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There are > 700 protein kinases and 100 protein phosphatases encoded within
the human genome. By catalysing protein phosphorylation and dephosphoryla-
tion, they play a pivotal role in intraceliufar signalling and in the regulation of
3. Expert opinion signal transduction pathways. Activation of oncogenes coding for such proteins
can lead to the production of Kinases that are continually active in the absence
of a normal stimulus, leading to increased cell proliferation and/or decreased
apoptosis. Receptor and non-receptor protein tyrasine kinases (PTKs) are essen-
tial enzymes in cellular signalling processes that requlate cell growth, differenti-
ation, migration and metabolism. Their inhibition by specific inhibitors was
recently shown to constitute a new maodality for cancer treatment. A patent lit-
erature review comprising the years 2000 - 2003 is presented here, as the major
drug houses are currently involved in the design and development of novel
types of such compounds with applications as antitumour agents.
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1. Introduction

The control of cellular processes, such as cell growth, division and death, involves sig-

nal transduction, which commonly involves the transfer of the terminal phosphate

moiety of adenosine triphosphate (ATP} to tyrosine residues on substrate proteins,

assisted by the tyrosine kinase (TK) family of enzymes (1.9, Protein phosphorylation

and dephosphorylation play a pivotal role In intracelluiar signalling. There are

~ 700 protein kinases and 100 protein phosphatases involved in the regulation of such

signal transduction pathways, cncoded within the human genome {1.9], Activation of

oncogenes coding for such proteins can lead to the production of kinases that are con-

tinually active in the absence of a normal stimulus, leading to Increased cell prolifera-

tion and/or decreased apoptosis [1-9). A major focus of cancer research in recent years

has been to identify oncogenic molecules, and the signal transduction pathways in

which they are involved, in order to develop specifically targeted drugs. In cancer, as

well as in other proliferative diseases, unregulated cell proliferation, differentiation and

survival frequently results from abnormal protein phosphorylation. Receptor and non-

receptor protein tyrosine kinases (PTKs) are essential enzymes in cellular signalling

processes that regulate cell growth, differentiation, migration and metabollsm 11-9/,

For reprint orders, please The kinase activity of PTKs is tightly controlled through steric, autorcgulatory mecha-

contact: nisms, as well as by the action of protein (yrosine phosphatases. Recent structural stud-

reprints@ashley-pub.com fes have revealed several modes of autoregulation governing the catalytic state of these

enzymes. Aberrant catalytic activity of many PTKs, via mutation or overexpression,

plays an important role in numerous pathotogtcal conditions, the most important of

which is cancer 11-8]. A schematic representation of the receptor (R})PTKs invelved in
turnour growth is shown in Figure 1.

Various TK receptors have been identified as regulators of tumour, or tumour vessel,

growth [1-12]. Having shown their expression characteristics in different tumour entl-

ties, specific inhibitors of the ATP binding sites of these receptors or antibodies were

]

Ashley Publications
wwiw.ashiey-pub.com

2004 © Ashley Publications Ltd ISSN 1354-3776 35



Protein tyrosine kinase inhibitors as anticancer agents

Stroma
Endothelial cells
Bone marrow

Autocring Growth factors

stimulation A:Wy
VEGFR
FGFR

PDGFR

/

Paracrine stimulation
Growth factors

I
L PDGFR

FGFR, ete.

Figure 1. RPTKs involved in tumour growth. This phenomenan
is dependert on growth factors derived from the tumour
(autocrine  stimulation) or the microenvironment  (paracrine
stimulation). PDGF and FGF are secreted from tumour cells and
neighbouring stromal and nomal tissue, feading to enhanced
growth and survival. VEGF FGF and PDGF stimulate the
branching, extension and survival of endothelial cells, leading to
Neoangiogenesis [1.2].

FGF. Fibroblast growth factor: FGFR: Fibroblast growth factor roceptar;
PDGF: Platelet-derived growth factor: PDGFR: Platelet-derived growth factor

receptor; RPTK; Receptor protein tyrosine kinase; VEGF: Vascular endothetial
growth factor; VEGFR: Vascutar endothefiat growth factor recepter.

developed and entered clinical trials or clinical use. The pathog-
nomonic role of the TK defines the method of action of the
inhibiting drug, whereas the amount of expresslon in a tumour
tissue defines the rationale to use the inhibitor to treat a specific
protein. Indications for such drugs will in the future be defined
by tumour kinase profiles instead of tumour entities. Thus, the
following TKs are currently being targeted by various com-
pounds/drugs in the treatment of cancer. platelet-derived
growth factor {PDGF) receptors (PDGFRs), the Abelson (ABL)
protein and the KIT protein (also known as stem cell factar
{SCF] receptor), the protein kinase Al (PKAI) and bel-2/bel-xL
the FLT3 {fms-retated TK/FIkZ/Stk-2), a receptor tyrosine
kinase (RTK) primarily expressed an haematopoietic cells; the
epidermal growth factor receptor (EGFR} and ErbB-2 trans-
membrane TKs [1:12]. The inhibition of angiogenesis through
vascular endothelial growth factor {(VEGF) receptor (VEGFR)
targeting is a strategy that s relatively tumour-sclective 11.11}.
The EGFR 1s a transmembrane receptor involved in the regula-
tion of a complex array of essential biological processes, such as
cell proliferation and survival, Dysregulation of the EGFR sig-
nalling network has been frequently reported in multiple human
cancers and has been associated with the processes of tumour
development, growth, proliferation, metastasis and angicgenesis.
Aberrant expression or activity of EGFR or the closely related
p185(erbB2} can promote cell proliferation and survival and
thereby contribute to tumourigenesis [1-9]. Antianglogenic
effects have been demonstrated by inhibition of PDGF-, VEGF-
and basic fibroblast growth factor {BEGF)-induced angiogenesis
In viveand by inhibition of angiogenesis and tumaour growth in
an experimental bone metastasis model {1-15].

The Met RTK has been shown to be overexpressed or
mutated in a variety of solid tumours and has, therefore, been
identified as a good candidate for molecularly targeted ther-
apy. Activation of the Met TK by the TPR gene was originally
described in vitro through carclnogen-induced rearrangement
ite]. The TPR-Met fusion protein contains constitutively ele-
vated Met TK activity and constitutes an ideal model to study the
transforming activity of the Met kinase. When Introduced into an
[L-3-dependent ceil line it has been found that TPR-Met
induces factor independence and constitutive tyrosine phos-
pharylation of several cellular proteins. One major tyrosine
phosphorylated protein was identfied as the TPR-Met onco-
protein itself [10].

The PDGFs are a pleotropic family of peptide growth fac-
tors that signal through cell surface, TK receptors (PDGFRs)
and stimulate various cellular functions including growth, pro-
Jiferation and differentiation {11]. To date, PDGF expression
has been demanstrated in a2 number of different solid tumours,
from glioblastomata to prostate carcinomas. In these varlous
tumour types, the biological role of PDGF signalling can vary
from autocrine stimulation of cancer cell growth to more sub-
tie paracrine interactions involving adjacent stroma and vascu-
lature [it]. The first TK inhibitor to be used clinically, imatinib
mesylate (compound 1, formerly STI-571, Gleevec®, Novartis
Pharm. Corp.) blocks activity of the Ber-Abl oncoprotein and
the cell surface TK receptor ¢-Kit and as such was recently
approved for several indications in the treatment of chronic
myeloid leukaemia and gastrointestinal stromal tumours
[1-9.11-15]. In both of these examples the target protein was
identifled by an oncogenie, activating mutation. Imatinib
mesylate is also a potent inhibitor of PDGFR kinase and is
currently being evaluated for the treatrment of chronic myelo-
monocytic leukaemia and glioblastoma multiforme, based
upon evidence in these diseases of activating mutations in
PDGFR [1-9.41-t4). The molecular pathogenesis of chranic
myelogenous leukaemia (CML} in particular, depends on for-
mation of the Ber-Abl oncogene, leading to constitutive
expression of the TK fusion protein, Ber-Abl. Based on these
observations, imatinib was developed as a specific inhibitor for
the Ber-Abl PTK. Other PTK inhibitors (PTK]Is) in advanced
clinical trlals include gefltinib (Iressa®, AstraZeneca, com-
pound 2), inhibiting the EGF-RTK: wastuzumab (Herceptin®,
Genetech; a monoclonal antibody), inhibiting the Her2/neu
TK: PTK-787/2K-222584 (vetalanib, Novartis AG; com-
pound 3}, inhibiting the VEGF-RTK, whereas ZD-6474
(AstraZencca, compound 4) and SU-6668 (Sugen, Inc., com-
pound 5} are representatives of multitarget TK inhibitors,

In non-gmall cell lung cancer many investigators have facused
their attention on the EGFR because this membrane protein,
which has an extracellular ligand binding domain as well as TK
activity on the Intracellular portion of the molecule, is expressed
in a relatively high proportion of non-smail cell lung cancers.
Gefitinib, which was the first EGFR-specific TK inhibitor to be
extensively tested in non-small cell lung cancer, has shown sin-
gle agent activity in non-small cell lung cancer. Subsequently,

36 Expert Opin, Ther. Patents (2004) 14(1)
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Figure 2. Protein tyrosine kinase inhibitors.

erlotinib (Tarceva®, Prizer, Inc.; compound 6), another EGFR-
speeific tyrosine inhibitor, has also demonstrated single agent
activity in non-small ¢eli lung cancer. Phase 11 tals of erlotinib
{compound 6), alone or in combination with chemotherapy,
have been completed and data are being analysed. Several dual
inhibitors of erbBl and ebB2 (PKI-166, GW-572016,
EKB-0569} have been, or are being, tested in Phase I trials. In
addition, CI-1033, a pan-erb inhibitor, is also being tested in
Phase I studies. Although the erb TK inhibitors are attractive
agents to use in treating non-small cell lung cancer because of
their relatively benign toxicity profile, more data are needed to
define the role of these agents in non-small cell lung cancer [16].

RTK activation contributes to cell viability during cytotoxic
therapy. The novel broad spectrum RTK inhibitor, SU-11248,
inhibits VEGFR2, PDGF receptor, c-kit and fetal liver TK3 {14].

The ongoing clinical trials of different PTKIs, together
with thelr protein target{s) and indications are shown in
Table 1. As seen from these data, this is an emerging field for
the design of novel anticancer therapeutics, with many new
discoverles reported continuously {16-231. This review will con-
centrate on the new reports of different PTKIs in the patent
literature in the period 2000 - 2003, for which there is an
abundance of new data in this field and no recent review Is
avalfable. Previous valuable reviews regarding the develop-
ment of the clinically used inhibitors as well as the first
research that led to them are available [1-3,18].

2. New protein tyrosine kinase inhibitors in
the patent literature

Due to the very large number of patents claiming novel types
of PTKIs with antitumour properties, as well as the hetero-
gencous chemical nature of these derivatives, they will be

discussed in the following sections, considering the drug
houses that discovered them {Figures 3 ~ 12,

2.1 Novartis

After developing the first PTKI to reach clinical use, imatinib
{compound 1), Novartis have proceeded to discover many other
different classes of such derivatives in the last 3 years. Thus,
N-aryl{thio)anthranilic acid amides of type 7 (Figure 3} and their
inhibition of VEGF-RTK, useful in the treatment of neoplastic
disease, were claimed. These compounds were stated to be useful
in inhibiting angiogenesis and for treating inflammatory rheu-
matoid diseases {e.g., rheumataid arthritis) and pain, The in vitro
activities of three compounds against Flt-1 VEGF-RTK were
presented, some compounds showing median inhibitory concen-
tration (ICs) values in the low micromolar range 1101). Novel
2-amino-B-anilinopurine derivatives of type 8 and their use for
the chemotherapy of tumours or osteoporosis, were then clalmed
1102). The compounds {8) were stated to inhibit p3dede2/cyclin
Bedel3 kinase and PTK pp60c—sre and to be useful for treat-
ment of breast cancer, bowel cancer, bone metastases, psoriasis,
Paget’s disease and hypercalcaemia. These compounds showed
1C;q values of 0.05 - 20 nM but no specific data were presented.
In vivo, the activity of the cormpounds (8) against tumours trans-
planted subcutaneously into female BALB/c nude mice was
investigated and they were stated to have produced a significant
reduction in the average tumour volume compared to the
untreated control animals but no data were presented [102]. Novel
arylaminolsoquinoline derivatives of type 9 and their use for
treating diseases sensitive to inhibitlon of angiogenesis or
VEGF-RTK, were also claimed (t03. These compounds are
stated to inhibit VEGF-dependent cell proliferation and to be
useful in the treatment of many anglogenic disorders including
severe asthma, fibrotic disorders, neoplasm, diabete retinopathy

Expert Opin. Ther. Patents (2004) 14{1}
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Table 1. Clinical trials of different protein tyrosine kinase inhibitors, with their protein target(s) and indications (7).

PTK target Compound Company Tumour Phase
Ber-Abl Gleevec® (imatinib mesylate) Novartis Chronic myelogenous leukernia i
Childhood acute lymphatic leukermnia |
Childhood acute myelogenous leukemia i
c-KIT Gleevec Novartis GISY I
Melanoma; ovarian cancer; small cefl lung cancer |l
Childhood soft tissue sarcoma I
POGF-R Gleevec Novartis Malignant glioma ]
Childhood brain glioma it
EGFR/HER-1 Iressa® {gefitinib) AstraZeneca Urethral cancer, bladder cancer I
Non-small cefl lung cancer 7
Adutt glioblastorma multiforme Il
Ovarian, head and neck, prostate H
Endometrial cancer I
Colon I
VEGF-R PTKT87/IK222584 Novartis Various tumours |
Multiple PTKs ZD6474  ZD-6474 AstraZeneca Breast cancer Il
(VEGFR, EGFR, PDGFR) Various cancers |
Multiple: PTKs Su6668  SU-6668 Sugen Various cancers !

(VEGER, EGFR, PDGFR}

Abl: Abelson protein; EGF: Epldermal growth factor; EGFR: Epidermal growth factor receptor; GIST: Gastreintestinal stromal tumou r; HER: Human EGF receptor;
POGFR: Platelet-derived growth fattor receptor; PTK: Protein tyrosine kinase: VEGFR: Vascular endotheliat grawth factor receptor

and age-related macular degeneration. Five compounds were
tested as inhibitors of Fit-1 VEGF-RTK and showed ICg; vatues
between 344 and 802 nM [103], Combination formulations com-
prising an inhibitor of -1 acldic glycoprotein and one ABL,
PDGFR or Kit RTK inhibitor were also claimed [104). The use of
an inhibitor of this glycoprotein enhances the bicavallability of
the TK inhibitor and is suggested to provide a method of over-
coming the development of resistance. The method is claimed to
be particularly applicable to imatinib {compound 1). Thus, the
anticancer actlvity of imatinib was shown to decrease on KU812
cells when incubated in the presence of increasing concentrations
of o-1 acidic glycoprotein, At 2 mg/ml, this decreased the
ICq value from 50 nM to 3 pM. The binding capacity of this
protein for the specified compound was determined as 8.7 /mol.
In mice, Increasing tumour load was shown to increase the
plasma Jevels of the glycoprotein from 0.096 to 1.6 mg/ml.
Addition of erythromycin, an inhibitor of the glycoprotein, was
shown to restore the anticancer potency of the specified com-
pound 1 1104]. Novel 2-aminonicotinaride derivatives (10} and
their use for the treatment of disorders requiring inhibition of
VEGF-RTK activity, were claimed [105). These compounds were
disclosed to be useful for inhibiting anglogenesis, for the treat-
ment of pain and for preventing the metastatic spread of
tumours and the growth of micrometastases. The compounds
were evaluated for i vitro activity against Fit-1 VEGF-RTK and
the 1Cy; values were stated to be in the range 1 — 100 nM but no

specific biological data were presented. Two further /7 vivo assays
were described to evaluate the compounds for antitumour and
antinociceptlon activity [105]. Novel anthranyl-aikyl or cycloalkyl
amides of type 11 and their use for treating tumours, psorfasts,
arthritis, haemangioma, angiofibroma, a range of ocular, renal
and fibrotic diseases, nerve injury, restenosis, atherosclerosts and
VEGF-induced oedemna, were claimed (106]. These compounds
were disclosed to be anglogencsis irthibitors and were claimed to
inhibit the TKs KDR and FLT, which are part of the signalling
pathway of VEGF receptors. Six compounds inhibited TK with
1Cs values of 39 ~ 1000 nM {with 80 nM for the specified com-
pound) agatnst KDR TK (106]. Novel substituted aza- or polya-
zanthranilic acid amides related to compound 10 and their use
for treating discases sensitive to inhlbition of angiogencsis were
claimed |t07). These compounds were disclosed to be Inhibltors
of the same PTKs mentioned above |107]. Novel arylaminopurine
derlvatives of type 12 and their use for the treatment of inflam-
matory or obstructive airway disease are claimed. The com-
pounds are disclosed as inhibitors of syk PTK and inhibitors of
eosinophil activation. These compounds are disclosed to be use-
ful for the treatment of asthma, acute respiratory distress syn-
drome (ARDS), bronchitls, emphysema, pneumocaniosts,
preumonia, skin allergies, tumours and ophthalmie inflamma-
tion [108]. The novel use of imatinib (compound 1) for the treat-
mient of gastrointestinal stromal tumours (GIST}, in particular as
the monomethanesulfonate salt at a dose of 200 - 600mg once a

38 Expert Opin. Ther. Patenits 2008) 14(1)
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Figure 3. Protein tyrosine kinase inhibitors from Novartis.

day for at least 3 months, was claimed 1109). The results of a
Phase 11 clinical study in 147 patients with unresectable and/or
metastatic malignant GIST were also presented. The patients
recelved the specified compound 400 or 600 mg orally, once a
day for up to 24 months. A partial response was confirmed in
59 patients and 119 patients showed a decrease In tumour size of
>25% on at least one assessment 100], Combinations of an
epothilone derivative and either a PDGF-RTK inhibitor or an
EGF inhibitor and their use for the treatment of proliferative dis-
eases, especially solid tumours were also claimed [110]. Preferred
PDGFR TK inhibitors were 2-anilinopyrimidine derivatives (of
the imatinib type) and the preferred EGF inhibltor was
PKI-166. The specified combination was compared with the
Individual components in mice bearing C6 glioma or KAT-4
thyrold carcinoma xenografts,. The evaluation of various dose
combinations showed some evidence of synergy in reducing the
volumes of C6 tumours, The PDGF inhibitor, at 100 mg/kg
orally, once a day, was ineffective against the KAT-4 umours but

potentiated the reduction in tumour size achieved with
EPQ-906 at 0.3 mg/kg (5.c.) once a week, from 31 to 55% t110).
Novel oxazolo and/or furopyrimidine derivatives (13} and their
use in the treatrent of disorders assoctated with deregulated ang-
logenesls and/or for the treatment of benign or malignant
tumours were claimed [111}. The compounds were also stated to
be useful for the treatrnent of rheumatoid diseases, pain, psoria-
sis, carcinomas, neurodegencrative discases, renal diseases, dia-
betic retinopathy, autoimmune diseases, inflammation, fibrotic
discases, diabetes mellitus, endometriosis, asthma, atherosclerosts
and restenosis, The compounds were disclosed to be TK inhibi-
tors [111]. Novel 4-amino-6-phenyl-pyrrolef2,3-d]pydmidine
compounds of type 14 and cheir use as PTKIs were clalmed [112].
The compounds were stated to be useful for the treatment of
proliferative diseases such as benign and malignant tumours,
metastasis and psoriasis, The compounds were disclosed to be
particularly active agalnst the EGF receptar (EGFR) and ErbB-2
kinase, The [C g, values ranged from .0018 1o 0.1387 uM (112,

i
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Figure 4. Protein tyrosine kinase inhibitors from AstraZeneca.

2.2 AstraZeneca

AstraZeneca also has an intensive programme for the development
of PTKIs with potential use as antitumour agents. Novel pyrimi-
dine derivatives of type 15 (Figure 4), useful for treating cancer,
were claimed [1131. They were disclosed as inhibiting the PTK
focal adhesion kinase (FAK). They are useful for treating solid
tumours, leukaemla, fibroproliferative and differentlative disor-
ders, acute and chronic inflammation, bone diseases, ocular dis-
eases, autoimmune discases, rostenosis, nephropathies and
psoriasts. TK inhibitory activity using human FAK was deter-
mined and the ICqy values for two compounds were 0,032 and
0.07 pM (113]. Novel quinoline derivatives structurally related to
gefitinib {compound 2}, of type 16 and their use in the prevention
or treatment of T-cell-mediated diseases were claimed (114]. The
compounds are stated to be selective inhibitors of p56lck TK and
of potential use as immunoregulative or immunosuppressive
agents in the treatment of immune diseases such as transplant
rejection and rheumnatoid arthritls [114). Novel cambinations of
EGFR TK inhibitors and non-steroidal antiandrogens, admin-
istered simultaneously, sequentially or separately. for use in
the treatment of prostate cancer were claimed. In particular,
combinations of the EGFR inhibitor ZD-1839 (compound 17)
are clatmed. No blological data are presented although it is stated
that the specified combination produces a substantial reduction in

tumour proliferation in murine xenograft models bearing
CWR-22 ar PC-3 tumours i115], Nove! quinazoline derivatives of
type 18, a process for their preparation and their use In the treat-
ment of solid tumour discases, were also claimed, It is stated that
the compounds are also useful for treating inflammatory diseases,
fibrotic diseases, glomerulonephritis, multiple sclerosis, psoriasis,
skin hypersersivity, blood vessel disease, allergic asthima, insulin-
dependerit diabetes, diabetic retinophathy and diabetic nephropa-
thy and that they act as Src non-RTK inhibitars, particularly e-Sre
and c-Yes, whilst demonstrating little activity against EGF- and
VEGF-RTK. /n vitro enzyme, fibroblast proliferation and micro-
droplet migration assays and an /7 vivo A549 xenograft growih
assay were described but no specific biological data were presented
{116]. Novel quinazoline derivatives (19), their pharmaceutically
acceptable salts and their use for producing an antiangiogenic and/
or vascular permeability-reducing effect, were claimed. The com-
pounds are also clalmed to be inhibitors of the VEGF-RTK and
arc disclosed to be potentially useful for the treatment of cancer,
particularly primary and recurrent solid tumours which depend
significantly on VEGF for thelr growth, such as certain tumours
of the colon, breast, prostate, lungs, vulva and skin and also
diabetes, psoriasis, rheumatold arthritis, Kaposi's sarcoma, hae-
mangioma, acute and chronic nephropathies, atheroma, arterial
restenosis, autoimmune diseases, acute inflammation, excessive

40
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Figure 5. Protein tyrosine kinase inhibitors from Aventis.

scar formation and adhesions, endometriosis, dysfunctional
uterine bleeding and ocular discase with retinal vessel prolifer-
atton 1117-119]. Novel quinazoline derlvatives (20}, structuraily
related to compounds 18 and 19, discussed previcusly, and
their use in the treatment of solid tumours, were claimed. The
compounds are disclosed to be inhibitors of the Src family of
nor-RTKs but no resultant biological data are presented [120).
A large series of quinoline derivatives (21 and 22) and their usc
in the reatment of solid tumour disease, were claimed. The
compounds are stated to be selective inhibitors of the non-
RTKs such as ¢-Src ar c-Yes over other TKs and to be useful
for treating inflammatory diseases such as rheumatoid arthri-
tis and inflammatory bowel disease, fibratic diseases such as
hepatic cirrhosis, glomerulonephritis, multiple sclerosis, pso-
riasts, insulin-dependent diabetes, diabetic retinopathy and
nephropathy and blood vessel diseases such as atherosclerosis
and restenasis [121-125].

2.3 Aventis

Novel substituted quinoline and quinoxaline derivatives of
types 23 — 25 {Flgure 5), similar to erlotinib, and methods of
their use for the treatment of hyperproliferative disorders,
atherosclerosis, inflammation, restenosis, brain cancer, ovarian
cancer, lung cancer, colon cancer, prostate cancer, Kaposi's sar-
corma and malignant melanoma, were claimed. Methods of
using these compounds to inhibit PTKs, particularly the
PDGF and Lck kinases, were further claimed {126-128). Klainetin
(compound 26) was isolated from the plant Uvaria kiainers and
is clalmed to be uscful as a cytostatic agent. The compounds

related to compound 26 are also claimed to act as cyclin-
dependent kinase (CDK) and TK inhibitors and are stated to
be useful for treating tumours. The specified compound, klai-
netin (26), was the most patent. with ICqg, values of 6.48, 6.04
and 1.14 pM versus TK, CDK2 and CDK4, respectively [123],
Eurotinone (compound 27) and its O-alkyl derivatives, a
process for thelr fermentative preparation using the novel fun-
gus Eurotium echinalutum Delacroix and thelr use as cyto-
static and angiogenesis-inhibiting agents were also claimed by
the same group (130]. These compounds are ¢laimed to act as
kdr kinase inhibitors and to be useful for treating malitgnant
diseases 1136). Novel substituted amide, sulfonamide and urea
derivatives of Lype 28, were claimed to act as protein kinase
inhibitors and to be useful for treating cancer, diabetes,
immune disorders, cardiovascular and CNS disorders, renai
failure and osteoporosis,

2.3.1 Biology

The ability of the compounds to inhibit ¢-Sre protein kinase
was measured i vitre (1311, Novel 3,4-dihydro- IH-pyr-
rolo[1,2-alpyrazine derivatives {29} and their use for the treat-
ment of cancer, in particular solid tumours, especially breast
cancer, colon cancer and lung cancer, were claimed. The use
of the compounds as TK inhibitors, especlally of FAK and
IGFR1 is also claimed. The compounds were further stated to
be JNK inhibitors and to be useful in the treatment of inflam-
mation since they can inhibit the release of inflammatory
cytokines such as TNF-0. A number of kinase and cellular
a;ssays and in vivo assays were described [132].

1
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24 Sugen

A novel method of treating PTK-mediated disorders, such as
cancer, diabetes, autoimmune disorders, hyperproliferative dis-
orders, restenosis, fibrasis, psoriasis, osteoarthritls, theumatold
arthritis, inflammatory disorders and angiogenesis, which com-
prises the administration of 3-heteroarylidenyl-2-indolinone
derivatives of type 30 (Figure 6) has been claimed. The specified
compound was tested /n vive against a variety of tumour cell
lines implanted into immunocompromised mice. The summa-
rised results show that, at 12.5 — 2 Smg/kg/day, one of the inves-
tigated compounds (30, R = CH3) demonstrated 30 - 80%
inhibition against a broad spectrum of tumours, including
those of which the growth is driven by PDGF. EGF and Her2
(133}. Structurally related indoline derlvatives of type 31, phar-
maceutical compositions comprising them as the active ingredi-
ent and methods of their usc as protein kinase and cellular
tyrosine and serinc—threonine kinase inhibitors for the treat-
ment of cancer, immunologicat, hyperproliferative, cardiovas-
cular and inflammatory disorders, restenosis, fibrosis, psoriasis,
osteoarthritis, rheumatoid arthritis, atherosclerosis, diabetes
and angiogenesis, were then claimed. The human EGF receptor
{HER)2 inhibitory activity of the compounds was investigated
invitro. The tabulated results show that the specified com-
pounds inhibited HERZ with an 1Cg, value of 8.5 pM n34).

2.5 Merck

Compounds of types 32 — 34 (Figure 7), acting as TK inhibiters
useful for weating cancer of the braln, genitourinary tract, lym-
phatic systerm, stomach, larynx, pancreas, breast and lung, adeno-
carcinoma and glioblastomata, were claimed. The compounds
were further claimed for use in treating disorders in which neo-
angiogenesis is implicated, such as ocular disease, including reti-
nat vascularisation, diabetic rctinopathy, age-related macular
degeneration, rheumatoid arthritls, psoriasis, contact dermatitis
and delayed hypersensitivity reactions. VEGFR kinase and
human umbilical vein endathelial cell mitogenesis assays were
described and the compounds are stated to exhibit ICg values of
between (.01 and 5.0 pM but no specific biologlcal data were
presented [135-137]. Novel pyridin-2-one and pyrimidin-Z-one
derivatives (35), pharmaceutical compositions comprising thern,
optionally including an oestrogen receptor modulator, an andro-
gen receptor modulator, a retinoid receptor modulator, a cyto-
toxic agent, an antiprolferative agent, a prenyl-protein transferase

inhibitor, an HMMG-CoA reductase inhibitor, an HIV protease
inhibitor, a reverse transcriptase inhibitor and another angiogen-
esis Inhibitor, and methods of their use for the treatment of can-
cer, including cancers of the brain, genitourinary tract, lymphatic
system, stomach, larynx and lung, histiocytic lymphoma, lung
adenocarcinoma, small cell lung cancers, pancreatic cancer, gliob-
lastomata and breast carcinoma, ocular diseases involving angio-
genesis, retinal vascularisation, diabetic retinopathy, age-related
macular degeneration, inflammatory diseases, such as rheurna-
toid arthritis, psoriasis, contact derratitls and delayed hypersen-
sitivity and bone pathologies associated with osteosarcoma,
osteoarthritis and rickets, were claimed 1138], The compounds
were stated to inhibit VEGF-stimulated mitogenesis of human
vascular endothellal cells 47 vitro with 1Cg; values in the range
0.01 - 5.0 pM but no specific data are presented [138]. Novel het-
erocyclic compounds of type 36, pharmaceutical compaosltions
comprising thern and methods of their use as PTK Inhibitors for
treating or prevenling various cancers, anglogenesis, ocular dis-
ease, diabetic retinopathy, age-related macular degencration, pso-
rlasis, theumatold arthritis, contact dermatitis, delayed
hypersensitivity reactions, osteosarcoma, osteoarthritis and rick-
ets, were daimed. In an #n vitro assay, the compounds are stated
to have inhibited VEGF-stimutated mitogenesis of human vascu-
lar endotheltal cells in culture with 1C5; values of 0.01 - 5.0 pM
but no specific data are presented [139]. Novel substituted benz-
imidazolyl (37) and indole (38) derivatives, as well as methods for
their use in the treatment of TK-dependent or angiogenesis-
Implicated diseases, including cancers of the brain, genitourinary
tract, lymphatic system, stomach, larynx, lung, small cell lung,
pancreas or breast, acular disease, retinal vascularisation, diabetic
retinopathy, age-related macular degeneration, inflammatary dis-
eases, theumatold arthritis, psoriasis, contact dermatitis, delayed
hypersensitlvity reactions and bone-associated pathologies, par-
ticularly asteoarthritis or rickets and for reducing or preventing
tissue damage following a cerebral ischacmic event, were claimed.
The compounds are stated to show Inhibitery activity fr vitro In
VEGF receptor kinase and human umbillical vein endothelial cell
{HUVEC) mitogenesis assays but no resultant data are presented
1140,141). Quinolinany! pyrrolopyridine derlvatives of types 39
and 40 and methods using these compounds and compositions
to treat cancer or diseascs where anglogenesis or vasculogenesls is
implicated or TK-dependent diseases, were claimed. The com-
pounds are said to inhibit, medulate or regulate signal transduc-
tlon of both receptor type and non-receptor type TKs. Protocols
for measuring VEGF (both KDR and f1t-1} receptor kinase activ-
ity using incorporation of radiolabelled phosphate into pEY sub-
strate caused by the intracellular domains of human KDR or fit-1
expressed in Sf21 insect cells and for measuring the mitogenic
response of HUVECs to VEGF using incorporation of [3H]-thy-
midine into cellular DNA were described but no results were
given [142,143]. Novel heterocyclic compounds of type 41, their
salts and their use as TK inhibitors for the treatment of cancer,
angiogenesis disorders, diabetic retinopathy, inflammation and
bone dissase were claimed. A number of /7 vitro assays are
described. The compounds are stated to have kinase inhibitory
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Figure 7. Protein tyrosine kinase inhibitors from Merck.

activity and to inhiblt VEGF-stimulated mitogenesis of human  compositions containing them, The combination may be admin-
vascular endothelial cells with ICq) values of 0.01 - 5.0 pM but  istered with cytotoxic agents or with radiation therapy. Agents,
no specific data are presented (144]. A method of treating tumours  Including monoclonal antlbodies, which block ErbB receptors,
and metastases was claimed through the use of a combination  particutarly EGF receptors and those which inhibit endothe-
of a TK receptor antagonist and an antiangiogenic agent and lia} cell integrin receptars, are specifically clairned for use in
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the combination. The combination is expected to have a syner-
gistlc actlon resultlng ln a requirement for lower doses of the
companents and leading to reduced side effects. Kits comprising
these combinations are also claimed. An example details the treat-
ment of a patient with squamous cell and then adenosquamous
carcinoma of the superior maxilla. Fol]owing tumaour resection,
radiation and chemotherapy, regresslon and restoration of hear-
ing was observed. After the patient’s condition worsened, desing
included EMD-72000 (425 antibody, 200mg, iv),
EMD-121974 (Cllengitide, 1200 mg/m% and gemcitabine.
Tumour mass was found to disintegrate and the treatment con-
sidered impresstve. The patient’s condition remained improved
1145. Novel pyrimidine {compound 42} and thienylaminopyrid-
ine (43) derivatives and methods of their use for the treatment or
prevention of cancer, particularly cancer of the brain, genitouri-
nary lract, lymphatic system, stomach, larynx and lung, histio-
cytic lymphoma, lung adenocarcinoma, small cell lung cancers,
pancreatic cancer, glioblastomnata, breast carcinoma, angiogenesis
disorders including ocular disease, retinal vascularisation, diabetic
retinopathy, age-related macular degeneration, inflammatory
diseases, particularly rheumatold arthritis, psoriasis, contact der-
matitis and delayed hypersensitivity, TK-dependent discases,
bone diseases, selected from osteosarcoma, osteoarthritis and
rickets and pre-cclampsla were claimed. The use of the com-
pounds to inhibit at least two TK receptors, preferably seiected
from KDR, EGFR and SRC and their use in combination with
other agents were also clairmed {146,147]. Novel heterocyctic com-
pounds of types 44 — 47, pharmaceutical compositions contain-
ing them and their use for treating TK-dependent diseascs,
including cancer, in particular histiocytic lymphoma, lung aden-
ocarcinoma, srnall cell lung cancers, pancreatic cancer, glioblasto-
mata and breast carcinoma, retinal vascularisation, diabetic
retinopathy, age-related macular degeneration, inflammatory
disease (e.g., theumatoid arthritis, psoriasis and contact der-
matitis), bone discase {e.g., osteosarcoma, ostecarthrilis and
rickets), pre-cclampsia and tissue damage due to cerebral
ischaemia or bacterial meningitis, alone or in combination
with another compound, were claimed [148-151].

2.6 GlaxoSmithKline

Substituted quinazoline derivatives of type 48 and their use
for the treatment of a disorder mediated by aberrant protein
kinase activity, were clalmed. These compounds were stated to
be PTK inhibitors and to be particularly useful for the treat-
ment of disorders caused by aberrant ¢-erB-2 and/or EGF-r
and lek and/or zap?O activity, such as breast, ovarian, gastric,
pancreatic, non-small cell lung, bladder, head and neck can-
cers, psoriasls and rheumatoid arthritis.

2.6.1 Biology

The EGF-r and c-erB-2 PTK inhibitory activities of these
compounds were measured in vitro. Some compounds inhib-
ited both kinases with 1Csy values of < 0.1 yM. This com-
pound {48, Figure 8) also inhibited the growth of
HB4a c-erB-2, BT474, HN5 and N87 tumour celi lines with

ICsg values of < 5 uM (152]. Nowvel 4-anilinoquinazoline deriva-
tives of type 49, pharmaceutical compositions comprising
them as the active ingredient and methods of thelr use for the
treatment of a disorder mediated by aberrant protein kinase,
particularly Erb-B2, ¢c-Etb-B4 or EGFR, activity, especially
cancer and psoriasis, were also claimed. These compounds are
stated to be useful for the treatment of breast, ovarian, gastric,
pancreatic, non-small cell lung, bladder or head and neck can-
cers. The Erb-B4, Erb-B2 and EGFR kinase inhibitory activity
of the compounds was investigated, The specified compound
inhibited Erb-B4 with an ICqj value of 0.10 — 1.0 pM and the
other kinases with 1Cqg values of < 0.10 pM. In methylere blue
growth inhibition assays using human breast (BT474), head and
neck (HNS} and gastric tumaur (N87) celi lines, the specified
compound shawed [Cgy values of < 0.10, < 0.10 and 0.10 - 1.0
1M, respectively 1153]. A novel quinoline derivative (50}, its
salts and solvates and its use for the treatment of a disorder
mediated by aberrart p38lck activity and for the treatment of
rheumatoid arthritis were claimed. This compound is dis-
closed to be a PTK inhibitor (154], Novel substituted oxindole
derivatives 31 and 52 and methods of their use for treating dis-
orders mediated by mitogen-activated kinases, particuiarly
TekA, such as pain and cancer, were claimed. It is stated that
inhibition of TrkA and other Trk kinases may be useful in the
treatment of these disorders as they serve as mediators of nerve
growth factor {NGF)-driven blological responses [155,156].

As SmithKline Bcecham has now been incorporated by
Glaxa, the PTKI devetoped by this drug house will also be
discussed here. Thus, novel alkylpiperidinylalkylquinoline
derivatives of type 53 and their use for the treatment of hacte-
rtal infections, are claimed. These compounds are stated to be
PTK inhibltors and to be active against Gram-positive and
Gram-negative organisms [157. Imidazole derivatives of
type 54 were claimed to be Tie2 receptor inhibitors
(TK receptors with immunoglobulin and EGF homology
domains) and to be useful for the treatment of anglogenesis
disorders, arthritis, diabetic retinopathy, atherosclerosis, carci-
noma, metastasis and inflammation [158). Novel 2-amina-thi-
ophene-3-carboxamide derivatlves of type 55 and their use in
methods of treating cancer, diseases characterised by cellular
proliferation associated with neovascularisation or vascular
permeability and disorders mediated by inappropriate anglo-
genesis or VEGFRZ kinase or TIE-2 kinase activity were
claimed. The compounds are stated to be useful for the treat-
ment of blood-vessel proliferative disorders, fibrotic disorders,
mesangial cell proliferative disorders, metabolic disorders and
chronic wound healing, inflammation, neurodegenerative dis-
eases, diabetic retinopathy, macular degeneration, ocular neo-
vascularisation and haecmangtomas. The compounds were
stated to be inhibitors of VEGFRZ kinase and/or
TIE-2 kinase but no speclfic data are presented [159].

2.7 Bristol-Myers Squibb
Novel pyrrolotriazine derivatives of type 56 (Figure 9) and their
use as angiogenesis inhibitors, protein kinase inhibitors and
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Figure 8. Protein tyrosine kinase inhibitors from GlaxaSmithKline.

TK inhibitors for the treatment of proliferative diseascs, cancer,

N
inflammation and autocimmune discases were claimed. The / N ‘ﬁ
protein kinase inhibitory activity of the compounds was deter- == 2N i H
mined in /n vitro assays emplaying VEGFRZ, fibroblast growth .
factor receptor (FGFR), HER1 and HER2 kinases. The com- HN
pounds are stated to show [Crg values of 0.003 - 25 M against 56 \Q\
VEGFR2, FGFR, HERI and HER2 kinases, No specific data
were presented (160). Novel cyclic amide derivatives of type 57, R, 0—R,
optionally in combination with an anti-inflammatory, antipro-
liferative or chematherapeutic agent, immunosuppressant, anti-
cancer agent or PTK inhibitor, werc claimed. These
compounds were claimed to act as PTK inhibitors for treating HO
transplant rejection, rheumatoid arthritis, muitiple sclerosis, /ﬁ H
Inflammatory bowel disease, lupus erythematosus, graft-versus- K/
host disease, T-cell-mediated hypersensitivity and other T-cell- P 7/ N\
mediated disorders, psoriasis, Hashimotos thyroiditls, Guil- N N

N
lain-Barre syndrore, cancer, contact dermatitis, allergic dis- f o “R
ease, asthma, atopic dermatitis, allergic rhinitis, chronic s 8 H
obstructive pulmonary disease (COPD), diabetic retinopathy \&w/
N

and ischaemic or reperfusion injury [161]. Novel pyridine deriva-
tives of type 58 and the use of the compounds in methods for

58

treating conditions associated with at least one TK such as o N/\l 59
CDK, EMT, FAK, HER2, IGF-1R, IR, LCK, MET, PDGF or |\/N R
VEGF, including cancer and other proliferative discases, are \l-r

claimed, The ability of the compounds to bind o various Q
receptors was measured in vitro. The compounds are stated to
have 1Cg; values of < 25 pM for the CDK, EMT, FAK, Herl,

HerZ, IGF, IR, LCK, MET, PDGF and VEGF receptors. They g?;f,_m‘;m"s:fm tyrosine  kinase inhibitors  from
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also showed ICgy values ranging 0.1 - 1.4 pM against HT-29,
MCF-7 and Colo205 cells 1162, Novel 2-amino-5-(phe-
nylthlo)thiazole derivatives {59), their diastercomers and enantl-
omers, compositions containing them and optionally a further
therapeutic agent and their use to treat Tec family TK-associated
disorders were claimed. Methods of their use to treat Emt-associ-
ated disorders, transplant rejection, multiple sclerosis, inflamma-
tory bowel disease, lupus, cancer, contact and atopic dermatitis,
asthma, psoriasis, rheumatoid arthritis, graft-versus-host discase,
T-cell-mediated hypersensitivity, Hashimoto's thyroiditis, Gull-
lain-Barre syndrome, allergy, allergic rhinitis, ischaemic or
reperfusion injury and COPD were also claimed (163,

2.8 Pfizer

Substituted bicyclic heteroaryl derivatives of type 60 (Figure 10)
and methods of their use for treating various cancers, were
claimed. These compounds are stated to be potent Inhibitors of
the erbB family of oncogenic and proto-oncogenic PTKs but
no data arc presented {164]. Novel heteroaromatic bicyclic deriv-
atives of type 61 and processes for their preparation were
claimed. The compounds were stated to be potent inhibitors of
the erbB family of oncogenic and proto-oncogenic PTKs such
as EGFR, erbB2, HER3 or HER4 and are further claimed for
use in the prevention and treatment of a variety of disorders
such as malignant and benign tumours of the liver, kidney,
bladder, breast, ovary, colon, prostate, pancreas, lung, vulva and
thyroid, hepatic carcinomas, sarcomas, glioblastomata, head
and neck tumours and other hyperplastic conditions but no
biological data are presented [165). Heterocyclic compounds of
type 62 and methods of their use in the treatment of angiogen-
esis disorders such as cancer and other hyperproliferative dis-
eases, including prostate hyperplasia, opticnally in combination
with a further antlcancer compound, are claimed. The com-
pounds are stated o be inhibitors of RT'Ks. Assays for measur-
ing the inhibltdon of KDF/VEGF receptors, KDR TK activity,
mitogenesis in human endothelial cells and tumour growth are
described but mo data are presented [166). Nove! substituted
bicyclic derivatives of type 63 and the use of the compounds in
a method for treating abnormal cell growth including various
forms of cancer, were claimed. These compounds are stated to
be potent inhibitors of the erbB family of PTKs, in particutar
erbB2. The ability of the compounds to inhibit c-erbB2 kinase
activity is described. The compounds are stated to have shown
[Cgp values of < 10 pM but no specific data are presented. The
ability of the compounds to inhibit tumour grawth ip vive is
also described but no resultant biological data are presented
(1671, Novel 2,4-diaminopyrimidine derivatives, of type 64 and
methods of their use for the inhibition of PTK Lek and for the
treatment of a range of T-cell-medlated disorders, including
transplant rejection, inflammatory discase, autoimmune dis-
ease, allergy, T cell leukaemia and T cell lymphoma, are
claimed. The ability of the compounds to inhibit Lek-mediated
phosphorylation was determined i vitro, 1Cg values of
< 3 M are stated to be preferred but no specific biological data
were presented [168).
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Figure 10. Protein tyrosine kinase inhibitors from Pfizer.

2.9 Boehringer Ingelheim

Novel substituted heyterocycle derivatives of types 65 — 68
{Figure 11) were claimed by Boehringer Ingelhelm. These
compounds are stated to have inhibitory effects on a range of
kinases, especlally CDKs, viral cyclin and RTKs and they can
therefare influence cell proliferation. They are further stated
tu be potentially uselul for the treatment of a wide range of
proliferative diseases, including viral infections (e.g., HIV and
Kaposi's sarcoma), inflammation and autoimmune disease
{e.g.. colitis, arthritis, Alzhcimer's diseasc, glomerulonephritis
and wound hcaling), bacterial, fungal and parasitic infectlons,
leukaemia, lymphoma and solid tumours. In additlon, they
may be useful for the protection of proliferating cells against
DNA damage caused by radiation, vltraviolet (UV) treatment
and/or chemotherapy. The ability of five compounds to
inhtbit the protiferation of cultlvated SK-UT-1B lelomyosar-
coma tumaour cells was determined /i vitro. These compounds
exhibited 1Cg, values in the range 0.001 - 0.049 M (169-1721.
The novet use of EGFR inhibitars of type 69 for the treatment
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Figure 11. Protein tyrosine kinase inhibitors from Boehringer Ingelheim.

of tumours whose cells proliferate as a result of a deregulated
mitogenic signal transduction pathway, particularly a deregu-
lated Ras pathway, and require the function of wild type
EGFR as a survival factor and as an inhibitor of differentia-
tion, has also been claimed by the same group, The use of the
EGFR inhibitors is claimed where the deregulation of the Ras
pathway Is the result of an oncogenlic Ras mutation |173).
Novel quinazoline derivatives 70 and 71 and their use for the
treatment of malidiseases, polyps. gastrointestinal diseases,
gallbladder diseases, renal diseases and dermatological
diseases, were then claimed. These compounds are stated to
inhibit signal transduction mediated by the EGF receptor, by
inhibiting the attachment of the growth factor to the receptor,
receptor dimerisation, or later steps involved in signal transduction.
The inhibitary activity of four compounds against EGFR-medi-
ated signal transduction was evaluated /n vito using F/L-HERe
cells expressing functional human EGFR. The ICq values for
the inhibition of EGF-dependent proliferation ranged from 29
tw 59 nM  pma7s. Novel  sulfonamido-substituted

3-(aminomethylident}indolin-2-one derivatives of type 72, usefu)
for inhibiting the proliferation of tumour and endothelial
cells and for the treatment of diseases characterised by exces-
sive ¢cell proliferation, were also claimed. These compounds
are disclosed to be inthibitors of varlous protein kinases, such
as receptor and non-RTKs (including VEGE EGF and
IGF receptors ar c-Src) or serine/threcnine kinases (including
cyclin-dependent kinases), An i vitro test for determining the
abili&y of the compounds to inhibit proliferation of human
leiomyosarcoma tumour cell lines, based on their ability to
inhibit the integration of radiclabelled thymidine into cellular
DNA. Is described. A total of 34 compounds were tested, 13
of which showed ICg, values of < 0.01 pM. An in vive experi-
ment for determining the effect of the compounds on mice
carrying implanted or injected tumour cells is described but
no resultant data are presented 1176]. A novel process for the
preparation of 4,6-diaminopyrimldo[5,4-d] pyrimidine deriv-
atives (73}, comprising the removal of an N-protecting group,
the reductive elimination of a chlorine substituent and the
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oxidatlon of a suitable {6-substituted-2-chloro-7,8-dihydropy-
rimido[5.4-d]pyrimidin-4-yl)-substituted amine, was claimed.
It is stated that 4,6-diamino-pyrimido[5.4-d|pyrimidine
derivatives exhibit anticancer activity, are useful for the treat-
ment of skin tumours and act by inhibiting TK [177]. Nove!
substituted heterocyclic derivatives of type 74 and a method
for treating autcimmune discases, neoplasm, inflammation,
cercbral ischaemia and cardiovascular discases are claimed.
The compounds are stated to be useful for treating allergic
diseases and transplant rejection and are also stated to be PTK
inhibitors. [n vitro TK inhibition was assessed against p36ick,
p60 and PDGFR. All the compounds tested showed [C¢y val-
ues of < 10 pM against the three kinases. Inhibitian of IL-2
production was also evaluated in virro, Representative com-
pounds showed 1Cs, values of < 10 pM 1178].

2.10 Various other protein tyrosine kinase inhibitors

Several other drug houses, universities and other research
organisations have claimed many structural types of PTKIs
and their use as antitumour agents. Most of them will be
reviewed in this section. Xenova claimed novel ben-
zofluoranthene derivatives of type 75 (Figure 12a), obtained
by fermentation from the fungal strain Cladosporium
cladosporipides X20700 {CBS 100220) and chemical proc-
esses for preparing them and their use in the treatment of
cancer and immunoinflammatory conditions selected from
rheumatoid arthritis, osteoarthritis, septic shock, psoriasis,
inflammatory bowel disease. Crohn’s disease, systemic lupus
erythematosus, multiple sclerosis, diabetes and asthma.
Thesc compounds were stated to inhibit TKs and the pro-
duction of cytokines {179]. Novel 4-aminopyrrolopyrimidine
derivatives of types 76 and 77 and methods of inhibiting pro-
teln kinase activity, particularly KDR, FGFR-1, PDGFR,
PDGFRe, IGF-1R, c-Met, Fit-1, TIE-2, Lek, Sre, fyn, Lyn
and Blk and of treating a wide range of diseases including
Kaposi’s sarcoma, Hodgkin’s disease, lymphoma, myeloma,
leukaemia, Type 1 diabetes, glaucoma, diabetic retinopathy,
ulcers, Crohn's discase, theumatoid arthrids, HIV and mulc-
ple sclerosis, comprising the administration of these com-
pounds, were claimed by BASE The compaunds are stated
to inhibit the formation of oedema in an fm vive utcrine
oedema model {n mice and to inhlbit protein kinases such as
cdc2 in vitro at < 50 pM but no data are presenied. The
compounds are further stated to inhibit the growth of pri-
mary murlne, rat or human xenograft tumours in mice or
inthibit metastasis In murine models 180.181}. Novel deriva-
tives of types 78 and 79 and methods of treating neoplasms
of the breast, kidney, bladder, mouth, larynx, cesophagus,
stomach, colon, ovary and lung, as well as polycystic kidney
disease, were claimed by American Cyanamid. The com-
pounds are stated to inhibit the TK activity of KDR (282153,
Schering clalmed anthranilic acld amides of type 80 and
their use for treating diseases sensitive to inhibition of angio-
genesis. These compounds are disclosed to be angiogenesis
inhibitors and to inhibit the TKs KDR and FLT, which form

part of the signalling pathway of VEGF receptors and are
claimed for the treatment of many discases mediated by ang-
iogenesis, Including tumours, psorlasis, arthritis, haemangi-
oma, anglofibroma, a range of ocular, renal and fibrotic
discases, nerve injury, restenosis and atherosclerosis (184).
BASF claimed 2-pyrazolin-5-one derlvatives of type 81 and
their use for inhibiting protein kinase, particularly tyrosine
and serine/threonine kinase activity, useful for treating a
range of conditions Including hyperproliferative disorders,
inflammatory disease, angiogenesis, cancer, arthritis, resteno-
sis, atherosclerosis, psoriasis, haemangioma, ARDS, stroke,
burns and trauma and for affecting vascular hyperpermeabil-
ity or the production of ocdema (185]. Cephalon claimed
pyrazolone derivatives of type 82 and methods of their use as
tek, VEGFR, MLK and FGFR kinase inhibitors for treating
or preventing angiogenic disorders, tumours, endometriosis,
diabetic retinopathy, psoriasis, hemangioblastoma, ocular
disorders, macular degeneration, Alzhetmer's disease, amyo-
tropic lateral sclerosis, AIDS dementia, Parkinsons disease,
stroke, ischaemia, Huntington’s disease, epilepsy. multiple
sclerosis, peripheral neuropathy, brain or spinal cord injury,
restenosis, osteoporosis, inflammation, viral infection, bone
or hacmatopoletic diseases, autiolmmune diseases and trans-
plant rejection. The VEGFRI and 2, trkA, MLK-1, -2, -3
and FGFR1 kinase inhibitory actlvity of these compounds
was investigated at 1 pM. The obtained results show that the
specified compound showed the best overall resuits, inhibit-
ing VEGFRI and 2, trkA, MLK-1, -2, -3 and FGFR1 by 74,
88, 53, 44, 17, 72 and 48%, respectively (186). Takeda
claimed a novel process for the production of 1-substituted-
1,2,3-triazales {83) for obtaining TK inhibitors but no bio-
logical data are provided {187). Processes for the regioselective
preparation of derivatives {84) from 3-aminonaphthalene-2-
carboxylates and J3-aminonaphthalene-2-carbonitriles, as
TK inhibitors useful as anticancer agents were claimed by
Wheth [is8). TK inhibitors comprising shikonin {compound
85) or its derivatives having a naphthoquinone skelcton as
the active component were claimed by Showa Unlv. Medici-
nal compositions comprising these compounds for the treat-
ment of cancers, including breast, colon, lung, ovary and
stomach, were also claimed. The shikonin derivatives include
B-dimethylacrylshikonin, isovalerylshikonin, o-methyt-/\-
butylshikonin, isobutylshikonin, shikonin and B-hydroxyis-
avalerylshikonin were claimed to act as PTKIs [1891. Abbott
claimed derivatives of type 86 and their use as protein kinase
inhibitors, particularly serine/threonine or PTK inhibitors.
The compounds are claimed for use for the treatment of
hyperproliferative disorders, ulcers, ocular disease, cardiovas-
cular disease, neoplasm, Crow-Fukase syndrome, diabetic
conditions, sickle cell anaemia, inflammation, systemic
lupus erythematosus, glomerulonephritis, synovitis, inflam-
matory bowel disease, Crohn's disease, multiple sclerosis,
rheurnatotd arthritls, osteoarthritis, graft rejection, Lyme dis-
ease, sepsis, Von Hippel Lindau disease, permphigoid, psoriasis,
Paget's discase, pelycystic renal discase, fibrosis, sarcoidosis,
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Figure 12a. Various cther protein tyrosine kinase inhibitors.

cirrhasis, thyroiditis, COPD, asthma, cedema, injury, radia-
ton sickness, cercbrovascular ischaemia. hypoxia, ovarlan
hyperstimulation, pre-eclampsia, endometriosis,
menometrorrhagia, herpes virus infection, HIV infection and
Toxoplasma infection and for decreasing fertility. The use of the
compounds, optionally in combination with a pro-angiogenic

growth factor, to promote angiogenesis is also claimed. The
compounds were tested for the inhibition of phosphoryla-
tlon of an exogenous substrate by a range of protein kinases.
It was disclosed that the compounds Inhibit FGFR,
PDGFR, KDR, Tie-2, Src, Lek, Fyn, Btk and CDC2 at con-
centrations of < 50 pM but no specific biologlcal data were
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Figure 12b. Various other protein tyrosine kinase inhibitors.

presented. Some compounds also Inhibited VEGFR-Induced
KDR phosphorylation in a cellular assay at < 30 pM [190].
Novel 2-{cyanopyridylmethylamino)benzamlide derivatives
(87, Figure 12b} and their use as VEGFR3 inhibitors in lym-
phangiogenesis, KDR and FLT TK inhibitors and for the
treatment of psorlasis, Kaposi's sarcoma, restenosis, endome-
triosis, Crohn's disease, Hodgkin's disease, leukaemia, arthri-
tis, haemangioma, angiofibroma, age-related disorders,
diabetic ngphropathy, diabetic retinopathy, malignant neph-
rosclerosis, thrombetic and fibrotic disorders, kidney and eye
diseases and for inhibition of reocclusion after balloon cathe-
ter treatment and in vascular prosthetics or implanis were
claimed by Schering. The ability of the compounds to inhibit
KDR- and FLT-1 kinase activity is pravided in one example.
The compounds showed ICg; values of 0.01 — 0.7 pM for the

inhibition of VEGFR II (KDR) @191). Nove! 8-(indazol-3-
yl)purine and 2-(indazol-3-yl)benzimidazole derivatives of
type 88 were clalmed by Chiran. These compounds are
stated to be useful as tnhibitors of tyrosine and serine/threo-
nine kinases and for the treatment of cancer, non-insulin-
dependent diabetes and CNS disorders, including Alzhe-
imer's disease and as inhibitors of angiogenesis. Assay proto-
cols for determining inhibitlon of the fit-1, Flk-1, Tle-2,
PDGF and 8FGF TKs and serine/threonine kinases, such as
GSK-3 and CHK-2 were described. Certain of the exempli-
fied compounds are stated to display 1Cyy values of < 1 pM
but no spccific data are presented [192. Novel heterocyclic
protein kinase inhibitors, among which derivative 89 and
methods of their use for the inhibition of a cell proltferative or
skeletal disease caused by abnormal protein kinase activity, for
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the inhibition of tumour angiogenesis and for the treatment
of non-solid cancers or solid tumours, bone and cartilage-
related disorders, skeletal dysplasia or craniosynostosis disor-
ders were claimed by ProChon Biotech. The cfficacy of the
compounds was assessed in a cell proliferation assay for the
inhibition of FDFR3. Compound 89 showed an 1Cg; value
of 7 yM. The effect of one of the compounds {not the speci-
fied compound) on the growth rate of G396C achonodro-
plasia heterozygote mice femora bone in organic culture was
alsa cvaluated (193], Allergan claimed novel 3-{hetercar-
ylamina)methylene-1,3-dihydro-ZH-indol-2-one  deriva-
tives 90 and 91 (similar to the Sugen lead compound 5
discussed carlier) and their use in methods for the treatment
of unregulated TK signal transduction, including cancer,
blood vessel proliferative disorders {e.g., diabetic retinopa-
thy, age-related macular degeneration, retinopathy of prema-
turity, arthritis and restenosis), fibratic  disorders
{e.g.. hepatic cirrhosis and atherosclerosis), mesangial cell
proliferative disorders (e.g.. glomerulonephritis, diabetic
nephropathy, malignant nephrosclerosis, thrombotic micro-
angiopathy syndromes, transplant rejection and glomeru-
lopathies) and metabolic discases (e.g., psorlasis, diabetes
mellitus, wound healing, inflammation and neurodegenera-
tive diseases) are claimed. Several assays are described. In one
assay (the Miles assay), VEGF-Induced dermal extravasation
was determined in guinea-pigs, Two compounds, tested at a
dose of 75 mg/kg, produced 83 or 100% inhibition [194.185].
In a group of patents, Bayer claimed new 2-phenylamino-4-
(pyrazol-5-ylamino) pyrimidine derivatives of types 92 - 94
and their usc in methods for inhibliting Sre kinase receptors,
in particular for treating osteoporosis, melanoma, Kaposi's
sarcoma and breast, colon, pancreatic, lung, neural, cesopha-
geal and gastric cancers and for treating non-malignant pro-
liferative diseasc. The activity of the compounds was
measured in a biochemical Src kinase assay fn vitro, Approxi-
mately 50 compounds, were stated to have shown ICg val-
ues of < 500 nM in this assay. No specific data are presented
(196-198]. Novel isoxazolylpyrimidine compounds of type 95
and methods of their use as inhibitors of Src or Lck proteln
kinases and for the trcatment of hypercalcemia, restenosis,
osteoporosis, ostcoarthritls, rheumatoid arthritis, inflarnma-
tory bowel disease, multiple sclerosis, psoriasis, lupus ery-
thematosus, graft-versus-host  disease, hypersensitivity,
Hashimoto's thyroiditis, Guillain-Barre syndrome, COPD,

Supuran & Scozzafava
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dermatitis, atopic dermatitls, cancer, bone metastasis, Paget’s
discase, asthma, ischaemic or reperfusion Injury, allergy,
allergic rhinitis, autoimmune diseases and leukaemia were
claimed by Vertex, The compounds were assayed for inhibl-
tion of human Sre and Lek kinases using either radioactivity-
based or spectrophotometric assays. Ten compounds, includ-
Ing the specified compound. had inhibition constant (X))
values of < 0.1 pM for inhibition of Src kinase and 32 com-
pounds, including the specified compound, had X; values of
< 0.1 pM for inhibition of Lck kinase. No specific data are
presented 1199 Wyeth also claimed EGFR and HER-2
PTKIs, belonging to the class of 3-cyano-quinolines and
3-cyano-1,7-naphthyridines 96 (related to compound 84
mentioned previously} and their use as antineoplastic agents
or for the treatment of polycystic kidney disease |200-204].

3. Expert opinion

As receptor and non-receptor PTKs are essential enzymes in
cellular signalling processes, regulation of cell growth, differ-
entiation, migration and metabolism, and because the
kinase activity of PTKs is tightly controlled through steric,
autoregulatory mechanisms, as well as by the action of pro-
tein tyrosine phosphatases, its inhibitlon has only recently
been proven to lead to effective anticancer therapies {1-9].
Indeed, the aberrant catalytic activity of many PTKs, via
mutation or overexpression, plays an important role in
numerous pathological conditions, the most important of
which is cancer [1-9]. The first clinically used drug belonging
to the class of the PTKIs, imatinib (compound 1), has only
recently (2001) been approved, but its clinical success Is sig-
nificant [2.6.7. Thus, much research is being undertaken In
this field in order to find both second generation com-
pounds with improved activity, reduced toxicity, and
improved selectivity, as well as derivatives targeting other
kinases among the 700 - 800 encoded by the human
genome. Indeed, as presented in this review, the major drug
houses worldwide all have impressive drug development pro-
grammes in place for the discovery of novel classes of PTKIs.
Furthermore, many patents deal with the use of such com-
pounds in combination therapies for the treatment of a mul-
titude of tumours. Thus, it may be stated that we are at the
beginning of a new cra In the design, synthesis and usc of
PTKIs for the treatment of cancer.
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