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Angiogenesis, the growth of nascent blood vessels from pre-
existing vessels, is a critically important process for both physiological
(such as wound healing, reproduction and embryonic development)
and pathophysiological conditions (such as solid tumor growth,
psoriasis and diabetic retinopathy). Angiogenesis is a dynamic and
complicated multistep process involving the activation, migration and
invasion, proliferation, sprout formation, tube formation, and finally
capillary network formation of vascular endothelial cells. All of these
steps are essential for the success of angiogenesis and is therefore
tightly controlled directly or indirectly by the dynamic balance between
angiogenic stimulators and inhibitors. Therefore, insufficient and
excessive angiogenesis contribute to the pathogenesis of many major
diseases Angiogenesis and antiantiogenesis therapies become the
latest sharp spear and strong shield for pharmacotherapies of many
angiogenesis dependent diseases, in particular cancer.

Under pathologic conditions, insufficient angiogenesis occurs
in diseases such as coronary artery disease, stroke, and chronic
wounds. Currently several angiogenic stimulators based angiogenesis
therapies are under development. In chronic inflammation and
tumor growth, there is an imbalance between endogenous stimulator
and inhibitor levels, which turn on “pro-angiogenesis switch”. Most
importantly, human body losses control over the balance between
angiogenesis stimulators and angiogenesis inhibitors, which leads to
excessive angiogenesis. Excessive angiogenesis mostly occurs when
diseased cells, such as inflammatory cells and tumor cells, produce
abnormal amounts of angiogenic stimulators, overwhelming the
effects of endogenous angiogenesis inhibitors [1-3]. Decreased levels
of angiogenic inhibitors in the vitreous and retina have been found in
diabetic patients and diabetic animal models, which also contributes
to the imbalance of “angiogenesis switch”. Excessive angiogenesis
is seen in diseases such as solid tumor cancers, diabetic retinopathy,
age-related macular degeneration, rheumatoid arthritis, and psoriasis
and other angiogenic diseases. In these conditions, new blood vessels
feed diseased tissues and destroy normal tissues [4-6]. In the case of
cancer, tumor cells produce and secrete excessive amounts of many
potent angiogenic stimulators, VEGF, placental growth factor (PIGF),
stromal-cell-derived factor 1, and angiopoietin-2. These angiogenic
stimulators will activate the complicated multistep angiogesis process
surround the tumor microenvironment. New evidence indicates
that these angiogenic factors also stimulate the mobilization of cells
at distant sites, including bone marrow, into circulation to promote
vascularization [7-9]. Moreover, the newly formed angiogenic capillary
networks might also provide the “super high way” for the spreading of
tumor cells to distant site through circulation, which is blamed to be
the major causes of high mortality in cancer patients [1].

Anti-angiogenesis therapy becomes one of the latest successful
strategies for cancer treatment with the approval of bevacizumab
(Avastin, Genentech) in the treatment of colorectal and other cancers
by the Food and Drug Administration. Bevacizumab, a humanized
monoclonal antibody against vascular endothelial growth factor
(VEGF), is the first FDA approved drug in the class of anti-angiogenesis
therapy for cancer treatment. This strategy of stopping tumor growth

and metastasis by blocking tumor angiogenesis was pioneered by Dr.
Judah Folkman and his colleagues almost four decades ago. A tumor
requires and stimulates persistent angiogenesis to supply oxygen
and nutrients for its survival and growth. Anti-angiogenesis therapy
inhibits tumor growth and kills tumor cells by cutting the fuel supply
for the tumor cells through blocking tumor angiogenesis. Drugs based
on blocking monoclonal antibodies and chemical inhibitors are being
developed to neutralize the effect of angiogenesis growth factors [10-
13]. In February 2004, bevacizumab (Avastin), a humanized blocking
monoclonal antibody for VEGF, was approved to treat metastatic
colorectal cancer in combination with 5-fluorouracil (5-FU). Since
then, bevacizumab in combination with standard chemotherapy
agents has been found efficacious in clinical trials of non-small-cell
lung cancer, renal cell carcinoma, glioblastoma, ovarian cancer and
breast cancer. More recently, aflibercept (VEGF Trap, Regeneron) in
combination with standard chemotherapy regimens is undergoing
phase II and phase III clinical trials in the treatment of five different
advanced solid tumors: colorectal cancer, non-small cell lung cancer,
prostate cancer, pancreatic cancer and gastric cancer. Aflibercept is a
fused protein comprised of segments of the extracellular domains of
human VEGF receptors 1 (VEGFR1) and 2 (VEGFR2), and constant
region (Fc) of human IgG. Afilbercept inhibits angiogenesis by
functioning as a soluble decoy receptor to trap VEGFs. Aflibercept may
inhibit tumor growth and metastasis by blocking tumor angiogenesis
through disrupting the binding of VEGFs from binding to their
cell receptors. Furthermore, the VEGF receptor inhibitor PTK787/
ZK222584 in combination with standard chemotherapy is in phase
III clinical trials for colorectal cancer, and is also in phase II clinical
trials for a number of other tumors, such as metastatic gastrointestinal
stromal tumors, unresectable malignant mesothelioma [14-19].

In addition to the ligand blocking agents, anti-angiogenesis drugs
are also being developed to block the signal transduction pathway
for angiogensis stimulators by targeting at the receptor tyrosin
kinase pathway for VEGF and other angiogenic stimulators. Several
small molecular weight receptor tyrosine kinase (RTK) inhibitors,
such as sunitinib and sorafenib, have been developed to target the
signal transduction pathway of angiogenic stimulators. In 2006, both
sunitinib (Sutent) and sorafenib (Nexavar) were approved by the FDA
for advanced renal cell carcinoma [20-24].

In November 2007, the FDA granted approval of sorafenib for the
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treatment of inoperable hepatocellular carcinoma, and current trials
are ongoing in ovarian, pancreatic, and thyroid cancers. A variety of
other small-molecule RTK inhibitors targeting the VEGF receptors
signal transduction pathway have been approved by FDA for the
treatment of solid tumor cancers, including gefitinib (Iressa), Erlotinib
(Tarceva), pazopanib (votrient), vatalanib, and vandetanib (Caprelsa)
[25-29].

Unlike standard chemotherapy agents, anti-angiogenesis therapy
does not easily cause tumor resistance. Tumors do not appear to
easily develop a resistance to angiogenesis inhibitors, even when
given over a long period of time. In the normal healthy body, the
angiogenesis switch is kept “off” with the effect of inhibitors being
dominant over stimulators. Since anti-angiogenesis therapy is a
target therapy aimed specifically at the angiogenic stimulators and
the angiogenic microvascular endothelial cells, anti-angiogenesis
therapy usually produce only mild side effects and are non- toxic to
most healthy cells. Interestingly, research on some of the previously
approved chemotherapeutic agents, such as doxorubicin and cisplatin,
demonstrate that they inhibit VEGF production. Thalidomide inhibits
angiogenesis mediated by VEGF and bFGF. Studies have shown that
thalidomide in combination with dexamethasone has increased the
survival of multiple myeloma patients. The combination of thalidomide
and dexamethasone, is now one of the most common regimens for
patients with newly diagnosed multiple myeloma, with an improved
response rate of up to 60-70%. There are at least 30 known endogenous
angiogenesis inhibitors found in the body, they are also potential drug
targets for anti-angiogenesis therapy. Angiogenesis inhibitors have also
been discovered from natural sources, including: tree bark, fungi, shark
muscle and cartilage, sea coral, green tea, and herbs (licorice, ginseng,
cumin, garlic). In total, more than 300 angiogenesis inhibitors have
been discovered to date [29].

In summary, antiangiogenesis therapy represents one of the most
significant advances in clinical oncology. It has sparked tremendous
interest in angiogenesis research in both academic research institutions
and pharmaceutical industry for the past two decades. The FDA has
approved over 10 anticancer drugs with recognized antiangiogenic
properties. More research is needed to fully understand the biological
mechanisms of tumor angiogenesis to optimize this new cancer
treatment strategy. Next generation medications are in development
to increase the target specificity and to investigate possible treatments
across the spectrum of solid tumors. Although the majority of the
currently approved antiangiogenesis drugs only offer a modest survival
benefit in a limited patient population, they have pave the way for the
development of an optimized antiangiogenesis strategy and improved
cancer treatments. On the other hand, the effort of developing
angiogenesis therapy for diseases with insufficient angiogenesis is
relatively too little and too slow compared to the tremendous effort
and great success of developing antiangiogenesis therapy.

References

1. Nussenbaum F, Herman IM (2010) Tumor angiogenesis: insights and
innovations. J Oncol 2010: 132641.

2. Tonnesen MG, Feng X, Clark RA (2000) Angiogenesis in wound healing. J
Investig Dermatol Symp Proc 5: 40-46.

3. Tortora G, Melisi D, Ciardiello F (2004) Angiogenesis: a target for cancer
therapy. Curr Pharm Des 10: 11-26.

4. Fidler IJ, Ellis LM (2004) Neoplastic angiogenesis--not all blood vessels are
created equal. N Engl J Med 351: 215-216.

5. Ma JX, Zhang SX, Wang JJ (2005) Down-regulation of angiogenic inhibitors:

20.

21.
22.

23.

24,

25.

26.

27.

28.

29.

a potential pathogenic mechanism for diabetic complications. Curr Diabetes
Rev 1: 183-196.

Zaman K, Driscoll R, Hahn D (2006) Monitoring multiple angiogenesis-related
molecules in the blood of cancer patients shows a correlation between VEGF-A
and MMP-9levels before treatment and divergent changes after surgical vs.
conservative therapy. International Journal of Cancer 118: 755-764.

Pandya NM, Dhalla NS, Santani DD (2006) Angiogenesis--a new target for
future therapy. Vascul Pharmacol 44: 265-274.

Papetti M, Herman IM (2002) Mechanisms of normal and tumor-derived
angiogenesis. Am J Physiol Cell Physiol 282: C947-970.

Semenza GL (2008) A new weapon for attacking tumor blood vessels. N Engl
J Med 358: 2066-2067.

. Folkman J (2002) Role of angiogenesis in tumor growth and metastasis. Semin

Oncol 29: 15-18.

. Winer E, Gralow J, Diller L, Karlan B, Loehrer P, et al. (2009) Clinical cancer

advances 2008: major research advances in cancer treatment, prevention,
and screening--a report from the American Society of Clinical Oncology. J Clin
Oncol 27: 812-826.

.Augustin HG (2003) Translating angiogenesis research into the clinic: the

challenges ahead. Br J Radiol 76 Spec No 1: S3-10.

. Holden SN, Eckhardt SG, Basser R, de Boer R, Rischin D, et al. (2005) Clinical

evaluation of ZD6474, an orally active inhibitor of VEGF and EGF receptor
signaling, in patients with solid, malignant tumors. Ann Oncol 16: 1391-1397.

. Ferrara N, Kerbel RS (2005) Angiogenesis as a therapeutic target. Nature 438:

967-974.

. Aragon-Ching JB, Dahut WL (2009) VEGF inhibitors and prostate cancer

therapy. Curr Mol Pharmacol 2: 161-168.

. Chamberlain MC, Raizer J (2009) Antiangiogenic therapy for high-grade

gliomas. CNS Neurol Disord Drug Targets 8: 184-194.

. Higa GM, Abraham J (2009) Biological mechanisms of bevacizumab-associated

adverse events. Expert Rev Anticancer Ther 9: 999-1007.

. Cohen MH, Gootenberg J, Keegan P, Pazdur R (2007) FDA drug approval

summary: bevacizumab plus FOLFOX4 as second-line treatment of colorectal
cancer. Oncologist 12: 356-361.

.Krause DS, Van Etten RA (2005) Tyrosine kinases as targets for cancer

therapy. N Engl J Med 353: 172-187.

Huang D, Ding Y, Li Y, Luo WM, Zhang ZF, et al. (2010) Sunitinib acts primarily
on tumor endothelium rather than tumor cells to inhibit the growth of renal cell
carcinoma. Cancer Res 70: 1053-1062.

FDA (2009) Votrient (pazopanib): highlights of prescribing information.

Montemurro M, Schéffski P, Reichardt P, Gelderblom H, Schiitte J, et al. (2009)
Nilotinib in the treatment of advanced gastrointestinal stromal tumours resistant
to both imatinib and sunitinib. Eur J Cancer 45: 2293-2297.

Helmy MG (2007) A perspective on tyrosine kinase inhibitors in gastrointestinal
stromal tumors and cancer: past and present with emphasis on future and cost.
Cancer Therapy 5: 417-436.

Fasolo A, Sessa C (2008) mTOR inhibitors in the treatment of cancer. Expert
Opin Investig Drugs 17: 1717-1734.

Triano LR, Deshpande H, Gettinger SN (2010) Management of patients with
advanced non-small cell lung cancer: current and emerging options. Drugs 70:
167-179.

Hudes GR (2009) Targeting mTOR in renal cell carcinoma. Cancer 115: 2313-
2320.

Board RE, Thatcher N, Lorigan P (2006) Novel therapies for the treatment of
small-cell lung cancer: a time for cautious optimism? Drugs 66: 1919-1931.

Cabebe E, Wakelee H (2007) Role of anti-angiogenesis agents in treating
NSCLC: focus on bevacizumab and VEGFR tyrosine kinase inhibitors. Curr
Treat Options Oncol 8: 15-27.

Xiaodong Feng, William Ofstad, David Hawkins (2010) Antiangiogenesis
therapy: a new strategy for cancer treatment. US Pharmacist 35: 4-9.

J Pharma Care Health Sys, an open access journal
ISSN: 2376-0419

Volume 1 ¢ Issue 3 » 1000e110


http://www.ncbi.nlm.nih.gov/pubmed/20445741
http://www.ncbi.nlm.nih.gov/pubmed/20445741
http://www.ncbi.nlm.nih.gov/pubmed/11147674
http://www.ncbi.nlm.nih.gov/pubmed/11147674
http://www.ncbi.nlm.nih.gov/pubmed/14754402
http://www.ncbi.nlm.nih.gov/pubmed/14754402
http://www.ncbi.nlm.nih.gov/pubmed/15254281
http://www.ncbi.nlm.nih.gov/pubmed/15254281
http://www.ncbi.nlm.nih.gov/pubmed/18220594
http://www.ncbi.nlm.nih.gov/pubmed/18220594
http://www.ncbi.nlm.nih.gov/pubmed/18220594
http://www.ncbi.nlm.nih.gov/pubmed/16114015
http://www.ncbi.nlm.nih.gov/pubmed/16114015
http://www.ncbi.nlm.nih.gov/pubmed/16114015
http://www.ncbi.nlm.nih.gov/pubmed/16114015
http://www.ncbi.nlm.nih.gov/pubmed/16545987
http://www.ncbi.nlm.nih.gov/pubmed/16545987
http://www.ncbi.nlm.nih.gov/pubmed/11940508
http://www.ncbi.nlm.nih.gov/pubmed/11940508
http://www.ncbi.nlm.nih.gov/pubmed/18463385
http://www.ncbi.nlm.nih.gov/pubmed/18463385
http://www.ncbi.nlm.nih.gov/pubmed/12516034
http://www.ncbi.nlm.nih.gov/pubmed/12516034
http://www.ncbi.nlm.nih.gov/pubmed/19103723
http://www.ncbi.nlm.nih.gov/pubmed/19103723
http://www.ncbi.nlm.nih.gov/pubmed/19103723
http://www.ncbi.nlm.nih.gov/pubmed/19103723
http://www.ncbi.nlm.nih.gov/pubmed/15456709
http://www.ncbi.nlm.nih.gov/pubmed/15456709
http://www.ncbi.nlm.nih.gov/pubmed/15905307
http://www.ncbi.nlm.nih.gov/pubmed/15905307
http://www.ncbi.nlm.nih.gov/pubmed/15905307
http://www.ncbi.nlm.nih.gov/pubmed/16355214
http://www.ncbi.nlm.nih.gov/pubmed/16355214
http://www.ncbi.nlm.nih.gov/pubmed/19617926
http://www.ncbi.nlm.nih.gov/pubmed/19617926
http://www.ncbi.nlm.nih.gov/pubmed/19601816
http://www.ncbi.nlm.nih.gov/pubmed/19601816
http://www.ncbi.nlm.nih.gov/pubmed/19589038
http://www.ncbi.nlm.nih.gov/pubmed/19589038
http://www.ncbi.nlm.nih.gov/pubmed/17405901
http://www.ncbi.nlm.nih.gov/pubmed/17405901
http://www.ncbi.nlm.nih.gov/pubmed/17405901
http://www.ncbi.nlm.nih.gov/pubmed/16014887
http://www.ncbi.nlm.nih.gov/pubmed/16014887
http://www.ncbi.nlm.nih.gov/pubmed/20103629
http://www.ncbi.nlm.nih.gov/pubmed/20103629
http://www.ncbi.nlm.nih.gov/pubmed/20103629
https://www.accessdata.fda.gov/drugsatfda_docs/label/2009/022465lbl.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19467857
http://www.ncbi.nlm.nih.gov/pubmed/19467857
http://www.ncbi.nlm.nih.gov/pubmed/19467857
http://cancer-therapy.org/CT/v5/A/47._Guirgis,_417-436 4.pdf
http://cancer-therapy.org/CT/v5/A/47._Guirgis,_417-436 4.pdf
http://cancer-therapy.org/CT/v5/A/47._Guirgis,_417-436 4.pdf
http://www.ncbi.nlm.nih.gov/pubmed/18922108
http://www.ncbi.nlm.nih.gov/pubmed/18922108
http://www.ncbi.nlm.nih.gov/pubmed/20108990
http://www.ncbi.nlm.nih.gov/pubmed/20108990
http://www.ncbi.nlm.nih.gov/pubmed/20108990
http://www.ncbi.nlm.nih.gov/pubmed/19402072
http://www.ncbi.nlm.nih.gov/pubmed/19402072
http://www.ncbi.nlm.nih.gov/pubmed/17100404
http://www.ncbi.nlm.nih.gov/pubmed/17100404
http://www.ncbi.nlm.nih.gov/pubmed/17634832
http://www.ncbi.nlm.nih.gov/pubmed/17634832
http://www.ncbi.nlm.nih.gov/pubmed/17634832
http://www.uspharmacist.com/content/s/132/c/21532
http://www.uspharmacist.com/content/s/132/c/21532

	Title
	Corresponding author
	References 

