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Abstract
The incidence of cancer is increasing in the United Kingdom. Breast cancer is the most commonly diagnosed
cancer among women in the UK with an age standardised rate of 124 per 100000 women. It accounts for almost
one-third of all female cases of cancer in the UK and it is the most common form of cancer among women in
both developing and developed countries. There are many management options for cancer such as surgery,
chemotherapy and radiotherapy. Surgery has been the main treatment option for many solid tumours for several
decades. However, research has shown that attacking specific targets within tumours such as receptors, intracellular
proteins and genes could result in better clinical outcome. Promising therapeutic targets that have been identified
include Raf kinase, Src, HER2, epidermal growth factor receptor and vascular endothelial growth factor receptor.
After several decades of intensive research, it appears that we are finally hitting cancer where it hurts. It is very
likely that in the near future, more targets for potential therapies would be identified and ultimately, there would be
significant reduction in morbidity and mortality from cancers, including breast cancer.
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Introduction
The incidence of cancer is increasing in the United Kingdom. It
has been claimed that more than one-third of the population would
develop a malignant disease at some time in their life [1]. Cancer is
now the second most common cause of death in the Western world,
after cardiovascular disease [1]. In 2008, approximately 309500 people
were diagnosed with cancer in the UK, more than half of which are
breast, lung, colorectal and prostate [2]. Cancer continues to be a major
killer despite the rigorous research and rapid developments in recent
years, and the incidence and mortality are likely to increase in the near
future. It is expected that the world population would increase to 7.5
billion by 2020 and of this number, approximately 16 million new
cancer cases will be diagnosed and 12 million cancer patients will die
[3]. Approximately 90-95% of cases can be attributed to environmental
factors and lifestyle such as smoking, alcohol, diet and infections [4].
Only 5-10% of all cancer cases can be attributed to genetic defects
[4]. There are many management options for cancer such as surgery,
chemotherapy and radiotherapy. Surgery has been the main treatment
option for many solid tumours for several decades; however research has
shown that attacking specific targets within tumours such as receptors,
intracellular proteins and genes could result in better clinical outcome.
Promising therapeutic targets that have been identified include Raf
kinase [5], Src [6], HER2 [7], epidermal growth factor receptor [8] and
vascular endothelial growth factor receptor [8]. The aim of this review
is to highlight some of the therapeutic targets that have been identified
in the treatment of solid tumours, with particular emphasis on breast
cancer – the most common cancer in women in the UK.

Breast cancer
Breast cancer is the most commonly diagnosed cancer among
women in the UK with an age standardised rate of 124 per 100000 women
[2]. It accounts for almost one-third of all female cases of cancer in the
UK [2] and it is the most common form of cancer among women in
both developing and developed countries [9]. Certain risk factors have
been associated with breast cancer. These include age [10], sex, obesity
[10], family history of breast cancer [11], late menopause [11], and
lack of childbearing and breastfeeding [11]. Like many other cancers,
breast cancer is caused by an interaction between the environment and
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genetic defect. During cell division, DNA is usually copied with several
mistakes, which is normally repaired by error-correcting proteins or
undergo apoptosis. When there is mutation in these error-correcting
mechanisms, the cells begin to divide uncontrollably resulting in
tumourigenesis. A number of mutations have been implicated in the
pathophysiology of breast cancer. These include mutations in the RASRAF-MEK-ERK pathway [12], PI3K/AKT pathway [13], breast cancer
susceptibility genes 1 and 2 (BRCA1 and BRCA2) [13] and HER2 [13].
As a result of increasing knowledge about the cellular mechanisms that
underlie the genesis of cancer, specific targeted therapies are being
developed that block the growth and spread of cancer by interfering
with specific molecules that are involved in the growth and progression
of tumours. It is thought that this therapeutic strategy may be more
effective as it is more specific than treatments such as chemotherapy
and radiotherapy which are non-specific and usually have many side
effects.

HER2 inhibitors
HER2 belongs to the human epidermal growth factor receptor
(HER) family of tyrosine kinases which consists of EGFR (HER1,
erbB1), HER2 (erbB2, HER2/neu), HER3 (erbB3) and HER4 (erbB4)
[14]. The HER2 gene is located on the long arm of human chromosome
17 and encodes a transmembrane receptor protein with tyrosine kinase
activity [15, 16]. Structurally, the receptor is made up of an extracellular
ligand-binding domain, transmembrane domain and an intracellular
tyrosine kinase catalytic domain [17]. On activation by a ligand, the
receptors dimerize and undergo transphosphorylation in order to
activate the various intracellular signaling pathways which mediate
the proliferation and differentiation of cells [18,19]. HER proteins
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control cell growth, survival, adhesion, migration and differentiation.
The cellular mechanism by which HER2 is activated is not entirely
understood and it is believed that it is an orphan receptor as there is no
known stimulatory ligand for HER2 receptor homodimers [17].
The amplification of HER2 has been implicated in some cancers.
Slamon et al. reported that approximately 25-30% of breast cancers
have amplification and overexpression of HER2, with such cancers
having worse biologic behaviour and prognosis [20]. When alterations
of the gene in 189 primary human breast cancers were investigated,
HER2/neu oncogene was found to be amplified from 2- to greater than
20-fold in 30% of the tumours [21]. It soon became clear that there
is a correlation between the amplification of HER2 and the genesis of
human cancers. HER2 amplification or protein overexpression is now
used to predict clinical outcome and prognosis in clinical practice.
HER2 amplification or protein overexpression has been shown to be
a poor predictor of clinical outcome in node-positive patients [17].
It is also associated with increased tumour recurrence and decreased
survival.
As a result of the correlation between HER2 amplification and
tumourigenesis, it was proposed that inhibiting oncogenic HER2
could be an effective treatment for HER2-driven cancers. This has
resulted in the development and use of anti-HER2 antibodies such as
trastuzumab (Herceptin) in clinical management. Herceptin is an antiHER2 monoclonal antibody with an anti-proliferative effect on cells
transformed by HER2 overexpression and is an effective treatment
for breast cancer [22]. It is thought that herceptin stimulates HER2
endocytosis and removal of HER2 from the cell surface. Sliwkowski
et al. claim that trastuzumab induces p27KIP1 – a tumour suppressor
protein, and Rb-related protein, p130, which in turn significantly
reduces the number of cells undergoing S-phase [23]. Herceptin
downmodulates HER2 receptor, inhibits tumour cell growth, reverses
cytokine resistance, restores E-cadherin expression levels and
reduces vascular endothelial growth factor production [23]. The use
of herceptin in clinical practice has resulted in significant reduction
in mortality from HER2-overexpressing disease. In an American
trial to compare adjuvant chemotherapy with or without concurrent
trastuzumab in women with surgically removed HER2-positive breast
cancer, trastuzumab therapy was associated with a 33% reduction in
the risk of death (P=0.015) [24].
Lapatinib is another drug that has been developed which interrupts
the HER2 growth receptor pathway. Lapatinib inhibits the tyrosine
kinase activity associated with two oncogenes – EGFR and HER2/
neu [25]. Lapatinib works intracellularly by reversibly binding to the
cytoplasmic ATP-binding site of the kinase, therefore blocking receptor
phosphorylation and activation [26]. This results in the suppression of
proliferation pathways of solid tumours, most notably advanced or
metastatic breast cancer [27]. In a study by Cameron and associates,
the use of lapatinib in combination with capecitabine in women with
HER2-positive, locally advanced and metastatic breast cancer resulted
in improved overall survival and prolonged time to progression [28].
In view of the success of HER2 targeting agents, it is very likely that
in the coming decade, a second generation of HER2-targeting agents
would be introduced into clinical testing in an attempt to treat HER2driven cancers via inactivation of HER2. With a better understanding
of the cellular mechanisms by which HER2 is activated, more novel
therapies are likely to be developed with different mechanisms of
action.
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BRCA genes
Breast cancer susceptibility genes 1 and 2 (BRCA1 and BRCA2)
are tumour suppressor genes. In normal cells, BRCA 1 and BRCA 2
help to ensure the stability of the cell’s genetic material and prevent
uncontrolled cell growth [29]. Mutation of BRCA1 and BRCA2 gene
has been shown to be associated with an increased risk of developing
breast cancer. BRCA1 and BRCA2 both interact with RAD51 – a
protein – in the repair of DNA double-strand breaks [30]. When
BRCA1 or BRCA2 gene becomes defective, damaged DNAs begin to
accumulate as the repair mechanism is lost, resulting in uncontrolled
division and tumourigenesis. In a study by Risch and colleagues, they
claim that the estimated cumulative incidence of breast cancer to age 80
years among women carrying the BRCA1 and BRCA2 mutations was
90% and 41% respectively [31]. It is therefore evident that mutation in
BRCA1 or BRCA2 gene increases the risk of developing breast cancer.
Hence it has been suggested that specifically targeting the mechanism
for single-strand DNA repair on which the tumour cells depend
could offer a therapeutic strategy in inhibiting tumour growth and
progression since the double-strand DNA repair mechanism is already
damaged. This resulted in the development of PARP inhibitors. Poly
ADP ribose polymerase (PARP) is a protein that plays a crucial role in
the repairing of single-strand breaks, particularly PARP1 which acts as
a sensor of DNA damage and initiate base excision repair pathway [32].
In a phase 1 trial by Fong and colleagues, they administered olaparib
(a PARP inhibitor) to patients who carry the BRCA1 or BRCA2
mutation and reported anti-tumour activity in all the mutation carriers
[33]. Although no lethal adverse effects were reported, it is important
to study the potential long-term adverse effects of PARP inhibitors.
This is because PARP1 has several other important roles including
restarting stalled replication, inhibiting non-homologous end-joining
repair, regulating transcription, initiating a unique cell death pathway
and modulating cellular biogenesis [34]. Hence inhibiting PARP may
significantly affect these processes, which would be detrimental to cells.
Although there may be potential drawbacks to the use of PARP
inhibitors in the treatment of breast cancers, it would be interesting to
see the results of the Phases II and III trials as there is a potential that
clinical benefits would be produced in BRCA-deficient tumours.

Rapidly Accelerated Fibrosarcoma (Raf) kinase inhibitors
Raf kinases are a family of three serine/threonine-specific protein
kinases that are related to retroviral oncogenes and were discovered
in 1983 [35]. Members of the RAF family include A-RAF, B-RAF
and C-RAF (formerly known as RAF-1). RAF kinases participate
in the RAS-RAF-MEK-ERK signal transduction cascade, which is
sometimes denoted as the mitogen-activated protein kinase (MAPK)
cascade [35]. Activation of RAF kinase activity is a multistage process
requiring interaction with RAS-GTP. The RAF kinases have restricted
substrate specificity and catalyze phosphorylation and activation of
MEK1 and MEK2 [36]. MEK1/2, which are dual specificity protein
kinases, mediate the phosphorylation of tyrosine before threonine in
ERK1 or ERK2 (Extracellular-signal Regulated protein Kinase) – their
only substrates [36]. The phosphorylation activates ERK1/2, which
are protein-serine/threonine kinases [36]. Unlike RAF and MEK1/2
that have narrow substrate specificity, ERK1 and ERK2 have many
substrates. This cascade is important in the regulation of several
processes including apoptosis, cell cycle progression, differentiation,
proliferation and transformation to the cancerous state [36].
The physiological regulation of RAF kinases is complex and involves
several steps such as protein-protein interactions, phosphorylation,
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dephosphorylation and conformational changes [37]. The activation
of oncogenic mutation within the upstream RAS gene implicated in
tumourigenesis can result in constitutive activation of downstream
RAF-1 [38]. This then induces DNA synthesis resulting in malignant
transformation, loss of growth factor dependence and contact
inhibition, increased cell survival and invasion/metastasis, all of which
are pathognomonic features of cancerous cells. It has been claimed that
oncogenic ras mutations occur in as many as 90% of pancreatic and
half of thyroid and colorectal carcinomas [38]. RAS mutations have
also been implicated in acute myeloid leukemia, melanoma and kidney
tumours [38,39]. The activation of b-raf mutations also occur at a high
frequency in certain human cancers, with the most common variant
being b-raf V600E present in 63% of melanomas [40], 40% of sporadic
colorectal tumours [41] and 38%-50% of papillary thyroid carcinomas
[42,43]. Mutations in k-ras and b-raf have also been implicated in
human breast cancer cell lines. Although initially thought to be rare,
k-ras mutation was noted in 13% of breast cancer cell lines studied by
Hollestelle et al. while 25% of the breast cancer lines were found to have
mutational activation of RAS signaling pathways [44].
There has been development of therapies targeting the RASRAF-MEK-ERK pathway with the aim of downregulating the cellular
activities, therefore inhibiting tumour cell growth. Sorafenib has been
developed to inhibit RAF isoforms. It is a synthetic, orally available
bi-aryl urea and is the most promising of the RAF kinase inhibitors
in clinical development [45]. In cellular assays, sorafenib inhibits
the phosphorylation of ERK1/2 (pERK) and MEK 1/2 (pMEK), thus
supporting its RAF inhibitory effects in human cells [46,47]. It has also
been demonstrated that sorafenib reduces pERK levels in tumour cell
lines with oncogenic k-ras or b-raf genes [46]. The inhibitory effects
of Sorafenib on RAF isoforms in vivo is also supported by preclinical
studies demonstrating its dose-dependent growth inhibitory effect on
human colon and breast tumour xenografts containing k-ras or b-raf
mutations [46]. Sorafenib has been shown to have activity against
ovarian, pancreatic, breast and melanoma tumour xenograft models
[46]. In a study by Gradishar et al. it was observed that sorafenib, in
combination with paclitaxel, resulted in significant improvement in
survival in patients with HER2-negative, locally recurrent or metastatic
breast cancer [48].
It would be interesting to study the effectiveness of each of the
targeting agents discussed above in relation to the genotype of patients.
It may well be demonstrated, for example, that patients who are HER2positive have better prognosis when treated with Trastuzumab or
Lapatinib while patients who are HER2-negative have improved clinical
outcome when treated with Sorafenib, rather than Trastuzumab.

Anti-microtubule agents
Anti-microtubule agents are drugs that stop mitosis, therefore
blocking cell growth. Microtubules are cellular structures that help
to move chromosomes during mitosis and it is these structures
that anti-microtubule agents interfere with. There are a number of
anti-microtubule agents such as colchicine and the vinca alkaloids.
However, the anti-microtubule agent which is of interest to oncologists
is paclitaxel. Unlike typical anti-microtubule agents which induce
depolymerization of microtubules, paclitaxel induces tubulin
polymerization and forms extremely stable and nonfunctional
microtubules [49]. It blocks cells in the G2/M phase of the cell cycle and
such cells are unable to form a normal mitotic apparatus [50]. Studies
have shown that paclitaxel is active in the treatment of metastatic breast
cancer as a first-line therapy [51,52]. In a study in Texas, researchers
reported that when paclitaxel was administered to 25 patients with
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metastatic breast cancer at a dose of 250 mg/m2 every 21 days, there
was an objective response rate of 56% [53]. In a similar study in New
York, the objective response rate was 62%, with responses observed in
all sites of metastatic disease [54]. However, paclitaxel has serious side
effects such as neutropenia, peripheral neuropathy and neurotoxicity.
It is therefore important to monitor patients who are being treated
with paclitaxel closely. Vinorelbine is another anti-mitotic agent
being investigated in the treatment of metastatic breast cancer and
preliminary results seem promising [55], although its action is distinct
from that of paclitaxel. Vinorelbine binds to tubulin and inhibits
microtubule formation resulting in the disruption of mitotic spindle
formation, thereby arresting the cell at metaphase.
While antimicrotubule agents appear to be extremely active against
metastatic breast cancer, there should be research into overcoming
the toxicities associated with these agents. There should also be more
research into the combination of various anti-microtubule agents,
which may reveal increased efficacy.

Conclusion
Specific targeted therapies have been discussed with particular
emphasis on breast cancer. Some of these therapies are still undergoing
clinical trials and it would be interesting to see the results of these
trials. It is paramount that researchers ascertain the optimal dosing of
these targeting agents in order to achieve maximal anti-tumour effect
with minimal or tolerable toxicity. After several decades of intensive
research, it appears that we are finally hitting cancer where it hurts. It is
very likely that in the near future, more targets for potential therapies
would be identified and ultimately, there would be significant reduction
in morbidity and mortality from cancers.
References
1. Cameron DA, Howard GCW (2006) Oncology. In: Boon NA, Colledge NR,
Walker BR, Hunter JAA, editors. Davidson’s principles and practice of medicine.
20th ed. Edinburgh: Churchill Livingston 253-271.
2. http://info.cancerresearchuk.org/prod_consump/groups/cr_common/@nre/@
sta/documents/generalcontent/cr_072111.pdf.
3. Bray F, Møller B (2006) Predicting the future burden of cancer. Nat Rev Cancer
6: 63-74.
4. Anand P, Kunnumakkara AB, Sundaram C, Harikumar KB, Tharakan ST, et al.
(2008) Cancer is a preventable disease that requires major lifestyle changes.
Pharm Res 25: 2097-2116.
5. Lyons JF, Wilhelm S, Hibner B, Bollag G (2001) Discovery of a novel Raf
kinase inhibitor. Endocr Relat Cancer 8: 219-225.
6. Summy JM, Trevino JG, Lesslie DP, Baker CH, Shakespeare WC, Y. Wang,
et al.(2005) AP23846, a novel and highly potent Src family kinase inhibitor,
reduces vascular endothelial growth factor and interleukin-8 expression in
human solid tumor cell lines and abrogates downstream angiogenic processes.
Mol Cancer Ther 4: 1900-1911.
7. Dent S, Verma Sh, Latreille J, Rayson D, Clemons M, et al. (2009) The role
of HER2-targeted therapies in women with HER2-overexpressing metastatic
breast cancer. Curr Oncol 16: 25-35.
8. Hanrahan EO, Heymach JV (2007) Vascular endothelial growth factor receptor
tyrosine kinase inhibitors vandetanib (ZD6474) and AZD2171 in lung cancer.
Clin Cancer Res 13: s4617-4622.
9. Parkin DM, Bray F, Ferlay J, Pisani P (2005) Global cancer statistics, 2002. CA
Cancer J Clin 55: 74-108.
10. McPherson K, Steel CM, Dixon JM (2000) ABC of breast diseases. Breast
cancer-epidemiology, risk factors, and genetics. BMJ 321: 624-628.
11. National Center for Chronic Disease Prevention and Health Promotion.(2013)
Atlanta GA: Centers for Disease Control and Prevention.
12. McGlynn LM, Kirkegaard T, Edwards J, Tovey S, Cameron D, et al. (2009) Ras/

Volume 4 • Issue 2 • 1000137

Citation: Abdulrahman GOJ (2015) Targeted Therapies in the Management of Breast Cancer. J Integr Oncol 4: 137. doi:10.4172/2329-6771.1000137

Page 4 of 4
Raf-1/MAPK pathway mediates response to tamoxifen but not chemotherapy in
breast cancer patients. Clin Cancer Res 15: 1487-1495.

34. Rouleau M, Patel A, Hendzel MJ, Kaufmann SH, Poirier GG (2010) PARP
inhibition: PARP1 and beyond. Nat Rev Cancer 10: 293-301.

13. McCubrey JA, Franklin RA, Bertrand FE, Taylor JR, Chappell WH, et al.(2008)
Targeting survival cascades induced by activation of Ras/Raf/MEK/ERK and
PI3K/Akt pathways to sensitize cancer cells to therapy. In: Bonavida B, editor.
Sensitization of cancer cells for chemo/immuno/radio-therapy. 1st ed. 81-114.

35. Zebisch A, Troppmair J (2006) Back to the roots: the remarkable RAF oncogene
story. Cell Mol Life Sci 63: 1314-1330.

14. Moasser MM (2007) Targeting the function of the HER2 oncogene in human
cancer therapeutics. Oncogene 26: 6577-6592.
15. Fukushige S, Matsubara K, Yoshida M, Sasaki M, Suzuki T, et al. (1986)
Localization of a novel v-erbB-related gene, c-erbB-2, on human chromosome
17 and its amplification in a gastric cancer cell line. Mol Cell Biol 6: 955-958.

36. Roskoski R Jr1 (2010) RAF protein-serine/threonine kinases: structure and
regulation. Biochem Biophys Res Commun 399: 313-317.
37. Wellbrock C, Karasarides M, Marais R (2004) The RAF proteins take centre
stage. Nat Rev Mol Cell Biol 5: 875-885.
38. Downward J (2003) Targeting RAS signalling pathways in cancer therapy. Nat
Rev Cancer 3: 11-22.

16. Akiyama T, Sudo C, Ogawara H, Toyoshima K, Yamamoto T (1986) The
product of the human c-erbB-2 gene: a 185-kilodalton glycoprotein with tyrosine
kinase activity. Science 232: 1644-1646.

39. Scharovsky OG, Rozados VR, Gervasoni SI, Matar P (2000) Inhibition of ras
oncogene: a novel approach to antineoplastic therapy. J Biomed Sci 7: 292298.

17. Shah S, Chen B (2010) Testing for HER2 in Breast Cancer: A Continuing
Evolution. Patholog Res Int 2011: 903202.

40. Brose MS, Volpe P, Feldman M, Kumar M, Rishi I, et al. (2002) BRAF and RAS
mutations in human lung cancer and melanoma. Cancer Res 62: 6997-7000.

18. Yarden Y, Sliwkowski MX (2001) Untangling the ErbB signalling network. Nat
Rev Mol Cell Biol 2: 127-137.

41. Domingo E, Laiho P, Ollikainen M, Pinto M, Wang L, et al. (2004) BRAF
screening as a low-cost effective strategy for simplifying HNPCC genetic
testing. J Med Genet 41: 664-668.

19. Moasser MM (2007) The oncogene HER2: its signaling and transforming
functions and its role in human cancer pathogenesis. Oncogene 26: 64696487.
20. Slamon DJ, Godolphin W, Jones LA, Holt JA, Wong SG, et al. (1989) Studies of
the HER-2/neu proto-oncogene in human breast and ovarian cancer. Science
244: 707-712.
21. Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, et al. (1987) Human
breast cancer: correlation of relapse and survival with amplification of the HER2/neu oncogene. Science 235: 177-182.
22. Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V, et al. (2001) Use of
chemotherapy plus a monoclonal antibody against HER2 for metastatic breast
cancer that overexpresses HER2. N Engl J Med 344: 783-792.
23. Sliwkowski MX, Lofgren JA, Lewis GD, Hotaling TE, Fendly BM, et al. (1999)
Nonclinical studies addressing the mechanism of action of trastuzumab
(Herceptin). Semin Oncol 26: 60-70.
24. Romond EH, Perez EA, Bryant J, Suman VJ, Geyer CE Jr, et al. (2005)
Trastuzumab plus adjuvant chemotherapy for operable HER2-positive breast
cancer. N Engl J Med 353: 1673-1684.
25. Wood ER, Truesdale AT, McDonald OB, Yuan D, Hassell A, et al. (2004) A
unique structure for epidermal growth factor receptor bound to GW572016
(Lapatinib): relationships among protein conformation, inhibitor off-rate, and
receptor activity in tumor cells. Cancer Res 64: 6652-6659.
26. Untch M, Lück HJ (2010) Lapatinib - Member of a New Generation of ErbBTargeting Drugs. Breast Care (Basel) 5: 8-12.
27. Nelson MH, Dolder CR (2006) Lapatinib: a novel dual tyrosine kinase inhibitor
with activity in solid tumors. Ann Pharmacother 40: 261-269.
28. Cameron D, Casey M, Press M, Lindguist D, Pienkowski T, et al. (2008) A
phase III randomized comparison of lapatinib plus capecitabine versus
capecitabine alone in women with advanced breast cancer that has progressed
on trastuzumab: updated efficacy and biomarker analyses. Breast Cancer Res
Treat 112: 533-543.
29. Bethesda MD (2014) National Cancer Institute and National Institutes of Health.
30. Lo T, Pellegrini L, Venkitaraman AR, Blundell TL (2003) Sequence fingerprints
in BRCA2 and RAD51: implications for DNA repair and cancer. DNA Repair
(Amst) 2: 1015-1028.

42. Salvatore G, Giannini R, Faviana. P, Caleo A, Migliaccio I, et al. (2004) Analysis
of BRAF point mutation and RET/PTC rearrangement refines the fine-needle
aspiration diagnosis of papillary thyroid carcinoma. J Clin Endocrinol Metab
89: 5175-5180.
43. Melillo RM, Castellone MD, Guarino V, De Falco V, Cirafici AM, et al. (2005)
The RET/PTC-RAS-BRAF linear signaling cascade mediates the motile and
mitogenic phenotype of thyroid cancer cells. J Clin Invest 115: 1068-1081.
44. Hollestelle A, Elstrodt F, Nagel JH, Kallemeijn WW, Schutte M (2007)
Phosphatidylinositol-3-OH kinase or RAS pathway mutations in human breast
cancer cell lines. Mol Cancer Res 5: 195-201.
45. Gollob JA, Wilhelm S, Carter C, Kelley SL (2006) Role of Raf kinase in cancer:
therapeutic potential of targeting the Raf/MEK/ERK signal transduction
pathway. Semin Oncol 33: 392-406.
46. Wilhelm SM, Carter C, Tang L, Wilkie D, McNabola A, et al. (2004) BAY 439006 exhibits broad spectrum oral antitumor activity and targets the RAF/MEK/
ERK pathway and receptor tyrosine kinases involved in tumor progression and
angiogenesis. Cancer Res 64: 7099-7109.
47. Tannapfel A, Sommerer F, Benicke M, Katalinic A, Uhlmann D, et al. (2003)
Mutations of the BRAF gene in cholangiocarcinoma but not in hepatocellular
carcinoma. Gut 52: 706-712.
48. Gradishar W, Kaklamani V, Prasad Sahoo T, Lokanatha D, Raina V, et al.
(2009) A Double-Blind, Randomized, Placebo-Controlled, Phase 2b Study
Evaluating the Efficacy and Safety of Sorafenib (SOR) in Combination with
Paclitaxel (PAC) as a First-Line Therapy in Patients (pts) with Locally Recurrent
or Metastatic Breast Cancer (BC). Cancer Res 69: 44.
49. Rowinsky EK, Cazenave LA, Donehower RC (1990) Taxol: a novel
investigational antimicrotubule agent. J Natl Cancer Inst 82: 1247-1259.
50. Horwitz SB (1994) Taxol (paclitaxel): mechanisms of action. Ann Oncol 5
Suppl 6: S3-6.
51. Smith RE, Brown AM, Mamounas EP, Anderson SJ, Lembersky BC, et al. (1999)
Randomized trial of 3-hour versus 24-hour infusion of high-dose paclitaxel in
patients with metastatic or locally advanced breast cancer: National Surgical
Adjuvant Breast and Bowel Project Protocol B-26. J Clin Oncol 17: 3403-3411.
52. Davidson NG (1996) Single-agent paclitaxel as first-line treatment of metastatic
breast cancer: the British experience. Semin Oncol 6-10.

31. Risch HA, McLaughlin JR, Cole DE, Rosen B, Bradley L, et al. (2006)
Population BRCA1 and BRCA2 mutation frequencies and cancer penetrances:
a kin-cohort study in Ontario, Canada. J Natl Cancer Inst 98: 1694-1706.

53. Holmes FA, Walters RS, Theriault RL, Forman AD, Newton LK, et al. (1991)
Phase II trial of taxol, an active drug in the treatment of metastatic breast
cancer. J Natl Cancer Inst 83: 1797-1805.

32. El-Khamisy SF, Masutani M, Suzuki H, Caldecott KW (2003) A requirement for
PARP-1 for the assembly or stability of XRCC1 nuclear foci at sites of oxidative
DNA damage. Nucleic Acids Res 31: 5526-5533.

54. Reichman BS, Seidman AD, Crown JP, Heelan R, Hakes TB, et al. (1993)
Paclitaxel and recombinant human granulocyte colony-stimulating factor as
initial chemotherapy for metastatic breast cancer. J Clin Oncol 11: 1943-1951.

33. Fong PC, Boss DS, Yap TA, Tutt A, Wu P, et al. (2009) Inhibition of poly(ADPribose) polymerase in tumors from BRCA mutation carriers. N Engl J Med 361:
123-134.

55. Michelotti A, Gennari A, Salvadori B, Giannessi PG, Baldini E, et al. (1996)
Paclitaxel in combination with vinorelbine in pretreated advanced breast cancer
patients. Semin Oncol 23: 38-40.

J Integr Oncol
ISSN: 2329-6771 JIO, an open access journal

Volume 4 • Issue 2 • 1000137

