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(57) Abstract: The present invention relates to the use
of compounds of formula (I) in the treatment of Epidermal
Growth Factor Receptor (EGFR) family members dependent
diseases or diseases that have acquired resistance to agents
that target EGFR [amily members, use of said compounds
for the manufacture of pharmaceutical compositions for the
treatment of said diseases, combinations of said compounds
with EGFR modulators for said use, methods of treating
said discascs with said compounds and pharmaccutical
preparations for the treatment of said diseases comprising
said compounds alone or in combination, especially with an
EGFR modulator.
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Use of Imidazoquinolines for the treatment of EGFR dependent diseases or diseases that
have acquired resistance to agents that target EGER family members

Tha presant invention relates to the use of specific imidazoquinoline derivatives in the
treatment of Epidermal Growth Factor Receptor (EGFR) family members (including EGFR1
also known as HER1 or Erb-B1; EGFR2 also known as HER? or Erb-B2; and EGFRS also
known as HER3 or Erb-B3) dependent diseases or diseases that have acquired resistance to
agents that target EGFR family members, use of said compounds for the manufacture of
pharmaceutical compositions for the treatment of said diseases, combinations of said
compounds with EGFR modulators for said use, methods of treating said diseases with said
compounds, and pharmaceutical preparations for the treatment of said diseases comprising
said compounds, aione or in combination, especially with an EGFR modulator.

Somatic mutations in the tyrosine kinase domain of EGFR has been associated with the
clinical response to EGFR tyrosine kinase inhibitor such as Gefitinib (lressa®) or Erlctinib
(Tarceva®) (Faez et al.,, EGFR mutations in fung cancer: correlation with clinical response to
gefitinib therapy, science, vol 304, 1497-1500). Acquired resistance to EGFR modulators
occurs in patients who initially responded clinically to therapy, but then developed
progressive tumors. Refractory response to EGFR kinase inhibitors is exemplified with the
secondary resistant mutation T790M (Kobayashi et al.; EGFR mutation and resistance of
non-smail celt lung cancer to Beﬁrmib, N. Engl J Med, Vol 352, 786-792), which is
comparable to the resistance mutation(s) observed for Gleevec/Glivec or Dasatininb In
chronic myelogenous leukemia (CML) (Gorre et al.; Bor-Abl point mutants isolated from
patients with imatinib mesylate resistant chronic leukemia reamin sensitive to inhibitors of the
Ber-Abl chaperone heat shock protein 90, Blood, vol 100, 3041-3044) or GIST patients
(Antonescu et ai.; Acquired resistance to Imatinib in gastrointestinal stromal tumors occurs
through secondary gene mutation, Clin Cancer Res, Vol 11, 4182-4190),

Evidences that activation of the PI3K pathway downstream of activated EGFR exists in the
literature. Thus, genetic ablation of the PI3K catalytic subunit {p110) in mouse embryo
fibroblast renders celis resistant for transformation by an activated form of EGFR (Zhao et al.;
The p110 alpha isoform of Pi3K is essential for proper growth factor signaling and oncogenic
transformation, PNAS, vol 103, 16296-16300). HER3 (ErbB-3), one ot the four member of the
EGFR family and partner of HER1 (EGFR1) is often overexpressed in EGFR inhibitors
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sensitive tumors, and that is correlated with constitutive PI3K recruitment and activation
{Engelman et al.; ErbB-3 mediates phosphoinositide 3-kinase aetivity in gefitinib-sensitive
non smalf cell lung cancer cealf lines, PNAS vol 102, 3788-3793; Sergina et al.; Escape from
HER-family tyrosine kinase inhibitor therapy by the kinase-inactive HER 3). The genetic and
biochemical characterization of tumor biopsies and tumor cell lines harboring EGFR
amplification and EGFR inhibitor resistance have revealed a constitutive activation status of
the PI3K pathway (Engelman et al.; Allelic disruption obscures detection of a biologically
significant resistance mutation in EGFR amplified lung cancer, The Journal of Clinical
Investigation, vol 116, 2695-2706), - —

Surprisingly, it has been found that specific imidazoquinoline derivatives, which have been
described in WO2006/122806 provoke strong anti-proliferative activity and an in vivo
antitumor response of breast and lung cancer cell lines with amplified EGFRs and/or mutated
EGFR1 as single agent and in combination with EGFR kinase modulators. Therefore, said

compounds are usefull for the treatment of EGFR dependent disease.

Specific imidazoquincline derivatives which are suitabie for the present invention, their
preparation and suitable pharmaceutical formulations containing the same are described in
WQ02006/122806 and include compounds of formula |

f
b

R, By
v
R
e
R N B, (),
),

wherein

Ry is naphthyl or pheny! wherein said pheny! is substituted by one or two substituents
independently selected from the group consisting of Halogen; lower alkyl unsubstituted or
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substituied by halogen, cyano, imidazolyl or triazolyl; cycloalkyl; amino substituted by one or
two substituents independently selected from the group consisting of lower aikyl, lower alkyl
sulffonyl, lower alkoxy and lower alkoxy lower alkylamino; piperazinyl unsubstituted or
substituted by cne or two substituents independently selected from the group consisting of
lower alkyl and lower alkyl sulfonyl; 2-oxo-pyrrolidiny}; lower alkoxy lower alkyl; imidazolyl;
pyrazolyl; and triazolyl;

R.is OorS;

Rs is lower alkyl;

R. is pyridyl unsubstituted or substituted-by halogen, cyano, lower alkyl, lower alkoxy or
piperazinyl unsubstituted or substituted by lower alkyl; pyrimidinyl unsubstituted or
substituted by lower alkoxy; quinclinyl unsubstituted or substituted by halogen;

guinoxaiinyl; or phenyl substituted with alkoxy

Rs is hydrogen or halogen;

nistort;

Rs is oxido;

with the proviso that if n=1, the N-atom bearing the radical Rq has a positive charge;

Ry is hydrogen or amino;

or a tautomer thereof, or a pharmaceutically acceptable salt, or a hydrate or solvate thereof.

The radicals and symbols as used in the definition of a compound of formula ! have the
meanings as disclosed in WO2006/122806 which publication is hereby incorporated into the
present application by referencs.

A preferred compound of the present invention is a compound which is specifically described
in W0O2006/1228086.

A very preferred compound of the present invention is 2-methyi-2-[4-(3-methyl-2-0x0-8-
quinolin-3-yl-2,3-dihydro-imidazo[4,5-c]quinolin-1-yi}-phenyll-propionitrile (Compound A) and
its monotosylate salt. The synthesis of 2-methyl-2-[4-(3-methyl-2-0x0-8-quinelin-3-yl-2,3-
dihydro-imidazo[4,5-c]quinclin-1-yi}-phenyl]-propicnitrile is for instance described in
WO2006/122806 as Example 1.

Another very preferred compound of the present invention is 8-(8-methoxy-pyridin-3-yl)-3-
methyl-1-{4-piperazin-1-yl-3-triflucromethyl-phenyl)-1,3-dihydre-imidazo[4,5-c]quinolin-2-one
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(Compound B) and its monomalate salt. The synthesis of 8-(6-methoxy-pyridin-3-yi)-3-
methyl-1-{4-piperazin-1-yl-3-trifluoromethyl-phenyl)-1 ,3-dihydro-imidazo{4,5-c]quinolin-2-one
is for instance described in WO2006/122806 as Example 86.

Compounds that target members of the EGFR family according to the present Invention
include EGFR family kinase modulators, compounds that after EGFR expression levels or
elicit a cellular immune reponse linked to the expression of EGFR family members in the
tumor cells. Preferrable EGFR modulators exhibit their activity as inhibitors of EGFR
functional activity. Compounds that target members of the EGFR famlly according to the
present invention include without limitation gefitinib, erlotinib, lapatinib, NVP-AEE778,
ARRY334543, BIRW2992, BMS690514, pelitinib, vandetanib, AV412, anti-EGFR monoclonal
antibody 808, anti-EGFR monocional antibody-Y90/Re-188, cetuximab, panitumumab,
matuzumab, nimotuzumab, zalutumumab, pertuzumab, MDX-214, CDX110, IMC11F8,
pertuzumab, trastuzumab, zemab®, the Her2 vaccine PX 1041, and the HSP90 inhibitors
CNF1010, CNF2024, tanespimycin, alvespimycin, IP1504, SNX5422 and NVP-AUY922.

In one aspect, the present invention provides a use of the compound 2-methyl-2-[4-(3-
methyl-2-oxo0-8-quinolin-3-yI-2,3-dihydro-imidazo[4, 5-c]quinolin-1-yl)-phenyl}-propionitrile
(Compound A) or a tautomer thereof, or a pharmaceutically acceptable salt, or a hydrate
or solvate thereof, for the manufacture of a pharmaceutical preparation for the treatment
of an EGFR dependent disease or a disease that has acquired resistance during
treatment with an EGFR modulator.

In another aspect, the present invention provides a use of a combination of a compound
2-methyl-2-[4-(3-methyl-2-0x0-8-quinolin-3-yl-2,3-dihydro-imidazo[4,5-c]quinolin-1-yl)-

phenyl]-propionitrie (Compound A) or a tautomer thereof, or a pharmaceutically
acceptable salt, or a hydrate or solvate thereof, and an EGFR modulator selected from the
group consisting of gefitinib, erlotinib, lapatinib, NVP-AEE778, ARRY334543, BIRW2992,
BMS690514, pelitinib, vandetanib, AV412, anti-EGFR monoclonal antibody 806, anti-
EGFR smonoclonal antibody-Y90/Re-188, cetuximab, panitumumab, matuzumab,
nimotuzumab, zalutumumab, pertuzumab, MDX-214, CDX110, IMC11F8, trastuzumab,
the Her2 vaccine PX 1041, and the HSP90 inhibitors CNF1010, CNF2024, tanespimycin,
alvespimycin, IPI504, SNX5422 and NVP-AUY922, wherein the active ingredients are

' present in each case in free form or in the form of a pharmaceutically acceptable sait, and

optionally at least one pharmaceutically acceptable carrier, for simultaneous, separate or
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sequential use, for the treatment of non small celi lung carcinoma, head and neck cancer,
colorectal carcinoma, breast cancer, brain malignancies including glioblastoma, prostate
cancer, bladder cancer, renal cell carcinoma, pancreas cancer, cervical cancer,

esophageal cancer, gastric cancer and/or ovarian cancer.

In a further aspect, the present invention provides a method of treating an EGFR
dependent disease or a disease that has acquired resistance during treatment with an
EGFR modulator comprising administering a therapeutically effective amount of

Compound A, to a warm-blooded animal in need thereof.

In another aspect, the present invention provides a pharmaceutical preparation when
used to treat an EGFR dependent disease or a disease that has acquired resistance
during treatment with an EGFR modulator comprising Compound A or a pharmaceutically

acceptable salt thereof and at least one pharmaceutically acceptable carrier.

In a further aspect, the present invention provides a use of Compound A or a
pharmaceutically acceptable salt thereof for the treatment of an EGFR dependent
disease or disease that has acquired resistance during treatment with an EGFR
modulator.

Short description of the figures

Fiqure 1 shows the level of expression of EGFR family proteins HER-1, -2 and -3, In a panel
of 15 NSCLC human tumor csl! lines.

The indicated tumor lines arg‘tultured in optimal growth conditions, and cell extracts
prepared at sub-confluent stage. Equivalent total protein extracts are then subjected to SDS-
PAGE, gels transferred and membranes incubated with antibodies raised against the
proteins indicated on the left side of the panels.

Figure 2 shows the antitumor activity of Compound A in combination with NVP-AEE788
against NCI-H358 tumors. ‘

Female Harlan athymic mice (n = 8), bearing s.c NCI-H358 tumors are treated p.o. either with
the PI3K inhibitor Compound A or with the EGFR Inhibitor NVP-AEE788, or in combination,
at the indicated dose and schedule. * p<0.05 (Dunnet’s vs controls).

Figure 3 shows the antitumor activity of Compound A against the EGFR inhibitor resistant
NSCLC cell line NCI-H1975
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Female Harlan athymic mice (n = 8}, bearing s.c NCi-H1975 tumors are treated p.o. with the
PI3K inhibitor Compound A or with the EGFR inhibitors NVP-AEE788 and erlotinib at the
indicated dose and schedule. * p<0.05 (Dunnet’s vs controls).

Figure 4 shows the level of expression of EGFR family proteins HER-1, -2 and -3, in a panel

of 15 breast cancer human tumor cell lines

The indicated tumor lines are cuitured in optimal growth conditions, and cell extracts
prepared at sub-confluent stage. Equivalent total protein extracts are then subjected to SDS-
PAGE, geis transferred and membranes incubated with antibodies raised against the
proteins indicated on the left side of the panels.

Figure 5 shows the antiproliferative activity of Compound A in a panel of breast cancer cell
lines.

The‘indicated cell lines are incubated with increasing amount of Compound A, and effect an
the proliferation assessed with a Methylene blue viable cell detection assay. The cell fines
indicated with a red asterisk are the ones in which cell death is observed (i.e. for which the
absorbance observed for treated cells was lower than the original inoculum),

Figure 6 shows the antitumor activity of Compound A against BT474 tumors.

Female Harlan athymic mice (n = 8), bearing s.c. BT474 tumors are treated p.o. with the
PI3K Inhibitor Compound A at the indicated dose and schedule.” p<0.05 (Dunnet’s).

A panel of 15 NSCLC tumors cell lines have been characterized for the expression of the
EGFR family members (Figure 1). Consistent with the data described in the literature, most
of them shows high levels of HER1 and 3. This is the case of the NCI-H358 cell line that has
also been described as sensitive to EGFR kinase inhibitors. This cell line has been tested
with EGFR low-molecular mass kinase inhibitors and compounds of formula |. The Growth
inhibitory 50 (Glse} found for gefitinib in a proliferation assay - methylene blue assay - with
this cell fine, is 542 nM and the Gls, for Compound A is 31 nM. The Combination [ndex for
Compound A and gefitinib in & proliferation assay with NCI-H358 tumor cells is 1.0, reflecting
the additive effect of both moleculss in this lung tumor cell line. Similar results are obtained
with other EGFR inhibitors including NVP-AEE788, erlotinib and lapatinib. Moreover, in vivo
combination of such imidazogquinoline derivatives with the EGFR kinase inhibitor NVP-
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AEE788 results in tumor statis when such compounds are administered to animals bearing
subcutaneous NCI-H358 xenografts (Figure 2).

Non small cell lung carcinoma ceil lines with amplified EGFR, but refractory to EGFR
inhibition therapy, are valuable models to test the sensitivity of PI3K inhibitors like the
compounds of formula | in such genetic background. The NCI-H1875 cell line is such a
model, as it overexpresses HERT and HERS3 and is highly tumorgenic in vivo. Moreover, it
contains HER1 bearing the T790M gatekeeper mutation that renders the kinase resistant to
catalytic inhibition. The Glggs in this cell line-are 11.4 nM and 3645 nM for Compound A and
gefitinib, respectively. The in vivo antitumor activity of PI3K inhibitors like the compounds of
formula | is tested against this EGFR driven and inhibitor resistant tumor model (Figure 3). As
expected, the EGFR kinase inhibitors NVP-AEE788 and erlotinib show no significant
inhibition on tumor growth, but surprisingly administration of Compound A causes in vivo
tumor growth inhibition. Compound A is well tolerated - no statistically significant difference in
body weight between the control and treatment groups can be observed.,

ErB-B2 (HER2) is often overexpressed in breast and ovarian cell lines. The level of
expression of this protein in a panel of 15 breast cancer cell lines is shown in Figure 4.
Although effective therapeutic approaches exist against ErbB2, 50% of patients with
amplified/overexpressed HERZ2 do not respond to ErbB2 modulators such as trastuzumab. In
a panel of breast tumor csll lines containing or not ErbB2 amplification, Compbund A
decreases cell proliferation with an median Gls of 11.1 nM, and Induces cell death in csll
lines that overexpressed ErbB2 (Figure 5). Moreover, BT474 subcutaneous xencgrafts are
exquisitely sensitive to Compound A treatment, as tumor regrassion is observed upon daily
treatment with the compound at a 45 mg/kg, given po, once per day (Figure 6).

A compound of formula 1, especially Compound A, is therefore useful for the treatment of
such EGFR dependent diseases, especially malignancies, cr EGFR family members
acquired resistance driven diseases. Diseases or malighancies with an established or
potentiai molecular link to dysregulation of EGFR activity are, for instance, described in
‘Mendeisohn and Baselga; Status of Epidermal Growth Factor Receptor Antagonists in the
Biology and Treatment of Cancer, Journal of Clinical Oncology, 2787-2799"; “Mendslsohn
and Baselga; Epidermal Growth Factor Receptor Targeting in Cancer, Seminars in Oncology,
Vol 33, 369-385"; Irmer et al., EGFR kinase domain mutations — functional impact and
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relevance for lung cancer therapy, Oncogene, 1-9; Roche-Lima et al,, EGFR targeting of
solid tumors; Cancer Control, 2007, Vol 14 (3), 295-304) which all are, including the
references cited therein, hereby incorporated into the present application by reference.

According to the present invention the treatment of the following EGFR dependent diseases,
especially malignancies, with compounds of formula i, especially Compound A or Compound
B, is preferred:

¢ non small cell lung carcinoma —
¢ head and neck cancer

= colorectal carcinoma

» breast cancer

¢ brain malignancies including glioblastoma
¢ prostate cancer

= bladder cancer

¢ renal cell carcinoma

* pancreas cancer

+ cervical cancer

» esophageal cancer

s gastric cancer

e ovarian cancer

or any combination thereof,

The present invention relates to the use of acompound of formula | as described above, or &
tautomer thereof, or a phamaceutically acceptable sait, or a hydrate or solvate thereof for
the manufacture of a pharmaceutical preparation for the treatment of an EGFR dependent
disease.

Furthermore, the present invention relates to the use of a compound of formula i, especially
2-methy1-2-[4~(3-methyi-2-oxo-8—quinolin-3-yl-2,3-dihydro-imidazo[4,5-c}quinolin-1 ~y1)-
phenyl]-propionitrile {Compound A) or 8-(6-methoxy-pyridin-3-yl)-3-methyl-1-(4-piperazin-1-
yl-3-triftuoromethyl-phenyl)-1 ,3-dihydro-imidazo[4,5-c]quinolin-2-one (Compound B}, for the
manufacture of a pharmaceutical preparation for the treatment of a EGFR dependent disease
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or malignancy or a disease that has acquired resistance to agents that target EGFR family
members.

The resistance to the treatment with an EGFR modulator can been acquired during treatment
with sald EGFR modulator or can be due to a mutation or mutations in the protein.

In particular, the present invention relates to the treatment of a disease or malignancy that is
dependent on EGFR family members or has aquired resistance during treatment with an
EGFR modulator, with compounds of formula |, especially Compound A or Compound B or a
pharmacautically acceptable salt thereof. Possible EGFR modulators that upon treatment |
can result in resistance are, for instance, gefitinib, erlotinib, lapatinib, cetuximab,
nimotuzumab, panitumumab, and trastuzumab.

A compound of the formula (f) may also be used for the treatment of EGFR dependent or
EGFR acquired resistance diseases in combination with other active compounds for Instance
the combination partners as disclosed in WO2006/122806, more preferred EGFR family
targeting agents such us, and without limitation to gefitinib, erlotinib, lapatinib, NVP-AEE778,
ARRY334543, BIRW2992, BMS690514, pelitinib, Vandetanib, AV412, anti-EGFR monoclonal
antibody 808, anti-EGFR monoclonal antibody-Y90/Re-188, cetuximab, panitumumab,
matuzumab, nimotuzumeb, zglummumab, pertuzumab, MDX-214, CDX110, IMC11F8,
pertuzumab, trastuzumab, igmab®. the Her?2 vaccine PX 1041, and the HSPS0 inhibitors

CNF1010, CNF2024, tanespimycin, alvespimycin, IP1504, SNX5422 and NVP-AUY922.

The present invention also relates to a combination treatment of EGFR dependent diseases
with a compounds of formula |, especially of a compound selected from the group consisting
of 2-methyt-2-[4-(3-methyl-2-oxo-8-quinolin-3-y}-2,3-dihydro-imidazo[4,5-c]quinolin-1 -yi)- .
phenyi]-propionitrile (Compound A) and 8-(6-methoxy-pyridin-3-yl)-3-methyi-1-(4-piperazin-1-
yl-3-trifluoromethyl-phenyl)-1,3-dihydro-imidazo[4,5-cquinolin-2-one (Compound B) and an
EGFR modulator selected from the group consisting of gefitinib, erlotinib, fapatinib, NVP-
AEE778, ARRY 334543, BIRW2992, BMS690514, pelitinib, vandetanib, AV412, ant-EGFR
manocional antibody 8086, anti-EGFR monoclonal antibody-Y90/Re-188, cetuximab,
panitumurmab, matuzumab, nimotuzumab, zalutumumab, pertuzumab, MDX-214, CDX110,
IMC11F8, pertuzumab, trastuzumab, zemab®, the Her2 vaccine PX 1041, and the HSP90

inhibitors CNF1010, CNF2024, tanespimycin, alvespimycin, IP1504, SNX5422 and NVP-
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AUY922, wherein the active ingredients are present in each case in free form or in the form
of a pharmaceutically acceptable sali, and optionally at least one pharmaceuticaily
acceptable carrier, for simultansous, separate or sequential use for the treatment of non
small cell lung carcinoma, head and neck cancer, colorectal carcinoma, breast cancer, brain
malignancies including glioblastoma, prostate cancer, bladder cancer, renal cell carcinoma,

pancreas cancer, cervical cancer, esophageal cancer, gastric cancer and/or ovarian cancer

In particular, the present invention relates to a combination of compound of formula |
selected from the group consisting of 2-methyl-2-[4-(3-methyl-2-0x0-8-quinolin-3-yl-2,3-
dihydro-imidazo[4,5-c]quinolin-1-yl)-phenyl]-propionitrile and 8-(6-methoxy-pyridin-3-yl)-3-
methyl-1-(4-piperazin-1-yl-3-trifluoromethyl-phenyl}-1,3-dihydro-imidazo[4,5-c]quinctin-2-one
and an EGFR moduiator selected from the group consisting of gefitinib, eriotinib, iapatinib,
cetuximab, nimotuzumab, panitumumab, and trastuzumab, wherein the active ingredients are
present in each case in free form or in the form of a pharmaceutically acceptable salt, and
optionally at least one pharmaceutically acceptable cartier; for simultaneous, separate or
sequential use for the treatment of non small cell lung carcinoma, head and neck cancer,
colorectal carcinoma, breast cancer, brain malignancies including glioblastoma, prostate
cancer, bladder cancer, renal cell carcinoma, pancreas cancer, cervical cancer, esophageal

cancer, gastric cancer and ovarian cancer.

In another embodiment the pf:asent invention relates to a method of treating an EGFR
dependent disease or a malignancy, preferably a malignancy, that has acquired resistance to
EGFR kinase modulators during treatment with said EGFR modulator, comprising
administering a therapeutically effective amount of a specific imidazoquinoline derivative of
formula 1, especially preferred 2-methyl-2-[4-(3-methyl-2-0xo-8-quinolin-3-yl-2,3-dihydro-
imidazo[4,5-ciquinolin-1-yl)-phenyi}-propicnitrile (Compound A} or 8-(6-msthoxy-pyridin-3-vi)-
3-methyl-1-(4-piperazin-1-yi-3-trifluoromethyl-phenyl}-1,3-dihydro-imidazo[4,5-c]quinolin-2-
one (Compound B) or a pharmaceutically acceptable salt therecf, alone or in combination
with an EGFR modulator, to a warm-blooded animal in need thereof.

The diseases to be treated by this method are preferentially non small cell lung carcinoma,
head and neck cancer, colorectal carcinoma, breast cancer, brain malignancies including
glioblastoma, prostate cancer, bladder cancer, renal cell carcinoma, pancreas cancer,

cervical cancer, esophageal cancer, gastric cancer and ovarian cancer,
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In another embodiment the present invention relates to a pharmaceutical preparation for the
treatment of an EGFR dependent disease or a disease that has acquired resistance during
treatment with an EGFR modulator comprising a compound of formula |, especially preferred
2-methyl-2-[4-(3-methyl-2-ox0-8-quinolin-3-yl-2,3-dihydro-imidazo[4,5-c]quinolin-1-yl})-
phenyl]-praopionitrite (Compound A) or 8-(6-methoxy-pytidin-3-yl)-8-methyl-1-(4-piperazin-1-
yl-3-trifluoromethyl-phenyl)-1,3-dihydro-imidazof4,5-¢c]quinolin-2-one (Compound B), ora
pharmaceutically acceptable salt thereof and at least one pharmaceutically acceptable

carrier, alone or in combination with.an EGFR modulator.

The diseases to be treated by this pharmaceutical preparation are preferentially non small
celi lung carcinoma, head and neck cancer, colorecial carcinoma, treast cancer, brain
malignancies including glioblastoma, prostate cancer, bladder cancer, renal cell carcinoma,

pancreas cancer, cervical cancer, esophageal cancer, gastric cancer and ovarian cancer.

In another embodiment the present invention relates to the use of a compound of formula |,
especially preferred 2-methyl-2-[4-(3-methyl-2-0x0-8-quinalin-3-yl-2,3-dihydro-imidazof4,5-
clquinolin-1-yl}-phenyi]-propionitrile (Compound A) or 8-(6-methoxy-pyridin-3-yt)-3-methyi-1-
{4-piperazin-1-yl-3-trifluoromethyl-phenyl)-1,3-dihydro-imidazo[4,5-c]quinolin-2-one

{Compound B), or a pharmaceutically acceptable salt thereof for the treatment of an EGFR
dependent disease or disease that has acquired resistance during treatment with an EGFR

modulator.

The diseases to be treated by this compounds, alone or in combination with an EGFR
modulator, are preferentially non small cell lung carcinoma, head and neck cancer, colorectal
carcinoma, breast cancer, brain malignancies including glioblastoma, prostate cancer,
bladder cancer, renal cell carcinoma, pancreas cancer,; cervical cancer, escphagea! cancer,
gastric cancer and ovarian canger.

A compound of the formula (I} may also be used to advantage in combination with known
therapeutic processes, for example, the administration of hormones or, especiaily, radiation.
A compound of formula (i) may in particular be used as a radiosensitizer, especially for the
treaiment of tumors which exhibit poor sensitivity to radictherapy.
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Treatment in accordance with the invention may be symptomatic or prophylactic.

By “combination”, there is meant either a fixed combination in one dosage unit form, or a kit of
parts for the combined administration where a compound of the formula (1) and a combination
partner may be administered independently at the same time or separately within time intervals
that especially allow that the combination partners show a cooperative, e.g. synergistic effect.

A compound of formula | can be administered alone or in combination with ons or more other
therapeutic compounds, possible combination therapy taking the form of fixed combinations
or the administration of a compound of the invention and one or more other therapeutic
coempounds being staggered or given independently of one another, or the combined admini-
stration of fixed combinations and one or more other therapeutic compounds.

The dosage of the active ingredient depends upon a variety of factors including type,
species, age, weight, sex and medical condition of the patient; the severity of the condition to
be treated; the route of administration; the renal and hepatic function of the patient; and the
particular compound empioyed. A physician, clinician or veterinarian of ordinary skill can
readily determine and prescribe the effective amount of the drug required to prevent, counter
or arrest the progress of the condition, Optimal precision in achieving concentration of drug
within the range that yields efficacy requires a regimen based on the Kinetics of the drug's
availability to target sites. This involves a consideration of the distribution, equilibrium, and
slimination of a drug.

The compounds of the invention may be administered by any conventional route, in particular
parenterally, for example in the form of injectable sclutions or suspensions, enterally, e.qg.
orally, for example in the form of tablets or capsules, topically, e.g. in the form of lotions, gels,
cintments or creams, of in a nasai or a suppository form. Topical administration is e.g. to the
skin. A further form of topical administration is to the eye. Pharmaceutical compositions
comprising a compound of tha invention in association with at least one pharmaceutical
acceptable carrier or diluent may be manufactured in conventional manner by mixing with a
pharmaceutically acceptable carrier or diluent,

The pharmaceutical compositions are comprising an amount effective in the treatment of cne
of the above-mentioned disorders, of a compound of formula | or an N-oxide or a tautomer
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thereof together with pharmaceutically acceptable carriers that are suitable for topical,
enteral, for example oral or rectsl, or parenteral administration and that may be inorganic or
organic, solid or liquid. There are pharmaceutical compositions used for oral administration
especially tablets or gelatin capsules that comprise the active ingredient together with dilu-
ents, for example lactose, dextrose, manitol, and/or glycerol, and/or lubricants and/or poly-
ethylene glycol. Tablets may also comprise binders, for example magnesium aluminum
silicate, starches, such as com, wheat or rice starch, gelatin, methchellulose. sodium
carboxymethylceliulose and/or polyvinylpyrrolidons, and, if desired, disintegrators, for
example starches, agar, alginic acid or a salt thereof, such as sodium alginate, and/or
eﬂ‘ervéscent mixtures, or adsorbents, dyes, flavorings and sweeteners. It is also possible to
use the pharmacologically active compounds of the present invention in the form of
parenterally administrable compositions or in the form of infuslon solutions. The
pharmaceutical compositions may be sterilized and/or may comprise excipients, for example
preservatives, stabilizers, wetting compounds and/or emulsifiers, solubllisers, saits for
regulating the osmotic pressure and/or buffers. The present pharmaceutical compositions,
which may, if desired, comprise other pharmacologically active substances are prepared in a
manner known per se, for exampie by means of conventional mixing, granulating,
confectioning, dissolving or lyophilising lyophilizing processes, and comprise approximately
from 1% to 99%, especially from approximately 1% to approximately 20%, active
ingredient(s).

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word “comprise”, and variations such as “comprises” and “comprising”, will
be understood to imply the inclusion of a stated integer or step or group of integers or

steps but not the exclusion of any other integer or step or group of integers or steps.

The reference in this specification to any prior publication (or information derived from it),
or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived from
it) or knewn matter forms part of the common general knowledge in the field of endeavour

to which this specification relates.




21 Sep 2011

2008280105

13

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Use of the compound 2-methyl-2-[4-(3-methyl-2-0x0-8-quinolin-3-yl-2,3-dihydro-
imidazo[4,5-c]quinclin-1-yl)-phenyl]-propionitrile (Compound A) or a tautomer thereof, or
a pharmaceutically acceptable salt, or a hydrate or solvate thereof, for the manufacture
of a pharmaceutical preparation for the treatment of an EGFR dependent disease or a
disease that has acquired resistance during treatment with an EGFR modulator.

2. The use according to claim 1, wherein the EGFR dependent disease is a malignancy.

3. The use according to claim 1 or 2, wherein said EGFR dependent disease is resistant
to the treatment with an EGFR modulator.

4. The use according to claim 3, wherein resistance to the treatment with an EGFR

modulator has been acquired during treatment with said EGFR modulator.

5. The use according to claim 3, wherein the resistance is due to a mutation or mutations
in the protein.

6. The use according to claim 3 or 4, wherein the EGFR modulator is selected from the
group consisting of gefitinib, erlotinib, lapatinib, cetuximab, nimotuzumab, panitumumab
and trastuzumab.

7. The use according to claim 1 or 2, together with an EGFR modulator.

8. The use according to claim 7, wherein the EGFR modulator is selected from the group
consisting of gefitinib, erlotinib, lapatinib, NVP-AEE778, ARRY 334543, BIRW2992,
BMS690514, pelitinib, vandetanib, AV412, anti-EGFR monoclonal antibody 806, anti-
EGFR monoclonal antibody-Y90/Re-188, cetuximab, panitumumab, matuzumab,
nimotuzumab, zalutumumab, pertuzumab, MDX-214, CDX110, IMC11F8, trastuzumab,
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the Her2 vaccine PX 1041, and the HSP90 inhibitors CNF1010, CNF2024,
tanespimycin, alvespimycin, IPI504, SNX5422 and NVP-AUY922.

9. The use according to any one of claims 1 to 8, wherein the disease to be treated is
¢ non small cell lung carcinoma

o head and neck cancer

o colorectal carcinoma

¢ breast cancer

¢ brain malignancies including glioblastoma
e prostate cancer

¢ bladder cancer

« renal cell carcinoma

e pancreas cancer

¢ cervical cancer

o esophageal cancer

e gastric cancer

e ovarian cancer

or any combination thereof.

10. Use of a combination of a compound 2-methyl-2-[4-(3-methyl-2-0x0-8-quinolin-3-yl-
2,3-dihydro-imidazo[4,5-c]quinolin-1-yl)-phenyl]-propionitrile (Compound A) or a
tautomer thereof, or a pharmaceutically acceptable salt, or a hydrate or solvate thereof,
and an EGFR modulator selected from the group consisting of gefitinib, erlotinib,
lapatinib, NVP-AEE778, ARRY334543, BIRW2992, BMS690514, pelitinib, vandetanib,
AV412, anti-EGFR monoclonal antibody 806, anti-EGFR monoclonal antibody-Y90/Re-
188, cetuximab, panitumumab, matuzumab, nimotuzumab, zalutumumab, pertuzumab,
MDX-214, CDX110, IMC11F8, trastuzumab, the Her2 vaccine PX 1041, and the HSP30
inhibitors CNF1010, CNF2024, tanespimycin, alvespimycin, IPI504, SNX5422 and NVP-
AUY922, wherein the active ingredients are present in each case in free form or in the
form of a pharmaceutically acceptable salt, and optionally at least one pharmaceutically
acceptable carrier, for simultaneous, separate or sequential use, for the treatment of non
small cell lung carcinoma, head and neck cancer, colorectal carcinoma, breast cancer,
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brain malignancies including glioblastoma, prostate cancer, bladder cancer, renal cell
carcinoma, pancreas cancer, cervical cancer, esophageal cancer, gastric cancer and/or

ovarian cancer.

11. A method of treating an EGFR dependent disease or a disease that has acquired
resistance during treatment with an EGFR modulator comprising administering a
therapeutically effective amount of a compound as defined in claim 1, to a warm-blooded

animal in need thereof.

12. The method according to claim 11, wherein the disease to be treated is:
« non small cell lung carcinoma

+ head and neck cancer

e colorectal carcinoma

¢ breast cancer

o brain malignancies including glioblastoma
e prostate cancer

e bladder cancer

¢ renal cell carcinoma

® pancreas cancer

e cervical cancer

e esophageal cancer

e gastric cancer

e ovarian cancer

or any combination thereof.

13. The method according to claim 11 or 12, wherein the compound as defined in claim
1 is administered together with an EGFR modulator selected from the group consisting
of gefitinib, erlotinib, lapatinib, NVP-AEE778, ARRY334543, BIRW2992, BMS690514,
pelitinib, vandetanib, AV412, anti-EGFR monoclonal antibody 806, anti-EGFR
monoclonal antibody-Y90/Re-188, cetuximab, panitumumab, matuzumab, nimotuzumab,
zalutumumab, pertuzumab, MDX-214, CDX110, IMC11F8, trastuzumab, the Her2
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vaccine PX 1041, and the HSP90 inhibitors CNF1010, CNF2024, tanespimycin,
alvespimycin, IP1504, SNX5422 and NVP-AUY922.

14. A pharmaceutical preparation when used to treat an EGFR dependent disease or a
disease that has acquired resistance during treatment with an EGFR modulator
comprising a compound as defined in claim 1 or a pharmaceutically acceptable salt
thereof and at least one pharmaceutically acceptable carrier.

15. The pharmaceutical preparation according to claim 14, wherein the disease to be
treated is

¢ non small cell lung carcinoma

¢ head and neck cancer

e colorectal carcinoma

e breast cancer

¢ Dbrain malignancies including glioblastoma
s prostate cancer

e bladder cancer

e renal cell carcinoma

e pancreas cancer

e cervical cancer

e esophageal cancer

¢ gastric cancer

e ovarian cancer

or any combination thereof.

16. The pharmaceutical preparation according to claim 14 or 15, comprising an EGFR
modulator selected from the group consisting of gefitinib, erlotinib, lapatinib, NVP-
AEE778, ARRY334543, BIRW2992, BMS690514, pelitinib, vandetanib, AV412, anti-
EGFR monoclonal antibody 806, anti-EGFR monoclonal antibody-Y90/Re-188,
cetuximab, panitumumab, matuzumab, nimotuzumab, zalutumumab, pertuzumab, MDX-
214, CDX110, IMC11F8, trastuzumab, the Her2 vaccine PX 1041, and the HSP90
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inhibitors CNF1010, CNF2024, tanespimycin, alvespimycin, IP1504, SNX5422 and NVP-
AUY922.

17. Use of a compound as defined in claim 1 or a pharmaceutically acceptable salt
thereof for the treatment of an EGFR dependent disease or disease that has acquired
resistance during treatment with an EGFR modulator.

18. The use according to claim 17, wherein the disease to be treated is:
o non small cell lung carcinoma

¢ head and neck cancer

¢ colorectal carcinoma

e breast cancer

¢ Dbrain malignancies including glioblastoma
e prostate cancer

¢ bladder cancer

¢ renal cell carcinoma

e pancreas cancer

e cervical cancer

¢ esophageal cancer

e gastric cancer

e ovarian cancer

or any combination thereof.

19. The use according to claim 17 or 18, together with an EGFR modulator selected
from the group consisting of gefitinib, erlotinib, lapatinib, NVP-AEE778, ARRY 334543,
BIRW2992, BMS690514, pelitinib, vandetanib, AV412, anti-EGFR monoclonal antibody
806, anti-EGFR monoclonal antibody-Y90/Re-188, cetuximab, panitumumab,
matuzumab, nimotuzumab, zalutumumab, pertuzumab, MDX-214, CDX110, IMC11F8,
trastuzumab, the Her2 vaccine PX 1041, and the HSP90 inhibitors CNF1010, CNF2024,
tanespimycin, alvespimycin, IPI504, SNX5422 and NVP-AUY922.
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20. The use according to any one of claims 1, 10 and 17; the method according to claim
11; or the pharmaceutical preparation according to claim 14; substantially as
hereinbefore described with reference to any one of the examples.
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Expression level of EGFR family members in a panel of NSCLC cell lines

Figure 1
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Figure 2 Antitumor activity of Compound A in combination with NVP-AEE788
agalnst NCI-H358 tumors

—&— Vehicle controls

—0— 25 mg/kg Compound A, p.o., 1q24h
—w— 30 mg/kg NVP-AEE7T88-NX-9, p.o., 3q7d
—&-= Combination

Tumor volume

1200
1100 4
1000 4
800
800 -
700 +
BGO -
500 -
400 -
300 -
200
100 - _ 3 5 :
J |

’ |

Tumor Volume (mean mm® & SEM)

20 25 30 35 40 45 50 55 60
Days post cell injection

Body weight

32

[ 5
<
"

N
-

[
(-3

24 4

Body weight {(mean g + SEM)

22 T T e T T T —
20 25 30 35 40 45 50 85 60

Days post cell injection



WO 2009/013305 PCT/EP2008/059642
3/6

Figure 3 Antitumor activity of Compound A in combination with NVP-AEE788
against NCI-H1975 tumors
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Figure 4 Expression level of EGFR family members in a panel of 15 breast
cancer cell lines
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Antiproliterative activity of Compound A in a panel of 15 breast cancer

Figure 5
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Figure 6 Antitumor activity of Compound A against BT474 tumors
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