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MITOXANTHRONE DERIVATIVES AS RAS INHIBITORS

The present invention relates to the use of compounds of formula () as RAS inhibitors
and as a medicament, in particular for use in treating proliferative disorders, inflammatory
diseases and/or genetic disorders. The present invention relates further to a
pharmaceutical composition comprising the compounds of formula (I). Moreaver, the
present invention relates to a method of inhibiting growth, proliferation or metastasis of
cancer cells in a subject in need thereof, in particular which may encompass subsets of
patients defined by their mutational status of the RAS oncogene or patients who might
have developed resistance to the standard of care or treatment with RAS mutation
specific inhibitors. The present invention also relates to a method of inhibiting RAS
molecules in treating genetic disorders like RASopathies or inflammatory disorders like
Adenomyosis where KRAS gene is mutationally activated. In addition, the present
invention relates to a method of inhibiting proliferation and/or secretion of factors from a
cell population sensitive towards inhibiting RAS activation in vitro, in particular sensitive
towards inhibiting KRAS, HRAS and NRAS activation in vitro. Furthermore, the present
invention relates to a kit containing a formulation comprising a pharmaceutical
composition comprising a compound of formula (l).

BACKGROUND OF THE INVENTION

RAS proteins represent a group of closely related monomeric globular proteins which are
associated with the plasma membrane and are able to bind either GDP or GTP. RAS that
contains bound GDP represents the "inactive" state, whereas the binding of GTP to RAS
in exchange to a GDP represents the "active" state, such that the protein is able to
interact with other “effector” proteins of downstream targets. RAS proteins can be
regarded as small GTPases that function as molecular switches controlling the
transmission of extracellular signals from outside of the cell to the nucleus by various
effector proteins. Activating RAS mutations are detected in inflammatory disorders like
Adenomyosis/endometriosis which contributes to proliferation and invasions of
endometrial cells and resistance to Progesterone (S. Inoue, Nature Comm. 2019, 10,
5785; PMID: 31857578).

There are three RAS isoforms (KRAS, HRAS and NRAS) and their activation cycle is
regulated by the binding of GDP or GTP which in turn is controlled by GAPs or GEFs. In
their GTP-bound form they bind to their effector proteins and trigger multiple signalling
pathways that control various fundamental cellular processes.
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Usually, mutations of RAS lead to defects in GAP-mediated GTP hydrolysis and thus
result in the accumulation of RAS in the GTP-bound active state. This leads to
uncontrollable proliferation, which is a hall mark of cancer cells. Uncontrolled activation of
RAS is also detected in genetic disorders like RASOpathies.

Recent studies led to the development of mutation specific KRAS inhibitors that target the
KRASG12C mutant which are approved for clinical use. Further inhibitors targeting the
other mutant specific versions of KRAS are currently being developed.

Furthermore, it is known that patients frequently develop resistance to KRAS oncogene
inhibitors, e.g. to KRAS G12 C inhibitors (Tanaka et al., Cancer Discov, 2021, PMID
33824136). In addition, the patients treated with KRAS G12 C inhibitors often develop
secondary mutations in other RAS isoforms (Awad MM et al. New England J. Med., 2021
PMID34161704).

Mitoxantrone (trade name Novantrone) is an anthracenedione antineoplastic agent. It is
used to treat certain types of cancer, mostly acute myeloid leukemia or to treat multiple
sclerosis (MS).

Wang et al., Investigational New Drugs, 40 (2), p. 330-339, 2021, relates to the use of
mitoxantrone hydrochloride liposome injection for the treatment of breast cancer.

CN 109 718 228 discloses an antitumor lymphatic metastasis function of mitoxantrone.
The mitoxantrone is used for local chemotherapy to increase anti-tumor activity, reduces
toxic and side effects, targets a lymphatic system, inhibits tumor lymphatic metastasis,
might reduce tumor volume and might be convenient for subsequent surgical resection
when used for neoadjuvant chemotherapy, might also kill tumor cells metastasized in
lymphatic vessels, reduces risks of postoperative tumor recurrence, and improves quality
of life of patients.

W02021/160115 relates to the use of mitoxantrone hydrochloride liposome as an
ingredient for preparing drugs for treating breast cancer. The clinical trial results show that
the mitoxantrone hydrochloride liposome has better efficacy and fewer adverse reactions,
and especially significantly reduced cardiotoxicity, compared with a common mitoxantrone
hydrochloride injection.
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CN 113 209 149 relates to a mixture of mitoxantrone with ginsenaoside for treating gastric
cancer.

W02004/041262 relates to a mixture of mitoxantrone and CDK inhibitor for treating
cancer and other proliferative disorders.

None of the documents discloses or suggests that mitoxantrone is suitable for use as an
inhibitor of RAS protein activation, in particular, wherein KRAS G12V, NRAS G12V, HRAS
G12V, KRAS G12A, KRAS G12C, KRAS G12D, KRAS G12C/Y96C, KRAS G12C/Y96DS,

KRAS G13C, KRAS G13D, KRASG13S, KRAS Q61H, KRAS Q61R or KRAS Q61K is
involved.

Until now it was not known that mitoxantrone inhibits the expression and/or the activation
of RAS. Activation is defined as ability of RAS to bind to its effector molecules like RAF
kinases, PI3K kinases through the RAS binding domain (RBD) or RAS -Associated
domain (RA domain), present in the effector proteins (like RASSF) in a GTP dependent
manner. Further targeting the activation but not the stability can be advantageous in
defined medical conditions while targeting both could be useful in combating certain
subtypes of RAS mutated cancers.

Moreover, the mechanisms driving the activation of HRAS, NRAS, KRAS are different and
each RAS isoform exhibits distinct functions and biological specificities. Thus, efforts are
being made to target HRAS and NRAS in defined tumor subtypes where they function as
an oncogenic driver.

Finally, targeting of other RAS isoforms like HRAS and NRAS s required to combat
secondary, acquired resistance to the standard of care including several cancer
therapeutics.

While KRASG12 specific G inhibitors have been developed, efforts to target HRAS and
NRAS in cancers where these isoforms are mutated remains a challenge.

However, effective targeting, in particular inhibition of RAS oncogene activation of this
RAS oncogenes with small malecules, in particular with limited toxicity is still a challenge.

It is therefore the object of the present invention to provide pharmaceutically active
compounds that have the capability to inhibit the activation of RAS oncogenes, in
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particular in cells at lower concentrations with high specificity. This object is achieved by
the use of compounds of formula (1). It was surprisingly found that the compounds of
formula (1), in particular of formula (A) and (B) inhibit the activity of RAS oncogenes, in
particular KRAS, HRAS and NRAS irrespective of their mutational status. Without being
bound to any theory it is assumed that the interaction of mutationally activated RAS and
its effector molecules is disrupted.

SUMMARY OF THE INVENTION

The invention relates to the compound of the formula (l)

R1
|

3
oH 0 R\N /\/N\H,OH

n

OH O N
R4’ \/\w‘H:OH

RZ

(),
wherein
R"is H or C4-C4 alkyl;
R?is H or Ci-C, alkyl;
R¥is H or C4-C4 alkyl;
R*is H or Ci-C, alkyl;
nis1,2or3;
or a pharmaceutically acceptable salt thereof, for use as inhibitor of RAS protein
activation, for treatment and/or prophylaxis of diseases, wherein RAS-signalling is
involved.

In particular, the invention further relates to the compound of the formula ()
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wherein
R'is H or C4-C, alkyl;
5 R?is Hor Cs-Cy alkyl;
R%is H or C4-C4 alkyl;
R*is H or C+-Cs alkyl;
nis1,2or3;
or a pharmaceutically acceptable salt thereof, for use as inhibitor of RAS protein activation
10 for treatment and/or prophylaxis of proliferative disorders, wherein RAS-signaling is
involved.

In particular, the invention further relates to the compound of the formula (1)

15 (),
wherein
R'is H or Ci-Cs alkyl;
R2is H or C4-Cs alkyl;
R3is H or C+-Cs alkyl;
20 R*is Hor Ci-Cs alkyl;
nis1,2or3;
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or a pharmaceutically acceptable salt thereof, for use as inhibitor of RAS protein activation
for treatment and/or prophylaxis of genetic disorder, wherein RAS-signaling is involved,
especially, for use as inhibitor of RAS protein activation for treatment and/or prophylaxis of
RASophaties.

In particular, the invention further relates to the compound of the formula (1)
R1

|
3
oH o R\N/\/N\H/OH

n

wherein

R'is H or C4-Cs4 alkyl;

R2is H or C1-Cs alkyl;

R3is H or C1-C4 alkyl;

R*is H or Ci-C4 alkyl;

nis1,2or3;

or a pharmaceutically acceptable salt thereof, for use as inhibitor of RAS protein activation
for treatment and/or prophylaxis of inflammatory disorders, wherein RAS-signaling is
involved, especially, for use as inhibitor of RAS protein activation for treatment and/or
prophylaxis of endometriosis and/or adenomyosis, more especially, where KRAS is
mutated.

In particular, the invention further relates to the compound of the formula (1)

R1
|
3
o o R\N/A\V/N\}%OH

n
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wherein

R'is H or C4-Cs4 alkyl;

R2is H or C1-Cs alkyl;

R¥is H or C4-Cs alkyl;

R*is H or C+-C; alkyl;

nis1,2or3;

or a pharmaceutically acceptable salt thereof, as defined above and below, for use as
inhibitor of RAS protein activation for treatment and/or prophylaxis of proliferative
disorders and /or inflammatory diseases, wherein KRAS G12V, NRAS G12V, HRAS
G12V, KRAS G12A, KRAS G12C, KRAS G12D, KRAS G12C/Y96D, KRAS G12C/Y96C,
KRAS G12C/Y96S, KRAS G13C, KRAS G13D, KRASG13S, KRAS Q61H, KRAS Q61R
or KRAS Q61K is involved.

In particular, the invention further relates to the compound of the formula (1)
R1
|
R3 N OH
OH 0 N \H/

n

wherein

R'is H or Ci-C4 alkyl;

R2is H or Ci-Cs alkyl;

R%is H or C-Cs alkyl;

R*is H or Ci-Cs alkyl;

nis1,2or3;

or a pharmaceutically acceptable salt thereof, as defined above and below, for use as
inhibitor of RAS protein activation for treatment and/or prophylaxis of proliferative
disorders and/or inflammatory diseases, which are resistant to treatment with RAS
mutation specific inhibitors different from compounds of formula (1), preferably, wherein
the resistance results from a secondary mutation, in particular results from a secondary
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mutation, wherein KRAS G12C/Y96D, KRAS G12C/Y96C and/or KRAS G12C/Y96S is
involved.

The invention in particular relates to compounds of formula (1)

wherein

R'is H or C4-Cs4 alkyl;

R2is H or C-Cs alkyl;

R3is H or Ci-Cs alkyl;

R*is H or Ci-C4 alkyl;

nis1,2or3;

or a pharmaceutically acceptable salt thereof, for use as inhibitor of RAS protein
activation.

The invention further relates to a composition (1) comprising at least one compound of
formula (1) as defined above and below, in particular to compounds of formulag (A) and
(B) as defined above and below, or a pharmaceutically acceptable salt, and BAS mutation
specific inhibitors. The RAS mutation specific inhibitors are different from compounds of
formula (1).

The invention further relates to compounds (1), in particular to compounds of formulae (A)
and (B) as defined above and below, or a pharmaceutically acceptable salt thereof, or a
composition (1) as defined above and below, or pharmaceutical compositions comprising
at least one compound of formula (1), in particular selected from compounds (A) and (B)
as defined above and below, or a composition (1) as defined above and below, for use as
a RAS-RAF disruptor.
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The invention further relates to compounds (1), in particular to compounds of formulae (A)
and (B) as defined above and below, or a pharmaceutically acceptable salt thereof, or a
composition (1) as defined above and below, or a pharmaceutical compositions
comprising at least one compound of formula (1), in particular selected from compounds
(A) and (B) as defined above and below, or a composition (1) as defined above and
below, for use as a medicament.

The invention further relates to compounds (1) according to the invention, in particular to
compounds of formulae (A) and/or (B) as defined above and below, or a pharmaceutically
acceptable salt thereof, or a composition (1) as defined above and below, or a
pharmaceutical compositions comprising at least one compound of formula (1), in
particular selected from compounds (A) and (B) as defined above and below, or a
composition (1) as defined above and below, for the treatment and/or prophylaxis of
diseases.

The invention further relates to compounds (1) according to the invention, in particular to
compounds of formulae (A) and/or {B) as defined above and below, or a pharmaceutically
acceptable salt thereof, or a composition {1) as defined above and below, or a
pharmaceutical compositions comprising at least one compound of formula (1), in
particular selected from compounds (A) and (B) as defined above and below, or a
composition (1) as defined above and below, for use in treating proliferative disorders.

The invention further relates to compounds (1) according to the invention, in particular to
compounds of formulae (A) and/or (B) as defined above and below, or a pharmaceutically
acceptable salt thereof, or a composition (1) as defined above and below, or a
pharmaceutical compositions comprising at least one compound of formula (1), in
particular selected from compounds (A) and (B) as defined above and below, or a
composition (1) as defined above and below, for use in treating genetic disorders.

The invention further relates to compounds (1) according to the invention, in particular to
compounds of formulae (A) and/or {B) as defined above and below, or a pharmaceutically
acceptable salt thereof, or a composition {1) as defined above and below, or a
pharmaceutical compositions comprising at least one compound of formula (1), in
particular selected from compounds (A) and (B) as defined above and below, or a
composition (1) as defined above and below, for use in treating RASophatie.
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The invention further relates to compounds (1) according to the invention, in particular to
compounds of formulae {(A) and/or (B) as defined above and below, or a pharmaceutically
acceptable salt thereof, or a composition (1) as defined above and below, or a
pharmaceutical compositions comprising at least one compound of formula (1), in
particular selected from compounds (A) and (B) as defined above and below, or a
composition (1) as defined above and below, for use in treating inflammatory diseases.

The invention further relates to compounds (1) according to the invention, in particular to
compounds of formulae (A) and/or (B) as defined above and below, or a pharmaceutically
acceptable salt thereof, or a composition (1) as defined above and below, or a
pharmaceutical compositions comprising at least one compound of formula (1), in
particular selected from compounds (A) and (B) as defined above and below, or a
composition (1) as defined above and below, for use in treating endometriosis and/or
adenomyosis, more especially, where KRAS is mutated.

The invention further relates to compounds (1) according to the invention, in particular to
compounds of formulae (A) and/or {B) as defined above and below or a pharmaceutically
acceptable salt thereof, or a composition {1) as defined above and below, or a
pharmaceutical compositions comprising at least one compound of formula (1), in
particular selected from compounds (A) and (B) as defined above and below, or a
composition (1) as defined above and below, for use in treating cancer.

The invention further relates to compounds (1) according to the invention, in particular to
compounds of formulae (A) and/or (B) as defined above and below or a pharmaceutically
acceptable salt thereof, or a composition (1) as defined above and below, or a
pharmaceutical compositions comprising at least one compound of formula (1), in
particular selected from compounds (A) and (B) as defined above or below, or a
composition (1) as defined above and below, for use as inhibitor of RAS protein (KRAS,
HRAS or NRAS oncogenes) activation.

The invention further relates to compounds (1) according to the invention, in particular to
compounds of formulae (A) and/or {B) as defined above and below or a pharmaceutically
acceptable salt thereof, or a composition (1) as defined above and below, or a
pharmaceutical compositions comprising at least one compound of formula (1), in
particular selected from compounds (A) and (B) as defined above or below or a
composition (1) as defined above and below, for treating or preventing any diseases or
conditions that are associated with the activity of RAS protein (RAS oncogene).
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The invention further relates to compounds (1) according to the invention, in particular to
compounds of formulae (A) and/or {B) as defined above and below or a pharmaceutically
acceptable salt thereof, or a composition (1) as defined above and below, or a
pharmaceutical compositions comprising at least one compound of formula (1), in
particular selected from compounds (A) and (B) as defined above and below, or a
composition (1) as defined above and below, for use in treating proliferative disorders,
inflammatory diseases and/or genetic disorders, wherein RAS-signalling is involved,
preferably wherein KRAS G12V, NRAS G12V, HRAS G12V, KRAS G12A, KRAS G12C,
KRAS G12D, KRAS G12C/Y96D, KRAS G12C/Y96C, KRAS G12C/Y96S, KRAS G13C,
KRAS G13D, KRASG13S, KRAS Q61H, KRAS Q61R or KRAS Q61K is involved

The invention further relates to a pharmaceutical composition comprising at least one
compound () according to the invention, in particular compounds of formulae (A) and/or
(B) as defined above and below, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier.

The invention further relates to a pharmaceutical composition as defined above and
below, for use as inhibitor of RAS protein activation for treatment and/or prophylaxis of
proliferative disorders and/or inflammatory diseases, which are resistant to treatment with
RAS mutation specific inhibitors different from compounds of formula (1), preferably
wherein the resistance results from a secondary mutation, in particular results from a
secondary mutation, wherein KRAS G12C/Y96D, KRAS G12C/Y96C and/or KRAS
G12C/Y96S is involved.

The invention further relates to a pharmaceutical compaosition comprising at least one
composition (1) as defined above and below, and a pharmaceutically acceptable carrier.

The invention further relates to a pharmaceutical composition comprising at least one
compound (l) according to the invention, in particular compound of formulae (A) and/or (B)
as defined above and below, or a pharmaceutically acceptable salt thereof, or a
composition (1) as defined above and below, wherein the pharmaceutical composition
additionally comprises a further active substance, preferably selected from
chemotherapeutic agents, radiotherapeutic agents, immuno-oncology agents and
combinations thereof.
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The invention further relates to a method of inhibiting growth, proliferation, or metastasis
of cancer cells in a subject in need thereof, said method comprising administering to the
subject a therapeutically effective amount of a compound (I} according to the invention, in
particular a compound of formulae (A) and/or (B) as defined above and below, or a
therapeutically acceptable salt thereof, or a composition (1) as defined above and below
or a pharmaceutical composition comprising at least one compound of formula (1), in
particular selected from compounds (A) and (B) as defined above and below, or a
composition (1) as defined above and below.

The invention further relates to a method of inhibiting proliferation of a cell population
sensitive towards inhibiting RAS activation in vitro or ex vivo, the method comprising
contacting the cell population with a compound (1) according to the invention, in particular
a compound of formulae (A) and/or (B) as defined above and below, or a therapeutically
acceptable salt thereof, or a composition (1) as defined above and below, or &
pharmaceutical compaositions comprising at least one compound of formulae (1}, in
particular selected from compounds (A) and (B) as defined above and below, or a
composition (1) as defined above and below.

The invention further relates to a kit containing a formulation comprising: a) a compound
(1) according to the invention, in particular a compound of formulae (A) and/or (B) as
defined above and below, or a composition (1) as defined above and below, or a
pharmaceutical composition comprising a compound (l) according to the invention, in
particular a compound of formulae (A) and/or (B) as defined above or below, or a
therapeutically acceptable salt thereof, or a composition (1) as defined above and below,
and a pharmaceutically acceptable carrier; and b) instructions for dosing of the
pharmaceutical composition for the treatment of a disorder in which inhibition of RAS
activation is effective in treating the disorder.

DESCRIPTION OF THE INVENTION

The invention has the following advantages:
The compounds according to the invention exhibit advantageous RAS inhibition
properties. In other words, the compounds according to the invention qualify as
inhibitors of RAS oncogene activation. Itis assumed that RAS-effector interaction,
especially when RAS is activated by oncogenic somatic mutations, is disrupted.
The compounds inhibit KRAS irrespective of the mutations at concentrations which
are pharmacologically achievable in human subjects. The tolerability of these
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molecules is well studied that facilitate faster translation of these drugs to the
patients.

The compounds inhibit NRAS and HRAS by functionally uncoupling their binding
to their effectors in cells.

Compounds of formula (1)

Inactivation in the sense of the invention means inhibiting the activity of a protein, in
particular RAS protein, especially NRAS, KRAS or HRAS protein, based on direct or
indirect interaction of at least one of the compounds of formula () and the proteins
including prohibitions involved in complex with RAS proteins. This interaction is not a
translation process or part of a translation process.

Further, activations mean the ability of RAS to bind to its effector molecules like RAF
kinases, PI3K kinases through the RAS binding domain (RBD) or RAS -Associated
domain (RA domain) present in the effector proteins (Like RASSF) in a GTP dependent
manner.

The term "synergistic” or “synergism” as used herein refers to a therapeutic combination
which is more effective than the additive effects of the two or more single agents. That
means the term "synergistic effect” refers to the effect for a given combination of two
compounds where the activity of the combination exceeds the total of the individual
activities of the compounds when applied separately. For this reason, the combination
can, based on the individual components, be used at lower application rates to achieve a
therapeutical effect comparable to the individual components.

The following equation is applied to determine whether the combination of compound of
formula (I} and at least one further compound, different from compounds of formula (1),
shows a synergistic effect:

E=X+Y-(X-Y/100),

where X = effect in percent using compound of formula (1) at an application rate a;
Y = effectin percent using compound of formula (1) at application rate b;

E = expected effect (in %) of compound of formula (1) + compound of formula (II) at
application rates a + b.
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In the equation, the value E corresponds to the effect (inhibition) which is to be expected if
the activity of the individual compounds is additive. If the observed effect is higher than
the value E calculated according to the equation, a synergistic effect is present.

The term “proliferative disorders” refer to disorders that are associated with some degree
of abnormal cell proliferation. Preferably, proliferative disorder is cancer. In particular, the
cancer is selected from prostate, colon, rectum, pancreas, cervix, stomach, endometrium,
brain, liver, bladder, ovary, testis, head, neck, skin (including melanoma and basal
carcinoma), mesothelial lining, white blood cell {including lymphoma and leukemia),
esophagus, breast, muscle, connective tissue, lung (including small cell lung carcinoma
and non-small-cell carcinoma), adrenal gland, thyroid, kidney, or bone; or glioblastoma,
mesothelioma, renal cell carcinoma, gastric carcinoma, sarcoma (including Kaposi's
sarcomay), choriocarcinoma, cutaneous basocellular carcinoma, haematological
malignancies (inclooding blood, bone marrow and lymph nodes) or testicular seminoma.

Unless specifically stated otherwise herein, references made in the singular may also
include the plural. For example, “a” and “an” may refer to either one, or one or more.

In the context of the invention, the prefix Cn-Cm indicates the number of carbon atoms that
a molecule or residue designated thereby may contain.

In the context of the invention, the expression C+-C4-alkyl refers to unbranched or
branched saturated hydrocarbon groups having 1 to 4 carbon atoms. C+-Cs-alkyl are e.g.
methyl, ethyl, propyl, 1-methylethyl, butyl, 1-methylpropyl, 2-methylpropyl, 1,1-
dimethylethyl.

The compounds of formulae (1), (A) and (B) form salts which are also within the scope of
this invention. Pharmaceutically acceptable (i.e., non-toxic, physiologically acceptable)
salts are preferred, although other salts are also useful, e.g., in isolation or purification
steps which may be employed during preparation. Salts of the compounds of formulae (1),
(A) and (B) may be formed, for example, by reacting a compound of formulae (1), (A) and
(B) with at least one acid or base. The acid or base is added in an amount suitable for
partial or complete neutralization e.g., an equivalent amount.

The phrase "pharmaceutically acceptable salt(s)" as used herein, unless otherwise
indicated, includes salts containing pharmacologically acceptable anions or cations, such
as the hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate, bisulfate (hydrogen
sulfate), phosphate, hydrogen phosphate, dihydrogen phosphate, isonicotinate, acetate,
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lactate, salicylate, citrate, acid citrate, tartrate, pantothenate, bitartrate, ascorbate,
succinate, maleate, gentisinate, fumarate, gluconate, glucaronate, saccharate, formate,
benzoate, glutamate, methanesulfonate, ethanesulfonate, benzenesulfonate, p-
toluenesulfonate and pamoate [i.e. 4,4-methylene-bis-(3-hydroxy-2-naphthoate)] salts.

Preferred are compounds of formula (1), wherein

R"is H or C4-C: alkyl;

R2is H or C4-C; alkyl;

R®is H or C4-C alkyl;

R*is H or C4-C: alkyl;

nis 2;

or a pharmaceutically acceptable salt thereof, for use as inhibitor of RAS protein
activation.

In particular, R, R% R® and R* have the same meanings.
Especially, R', R?, R® and R* are hydrogen.

In a first embodiment the compound of formula (1) is the compound A (also 1,4-dihydroxy-
5,8-bis({2-[(2-hydroxyethyl)amino]ethyl}amino)-9,10-anthrachinone], mitoxantrone, CAS
no. 65271-80-9)

H
N
OH 0 HNT " "oy

(G

OH O HN OH
NN
H (A)
or a pharmaceutically acceptable salt thereof, for use as inhibitor of RAS protein
activation.

Preferably, the invention relates to compound A or a pharmaceutically acceptable salt
thereof, for use as inhibitor of RAS protein activation, for treatment and/or prophylaxis of
diseases, wherein RAS-signaling is involved.

In particular, the invention relates to compound A or a pharmaceutically acceptable salt
thereof, for use as inhibitor of RAS protein activation, for treatment and/or prophylaxis of
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proliferative disorders, inflammatory diseases and/or genetic disorders, wherein RAS-
signaling is involved.

Especially, the invention relates to compound A or a pharmaceutically acceptable salt
thereof, for use as inhibitor of RAS protein activation, for treatment and/or prophylaxis of
proliferative disorders, inflammatory diseases and/or genetic disorders, wherein KRAS
G12V, NRAS G12V, HRAS G12V, KRAS G12A, KRAS G12C, KRAS G12D, KRAS
G12C/Y96D, KRAS G12C/Y96C, KRAS G12C/Y96S, KRAS G13C, KRAS G13D,
KRASG13S, KRAS Q61H, KRAS Q61R or KRAS Q61K is involved.

In another preferred embodiment, the invention relates to compound A or a
pharmaceutically acceptable salt thereof, for use as inhibitor of RAS protein activation for
treatment and/or prophylaxis of proliferative disorders and/or inflammatory diseases,
which are resistant to treatment with RAS mutation specific inhibitors different from
compounds of formula (1}, preferably wherein the resistance results from a secondary
mutation, in particular results from a secondary mutation, wherein KRAS G12C/Y96D,
KRAS G12C/Y96C and/or KRAS G12C/Y96S is involved.

In a second embadiment the compound of formula (1) is the compound B (also 1,4-
dihydroxy-5,8-bis[[2-[(2-hydroxyethyl)amino]ethyllamino]-9,10-anthrachinone
dihydrochloride], mitoxantrone hydrachloride, CAS no. 70476-82-3)

H
N
OH O HN" " "oH Hcl

OH O HN\/\N/\/OH HCI
H (B)

for use as inhibitor of RAS protein activation.

Preferably, the invention relates to compound B or a pharmaceutically acceptable salt
thereof, for use as inhibitor of RAS protein activation, for treatment and/or prophylaxis of
diseases, wherein RAS-signaling is involved.

In particular, the invention relates to compound B or a pharmaceutically acceptable salt
thereof, for use as inhibitor of RAS protein activation, for treatment and/or prophylaxis of
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proliferative disorders, inflammatory diseases and/or genetic disorders, wherein RAS-
signaling is involved.

Especially, the invention relates to compound B or a pharmaceutically acceptable salt
thereof, for use as inhibitor of RAS protein activation, for treatment and/or prophylaxis of
proliferative disorders, inflammatory diseases and/or genetic disorders, wherein KRAS
G12V, NRAS G12V, HRAS G12V, KRAS G12A, KRAS G12C, KRAS G12D, KRAS
G12C/Y96D, KRAS G12C/Y96C, KRAS G12C/Y96S, KRAS G13C, KRAS G13D,
KRASG13S, KRAS Q61H, KRAS Q61R or KRAS Q61K is involved.

In another preferred embodiment, the invention relates to compound B or a
pharmaceutically acceptable salt thereof, for use as inhibitor of RAS protein activation for
treatment and/or prophylaxis of proliferative disorders and/or inflammatory diseases,
which are resistant to treatment with RAS mutation specific inhibitors different from
compounds of formula (1}, preferably wherein the resistance results from a secondary
mutation, in particular results from a secondary mutation, wherein KRAS G12C/Y96D is
involved.

A further aspect of the invention is a composition (1) comprising at least one compound of
formula (1) as defined above and below, or a pharmaceutically acceptable salt thereof, and
at least one RAS mutation specific inhibitor.

In one embodiment composition (1) comprises at least one compound (A) or a
pharmaceutically acceptable salt thereof, and at least one RAS mutation specific inhibitor,
in particular at least one KRAS mutation specific inhibitors, especially sotorasib (also
known as AMG510 or (1M)-6-Fluor-7-(2-fluor-6-hydroxyphenyl)-1-[4-methyl-2-(propan-2-
ylpyridin-3-yl]-4-[(2S)-2-methyl-4-(prop-2-enoyl)piperazin-1-yl]pyrido[2,3-d]pyrimidin-
2(1H)-on) and/or adagrasib (also known as MRTX848, or (25)-4-[7-(8-Chlor-1-naphthyl)-
5,6,7,8-tetrahydro-2-[[(2"S")-1-methyl-2-pyrrolidinyljmethoxy]pyrido[3,4-"d"|pyrimidin-4-yl}-
1-(2-fluor-1-oxo-2-propen-1-yl)-2-piperazinacetonitril)).

In a second embaodiment, composition (1) comprises at least one compound (B) or a
pharmaceutically acceptable salt thereof, and at least one RAS mutation specific
inhibitors, in particular at least one KRAS mutation specific inhibitors, especially sotorasib
and/or adagrasib.

Pharmaceutical composition
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The phrase “pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of human beings and
animals without excessive toxicity, irritation, allergic response or other problem or
complication, commensurate with a reasonable benefit/risk ratio.

The phrase "therapeutically effective" is intended to qualify the amount of each agent,
which will achieve the goal of improvement in disorder severity and the frequency of
incidence, while avoiding adverse side-effects typically associated with alternative
therapies. For example, effective anticancer agents prolong the survivability of the patient
or his/her life quality, inhibit the rapidly proliferating cell growth associated with the
formation of neoplasms, or effect a regression of the neoplasms.

The terms “treat,” “treating,” and “treatment,” as used herein, refer to any type of
intervention or process performed on, or administering an active agent to, the subject with
the objective of reversing, alleviating, ameliorating, inhibiting or slowing down or
preventing the progression, development, severity or recurrence of a symptom,
complication, condition or biochemical indicia associated with a disease. By contrast,
“prophylaxis” or “prevention” refers to administration to a subject who does not have a
disease to prevent the disease from occurring.

As used herein, the term "cell" is meant to refer to a cell that is in vitro, ex vivo or in vivo.
In the sense of the invention, an ex vivo cell can be part of a tissue sample excised from
an organism such as a mammal. In the sense of the invention, an in vitro cell can be a cell
in a cell culture. In the sense of the invention, an in vivo cell is a cell living in an organism
such as a mammal.

The term “patient” includes humans and animals that receive either therapeutic or
prophylactic treatment.

The term “subject” includes any human or animal. For example, the methods and
compositions herein disclosed can be used to treat a subject having cancer.

A (non-human) animal includes all vertebrates, e.g. mammals and non-mammals,
including cows, sheep, pigs, goats, horses, poultry, dogs, cats, non-human primates,
rodents etc. In one embodiment, the subject is a human subject.
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The phrase "pharmaceutically acceptable carrier" as used herein means a
pharmaceutically acceptable material, composition or vehicle, such as a liquid or solid
diluent, solvent, excipient, manufacturing aid {(e.g. lubricant) or encapsulating material,
involved in carrying or transporting the subject compound from one organ, or portion of
the body, to another organ, or portion of the body. Each carrier must be "acceptable” in
the sense of being compatible with the other ingredients of the formulation.

Suitable other ingredients are the afore-mentioned carriers and further additives, including
adjuvants, preserving agents, fillers, flow regulating agents, disintegrating agents, wetting
agents, emulsifying agents, suspending agents, sweetening agents, flavoring agents,
bittering agents, perfuming agents, antibacterial agents, antifungal agents, lubricating
agents, dispensing agents, etc.. Suitable additives are selected depending on the nature
of the mode of administration and dosage forms; and not injurious to the patient.

The term "pharmaceutical compaosition” means a composition comprising a compound of
the invention in combination with at least one further compound selected from

a) at least one further pharmaceutically active substance and

b) at least one additional pharmaceutically acceptable carrier and or additive.

The term "RAS inhibitor" refers to an agent capable of decreasing RAS protein levels,
decreasing RAS activity levels and/or inhibiting RAS expression levels in the cells. The
RAS inhibitor may be a reversible or irreversible inhibitor. As used herein, “RAS” protein
refers to a protein that is a member of a family of related proteins that are expressed in all
human and animal cell lineages and organs. All RAS protein family members belong to a
class of proteins called small GTPase (also known as small G proteins, a family of
hydrolase enzymes that can bind and hydrolyse GTP), and are involved in transmitting
signals within cells {cellular signal transduction). RAS is the prototypical member of the
RAS superfamily of proteins, which are all related in three-dimensional structure and
regulate diverse cell behaviours. When RAS is 'switched on' by incoming signals, it
subsequently switches on other proteins, which ultimately turn on genes involved in cell
growth, differentiation, and survival. Mutations in RAS genes can lead to the production of
permanently activated RAS proteins, which can cause unintended and overactive
signaling inside the cell, even in the absence of incoming signals. Because these signals
result in cell growth and division, overactive RAS signaling can ultimately lead to cancer.
The three RAS genes in humans (HRAS, KRAS, and NRAS) are the most common
oncogenes in human cancer. As mentioned, the clinically most notable members of the
RAS subfamily are HRAS, KRAS and NRAS. However, there are other members of this
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subfamily, which are e.g. selected from DIRAS1, DIRAS2, DIRAS3, ERAS, GEM, MRAS,
NKIRAS1, NKIRAS2, NRAS, RALA, RALB, RAP1A, RAP1B, RAP2A, RAP2B, RAP2C,
RASD1, RASD2, RASL10A, RASL10B, RASL11A, RASL11B, RASL12, REM1, REM2,
RERG, RERGL, RRAD, RRAS, RRAS2. In other words, the most common alterations in
NRAS are NRAS Mutation (2.87%), NRAS Exon 3 Mutation (1.90%), NRAS Exon 3
Missense (1.88%), NRAS Codon 61 Missense (1.72%), and NRAS Exon 2 Mutation
(0.95%) The most common alterations in HRAS are HRAS Mutation (0.77%), HRAS
Missense (0.75%), HRAS Exon 2 Mutation (0.30%), HRAS Codon 61 Missense (0.26%),
and HRAS Q61R (0.14%) The most common alterations in HRAS are HRAS Mutation
(0.77%), HRAS Missense (0.75%), HRAS Exon 2 Mutation (0.30%), HRAS Codon 61
Missense (0.26%), and HRAS Q61R (0.14%) (Source Mycancer genome portal).

The compound(s) of formulae (1), (A) and (B) as defined above and the composition (1) as
defined above and a pharmaceutical composition comprising at least one compound of
formulae (1), (A) and (B) as defined above, or the composition (1) as defined above may
be administered to humans and animals, preferably humans.

In principle any method of administration may be used to deliver the compound or
pharmaceutical composition according to the invention to a subject. Suitable methods of
administration are orally, enterally, parenterally, intravenously, topically, intramuscular,
subcutaneous routes.

The compound(s) of formulae (1), (A) and (B) as defined above can selectively decrease
RAS protein levels, decrease RAS activity levels, in particular decrease the activity levels
of HRAS and NRAS, especially KRAS4A,and KRAS4B) in the cells. For example, the
compound(s) of formulae (1), (A} and (B) as defined above can be used to selectively
decrease RAS activity levels in cells or in an individual in need of a decrease in RAS
protein levels, decrease in RAS activity levels by administering an inhibiting amount of
compound(s) of formulae (1), (A) and (B) as defined above or a salt thereof.

In one embodiment, the present invention provides a combined preparation of a
compound or compounds of formulae (1), (A} and (B) as defined above, and/or a
pharmaceutically acceptable salt thereof, and (an) additional therapeutic agent(s) for
simultaneous, separate or sequential use in the treatment and/or prophylaxis of (multiple)
diseases, preferably of proliferative disorders (e.g. cancer), in particular disorders
associated with the activity of RAS protein.
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Additional therapeutic agent(s) are selected from chemotherapeutic agents,
radiotherapeutic agents, immuno-oncology agents, and combinations thereof.

In one aspect, the compound(s) of formulae (1), (A) and (B) as defined above are
sequentially administered prior to administration of the immuno-oncology agent. In
another aspect, compound(s) of formulae (1), (A) and (B) as defined above are
administered concurrently with the immuno-oncology agent. In yet another aspect,
compound(s) of formulae (1), (A) and (B) as defined above are sequentially administered
after administration of the immuno-oncology agent.

In another aspect, compound(s) of formulae (l), (A) and (B) as defined above may be co-
formulated with an immuno-oncology agent.

Immuno-oncology agents include, for example, a small molecule drug, antibody or other
biologic or small molecule. Examples of biologic immuno-oncology agents include, but are
not limited to, cancer vaccines, antibodies, and cytokines. In one aspect, the antibody is a
monoclonal antibody. In another aspect, the monoclonal antibody is humanized or human.
In one aspect, the immuno-oncology agent is (i) an agonist of a stimulatory (including a
co-stimulatory) receptor or (i) an antagonist of an inhibitory (including a co-inhibitory)
signal on T cells, both of which result in amplifying antigen-specific T cell responses (often
referred to as immune checkpoint regulators).

Suitable of the stimulatory and inhibitory molecules are members of the immunoglobulin
super family (IgSF). One important family of membrane-bound ligands that bind to co-
stimulatory or co-inhibitory receptors is the B7 family, which includes B7-1, B7-2, B7-H1
(PD-L1), B7-DC (PD-L2), B7-H2 (ICOS-L), B7-H3, B7-H4, B7-H5 (VISTA), and B7-Hé.
Another family of membrane bound ligands that bind to co-stimulatory or co-inhibitory
receptors is the TNF family of molecules that bind to cognate TNF receptor family
members, which includes CD40 and CD40L, OX-40, OX-40L, CD70, CD27L, CD30,
CD30L, 4-1BBL, CD137 (4-1BB), TRAIL/Apo2-L, TRAILR1/DR4, TRAILR2/DR5,
TRAILR3, TRAILR4, OPG, RANK, RANKL, TWEAKR/Fnl4, TWEAK, BAFFR, EDAR,
XEDAR, TACI, APRIL, BCMA, LTpR, LIGHT, DcR3, HVEM, VEGETL1A, TRAMP/DRS,
EDAR, EDA1, XEDAR, EDA2, TNFR1, Lymphotoxin a/TNFp, TNFR2, TNFa, LTpR,
Lymphotoxin a 1b2, FAS, FASL, RELT, DR6, TROY, NGFR.

In one aspect, T cell responses can be stimulated by a combination of compound(s) of
formulae (1), (A) and (B) as defined above and one or more of:
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(i) an antagonist of a protein that inhibits T cell activation (e.g., immune checkpoint
inhibitors) such as CTLA-4, PD-1, PD-L1, PD-L2, LAG-3, TIM-3, Galectin 9, CEACAM-1,
BTLA, CD69, Galectin-1, TIGIT, CD113, GPR56, VISTA, 2B4, CD48, GARP, PD1H,
LAIR1, TIM-1, and TIM-4, and

(ii) an agonist of a protein that stimulates T cell activation such as B7-1, B7-2, CD28, 4-
1BB (CD 137), 4-1BBL, ICOS, ICOS-L, 0X40, OX40L, GITR, GITRL, CD70, CD27, CD40,
DR3 and CD28H.

Other agents that can be combined with compound(s) of formulae (I}, (A) and (B) as
defined above for the treatment of cancer include antagonists of inhibitory receptors on
NK cells or agonists of activating receptors on NK cells. For example, compound(s) of
formulae (1), (A) and (B) as defined above can be combined with antagonists of KIR, such
as Lirilumab.

Yet other agents for combination therapies include agents that inhibit or deplete
macrophages or monocytes, including but not limited to CSF-1R antagonists such as
CSF-1R antagonist antibodies including RG7155.

The combination therapy is intended to embrace administration of these therapeutic
agents in a sequential manner, that is, wherein each therapeutic agent is administered at
a different time, as well as administration of these therapeutic agents, or at least two of
the therapeutic agents, in a substantially simultaneous manner.

Substantially simultaneous administration can be accomplished, for example, by
administering to the subject a single dosage form having a fixed ratio of each therapeutic
agent or in multiple, single dosage forms for each of the therapeutic agents. Sequential or
substantially simultaneous administration of each therapeutic agent can be eftected by
any appropriate route including, but not limited to, oral routes, intravenous routes,
intramuscular routes, and direct absorption through mucous membrane tissues. The
therapeutic agents can be administered by the same route or by different routes. For
example, a first therapeutic agent of the combination selected may be administered by
intravenous injection while the other therapeutic agents of the combination may be
administered orally. Alternatively, for example, all therapeutic agents may be administered
orally or all therapeutic agents may be administered by intravenous injection. Combination
therapy can also embrace the administration of the therapeutic agents as described above
in further combination with other biclogically active ingredients and non-drug therapies
(e.g surgery or radiation treatment). Where the combination therapy further comprises a
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non-drug treatment, the non-drug treatment may be conducted at any suitable time so
long as a beneficial effect from the co-action of the combination of the therapeutic agents
and non-drug treatment is achieved. For example, in appropriate cases, the beneficial
effect is still achieved when the non-drug treatment is temporally removed from the
administration of the therapeutic agents, perhaps by days or even weeks.

Types of cancers that may be treated with the compounds of formulae (1), (A) and (B) as
defined above include, but are not limited to, prostate, colon, rectum, pancreas, cervix,
stomach, endometrium, brain, liver, bladder, ovary, testis, head, neck, skin (including
melanoma and basal carcinomay), mesothelial lining, white blood cell (including lymphoma
and leukemia), esophagus, breast, muscle, connective tissue, lung (including small cell
lung carcinoma and non-small-cell carcinoma), adrenal gland, thyroid, kidney, or bone; or
glioblastoma, mesothelioma, renal cell carcinoma, gastric carcinoma, sarcoma (including
Kaposi's sarcoma), choriocarcinoma, cutaneous basocellular carcinoma, haematological
malignancies (including blood, bone marrow and lymph nodes) or testicular seminoma.

In one embodiment the invention relates to the inhibition of HRAS mutations, which are
detected in bladder urothelial carcinoma, breast invasive ductal carcinoma, lung
adenocarcinoma, prostatecarcinoma and colon adenocarcinoma. This accounts to nearly
0.94% of all human cancers and nearly 1.02% of solid tumors. In another embodiment the
invention relates to the inhibition of HRAS mutations, which are also detected in other
cancers selected from chronic myelomonocytic leukemia, non-nodgkin lymphoma, thyroid
gland carcinoma, head and neck squamous cell carcinoma, squamous cell lung
carcinoma, ovarian carcinoma, poorly differentiated thyroid gland carcinoma, squamous
cell carcinoma, small cell lung carcinoma, glioma, low grade glioma, pancreatic
carcinoma, acute lymphoblastic leukemia, histiocytic and dendritic cell neoplasm, multiple
myeloma, neurofibromatosis type, pancreatic ductal adenocarcinoma, thyroid gland
follicular carcinoma, embryonal rhabdomyosarcoma, malignant thyroid gland neoplasm,
thyroid gland undifferentiated (anaplastic) carcinoma, thymic carcinoma, urothelial
carcinoma, thyroid gland papillary carcinoma cutaneous melanoma, mucosal melanoma,
endometrial carcinoma, malignant peripheral nerve sheath tumor, neuroblastoma,
prostate carcinoma, soft tissue sarcoma, breast carcinoma, colorectal adenocarcinoma,
gastric carcinoma, diffuse, large b-cell lymphoma,diffuse gliom, myeloid dysplastic
syndrome, renal cell carcinoma, astrocytic tumor, hepatocellular carcinoma and
shwannoma.

NRAS mutations are detected in nearly 3.03% of all human cancers with frequent
mutations cutaneous melanoma, melanoma, colonadenocarcinoma, aml, thyroid
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carcinoma and lung adenocarcinoma. Therefore another embodiment of the invention
relats to the inhibition of NRAS mutations detected in cutaneous melanoma, melanoma,
colonadenocarcinoma, aml, thyroid carcinoma and lung adenocarcinoma. This accounts
for nearly 2.83% of malignant solid tumour patients. In another embodiment the invention
relats to the inhibition of NRAS mutations, which are also detected in other cancers
selected from colorectal carcinoma, non-small cell lung carcinoma, acute myeloid
leukemia, myelodysplastic syndromes, chronic myelomonocytic leukemia, colorectal
adenocarcinoma, multiple myeloma, non-hodgkin lymphoma, pancreatic carcinoma,
cutaneous melanoma, ovarian carcinoma, pancreatic ductal adenocarcinoma, acute
lymphoblastic leukemia,thyroid gland carcinoma, glioma, neurofibromatosis type 1, poorly
differentiated thyroid gland carcinoma ,secondary acute myeloid leukemia, therapy-related
acute myeloid leukemia, myelodysplastic syndrome with excess blasts-2, juvenile
myelomonocytic leukemia, histiocytic and dendritic cell neoplasm, head and neck
squamous cell carcinoma,small cell lung carcinoma, low grade glioma, squamous cell
lung carcinoma, breast carcinoma, chronic myelomonocytic leukemia-2, chronic
myelomonocytic leukemia, thyroid gland undifferentiated (anaplastic) carcinoma,
embryonal rhabdomyosarcoma, thyroid gland follicular carcinoma, t-cell acute
lymphoblastic leukemia, mucosal melanoma,chronic myelomonocytic leukemia-1 ,low
grade ovarian serous adenocarcinoma,thyroid gland papillary carcinoma, refractory
anemia with excess blasts, myeloid neoplasm myelodysplastic/myeloproliferative
neoplasm, unclassifiable, rectal carcinoma, colon carcinoma, malignant peripheral nerve
sheath tumor, cholangiocarcinoma, endometrial carcinoma mantle cell lymphoma,
secondary myelodysplastic syndrome,therapy-related myelodysplastic syndrome,
lymphoma neuronal and mixed neuronal-glial tumors, ganglioglioma, soft tissue sarcoma,
bladder carcinoma, esophageal carcinom, sarcoma, thymic carcinoma, lung
adenocarcinoma, lung carcinoma, uveal melanoma head and neck carcinoma, diffuse
glioma, squamous cell carcinoma, chronic myeloid leukemia, adenocarcinoma of the
gastroesophageal junction, glioblastoma neuroblastoma, astrocytic tumo, hepatocellular
carcinoma, pancreatic adenocarcinom, diffuse large b-cell lymphoma, anaplastic
astrocytoma, gastric adenocarcinoma, gastric carcinoma, prostate carcinoma, renal cell
carcinoma,acute myeloid leukemia arising from previous myelodysplastic syndrome, b-cell
acute lymphoblastic leukemia, double-hit lymphoma, dysembryoplastic neuroepithelial
tumor, gangliocytoma, low-grade neuroepithelial tumor, peripheral t-cell
lymphoma,mpilocytic astrocytoma, pilomyxoid astrocytoma, rhabdoid tumor and
schwannoma.
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One or more additional pharmaceutical agents or treatment methods such as, for
example, anti-viral agents, chemotherapeutics or other anti-cancer agents, immune
enhancers, immunosuppressants, radiation, anti-tumor and anti-viral vaccines, cytokine
therapy (e.g ., IL2 and GM-CSF), and/or tyrosine kinase inhibitors can be optionally used
in combination with the compound(s) of formulae (1), (A) and (B), as defined above, for
treatment of RAS protein associated diseases, disorders or conditions. The agents can be
combined with the present compounds in a single dosage form, or the agents can be
administered simultaneously or sequentially as separate dosage forms.

Suitable chemotherapeutic or other anti-cancer agents include, for example, alkylating
agents (including, without limitation, nitrogen mustards, ethylenimine derivatives, alky!
sulfonates, nitrosoureas and triazenes) such as uracil mustard, chlormethine,
cyclophosphamide (CYTOXAN®), ifosfamide, melphalan, chlorambucil, pipobroman,
triethylene-melamine, triethylenethiophosphoramine, busulfan, carmustine, lomustine,
streptozocin, dacarbazine, and temozolomide.

In the treatment of melanoma, suitable agents for use in combination with the
compound(s) of formulae (1), (A) and (B), as defined above, include: dacarbazine (DTIC),
optionally, along with other chemotherapy drugs such as carmustine (BCNU) and
cisplatin; the "Dartmouth regimen”, which consists of DTIC, BCNU, cisplatin and
tamoxifen; a combination of cisplatin, vinblastine, and DTIC, temozolomide or YERVOY ™,
Compound(s) of formulae (1), (A) and (B) as defined above may also be combined with
immunotherapy drugs, including cytokines such as interferon alpha, interleukin 2, and
tumor necrosis factor (TNF) in the treatment of melanoma. Compound(s) of formulae (1),
(A) and (B) as defined above may also be used in combination with vaccine therapy in the
treatment of melanoma. Antimelanoma vaccines are, in some ways, similar to the anti-
virus vaccines which are used to prevent diseases caused by viruses such as polio,
measles, and mumps. Weakened melanoma cells or parts of melanoma cells called
antigens may be injected into a patient to stimulate the body's immune system to destroy
melanoma cells.

Melanomas that are confined to the arms or legs may also be treated with a combination
of agents including one or more compound(s) of formulae (1), (A) and (B) as defined, using
a hyperthermic isolated limb perfusion technique. This treatment protocol temporarily
separates the circulation of the involved limb from the rest of the body and injects high
doses of chemotherapy into the artery feeding the limb, thus providing high doses to the
area of the tumor without exposing internal organs to these doses that might otherwise
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cause severe side effects. Usually, the fluid is warmed to 38.9 °C to 40 °C. Melphalan is
the drug maost often used in this chemotherapy procedure. This can be given with another
agent called tumor necrosis factor (TNF).

Suitable chemotherapeutic or other anti-cancer agents include, for example,
antimetabolites (including, without limitation, folic acid antagonists, pyrimidine analogs,
purine analogs and adenosine deaminase inhibitors) such as methotrexate, 5-fluorouracil,
floxuridine, cytarabine, 6-mercaptopurine, 6-thioguanine, fludarabine phosphate,
pentostatine, and gemcitabine.

Suitable chemotherapeutic or other anti-cancer agents further include, for example,
certain natural products and their derivatives (for example, vinca alkaloids, antitumor
antibiotics, enzymes, lymphokines and epipodophyllotoxins) such as vinblastine,
vincristine, vindesine, bleomycin, dactinomycin, daunorubicin, doxorubicin, epirubicin,
idarubicin, ara-C, paclitaxel (Taxol), mithramycin, deoxyco-formycin, mitomycin-C, L-
asparaginase, interferons (especially IFN-a), etoposide, and teniposide.

Other cytotoxic agents include navelbene, CPT-11, anastrazole, letrazole, capecitabine,
reloxafme, and droloxafme.

Also suitable are cytotoxic agents such as epidophyllotoxin; an antineoplastic enzyme; a
topoisomerase inhibitor; procarbazine; mitoxantrone; platinum coordination complexes
such as cisplatin and carboplatin; biological response modifiers; growth inhibitors;
antihormonal therapeutic agents; leucovorin; tegafur; and haematopoietic growth factors.
Other anti-cancer agent(s) include antibody therapeutics such as trastuzumab
(HERCEPTIN®), antibodies to costimulatory molecules such as CTLA-4, 4-1BB and PD-1,
or antibodies to cytokines (IL-10 or TGF-b).

Other anti-cancer agents also include those that block immune cell migration such as
antagonists to chemokine receptors, including CCR2 and CCR4.

Other anti-cancer agents also include those that augment the immune system such as
adjuvants or adoptive T cell transfer.

Anti-cancer vaccines include dendritic cells, synthetic peptides, DNA vaccines and
recombinant viruses.

In & specific embodiment of the present invention, at least one compound of formulae (1),
(A) and (B) as defined above and at least one chemotherapeutic agent are administered
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to the patient concurrently or sequentially. In other words, at least one compound of
formulae (1), (A) and (B) as defined above may be administered first, at least one
chemotherapeutic agent may be administered first, or at least one compound of formulae
(1), (A) and (B) as defined above may be administered at the same time. Additionally,
when more than one compound of formulae (1), (A) and (B) as defined above and/or
chemotherapeutic agent is used, the compounds may be administered in any order.

The invention also provides pharmaceutically compositions which comprise a
therapeutically effective amount of one or more of the compound(s) of formulae(l), (A) and
(B), as defined above, formulated together with one or more pharmaceutically acceptable
carriers (additives) and/or diluents, and optionally one or more additional therapeutic
agents as described above.

The compound(s) of formulae (1), (A) and (B), as defined above, may be administered by
any suitable route, preferably in the form of a pharmaceutical composition adapted to such
a route, and in a dose effective for the treatment intended. The compound(s) and
compositions of the compound(s) of formulae (I}, (A) and (B) as defined above, can be
administered for any of the uses described herein by any suitable means, for example,
orally, such as tablets, capsules (each of which includes sustained release or timed
release formulations), pills, powders, granules, elixirs, tinctures, suspensions (including
nanosuspensions, microsuspensions, spray-dried dispersions), syrups, and emulsions;
sublingually; bucally; parenterally, such as by subcutaneous, intravenous, intramuscular,
or intrasternal injection, or infusion techniques ( e.g. as sterile injectable aqueous or non-
aqueous solutions or suspensions); nasally, including administration to the nasal
membranes, such as by inhalation spray; topically, such as in the form of a cream or
ointment; or rectally, such as in the form of suppositories. They can be administered
alone, but generally will be administered with a pharmaceutical carrier selected on the
basis of the chosen route of administration and standard pharmaceutical practice.

For oral administration, the pharmaceutical composition may be in the form of, for
example, a tablet, capsule, liquid capsule, suspension, or liquid. The pharmaceutical
composition is preferably made in the form of a dosage unit containing a particular amount
of the active ingredient. For example, the pharmaceutical composition may be provided as
a tablet or capsule comprising an amount of active ingredient in the range of from about
0.1 to 1000 mg, preferably from about 0.25 to 250 mg, and more preferably from about 0.5
to 100 mg. A suitable daily dose for a human or animal may vary widely depending on the
condition of the patient and other factors, but, can be determined using routine methods.
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Any pharmaceutical composition contemplated herein can, for example, be delivered
orally via any acceptable and suitable oral preparation. Exemplary oral preparations,
include, but are not limited to, for example, tablets, troches, lozenges, agueous and oily
suspensions, dispersible powders or granules, emulsions, hard and soft capsules, liquid
capsules, syrups, and elixirs. Pharmaceutical compositions intended for oral
administration can be prepared according to any methods known in the art for
manufacturing pharmaceutical compositions intended for oral administration. In order to
provide pharmaceutically palatable preparations, a pharmaceutical composition in
accordance with the invention can contain at least one agent selected from sweetening
agents, flavoring agents, bittering agents, coloring agents, demulcents, antioxidants, and
preserving agents.

A tablet can, for example, be prepared by admixing at least one compound of formulae (1),
(A} and (B), as defined above, and/or at least one pharmaceutically acceptable salt
thereof with at least one non-toxic pharmaceutically acceptable excipient suitable for the
manufacture of tablets. Exemplary excipients include, but are not limited to, for example,
inert diluents, such as, for example, calcium carbonate, sodium carbonate, lactose,
calcium phosphate, and sodium phosphate; granulating and disintegrating agents, such
as, for example, microcrystalline cellulose, sodium crosscarmellose, corn starch, and
alginic acid; binding agents, such as, for example, starch, gelatin, polyvinyl-pyrrolidone,
and acacia; and lubricating agents, such as, for example, magnesium stearate, stearic
acid, an