementary to unique regions of the
mRNA transcript sequence encoding EGFR can be
synthesized, e.g., by conventional phosphodiester
techniques and administered by e.g., intravenous
injection or infusion. Methods for using antisense
techniques for specifically inhibiting gene expression
of genes whose sequence is known are well known in the
art (e.g. see U.S. Patent Nos. 6,566,135; 6,566,131;
6,365,354; 



6,410,323; 6,107,091; 6,046,321; and 5,981,732). [83]
Small inhibitory RNAs (siRNAs) can also function as
EGFR kinase inhibitors for use in the present
invention. EGFR gene expression can be reduced by
contacting the tumor, subject or cell with a small
double stranded RNA (dsRNA), or a vector or construct
causing the production of a small double stranded RNA,
such that expression of EGFR is specifically inhibited
(i.e. RNA interference or RNAi). Methods for selecting
an appropriate dsRNA or dsRNA-encoding vector are well
known in the art for genes whose sequence is known
(e.g. see Tuschi, T., et al. (1999) Genes Dev.
13(24):3191-3197; Elbashir, S.M. et al. (2001) Nature
411:494-498; Harmon, GJ. (2002) Nature 418:244-251;
McManus, M.T. and Sharp, P. A. (2002) Nature Reviews
Genetics 3:737-747; Bremmelkamp, T.R. et al. (2002)
Science 296:550-553; U.S. Patent Nos. 6,573,099 and
6,506,559; and International Patent Publication Nos.
WO 01/36646, WO 99/32619, and WO 01/68836). [84]
Ribozynies can also function as EGFR kinase inhibitors
for use in the present invention. Ribozymes are
enzymatic RNA molecules capable of catalyzing the
specific cleavage of RNA. The mechanism of ribozyme
action involves sequence specific hybridization of the
ribozyme molecule to complementary target RNA,
followed by endonucleolytic cleavage. Engineered
hammerhead motif ribozyme molecules that specifically
and efficiently catalyze endonucleolytic cleavage of
EGFR mRNA sequences are thereby useful within the
scope of the present invention. Specific ribozyme
cleavage sites within any potential RNA target are
initially identified by scanning the target molecule
for ribozyme cleavage sites, which typically include
the following sequences, GUA, GUU, and GUC. Once
identified, short RNA sequences of between about 15
and 20 ribonucleotides corresponding to the region of
the target gene containing the cleavage site can be
evaluated for predicted structural features, such as
secondary structure, that can render the
oligonucleotide sequence unsuitable. The suitability
of candidate targets can also be evaluated by testing
their accessibility to hybridization with
complementaryoligonucleotides, using, e.g.,
ribonuclease protection assays. [85] Both antisense
oligonucleotides and ribozymes useful as EGFR kinase
inhibitors can be prepared by known methods. These
include techniques for chemical synthesis such as,
e.g., by solid phase phosphoramadite chemical
synthesis. Alternatively, anti-sense RNA molecules can
be generated by in vitro or in vivo transcription of
DNA sequences encoding the RNA molecule. Such DNA
sequences can be incorporated into a wide variety of
vectors that incorporate suitable RNA polymerase
promoters such as the T7 or SP6 polymerase promoters.
Various modifications to the oligonucleotides of the
invention can be introduced as a means of increasing
intracellular stability and half-life. Possible
modifications include but are not limited to the
addition of flanking sequences of ribonucleotides or
deoxyribonucleotides to the 5' and/or 3' ends of the
molecule, or the use of phosphorothioate or
2'-O-methyl rather than phosphodiesterase linkages
within the oligonucleotide backbone. [86] The
invention also encompasses a pharmaceutical
composition that is comprised of an EGFR kinase
inhibitor and cisplatin combination in combination
with a pharmaceutically acceptable carrier. [87]
Preferably the composition is comprised of a
pharmaceutically acceptable carrier and a non-toxic
therapeutically effective amount of an EGFR kinase
inhibitor compound and cisplatin combination
(including pharmaceutically acceptable salts of each
component thereof). [88] Moreover, within this
preferred embodiment, the invention encompasses a
pharmaceutical composition for the treatment of
disease, the use of which results in the inhibition of
growth of neoplastic cells, benign or malignant
tumors, or metastases, comprising a pharmaceutically
acceptable carrier and a non-toxic therapeutically
effective amount of an EGFR kinase inhibitor compound
and cisplatin combination (including pharmaceutically
acceptable salts of each component thereof). [89] The
term "pharmaceutically acceptable salts" refers to
salts prepared from pharmaceutically acceptable
non-toxic bases or acids. When a compound of the
present invention is acidic, its corresponding salt
can be conveniently prepared from pharmaceutically
acceptable non-toxic bases, including inorganic bases
and organicbases. Salts derived from such inorganic
bases include aluminum, ammonium, calcium, copper
(cupric and cuprous), ferric, ferrous, lithium,
magnesium, manganese (manganic and manganous),
potassium, sodium, zinc and the like salts.
Particularly preferred are the ammonium, calcium,
magnesium, potassium and sodium slats. Salts derived
from pharmaceutically acceptable organic non-toxic
bases include salts of primary, secondary, and
tertiary amines, as well as cyclic amines and
substituted amines such as naturally occurring and
synthesized substituted amines. Other pharmaceutically
acceptable organic non-toxic bases from which salts
can be formed include ion exchange resins such as, for
example, arginine, betaine, caffeine, choline,
N',N'-dibenzylethylenediamine, diethylamine,
2-diethylaminoethanol, 2-dimethylaminoethanol,
ethanolamine, ethylenediamine, N-ethylmorpholine,
N-ethylpiperidine, glucamine, glucosamine, histidine,
hydrabamine, isopropylamine, lysine, methylglucamine,
morpholine, piperazine, piperidine, polyamine resins,
procaine, purines, theobromine, triethylameine, 



trimethylamine, tripropylamine, tromethamine and the
like. [90] When a compound of the present invention is
basic, its corresponding salt can be conveniently
prepared from pharmaceutically acceptable non-toxic
acids, including inorganic and organic acids. Such
acids include, for example, acetic, benzenesulfonic,
benzoic, camphorsulfonic, citric, ethanesulfonic,
fumaric, gluconic, glutamic, hydrobromic,
hydrochloric, isethionic, lactic, maleic, malic,
mandelic, methanesulfonic, mucic, nitric, pamoic,
pantothenic, phosphoric, succinic, sulfuric, tartaric,
p-toluenesulfonic acid and the like. Particularly
preferred are citric, hydrobromic, hydrochloric,
maleic, phosphoric, sulfuric and tartaric acids. [91]
The pharmaceutical compositions of the present
invention comprise an EGFR kinase inhibitor compound
and cisplatin combination (including pharmaceutically
acceptable salts of each component thereof) as active
ingredient, a pharmaceutically acceptable carrier and
optionally other therapeutic ingredients or adjuvants.
Other therapeutic agents may include those cytotoxic,
chemotherapeutic or anti-cancer agents, or agents
which enhance the effects of such agents, as listed
above. The compositions include compositions suitable
for oral, rectal, topical, and parenteral (including
subcutaneous, intramuscular, and intravenous)
administration, although the most suitable route in
any given case will depend on the particular host, and
nature and severity of the conditions for which the
active ingredient is being administered. The
pharmaceuticalcompositions may be conveniently
presented in unit dosage form and prepared by any of
the methods well known in the art of pharmacy. [92] In
practice, the compounds represented by an EGFR kinase
inhibitor compound and cisplatin combination
(including pharmaceutically acceptable salts of each
component thereof) of this invention can be combined
as the active ingredient in intimate admixture with a
pharmaceutical carrier according to conventional
pharmaceutical compounding techniques. The carrier may
take a wide variety of forms depending on the form of
preparation desired for administration, e.g. oral or
parenteral (including intravenous). Thus, the
pharmaceutical compositions of the present invention
can be presented as discrete units suitable for oral
administration such as capsules, cachets or tablets
each containing a predetermined amount of the active
ingredient. Further, the compositions can be presented
as a powder, as granules, as a solution, as a
suspension in an aqueous liquid, as a non-aqueous
liquid, as an oil-in-water emulsion, or as a
water-in-oil liquid emulsion. In addition to the
common dosage forms set out above, an EGFR kinase
inhibitor compound and cisplatin combination
(including pharmaceutically acceptable salts of each
component thereof) may also be administered by
controlled release means and/or delivery devices. The
combination compositions may be prepared by any of the
methods of pharmacy. In general, such methods include
a step of bringing into association the active
ingredients with the carrier that constitutes one or
more necessary ingredients. In general, the
compositions are prepared by uniformly and intimately
admixing the active ingredient with liquid carriers or
finely divided solid carriers or both. The product can
then be conveniently shaped into the desired
presentation. [93] Thus, the pharmaceutical
compositions of this invention may include a
pharmaceutically acceptable carrier and an EGFR kinase
inhibitor compound and cisplatin combination
(including pharmaceutically acceptable salts of each
component thereof). An EGFR kinase inhibitor compound
and cisplatin combination (including pharmaceutically
acceptable salts of each component thereof), can also
be included in pharmaceutical compositions in
combination with one or more other therapeutically
active compounds. Other therapeutically active
compounds may include those cytotoxic,
chemotherapeutic or anti-cancer agents, or agents
which enhance the effects of such agents, as listed
above.[94] Thus in one embodiment of this invention, a
pharmaceutical composition can comprise an EGFR kinase
inhibitor compound and cisplatin in combination with
an anticancer agent, wherein said anti-cancer agent is
a member selected from the group consisting of
alkylating drugs, antimetabolites, microtubule
inhibitors, podophyllotoxins, antibiotics,
nitrosoureas, hormone therapies, kinase inhibitors,
activators of tumor cell apoptosis, and antiangiogenic
agents. [95] The pharmaceutical carrier employed can
be, for example, a solid, liquid, or gas. Examples of
solid carriers include lactose, terra alba, sucrose,
talc, gelatin, agar, pectin, acacia, magnesium
stearate, and stearic acid. Examples of liquid
carriers are sugar syrup, peanut oil, olive oil, and
water. Examples of gaseous carriers include carbon
dioxide and nitrogen. [96] In preparing the
compositions for oral dosage form, any convenient
pharmaceutical media may be employed. For example,
water, glycols, oils, alcohols, flavoring agents,
preservatives, coloring agents, and the like may be
used to form oral liquid preparations such as
suspensions, elixirs and solutions; while carriers
such as starches, sugars, microcrystalline cellulose,
diluents, granulating agents, lubricants, binders,
disintegrating agents, and the like may be used to
form oral solid preparations such as powders, capsules
and tablets. Because of their ease of administration,
tablets and capsules are the preferred oral dosage
units whereby solid pharmaceutical carriers 



are employed. Optionally, tablets may be coated by
standard aqueous or nonaqueous techniques. [97] A
tablet containing the composition of this invention
may be prepared by compression or molding, optionally
with one or more accessory ingredients or adjuvants.
Compressed tablets may be prepared by compressing, in
a suitable machine, the active ingredient in a
free-flowing form such as powder or granules,
optionally mixed with a binder, lubricant, inert
diluent, surface active or dispersing agent. Molded
tablets may be made by molding in a suitable machine,
a mixture of the powdered compound moistened with an
inert liquid diluent. Each tablet preferably contains
from about 0.05mg to about 5g of the active ingredient
and each cachet or capsule preferably containing from
about 0.05mg to about 5g of the active ingredient.[98]
For example, a formulation intended for the oral
administration to humans may contain from about 0.5mg
to about 5g of active agent, compounded with an
appropriate and convenient amount of carrier material
that may vary from about 5 to about 95 percent of the
total composition. Unit dosage forms will generally
contain between from about lmg to about 2g of the
active ingredient, typically 25mg, 50mg, lOOmg, 200mg,
300mg, 400mg, 500mg, 600mg, 800mg, or lOOOmg. [99]
Pharmaceutical compositions of the present invention
suitable for parenteral administration may be prepared
as solutions or suspensions of the active compounds in
water. A suitable surfactant can be included such as,
for example, hydroxypropylcellulose. Dispersions can
also be prepared in glycerol, liquid polyethylene
glycols, and mixtures thereof in oils. Further, a
preservative can be included to prevent the
detrimental growth of microorganisms. [100]
Pharmaceutical compositions of the present invention
suitable for injectable use include sterile aqueous
solutions or dispersions. Furthermore, the
compositions can be in the form of sterile powders for
the extemporaneous preparation of such sterile
injectable solutions or dispersions. In all cases, the
final injectable form must be sterile and must be
effectively fluid for easy syringability. The
pharmaceutical compositions must be stable under the
conditions of manufacture and storage; thus,
preferably should be preserved against the
contaminating action of microorganisms such as
bacteria and fungi. The carrier can be a solvent or
dispersion medium containing, for example, water,
ethanol, polyol (e.g., glycerol, propylene glycol and
liquid polyethylene glycol), vegetable oils, and
suitable mixtures thereof. [101] Pharmaceutical
compositions of the present invention can be in a form
suitable for topical sue such as, for example, an
aerosol, cream, ointment, lotion, dusting powder, or
the like. Further, the compositions can be in a form
suitable for use in transdermal devices. These
formulations may be prepared, utilizing an EGFR kinase
inhibitor compound and cisplatin combination
(including pharmaceutically acceptable salts of each
component thereof) of this invention, via conventional
processing methods. As an example, a cream or ointment
is prepared by admixing hydrophilic material and
water, together with about 5wt% to about 10wt% of the
compound, to produce a cream or ointment having a
desired consistency.[102] Pharmaceutical compositions
of this invention can be in a form suitable for rectal
administration wherein the carrier is a solid. It is
preferable that the mixture forms unit dose
suppositories. Suitable carriers include cocoa butter
and other materials commonly used in the art. The
suppositories may be conveniently formed by first
admixing the composition with the softened or melted
carrier(s) followed by chilling and shaping in molds.
[103] In addition to the aforementioned carrier
ingredients, the pharmaceutical formulations described
above may include, as appropriate, one or more
additional carrier ingredients such as diluents,
buffers, flavoring agents, binders, surface-active
agents, thickeners, lubricants, preservatives
(including anti-oxidants) and the like. Furthermore,
other adjuvants can be included to render the
formulation isotonic with the blood of the intended
recipient. Compositions containing an EGFR kinase
inhibitor compound and cisplatin combination
(including pharmaceutically acceptable salts of each
component thereof) may also be prepared in powder or
liquid concentrate form. [104] Dosage levels for the
compounds of the combination of this invention will be
approximately as described herein, or as described in
the art for these compounds. It is understood,
however, that the specific dose level for any
particular patient will depend upon a variety of
factors including the age, body weight, general
health, sex, diet, time of administration, route of
administration, rate of excretion, drug combination
and the severity of the particular disease undergoing
therapy. [105] This invention will be better
understood from the Experimental Details that follow.
However, one skilled in the art will readily
appreciate that the specific methods and results
discussed are merely illustrative of the invention as
described more fully in the claims which follow
thereafter, and are not to be considered in any way
limited thereto. [106] Experimental Details: [107]
Introduction [108] The cancer cell-specific epidermal
growth factor receptor (HER1/EGFR) is a 



valuable molecular target in cancer therapy
(Ciardiello, F and Tortora G. (2002) ExpertOpin.
Investig. Drags 11:755-768). Many cancers over-express
HERl /EGFR: head and neck squamous cell carcinoma
(70-100%), non-small cell lung cancer (NSCLC) (50-
90%), prostate cancer (40-70%), glioma (10-50%),
gastric cancer (30-60%), breast cancer (35-70%),
colorectal cancer (45-80%), pancreatic cancer (30-50%)
and ovarian cancer (35-60%) (Ciardiello, F and Tortora
G. (2002) Expert Opin. Investig. Drags 11:755-768);
Salomon D.S., et al. (1995) Crit. Rev. Oncol. Hematol.
19:183-232). Salomon et al also highlighted the link
between over-expressed HERl /EGFR and patients with
advanced disease, metastases and poor prognosis. [109]
NSCLC is the most common lung cancer. According to the
extent of the disease, the treatment approach will
differ. For early stage of the disease, surgery is the
only cure, and a multimodal approach with chemo/radio
therapy can be associated with improved outcome. In
advanced disease, chemotherapy is the main option,
which offers small improvements in overall survival.
Thus, the medical need remains high in NSCLC with the
search for more effective and better tolerated
regimens. Many traditional cytotoxics have been used
as monotherapy in NSCLC, including vindesine,
carboplatin, etoposide, ifosfamide, cyclophosphamide,
vincristine, and mitomycin and cisplatin (Rajkumar
S.V., and Adjei AA. (1998) Cancer Treat Rev. 24:357
53). Monotherapy with these drags produces only small
improvement, but combination therapy with cisplatin
has lessened patients' illness and improved their
quality of life in randomised trials (Bunn PA. Jr, and
Kelly K. (1998) Clin Cancer Res. 4(5): 1087-1 100).
[110] Gemcitabine was developed in the 1990s, and
inhibits ribonuclease reductase. Gemcitabine
monotherapy has a greater probability of tumor
response and improved patient quality of life (in
terms of reduced hair loss, nausea and vomiting, and
appetite loss) than standard cisplatin/etoposide
chemotherapy (ten Bokkel W.W., et al. (1999) Lung
Cancer 26(2):85-94). [Ill] Combination trials by the
European Organization for Research and Treatment of
Cancer (EORTC) compared cisplatin and teniposide to
cisplatin and paclitaxel (Giaccone G, et al.. (1998) J
Clin. Oncol. 16:2133-2141). As the latter combination
gave better palliation for advanced NSCLC (even though
a clear survival benefit was not met), it has been
recommended as one of the standard of care for
advanced NSCLC patients. In addition, a combination of
gemcitabine and cisplatin has been shown to act
synergistically in vitro and at least additively in
vivo (Peters GJ. et al. (1995) Semin.Oncol. 22(4
Suppl. 11):72-79). In phase II trials, the response
rate for gemcitabine and cisplatin was 47% and median
survival 57 weeks, with a 1-year survival rate of 48%
(Bunn P.A. Jr, and Kelly K. (1998) Clin Cancer Res.
4(5): 1087-1 100). [112] New treatments for cancer
take a cancer-cell specific approach, and promise less
toxicity than the older cytotoxic drugs. As cancer
cell-specific targets are only part of the disease
aetiology, treatments combining targeted and
conventional drugs may have a synergistic effect.
Optimal treatment of NSCLC is likely to consist of
EGFR inhibitors in combination with traditional
chemotherapy. [113] Erlotinib (Tarceva(tm), OSI-774)
is a selective, orally available small-molecule
inhibitor of the HER1/EGFR tyrosine-kinase domain. It
has potent antitumour activity in preclinical animal
models of head and neck and vulval carcinoma (Pollack
V.A., et al. (1999) J . Pharmacol. Exp. Ther.
291:739-48). Erlotinib induces apoptosis in vitro and
is active against various EGFR-expressing human tumour
xenografts in vivo (Moyer J.D. et al. (1997) Cancer
Res. 57:4838-4848). In an open-label, phase II study
of NSCLC patients who had failed platinum-based
chemotherapy (Perez-Soler R. et al. (2001) Proc. Am.
Soc. Clin. Oncol. 20:310a (Abstract 1235)), erlotinib
had encouraging anticancer activity. [114] In this
study we investigated whether combining erlotinib with
cisplatin or gemcitabine in athymic nude mice bearing
NSCLC xenograft models acts synergistically or
antagonistically in inhibiting tumour growth. The
H460a and A549 NSCLC tumour models were chosen because
they clearly express EGFR, with around 70,000-80,000
binding sites per cell (Bianco, C. et al. (2002) Clin.
Cancer Res. 8(10):3250-3258; Lee, M. et al. (1992) J
Natl. Cancer Inst. Monogr. (13): 117-123). A549 is
slow growing and H460a is more aggressive and faster
growing. [115] Materials and Methods [116] Animals
[117] Female, athymic, nu/nu-nuBR nude mice (Charles
River Labs, Wilmington, USA) of around 10-12 weeks and
weighing 23-25g were used. The health of the mice was
assessed daily by observation and analysis of blood
samples taken from sentinelanimals on the shared shelf
racks. All animals were allowed to acclimatise and
recover from shipping-related stress for 1 week. [118]
Autoclaved water and irradiated food (5058-ms Pico Lab
[mouse] breed chow, Purina Mills, Richmond, IN) were
provided ad libitum, and the animals were kept in a
12-hour light and dark cycle. Cages, bedding and water
bottles were autoclaved before use and changed weekly.
All animal experiments were in accordance with
protocols approved by the Roche Animal Care and Use
Committee. [119] Cell culture and animal studies [120]
H460a cells (provided by Dr Jack Roth, MD, Anderson)
were grown in 



Dulbecco's Modified Eagle Media (DMEM) supplemented
with 10% Foetal Bovine Serum (FBS). A549 cells
(American Type Culture Collection [Manassas, VA] were
grown in Roswell Park Memorial Institute medium (RPMI)
1640 + 10% FBS. The cell concentrations for implant
were IxIO7 cells/0.2mL for H460a and 7.5xlO6
cells/0.2mL for A549. [121] Cells were suspended in
phosphate-buffered saline, and implanted
subcutaneously in the right flank of each mouse. Once
palpable tumours were established, animals were
randomised so that all groups had similar starting
mean tumour volumes of 100- 150mm3. Tumour
measurements and mouse weights were taken three times
per week. Animals were individually monitored
throughout the experiment. [122] Test agents and drug
treatment. [123] Erlotinib (OSI Pharmaceuticals,
Uniondale, NY) was formulated as a fine suspension
with sodium carboxymethylcellulose and Tween 80 in
water for injection. Erlotinib (0.2mL/animal) was
given orally using a ImL syringe and 18-gauge gavage
needle. AUgroups were treated daily for 3 weeks. [124]
Cisplatin (Platinol-AQTM, Bristol-Myers Squibb) was
provided in a stock sterile saline solution of lmg/mL.
An aliquot of the stock vial solutions was taken for
each dose group, consisting of the drug needed for the
entire study, and diluted further with sterile saline,
to give a solution of 0.5mL dosing volume for each
animal. Cisplatin was givenintraperitoneally using a
3mL syringe and 26-gauge needle. All groups were
treated every 6 days for 3 weeks (a total of three
injections). [125] Calculations and statistical
analysis. [126] Weight loss was calculated as percent
change in mean group body weight, using the formula:
[127] ((W-Wo)/Wo)xlOO [128] where 'W represents mean
body weight of the treated group at a particular day,
and 'W0' represents mean body weight of the same group
at start of treatment. Maximum weight loss was also
calculated using the above formula, giving the maximum
percentage of body weight lost at any time in the
entire experiment for a particular group. Treatment
efficacy was assessed by tumor growth inhibition.
Tumour volumes of treated groups were given as
percentages of tumor volumes of the control groups
(%T/C), using the formula: [129] lOOx((T-To)/(C-Co))
[130] where 'T' represents mean tumor volume of a
treated group on a specific day during the experiment,
'T ' represented mean tumor volume of the same group
on the first day of treatment, C represents mean tumor
volume of a control group on a particular day of the
experiment, and C0 represents mean tumor volume of the
same group on the first day of treatment. [131] Tumor
growth inhibition was calculated using the formula:
[132] 100-%T/C [133] Tumor volume (mm3) was calculated
using the ellipsoid formula: [134] (Dx(d2))/2[135]
where 'D' represents the large diameter of the tumor,
and 'd' represents the small diameter. In some cases,
tumor regression and/or percentage change in tumor
volume was calculated using the formula: [136]
((T-To)/To)xlOO [137] where 'T' represents mean tumor
volume of the treated group at a particular day, and
'T0' represents mean tumor volume of the same treated
group at the start of treatment. [138] Statistical
analysis was by the rank sum test and one-way analysis
of variance (ANOVA) and a post-hoc Bonferroni t-test
(SigmaStat, version 2.03, Jandel Scientific, San
Francisco, CA). The significance level was set at
p<0.05. [139] Pharmacokinetic analysis [140] For
single-dose pharmacokinetics (PK), blood samples from
three mice per time point were collected by cardiac
puncture at 5, 15, 30, 60 minutes and 2, 4, 8, 16, 24
hours post-dose. For chronically treated animals,
blood samples from two or three mice per time point
were collected via the retro-orbital sinus at 1 and 6
hours. Collection tubes contained ethylene diamine
tetra-acetic acid (EDTA) as anticoagulant. Samples
were stored at -7O0C. Plasma concentrations of
erlotinib were determined using a liquid
chromatography and tandem mass spectrometry (LC-MS/MS)
method with quantification limits of lng/mL. PK
parameters were estimated by non-compartmental
analysis of the composite data, using the PK
evaluation programme WinNonlin PRO(r) version 3.1
(Pharsight Inc). In one study, erlotinib tumor (H460a)
concentrations were determined using a selective
LC-MS/MS method with a quantification limit of lng/g
tissue. [141] Pathology/necropsy [142] Five mice per
treatment from all remaining groups were given a full
necropsy at the end of the study. Whole blood was also
collected from these mice for haematology and clinical
chemistry.[143] Tumor samples were fixed by immersion
in 10% zinc formalin then processed in a Tissue-Tek(r)
VTP (Sakura) and embedded in paraffin. Sections for 



immunohistochemistry were cut at 5m. Pre-immune rabbit
or goat serum (Dako Ltd) was used as the negative
control. Sections were immersed in Target Retrieval
Solution (Dako Ltd) and heated to 940C in a steamer
(Black & Decker) for 20 minutes. Endogenous peroxidase
activity was quenched with 6% H2O2 in methanol for 15
minutes. [144] To block non-specific tissue-binding
sites, sections were blocked by 10% normal serum from
the species in which the secondary antibody was
raised. Sections were incubated for 20 minutes at room
temperature in serum prepared in Ultra-V (Lab Vision).
[145] For platelet endothelial cell adhesion molecule
(PECAM-I, CD3 1) antigen and EGFR antigen, the
sections were incubated overnight at room temperature
with a polyclonal goat anti-PECAM-1 IgG (Santa Cruz
Biotechnology, Santa Cruz, CA) diluted 1:800 in
Antibody Diluent (Dako Ltd) or with a polyclonal
rabbit anti-EGFR IgG (BioGenex, San Ramon, CA) diluted
1:50 in Antibody Diluent (Dako Ltd). Sections were
incubated with Vectastain Elite ABC-peroxidase (Vector
Laboratories) for 45 minutes at room temperature.
[146] For the Ki-67 antigen, sections were incubated
for 1 hour at room temperature with a polyclonal anti
Ki-67 IgG (NeoMarkers, Fremont, CA) diluted 1:2,000 in
Antibody Diluent (Dako Ltd), followed by the addition
of horseradish peroxidaselabelled strepavidin complex
for 30 minutes. [147] To detect apoptosis, the TUNEL
TdT-FragEL(tm) DNA fragmentation detection kit
(Oncogene Research Products, San Diego, CA) was used
according to the manufacturer's recommendations. For
all four antigens, Vector Nova Red (Vector
Laboratories) was the final chromogen and haematoxylin
the nuclear counterstain. [148] Results and Discussion
[149] Results [150] EGFR immunohistochemical staining
in NSCLC xenografts[151] The EGFR expression pattern
in the H460a and A549 tumors was examined by
immunohistochemistry. Both cell lines had a similar
membranous pattern of staining for EGFR (data not
shown). This confirms past results showing equivalent
expression of EGFR in these two tumor lines (Bianco,
C. et al. (2002) Clin. Cancer Res. 8(10):3250- 3258;
Lee, M. et al. (1992) J Natl. Cancer Inst. Monogr.
(13): 117-123). [152] Single and chronic-dose PK
assessment of erlotinib in athymic nude mice [153] In
non-tumor bearing mice . [154] Erlotinib 20 and
100mg/kg was given by gavage to female nu/nu athymic
mice. The doses refer to the hydrochloride salt with
an active drug (free base) content of 91.5%. The
formulations were sodium carboxymethylcellulose
suspensions containing 2.5mg/mL and 12.5mg/mL of
erlotinib, respectively. Three animals per time point
were evaluated for PK data (Figure 3). [155] The mice
given 100mg/kg had high systemic exposures to
erlotinib, with an AUCiast value of approximately
196,000 h*ng/mL. The AUCiast following 20mg/kg was
33,500 h*ng/mL. The exposure (AUC) was
dose-proportional. Mean maximum plasma concentrations
were approximately 24,000ng/mL after 100mg/kg, and
9,100ng/mL after 20mg/kg. Maximum plasma concentration
was 0.5-1.0 hours post dose. Mean apparent terminal
half-life was about 4 hours and the average mean
residence time about 7 hours. [156] In tumor-bearing
mice . [157] After erlotinib 6.3, 12.5, 25.0, 100.0,
and 150.0mg/kg was given orally to nu/nu athymic mice,
plasma concentration was up to 16,700ng/mL and
8,870ng/mL at 1 hour and 6 hours post dose,
respectively (Figure Ia). The respective mean tumor
concentrations following oral doses of 150mg/kg,
sampled at the same time points as the plasma samples,
were 4,800 and 3,090ng/g tissue. [158]
Inter-individual variability of the plasma
concentrations was moderate, with a relative standard
deviation (RSD) of about 35-40% (range: 5.2-120%). The
exposure was dose-dependent and more than
dose-proportional with ascending doses. Tumor
concentrations also correlated well with plasma
concentrations in this study (Figure Ib).[159]
Determination of maximum tolerated doses (MTD) in
athymic nude mice. [160] Erlotinib MTD [161] The MTD
for erlotinib was 100mg/kg (Figure 5). Mice showing
signs of toxicity all had similar lesions. Gross
toxicity was found in the skin and gastro-intestinal
tract. One mouse in the 400mg/kg group died. The rest
of the animals in this group were euthanized because
of morbidity. Mice given 200mg/kg had marked weight
loss and all were euthanized. Our previous efficacy
studies have shown, however, that erlotinib 150mg/kg
in this formulation is also well tolerated for 3 weeks
(authors, unpublished observation). [162] Cisplatin
MTD [163] The MTD in this study was 6mg/kg every 6
days x 3 i.p. (Table 2). There are reports of various
MTDs in mice for cisplatin, using either the i.p. or
intravenous (i.v.) route, including 4mg/kg every 6
days x 2 i.v. in nude mice (Perez-Soler R. et al.
(2001) Proc. Am. Soc. Clin. Oncol. 20:310a (Abstract
1235)), 6mg/kg every 6 days x 3 i.p. in C57/B16 mice
(van Moorsel CJ., et al. (1999) Eur. J. Cancer
35(5):808-814) and 4mg/kg every 4 days x 3 i.v. in
nude mice (Riccardi, A., (2001) Cancer Chemother.
Pharmacol. 47(6):498-504). 



[164] Mice were given cisplatin i.p. in increasing
doses from 3mg/kg to 12mg/kg. The classic toxic side
effects of cisplatin therapy are renal,
gastro-intestinal, and neurological (Perez-Soler R. et
al. (2001) Proc. Am. Soc. Clin. Oncol. 20:310a
(Abstract 1235). Mice in both groups (to a lesser
extent in the 9mg/kg group) had clear signs of
gastro-intestinal toxicity. A complete necropsy was
not done, therefore it is not known if there were
histologic lesions in the kidneys, central nervous
system, or gastro-intestinal tract in these mice, or
in those in lower dose groups. But there were no gross
signs of nephrotoxicity, or behavioural or postural
signs of neurotoxicity in any dose group. [165]
Effects of erlotinib on established NSCLC xenografts.
[166] Dose response study in H460a.[167] At the end of
the study in the H460a NSCLC xenograft (day 28 post
tumor implantation), erlotinib, as a monotherapy, had
significant dose-dependent efficacy. In the 100mg/kg
group there was growth inhibition of 61% (pO.OOl
versus vehicle control). [168] The other groups had
the following growth inhibition: 25mg/kg: 46% (pO.OOl
versus vehicle control); 12.5mg/kg: 36% (p=0.003
versus vehicle control); 6.25mg/kg: 28% (p=0.014
versus vehicle control) (Figure 2). There were no
partial or complete regressions. [169] Combination
activity of erlotinib and cisplatin in H460a. [170]
Cisplatin 6mg/kg significantly inhibited tumor growth
by 81% (pO.OOl) (Figure 4). Cisplatin 1.5mg/kg
inhibited tumor growth by 42% (p=0.014). Combined
cisplatin 6mg/kg and erlotinib 100mg/kg was lethal,
with signs of toxicity at day 5 post tumor
implantation. All mice were dead by day 23 post tumor
implantation (treatment day 13). [171] Combined
cisplatin 1.5mg/kg and erlotinib 25mg/kg was well
tolerated and inhibited tumor growth by 53% (p=0.003
versus vehicle). There were no partial or complete
regressions. This tumor growth inhibition was not
additive as it was not significantly better than
either cisplatin or erlotinib administered at 25% of
the MTD. This combination was also not significantly
better than erlotinib 100mg/kg or cisplatin 120mg/kg.
[172] Combination activity erlotinib and cisplatin in
A549. [173] At the end of this study (day 47 post
tumor implantation, treatment day 19), erlotinib
100mg/kg significantly inhibited tumor growth by 93%
(pO.OOl) (Figure 6). There was one partial regression
(2%). Erlotinib 25mg/kg inhibited tumor growth by 25%.
Cisplatin 6mg/kg significantly inhibited tumor growth
by 88% (pO.OOl) with one partial regression (2%).
Cisplatin 1.5mg/kg inhibited tumor growth by 30%,
although this was non-significant.[174] Because of
toxicities in previous studies, cisplatin and
erlotinib were not combined at the high doses.
Combined cisplatin 1.5mg/kg and erlotinib 25mg/kg were
well tolerated by all mice, with no significant weight
loss or overall signs of toxicity. This combination
significantly inhibited tumor growth by 98% (pO.001
versus vehicle control), with five partial regressions
(range: 2%-28%). This tumor growth inhibition was
synergistic, as it was significantly better than
either cisplatin (p<0.05) or erlotinib (p<0.05) given
at 25% of the MTD. This combination was not
significantly better than erlotinib 100mg/kg, and
cisplatin 6mg/kg. [175] Treatment-related effects on
normal and tumor tissue. [176] Necropsy in animals
given monotherapy. [177] In animals given erlotinib
monotherapy, there were no changes in haematology
parameters or clinical chemistry parameters (data not
shown). There were treatmentrelated macroscopic
changes in the skin. The mice had substantial
reddening and crusting of the skin of the muzzle
(Figure 7) that might have been due to the high level
of expression of EGFR in the skin. These lesions were
transient and dissipated with continued treatment.
Treatment-related anti-tumor effects consisted of a
mild decrease in Ki-67 proliferative index in the
erlotinib 100mg/kg in both NSCLC xenograft tumor
models (Figure 8). There was no significant difference
in the frequency of apoptosis in tumor cells in the
treated xenografts, and no clear effect on
angiogenesis as measured by microvascular density
(MVD) via immunohistochemical staining for the
endothelial cell marker, CD31. [178] Necropsy in
animals given erlotinib/cisplatin combination. [179]
Severity of microscopic lesions was dose dependent in
the kidneys of groups given cisplatin alone and in
combination. The primary lesions were tubular necrosis
and tubular basophilia (data not shown).
Treatment-related effects on haematology and serum
chemistry parameters were minimal. Cisplatin is a
nephrotoxin, producing proximal and distal tubular
cell injury (Klaassen, and Curtis, D., (Editor).
Casarett and Doull's Toxicology : The Basic Science of
Poisons. 6th Ed. McGraw-Hill, New York (2001), pp.
399-401, 496, 497, 500, 503, 506, 511, 695, 852 and
853). Based on the pathology data, the combination of
erlotinib 25mg/kg and cisplatin 1.5mg/kg also had
clearantineoplastic effects, and again, toxicity did
not appear to be increased. Effects on tumor cell
proliferation in the combination group were similar to
those of high-dose erlotinib monotherapy (Figure 8b).
[180] Discussion [181] These results show that
erlotinib, a potent, orally available and selective
smallmolecule 



inhibitor of HER1/EGFR, has strong antitumor activity
in human NSCLC xenograft models expressing similar
numbers of HER1/EGFR, as monotherapy and in
combination with conventional chemotherapeutics. [
182] In the xenograft model H460a, it had an excellent
dose-response relationship, and tumor concentration
correlated well with plasma concentration. [183] The
two human NSCLC cell lines, when grown as subcutaneous
tumors in athymic mice, had different tumor growth
kinetics, with a doubling time of 5 days for H460a and
10 days for A549. Erlotinib monotherapy at 100mg/kg
significantly inhibited tumor growth in the H460a
xenograft model. [ 184] There was significant
tumor-growth inhibition and partial remission with the
cisplatin/erlotinib combination, administered at 25%
of the MTD5 in the slow-growing A549 tumor (90%).
Tumor growth inhibition with erlotinib in combination
with cisplatin was significantly increased compared
with erlotinib monotherapy (p<0.05). In the
fastergrowing H460a tumor, there was substantial tumor
growth inhibition with the cisplatin/erlotinib
combination (53%) using a quarter of the MTD of either
of the compounds. However, tumor growth inhibition
with this combination was not significantly different
from that with monotherapy. A549 is slow growing and
therefore assumed to be more dependent on
angiogenesis. Erlotinib is thought to be an indirect
anti-angiogenic agent (Kerbel, R, and Folkman, J .
(2002) Nat. Rev. Cancer 2(10):727- 39), so it is not
surprising that it has greater efficacy against A549.
Erlotinib inhibits the binding of adenosine
triphosphate (ATP) to the intracellular tyrosine
kinase domain of HER1/EGFR, blocking receptor
phosphorylation and associated downstream signalling
(Moyer J.D. et al. (1997) Cancer Res. 57:4838-4848).
The result is inhibition of cellular processes
associated with tumor growth and progression, such as
proliferation, angiogenesis, metastasis and protection
from apoptosis (Moyer J.D. et al. (1997) CancerRes.
57:4838-4848). Unfortunately, anti-angiogenic effects
were not detected by MVD in the tumors treated with
erlotinib, possibly because the assay was not
sensitive enough. [185] In both NSCLC models,
cisplatin ( 1.5mg/kg) with erlotinib (25mg/kg),
administered at a quarter of the MTD, were well
tolerated, with no or insignificant weight loss,
suggesting potential significant quality of life
benefits for patients, by maintaining efficacy with
less risk of side effects. In contrast, the high-dose
combination of erlotinib and conventional agents at
their individual maximum tolerated doses was not
tolerated. This may be related to the fact that
supportive care cannot be used preclinically. [186]
Phase III trials of erlotinib in combination with
gemcitabine and cisplatin, or with carboplatin and
paclitaxel in humans with NSCLC have been
disappointing since a conclusive survival benefit was
not demonstrated. Nevertheless, the preclinical
studies reported here have clearly shown that
erlotinib in combination with cisplatin has an
additive effect on inhibiting tumor growth. These
findings support the need for further examination of
the effects of erlotinib in various clinical settings
such as its sequential use with other chemotherapy
agents, and in selected patient populations. In
addition, HER1/EGFR is over expressed in numerous
cancers, including head and neck, prostate, glioma,
gastric, breast, cervical, pancreatic and ovarian
cancer (Ciardiello, F and Tortora G. (2002) Expert
Opin. Investig. Drugs 11:755-768); Salomon DS, et al.
(1995) Crit. Rev. Oncol. Hematol. 19:183-232).
Therefore, erlotinib in combination with cisplatin may
have efficacy benefits in other cancers with
HERl/EGFR-expressing solid-cell tumors. [187] In
conclusion, in NSCLC, the antitumor activity of
erlotinib in xenograft tumors with similar levels of
EGFR expression is robust both as monotherapy and in
combination with cisplatin. Further research is needed
to fully evaluate this promising new avenue in cancer
treatment. [188] Incorporation by Reference [189] All
patents, published patent applications and other
references disclosed herein are hereby expressly
incorporated herein by reference.[190] Equivalents
[191] Those skilled in the art will recognize, or be
able to ascertain, using no more than routine
experimentation, many equivalents to specific
embodiments of the invention described specifically
herein. Such equivalents are intended to be
encompassed in the scope of the following claims.Table
1 Single-dose pharmacokinetics of erlotinib 20 and
100mg/kg in non-tumour bearing female nu/nu athymic
mice. 20 mg/kg 100 m/kg Cmax (ng/ml) 9100 24000
Cmax/dose ([ng/ml] /[mg/kg]) 455 240 Tmax (h) 0.5-1
0.5-1 Tlast (h) 24 AUClast (h*ng/ml) 33500 196000
AUClast/dose 1680 1960 ([h*ng/ml]/[mg/kg]) 



CL/F (ml/min/kg) 7.6 8.0 lz (l/hour) 0.17 0.19 4.1
Ty2(h) 4.0 MRT (h) 5.6 8.2 Vz/F (I/kg) 2.7 2.8 Cmax =
peak plasma concentration; Tmax = time to peak plasma
concentration; Tlast = time of last measurable
concentration; AUC last = area under the plasma
concentrationtime curve from time zero to time of last
measurable concentration; CL/F = apparent clearance;
lz = elimination rate constant; T 2= plasma terminal
half-life; MRT = mean residence time; Vz/F = apparent
volume of distribution.Table 2 Maximum tolerated dose
assessment in non-tumour bearing athymic nude mice
treated for 14 days (n=5). Change in body weight at
end of Compound Dose (mg/kg) study (%) Mortality
Vehicle control 0 0 0 Erlotinib in CMC/Tween 400 N/A 5
Erlotinib in CMC/Tween 200 N/A 5 Erlotinib in
CMC/Tween 100 - 1 0 Erlotinib in CMC/Tween 50 - 1 0
Vehicle control 0 2 0 Cisplatin 12 N/A 5 Cisplatin 9
-15 2 Cisplatin 6 3 0 Cisplatin 3 4 0WHAT IS CLAIMED
IS: 1. A pharmaceutical composition, in particular for
use in cancer, comprising an EGFR kinase inhibitor and
cisplatin, in a pharmaceutically acceptable carrier.
2. A pharmaceutical composition of claim 1, wherein
the EGFR kinase inhibitor is erlotinib. 3. The
pharmaceutical composition of claim 2, wherein the
erlotinib in the composition is present as a
hydrochloride salt. 4. The pharmaceutical composition
of any one of claims 1 to 3, additionally comprising
one or more other anti-cancer agents. 5. A method for
manufacturing a medicament intended for treating
tumors or tumor metastases, characterized in that an
EGFR kinase inhibitor and cisplatin are used. 6. The
method of claim 5, wherein the medicament is intended
for cancer. 7. The method of claim 5 or 6, wherein the
EGFR kinase inhibitor and cisplatin are contained in
the same formulation. 8. The method of claim 5 or 6,
wherein the EGFR kinase inhibitor and cisplatin are
contained in different formulations. 9. The method of
any one of claims 5 to 8, wherein the EGFR kinase
inhibitor and cisplatin are intended for
administration to the patient by the same route. 10.
The method of any one of claims 5 to 9, wherein the
EGFR kinase inhibitor and cisplatin are intended for
administration to the patient by different routes. 11.
The method of any one of claims 5 to 10, wherein the
EGFR kinase inhibitor erlotinib is used. 12. The
method of any one of claims 5 to 11, wherein erlotinib
is intended for administration to the patient by
parenteral or oral administration. 13. The method of
any one of claims 5 to 12, wherein cisplatin is
intended for administration to the patient by
parenteral administration.14. The method of any one of
claims 5 to 13, additionally comprising one or more
other anti-cancer agents. 15. The method of any one of
claims 5 to 14, wherein the other anti-cancer agents
are selected from an alkylating agent,
cyclophosphamide, chlorambucil, cisplatin, busulfan,
melphalan, carmustine, streptozotocin,
triethylenemelamine, mitomycin C, an anti metabolite,
methotrexate, etoposide, 6-mercaptopurine,
6-thiocguanine, cytarabine, 5- fluorouracil,
capecitabine, dacarbazine, an antibiotic, actinomycin
D, doxorubicin, daunorubicin, bleomycin, mithramycin,
an alkaloid, vinblastine, paclitaxel, a
glucocorticoid, dexamethasone, a corticosteroid,
prednisone, a nucleoside enzyme inhibitors,
hydroxyurea, an amino acid depleting enzyme,
asparaginase, leucovorin, and a folic acid derivative.
16. A method of preparing a pharmaceutical composition
useful for treating tumors or tumor metastases in a
patient, comprising combining cisplatin with an EGFR
kinase inhibitor. 17. A method according to claim 16,
wherein the EGFR kinase inhibitor is erlotinib. 18.
The method of claim 17, further comprising combining a
pharmaceutically acceptable carrier with the cisplatin
and erlotinib. 19. A kit comprising a container
comprising cisplatin and an EGFR kinase inhibitor. 



20. The kit of claim 19, further comprising a sterile
diluent. 2 1. The kit of claim 19, wherein the EGFR
kinase inhibitor is erlotinib. 22. The kit of any one
of claims 19 to 21, further comprising a package
insert comprising printed instructions directing the
use of a combined treatment of cisplatin and erlotinib
to a patient as a method for treating tumors, tumor
metastases or other cancers in a patient. 23. The
composition according to claim 1, additionally
comprising one or more other anti-cancer agents. 24. A
composition in accordance with claim 23, wherein said
other anti-cancer agent is a member selected from the
group consisting of alkylating drugs, antimetabolites,
microtubule inhibitors, podophyllotoxins, antibiotics,
nitrosoureas, hormone therapies, kinase inhibitors,
activators of tumor cell apoptosis, and antiangiogenic
agents.25. A method for the treatment of cancer,
comprising administering to a subject in need of such
treatment (i) an effective first amount of an EGFR
kinase inhibitor, or a pharmaceutically acceptable
salt thereof; and (ii) an effective second amount of
cisplatin. 26. A method for the treatment of cancer,
comprising administering to a subject in need of such
treatment (i) a sub-therapeutic first amount of an
EGFR kinase inhibitor, or a pharmaceutically
acceptable salt thereof; and (ii) a sub-therapeutic
second amount of cisplatin. 27. A method for the
treatment of cancer according to claim 25 or 26,
wherein the EGFR kinase inhibitor is erlotinib. 28.
The method of claim 5, wherein the tumors or tumor
metastases to be treated are colorectal tumors or
tumor metastases. 29. A pharmaceutical composition, in
particular for use in cancer, comprising (i) an
effective first amount of an EGFR kinase inhibitor, or
a pharmaceutically acceptable salt thereof; and (ii)
an effective second amount of cisplatin. 30. A
pharmaceutical composition, in particular for use in
cancer, comprising (i) a sub therapeutic first amount
of an EGFR kinase inhibitor, or a pharmaceutically
acceptable salt thereof; and (ii) a sub-therapeutic
second amount of cisplatin. 31. A pharmaceutical
composition according to claim 29 or 30, wherein the
EGFR kinase inhibitor is erlotinib. 32. An EGFR kinase
inhibitor and cisplatin for use as medicament, in
particular for use in cancer. 33. Erlotinib and
cisplatin for use as medicament, in particular for use
in cancer. 34. Use of an EGFR kinase inhibitor and
cisplatin for the manufacture of a medicament for
treating tumors or tumor metastases. 35. Use according
to claim 34, wherein the EGFR kinase inhibitor is
erlotinib. 36. The novel compounds, processes,
pharmaceutical compositions, methods and uses as
described herein. 


