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The development of a general appreciation for the central role of angiogenesis in cancer growth and metastasis and
other disease status has led to a wide range of new therapeutic strategies. This paper reviews the domestic and international
trends through technology, marketing and patent information analysis dealing with anti-angiogenic agents. This analytical
research has led to the identification of new targets associated with angiogenesis, leading to the development of an
extensive number of preclinical screening of antiangiogenetic agents.
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AWEe] e AAdS 7HITE (Table 1). wEhA] o]
25k BRI IAAATIAE o] &5 Al AA
(angiogenesis inhibitors) 7'd7]&0] 2+ AW X5 o] Bl
2 3-8% 3 9t} (Brack et al., 2004; Folkman, 2007; Ryan,
2008; Willis et al., 2011). Table 2= A1 A A 7]t
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/35 W3Skl ATt (Table 3, Table 4).
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Table 1. Angiogenesis-dependent diseases

Disease Symptoms
Diabetic retinopathy Loss of vision
Rheumatoid arthritis Pain and immobility from destroyed cartilage

Atherosclerotic plaques
Endometriosis
Crohn's disease

Chest pain, dyspnoea
Abdominal pain from intraperitoneal bleeding
Intestinal bleeding

Psoriasis Persistent severe itching
Uterine fibroids Vaginal bleeding, abdominal pain
Benign prostatic hypertrophy Urinary retention
C Bleeding, thrombosis, anaemia, abdominal ascites, bone pain, seizures from cerebral oedema
ancer
around a tumour and others
Table 2. Pharmacological mechanisms of angiogenesis inhibitors
Types Action of mechanism
Direct inhibitors Inhibits endothelial cells from responding to multiple angiogenic proteins, e.g. VEGF, bFGF, IL-8, PLGF,
PD-EGF
Indirect inhibitors Inhibits synthesis by tumour cells of angiogenic proteins, e.g. bFGF, VEGF, TGF-a
Inhibits matrix-degrading enzymes, such as Matrix Metalloproteinases(MMPs), which are a family of closely
Enzyme inhibitors related enzymes that degrade the extracellular matrix and are considered to be important in facilitating tumor
invasion and spread
Miscellaneous Undefined

Note: VEGF (Vascular Endothelial Growth Factor); bFGF (basic Fibroblast Growth Factor); PLGF (Placenta-like Growth Factor); IL-8

(Interleukin-8); PD-EGF

(Platelet Derived Endothelial Growth Factor); TGF-a (transforming growth factor-a).

Table 3. Approved angiogenesis inhibitor agents and their indications

Agent Company Indication Approval Date
Metastatic colorectal cancer, first line 2004. 2
Avastin Genentech Metastatic colorectal cancer, second line 2006. 6
Metastatic non-small cell lung cancer, first line 2006. 10
Sutent Pfizer Kidney cancer 2006. 1
Gleevec-resistant/intolerant gastrointestinal stromal tumor 2006. 1
Nexavar Bayer/Onyx Kidney cancer 2005. 12
Tarceva Genentech, OSI Locally advanced, inoperable, or metastatic pancreatic cancer 2005. 11
Pharmaceutical, Roche Locally advanced or metastatic non-small cell lung cancer, second line 2004. 11
REVLIMID . .
(lenalidomide) Celgene Multiple myeloma, second line 2006. 6
THALOMID . .
(thalidomide) Celgene Multiple myeloma, newly diagnosed 2006. 5

Source: Pharma DD, www.pharmadd.com, 2007.
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Table 4. Angiogenesis inhibitors in development for non-oncology indications

Therapeutic area Drug candidates Development
and indication (company) status
Ophthalmology
Lucentis (Genetech); Macugen (OSI/Pfizer) Approved
Age-related macular Avastin (Genentech); VEGF-Trap Eye (Regeneron/Bayer Schering); bevasiranib Phase 111
; (Opko Health)
degeneration (wet)
ATG-003 (CoMentis); AGN-211745 (Allergan); OT-551 (Othera); vatalanib (Novartis); Phase II
TG-100801 (TargeGen); volociximab (PDL Biopharma/Biogen Idec)
Lucentis (Genentech); Macugen (OSI/Pfizer); Avastin (Genentech) Phase 11T
Diabetic macular oedema VEGF-Trap Eye (Regeneron/Bayer Schering); bavasiranib (Opko Health); ATG-003 Phase II
(CoMentis); XL-784 (Exelixis) 5¢
Glaucoma Avastin (Genentech) Phase 11
Other therapeutic areas
Lupus Thalomid (Celgene) Approved
Various autoimmune .
(Crohn's disease, psoriasis) Thalomid (Celgene) Phase 1T
Pain (neuropathic) Thalomid (Celgene); Revlimid (Celgene) Phase 11
Diabetic foot ulcer Topical telbermin (Genentech) Phase 11

Sources: clinicaltrials.gov, company web sites. Nature Reviews Drug Discovery 2008: 7, 115-116.
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Source: Research Impact, "Angiogenesis Modulators: A Market Insight Report", 2008

Fig. 1. Forecast growth rates for the angiogenesis inhibitors market.
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462%% 7P Aa1, 9 28.3%, obrof E Bk Ao
o] 142%, 7IEt 11.3% s=olth Sko = o] A2 A+t
26.1% A=A A8kl 2016\d0= 2939 EEo] AlES
A WE) 3 ok (Fig 1A). & UE A Z

o

E

defo] g8 Aoz didy= ke, dAEE A
AA A= 2012130 1179 Efol] o]& FOoE S5

At} (Fig. 1B). A 7B Foll A= ial g4 2
wF ASEY, A& Tl A A EEola
2, 5 gl

A4 AR, HEA A4, AL
247} P AwA A% |
o A

riu
o
|l
iS)
il
=)
i
WY o

sle] F8 JAe] VeNE FFS A, vE=d
A4 (NCDE H] 53 Genentech, Pfizer, GSK, Celgene
& AIAIAQL A fAtel A Aol gHgolH, # A oF
2559 stoll i3l 13099 7o) ddAIRel X&) Foltt
A A gk B2 7|} daloll Fdo] dA
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U} (Hayden, 2009). 34 3¢kA1e] Q<A+l F2ataL
A= 1= HHAATFA (NCDE M58 Genentech,
Pfizer, GSK, Exelixis, Boehringer Ingelheim, AstraZeneca,
Bristol-Myers Squibb, Celgene, EntreMed, Eli Lilly, Roche,
Regeneron, Sanofi-Aventis, MedImmune 52| Al A% 1 ]
SpAtoll M = AN ANA TATok S 48T o
29| grjjol] g, @ 7HA] a2 Y FIEAl
74| 9} Ut} (Table 5).
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0121 KnowledgeMatrix®} W]= Search Technology, Inc.2]

Table 5. Angiogenesis inhibitors in late-stage clinical development”

Being tested in which cancers

Drug Maker
Bevacizumab (Avastin)”™ Genentech

Sunitinib (Sutent)”" Pfizer

Sorafenib (Nexavar)” Bayer/Onyx
Pazopanib GlaxoSmithKline
Axitinib Pfizer

XL184 Exelixis

BIBF1120 Boehringer Ingelheim
Cediranib (Recentin) AstraZeneca
Aflibercept (VEGF Trap) Regeneron, Sanofi-Aventis
Brivanib Bristol-Myers Squibb

Vandetanib (Zactima) AstraZeneca

Kidney, ovarian, brain, prostate, liver, pancreas, lymphoma,
gastric, gastro-oesophageal

Breast, kidney, liver, lung

Lung, melanoma, pancreas

Kidney, soft-tissue sarcoma, lung, ovarian
Kidney

Medullary thyroid cancer

Lung, galbladder

Colerectal, brain, ovarian

Lung, prostate, pancreatic, colorectal
Liver, colorectal

Lung

*:Phase 11T trials that target the VEGF pathway.
Drugs are already FDA approved for some cancers.

Source: Cutting off cancer's supply lines, Nature, 2009: 458(9), 686-687.
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Fig. 2. The patent application trends of angiogenesis inhibitors.
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A61K: Preparations for medical, dental, or toilet purposes;
A61K031: Medicinal preparations containing organic active ingre-
dients; A61K038: Medicinal preparations containing peptides;
A61K039: Medicinal preparations containing antigens or anti-
bodies; A61K009: Medicinal preparations characterised by special
physical form; A61F: Filters implantable into blood vessel; pro-
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Fig. 3. The patent distributions of angiogenesis inhibitors over
the technological disciplines.
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Fig. 4. Patent counts and growth rates during last 5 years.
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Fig. 5. Technical positioning by patent analysis on angiogenesis
inhibitors.
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Fig. 7. Patent portfolio analysis on angiogenesis inhibitors.
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