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ABSTRACT

In this case study, a women aged 40 was diagnosed with Metastatic breast cancer. Metastatic
breast cancer is a complex multi-stage disease involving the expansion of cancerous cells from
the breast to other parts of the body. It is a serious complication of breast cancer, with limited
treatments avail, as metastatic disease in breast cancer is often fatal. Different molecular
techniques were used to diagnosis the patient and observed, overexpression of HER2/neu
Oncogene and vascular endothelial growth factor (VEGF), positive Estrogen (ER) and
Progesterone receptors (PR) Expression, unusual occurrence rate of Bone micrometastases and
abnormal Ras activation. Suppression of these genetically transformed cancers cell with minimal
effect on normal body cells can be done with the combination of anti HER2, antiVEGF
treatment, Farnesyltransferase inhibitors, together with Bisphosphonates (pamidronate or
zoledronic acid ). This procedure may contribute to the proliferation of cancerous cells into a
fatal disease.

Keywords: Metastatic breast cancer, HER2/neascular endothelial growth factor (VEGF),
positive Estrogen (ER) and Progesterone recep®i$ Expression.

INTRODUCTION

Metastatic breast cancer is an invasive form oa$treancer which involves spreading of cancer
cells to other organs in the body. This can alsodled secondary or Stage IV breast cancer [1].
In July 2006 the cancer research UK survey gave Bhneast Cancer is 15% of all cancers

diagnosis and the are estrogen receptor—negatiRe)/(iffogesterone receptor—negative (PgR

)JJHERZ (“triple-negative”) breast cancers, in which 99%wmmen are affect by the disease.

This condition has been reported to be a major@woncf public health; particularly this disease

is increasing in the developed countries, whichulted in 91000 deaths annually in Europe
alone [2].
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Other aspects like environmental , therapeutic @genfood contaminants and oestrogenic
endocrine disruptors may leads to cancer developri¥t]

Many risk factors have been reported to be involwéth breast cancer, such as age, estrogen
treatment after menopause, breast feeding, agdeatfitst pregnancy, age at menopause,
environment, stress, and nutrition. History of lste@ancer occurrence in the family which may

involve genetic predisposition of the disease wstlaer major risk factor [1].

At the molecular level there are more importantageal factors to be considered in order to
have promising results in both diagnosis and treatnof breast cancer. Important genetical
alterations which are involved in cancer as docusteby Segaweet al [3], are such as proto-
oncogenes activation, tumor suppressor geneswadioth and DNA repair genes inactivation.

1.1 Case study of Mrs. X Age: 40

Mrs. X was diagnosed to have metastatic breastecaand her cancer was found to be resistant
to conventional therapies. However she agreed\e har tumour analysed for biochemical and
molecular abnormalities. Before she was exposdbdse tests her case history was taken so as
to help with the diagnostic and treatment decisiorise taken.

Screening:

Early screening of healthy women for breast camscan attempt to achieve an earlier diagnosis,
which can help in better outcomes. A number of esuirey test have been employed including:
clinical and self breast exams, mammography, ger&treening, ultrasound, and magnetic
resonance imaging.

The cochrane collaboration in 2009 concluded thas unclear that whether mammography
screening will be helpful in breast cancer, evayuth it reduces mortality from breast cancer by
15% but ends up with avoidable surgery and anxresulting in their view that mammography

screening may do more harm than good [4]

Molecular diagnosis:

Molecular diagnosis involves investigation of sfieagene amplifications which are common in

different types of tumours. These gene amplificeticare reported to provide prognostic,
therapeutic and diagnostic information which majiaipatient management as reported by [1].

Using the clinical history which was assumed fosMX as explained above, different Molecular
techniques were suggested so as to have informatictme kind of diagnostic markers which

can be related to her tumour so as to help in ecrmaking on the kind of treatment needed for
her case. Techniques suggested for the diagnoMssoiX tumour were as discussed bellow.

2.1 DNA Microarray technology

Microarray analysis is the technique that usesogwlas well as computer technology, to

produce a genetical profile for a sample that ot$lehe activity of thousands of genes. Two

different expressed genes (BRCA1 and BRCAZ2), whiehfound in many cases of breast cancer
can be identified using Microarray Technique. Hoarethese two genes mutations were not
diagnosed in Mrs. X case.

Tissue Microarray technology has also been usedaranalysis of different prognostic markers

in Breast cancer such as Estrogen receptor expreSR) (As shown in Figure 1 below)and the
HER2/neu gene amplification. (See table 1 below)
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FIGURE 1. Examples of positive and negative tumoramples for ER (A) and PR (B). (Torhorstet al,2001)

Table 1. Breast cancer metastatic prognostic marker

Marker Use in clinic Metastatic determinant Details References
High protein levels of Foekenset al, 2000,
Upa/F_’AIl NeWIy_ Upa and PAI1 are Independent Konecnyet al,2001
Protein level established . . . . .
marker associated with  high prognostic marker Janicke gt al,2001 and
metastatic risk Look et al, 2002
Steroid _ Es.tabllshed for Low steroid receptof Short term pred|ctpr otf
adjuvant ! metastasis risk(%
Receptor levels are associated Page, 1991
: therapy . . years)related tq
Expression ot with metastatis ; .
decision histological grade
ERBB2 gene Established forl ERBB2 amplification/ . .
o 9" . ; | In  patients  with
Amplification adjuvant overexpression i$ .
. . [ lymphnode  positive Ross.et al, 2003
and protein| therapy associated with
. ot i tumors
expression decision metastasis

Apart from analysis of prognostic markers, DNA Miarray can be used in the analysis of Gene
Expression profiling in breast cancer. Gene exprasss measured at both mRNA levels
(Transcriptional) and protein levels (Translatignalhis method of assay is carried out on
biological samples by quantitative and qualitativalysis mRNA levels (Transcriptome) which
is performed through the use of DNA Chips.

DNA Microarray is made up of solid surfaces consgstof multiple cDNA or oligonucleotide
which acts as capture probes. These probes reprgeses or parts of genes which are
embedded on the surface (Oligonucleotide based)awhereas in cDNA- based arrays the
probes are laid down through the use of specificcgeknown as an arrayer.

This is a procedure in which cDNA is synthesizeafrRNA by reverse transcription thus RNA
is extracted from serum and plasma samples ofematwith breast cancer and a reference
sample is noted, a labeled probe is hybridizednagg&®NA in tissue sections [5]. Tissue sections
are made from either paraffin-embedded or frozesug using a cryostat and then mounted on to
glass slides. A hybridization mix including the beois applied to the section on the slide and
covered with glass cover slip .Typically the hylration mix has formamide at a concentration
of 50% in order to reduce hybridization temperatarel minimize evaporation problems.
Although double stranded cDNA have been usedraep, single stranded complementary
RNA probes( riboprobes) are preferred; The seriitiof initially single stranded probes is
generally higher than that of double stranded mppeesumably because a proportion of the
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denatured double —stranded probe renatures tan foobe homoduplexes. This technique
operates on a reverse nucleic acid hybridizatiqgraach.

The probe is set of unlabeled nucleic acid fixedhi® Microarray. Once a Microarray has been
constructed and the source (test sample) of muated to be investigated has been isolated, the
hybridization reaction is then carried out. Theg&drgene is labeled with a fluorophore and
allowed to come into contact with the Microarrapnabling probe —target heteroduplexes to
form ,after which hybridization washes minimize rgpecifically bound label. Most Microarray
hybridization uses two fluorophores, usually CY3e@n channel excitation) and CY5 (red
channel excitation).

Following hybridization, bound Fluorescent labeldetected using a high resolution laser
scanner and the scanning process involves acquanrngiage for both fluorophores to build a
ratio image .The final hybridization pattern is tathed by analyzing the signal emitted from
each spot on the array using digital imaging saféwavhich converts the signal into one of a
palette of colors according to it's intensity.

Barlund et al, [6], detected the overexpressionlmisomal s6 kinase gene in breast cancer cell
line by cDNA microarrays. Tissue Microarray was dise 9-15% of breast cancer cases there
was amplification in s6 kinase gene thereby overessing the encoded oncoprotein. S6 kinase
could be a significant prognostic indicator in late@ancer. cDNA allows expression of
thousands of genes such as erbB2, S6 kinase, HE&a{in17 in the tumor specimen. This
method therefore permits rapid molecular profilifd/A also possess a number of advantages
over other conventional techniques. The speed décutar profiling is increased more than 100
folds and tumor cells are not destroyed duringyses Antibody staining is performed onto the
TMA slides by using ISH or other molecular detestigseful in detection of protein Antigens
using IHC for identification of targets for drugsdbvery and therapeutic values.

Tissue Microarray can also be applied in DNA scamgvariation, due to its high potentials for
assaying for mutations in known disease gene. Thave been vigorous efforts to identify and
catalog human single nucleotide polymorphism (SiiBjker.

A second approach in Gene Expression Profilprgdicts clinical behavior of the tumor as
seen in the molecular profiling of 70 genes thuscating the likelihood of distant metastases in
young patients(<55yrs of Age Premenopause womanigdymphnode negative tumors [7].

The third Approach to Gene Profiling of DNA Microay is identification of metagenes linked
with lymphnode status at diagnosis and a threesyesgurrence risk in breast cancer patients of
all ages [8]. Ma et al, [9], identified expressioh ratio of two metagenes (novel markers)
H1XB13 and IL17BL indicating metastatic development

Table 2. List of markers whose specific MRNA has slwn to vary in breast cancer tissues or cells

Gene Cell function or Pubmed
Gene product name Locus o
name tumor property Identifier
BRCA1 Breast cancer 1 Early _onset; Breast cancer 17q21 10371343
type 1 susceptibility protein
BRCA2 Breast cancer 2, early onset; Breast cancer type 13g12- 10498873
11 13913
EGF Epidermal growth factor 4925 9191980
EGFR Epidermal growth factor receptor 7pl2 1032679
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ERBB2 c-erbB-2 Herstatin (HER2) 17ql11.2- 10706127
Neu 17912
ESR1 o
Estrogen receptor 1,alpha type Hormone sensitivity6q25.1 9816251
ESR2 Estrogen receptor 2,beta type Hormone seihgitiv 14q 10554009
FGrz | Fibroblast growth factor 2 Angiogenesis 4026-4927 9041202
FGFR2 FGF RECEPTOR2 Angiogenesis 10926 7705943
Mitogen-activated protein kinase-kinase-kinase
MAP3KS 8 Tumor Progression locus2 (TPL) 10P11.2 10490831
MET Met proto-oncogene product Hepatocyi eRngiogenesis 7q31 9221809
growth factor receptor
P8 P8 Protein candidate of metastasisl protein plie 11034106
PGR Progesterone receptors Hormone sensitiv t)ﬂggg 7927940
PLAT Plasminogen activator tissue type-(Tpa) Priywss 8pl2 2112958
PLAU Plasminogen activator urokinase Upa Proteslysi 10q24 10930085

http/www.gene.ucl.ac.uk/hugo
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FIGURE 2: Hybridization of fluorescently labeled Probes to Oligonucleotide Array.

This can be observed and recorded in computerlasdigation of the individual cells [10].
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2.2 Fluorescence in situ hybridization (FISH)

Fluorescence in situ Hybridization (FISH) technique a recent alternative to
Immunohistochemistry (IHC), used for the assessmémMER2/neu oncogene status in breast
cancer. Bartlettet al, [6] suggested FISH to be superior and more accumatetermining gene
expression levels as compared to IHC. This was laded in studies done to correlate
determination of HER2 status in breast cancer sasngsing both techniques. Pauledial [11]
has also reported FISH to provide better predict@mntrastuzumab therapy clinical benefits as
compared to IHC.

FISH technique provides enumeration of gene copghar through fluorescent signal counting
in the nuclei of the invasive tumor cells. Thisheigue has also been reported to be used in
detection of genetic abnormalities such as numleaimaormalities, translocations and inversions
[12, 8]. Hicks,et al, [13] documented that, the importance of FISH méghe in breast cancer is
that, it is able to provide high correlation betweawotein overexpression and the HER2 gene
expression of about 90-95%.

FISH is best performed during metaphase and/orphsse stages of cell cycle when the
chromosomes are visible. The DNA sample has todpattred by using heat and/or formamide
so as to allow separation of individual DNA strarligs exposure of the base sequences. Then
hybridization is done by incubating the DNA samypi¢h the probe which has been attached to
the colored fluoros. Fluorescence viewed through rtiicroscope will prove the presence or
absence of the DNA sequence of interest in thengMdA sample. (See figure 3)

Detection of HER2 Amplification by FISH

This figure shows an example of FISH testing for the HER 2 gene. The assay shown here utilizes 2
differenit color probes, one for the HERZ gene (red) and another for the centromeric region of
chromosome 17 (green). The raric of HER2 pene copies to chromeosome 17 copies allows the
distinction between true pene amplification (with a ratio > 2) and pseudoamplification due to
pobysomic state (multiple copies of chromeosome 17). Breast cancer withour HERZ pene
amplification is seen in panel A, and breast cancer in which the HER2 gene is amplified is seen in

panel B
Abbreviarion: FISH = flucrescence in situ hybridizarion

FIGURE 3. An example of fish testing for the her2 gne (Hicks,et al, 2004)

2.3 Serum Proteomics

Proteomics is a technique which involves separatquantification and identification of
different kinds of proteins in the given sample][1Bhis technique is used for investigation of
protein levels as well as post-translational mediions in different types of cells. This can be
done under different physiological conditions. 2-8xfl other pinpointed techniques can be used
to compare total proteins extracts from both cameercells and normal cells, while mass
spectrometry can be used in the characterizatigmaiéins of interest. Proteomics therefore is a
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powerful method which can be used to study anykmidprotein expression changes in relation
to the pathogenesis of cancer [15].

The new technology Proteomics, where clinical pwotes should be more effective and

efficient to treat the human tumor, especially aeslke in biomarkers using cell lines, body fluids

and animal models [16] with limited success. Theibapproach involved in the identification

and quantification of changes in protein expresgiosample from diseased and normal models.
The main use of proteomic analysis in cancer igliswover and identify serum biomarkers

necessary for tumor profiling as well as to explorgacellular signaling pathways that are

involved in the development of cancer cells [1,.1f]can also be used in detection and
guantification of both Proto-oncogenes and mutationtumor suppressor genes. In this way
therapeutic targets against the disease can b#fideras well as discovery and development of
the new strategies can be done [15].

Molecular profiling of cancers is nowadays possliehe use clinical proteomics in an efficient
way, as this technique allow us to establish newahbiomarkers from complex proteomes. This
approach is also used to correlate the informatiaall proteins with breast cancer from various
samples such as tissue, serum, plasma, nippleatesflinid, interstitial cells, cell lines and so.on
Generally in most cases the breast cancer cefi lne preferred for proteomics analysis because
of its known consistent cellular composition andeje background, which makes this cell line
unique in characteristics from all other types [18]

Important biomarkers which can be analyzed usingmsgroteomics are as explained below;
Breast cancer cells sensitivity for estrogens amoggsterone which is checked through
investigation for the presence or absence of estrggR) and progesterone receptors (PR). This
helps in the identification of patients who willridit from Hormonal therapy.

Investigation of the HER2/neu over expression hétpsule out patients who can be treated
using Trastuzumab. Proteomic can also be usederatialysis of the angiogenesis signaling
pathway occurring in breast cancer cells.

Finally, the detection of mutations in the tumopgtessor genes BCRA1 and BCRAZ2 is used
nowadays for early breast cancer detection in gtikte families. The status of the patient is
known earlier enough to make decisions for treatmeroteins of clinical interest as elucidated
by Hondermarcket al, [15], can be identified using the strategy summnea on a flow chart in
Fig. 4.

2.4 Reverse transcription PCR

Reverse transcriptase

The technique which is used for the detection efdagree at which a specific gene is expressed
is Polymerase Chain Reaction (RT-PCR). It involtres amplification of the DNA segment of
interest which has been taken from its harmonizogy of mMRNA. This makes it possible to
identify and determine expression of specific gavfaaterest.

The frequently used breast cancer test Oncotype vibixch utilizes RT-PCR enables the
examination of individual patient risk of reappeara of the disease, especially in patients which
are node negative ER positive. This test is maganactical in the evaluation of the expression of
21 genes which may occur in breast cancer usestablesh prognosis of the disease.

306



Mohammed Qumani Ahmedet al J. Chem. Pharm. Res,, 2011, 3(6):300-319
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Figure 4. Strategy for the identification of protens of clinical interest [Hondermarck, et al, 15].

The most regular use of RT-PCR in clinical oncolagthe method concerning detection of both
lymph node micrometastases and bone metastasesast ltancer, where, the detection of both
micrometastases in the bone marrows and peripb&rat stem cells contamination by cancer
cells can also be done [3].

Besides bone metastases, RT-PCR was reported usdokin the diagnosis of Ras activation.
Von Linting et al, [19], documented that, when Ras is abnormallyvatgd in breast cancer
leads to EGF and/or HER2 receptors overexpresBias.has for that reason been considered to
be among the new targets for cancer treatment.

RESULTS

Different prognostic markers and oncogenes whichevagagnosed in Mrs. X’s case using the
techniques explained above are as discussed below:

3.1 HER2/neu Oncogene

Amplified level of Her2/neu protein was obtainedngsDNA Microarray, Serum proteomics
and FISH (Fluorescence in situ hybridization). HeareFISH is the method recommended and
is commonly used to determine whether patients Wdast cancer overexpress the HER2/neu
oncogene [13].

HER2/neu oncogene is a gene which carries the igecade of the HER2 receptor which has
been found in some of the cancer cells. This HER2ptor is a transmembrane tyrosine kinase
receptor which is homologous to the epidermal gnofattor receptor [20]. HER2 is reported to
aid growth of cancer cells due to its ability tandbito growth factors in the blood, is therefore
directly involved with the pathogenesis and alse biology of breast cancer, making it to be
among the predictive and prognostic markers fordisease. HER2/neu oncogene amplification
has been observed in almost 20 -30% of breast caatents [21].

HER2/neu amplification is utilized as a predictmarker for therapy response in cancer patients
[7, 22, 23 and 5]. Gustersomt,al, [24], postulated that, patient with HER2/neu oxeression
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were observed to have poor response to chemotheragych as cyclophosphamide, 5-
fluorouracil, methotrexane and tamoxifen, as comgdo patients having normal levels of this
gene production.

However, HER2/neu amplification investigation isaluseful in the identification of women
with advanced level of breast cancer that may hiefreim the monoclonal antibody therapy
such as Trastuzumab [25], which is the anti-HER#bady [26]. Patients with the amplification
of this gene may also benefit from doxorubin thgrapt in high doses [9, 27 and 28].

3.2 Estrogen (ER) and Progesterone receptors (PRXgression

Both DNA Microarray and Serum proteomics were ugedetect ER and PR status of Mrs. X,
diagnosing her to be ER positive. Both Estrogereptar (ER) and progesterorexeptor (PR)
are reported to be good predictive markers fordireancer patients in relation to the response of
the disease to therapy. ER and PR positive patenetgeported to respond well to hormonal
therapy as compared to these receptor’'s negativenpa [29]. However, resistance or adverse
reactions to hormonal treatment has been reporieBR positive patients with HER2/neu
overexpression.

3.3 Angiogenesis signaling pathway in breast canceells

Vascular endothelial growth factor (VEGF) and fiblast growth factor (FGF) are two of the
major among many factors involved in angiogeneSeum proteomics was used to diagnose
angiogenic signaling pathways status for Mrs. Xemhamplified levels of vascular endothelial
growth factor (VEGF) were observed.

Angiogenesis is the formation of new blood vesdedsn the existing ones. Under normal
circumstances, this process occurs in regulatediiton. Tumor cells take advantage and
control of this normal process, causing deregutatim the whole process for their benefit [18].
Tumor progression depends on angiogenesis, dulkeetméed for oxygen and nutrient supply
from the vasculature for tumor cells expansion guvth. Metastasis and tumor progression has
been reported to be seriously affected by altenatfats blood supply [30]. That is the reason as
to why anti-angiogenic therapy has been recenthsiciered to be among the anticancer drugs
with promising success.

Donald [18], documented that, gene expression e tascular endothelial growth factor
(VEGF) which is the most important angiogenic factoay be upregulated by different types of
stimuli like nitric oxide, hypoxia, estrogens, grbwmiactors, progestins, activation of Ras, loss of
p53 and HER2/neu amplification. VEGF was also reggbrto cause stimulation of tboth
proliferation and migration of endothelial cellswasll as induction of the metalloproteinase and
plasminogens activity.

Preclinical studies as reported by [31], showed, tB2vacizumab which is the humanized
monoclonal antibody to the VEGF can cause reduciioimhibition of tumor angiogenesis as a
result tumor growth as well. This can be achievdtenvBevacizumab is used alone or in
combination with chemotherapy.

However, HER2 and VEGF signaling pathways are paistd to be interconnected at the
molecular level where both HER2 and VEGF overexqoes have been reported to occur
simultaneously in breast cancer. Therefore a coationm of both antiVEGF and antiHER2
therapy can be recommended in advanced breastroaiticdHER2 overexpression [31].
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3.4 Bone micrometastases and Abnormal Ras activatio

RT-PCR is used for the diagnosis of both bone mietastases and abnormal Ras activation.
Bone micrometastases are among the most commonlicatigms of both breast and prostate
cancers. The documented incidence rate of theurrogace is between 68% and 75% [32]. These
complications are reported to be affecting thegmas life quality as well as causing limitations
to their survival by causing bone pain, need faliatherapy, pathological fractures and surgery
[33].

Mutation of Ras on the other hand is reported téolbed in 30% of all cancers found in human
[34]. Under normal circumstances, Ras activatiod famction depends on external stimulation
from growth factors which is highly regulated (Sepire 5 below). However, the mutated Ras
doesn’t respond to the normal regulatory mechanianas persists on its activated GTP bound
state even in the absence of external stimulaBdn35]. Specifically, mutations which occurs at
residues number 12, 13 and 61 in Ras, makes itsponsive to GTPase activating protein
(GAPs), which acts to terminate Ras activaty umdemal situation [34].

Zarnestraet al postulated that tipifarnib or R115777, is a nonjgpmimetic methyl quinolone
derivative can selectively inhibit Ras FTase. [73]

growth factor

' receptor tyrosine
kinase plasma membrane
ili fi i
H i i LRISNS
"oapoi

/¢ . o]
— U

—p[ active
-+ Ras

|

signal transduction
to MAP Kinase cascade

CaaX Al l
Sl
FPP— l gene expression

Figure 5 Shows normal signaling pathways which indeges Ras (Nose, 2003)

4.0 TREATMENT

Gasparinigt al, [36] postulated that, the main purpose of breast caheeapy at the molecular
level is to suppress genetical transformations kvbiccur in cancer cells with minimal effects to
the normal body cells. Furthermore, the pathogsneiscancer at the molecular level has been
documented to involve alteration of normal sign@nsduction mechanisms into abnormal
pathways [37].

Chemotherapy has whispered benefits to treat addastages of cancer. Researches denotes that the
conventional chemotherapy is not effective treatnanthe drug does not reach the target site in
effective concentration. [72]

This report therefore focuses specifically on thelenular targeting compounds which are

directed to the specific known molecular pathwayscv are involved in breast cancer, such as
HER-2/neu and VEGF (Vascular endothelial growthdgc (As shown in Figure 6 below)
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Figure 6. Multiple signaling pathways involved in @ncer and action of targeted therapeutics. 1) Prosome
inhibitors (among other targets, NF+«B inhibitor IKB); 2) mTOR inhibitors; 3) Receptor t yrosine kinase
inhibitors; 4) Growth factor receptor antibodies; 5) Farnesyl transferase inhibitors; 6) MEK inhibitors; 7)
CDK inhibitors [38].

Donald et al, [35], has also reported different signaling pathsvawolved in cancer most of
which are important in the action of targeted tpetdics (see Table 3 belpw

Table 3. Cancer-associated genes implicated in angenesis (Donalat al, 2006)

[ et (=T P Srowtft Faciors or Oyitcfane Levsls
H-/F-raz WEGF T; TSP-1 L, bFGF T

= el WEGFE T

erb2/HER-2 WEGFE T; TSP-1 L

EGFR WEGF T IL-8 T bFGF T

HFW 16 WEGFE T

bz r-a bl WEGF T

M- o - s YEGF T; TSP-1 L

pE3 WEGF T TSP-1 L

- jun WEGF T; TSP-1 L

T =increased lewvsl -l = decreassd kewvel. VEGF = vascular endothe-
lial groweth factor;, TSP = thombospondin; bBFGF = basic fiomoblast

aroweth factor, EGFR = spidermmal growth factor recsptorn;, IL =
int=rleukin.

Table 4. Humanized anti-erbb monoclonal antibodiesni development for the treatment of various types ofancers [39]

Development

Antibody Specificity Selected tumor types phase

Trastuzumab (Hercepﬁn Genentech :
Inc. South San Francisco, CA) HER-2 (ErbB-2) HER-2 metastatic breast Approved

Cetuximab (Erbitu@; ImClone Colorectal, NSCLC,

Systems, Inc.; New York, NY) EGFR (ErbB-1) pancreatic, breast, HNSCC i

ABX-EGF (Amgen; Thousand Oaks, i NSCLC, colorectal
CA) EGFR (ErbB-1) prostate, renal, HNSCC I
EMD 72000 (EMD Pharma; Durham, NSCLC, colorectal
NC) EGFR (ErbB-1) ovarian, HNSCC I

Pertuzumab (Omnitafl; Genentech| HER-2 (ErbB-2), (ligand Prostate, ovarian, breast, m
Inc.; South San Francisco, CA) dependent signaling) NSCLC

Abbreviations: HNSCC = head and neck squamous cell carcinoma; NSCLC = non-small cell lung cancer
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4.1 Monoclonal antibodies

Monoclonal antibodies are reported to be highlycHjmetherapies at the molecular level with the
ability to induce a direct cell death specificatly cancer cells. They can also activate the
immune system which results into direct tumor ctabdgcity [39]. However, their function may
be limited due to different factors such as sizetetogeneity in antigen expressions and
sometimes expression of tumor antigens may occuhennormal cells. Their size has been
reported to affect their ability in tumor cell pé&ragion. Most antiHER2 monoclonal antibodies
are still in different developmental stages for tieatment of various types of cancers, as shown
in table 4 below.

4.1.1 Trastuzumab/Herceptin

Trastuzumab is a monoclonal antibody which has Imgnhesized through biotechnological
engineering. It acts by targeting specifically lsteaancer cells with high expression of the
HER2 receptors on their surfaces. The regimentiiengat 4mg/kg initially, followed by a
weekly dose of 2mg/kg.

Three kinds of mechanism of actions of Trastuzuhmale been reported as recently documented
by Herceptin.com. The first is according to theeyations done on In vitro studies that, binding
of the drug to the cancer cells which are HER2 tp@si prevents them from dividing and thus
cancer growth is inhibited. Secondly, binding oa3tuzumab to the HER2 receptors prevents
the ligand from binding to the same receptors. Theds to receptor internalization which
prevents the ErbBs, at the same time stabilizesghenembrane. All the processes in a nut shell
inhibit the downstream signaling pathways leadmthe inhibition of cancer cell growth.

The third mechanism of action is reported to inedllve cells of the immune system. The HER2
— Trastuzumab complexes in the tumor cells, attrabe Natural killer cells (NK) which
recognize them as foreign cells and kill them.

However, there are recent studies done with theahimmproving breast cancer therapy, with the
approach in testing Trastuzumab in combination vather chemotherapies, and promising
results have been obtained up to now (Herceptin.cAmexample of different anticancer drugs
combination aiming to block erbb signaling pathwusagummarized on figure 7 below.

Anti-Erb B antibodhy
eg. Hercepting

= ErbE dimer Unfolded, inactive

Qe 2 - O O
Sle OO

HepoO inhibitors
(=.9. gelcdanary 1]

’ Trarmierice
Tlipb( forming
// TEmrimc i % el B

FIGURE 7. Proposed therapeutic strategies for bloakg the erbb signaling network.[40]
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Combined Chemotherapy Results
50% — P<0.001

40% p—
30% |—

20% p—

Response Rate

10% |—

0%

Chemotherapy
Alone*

“Chemoforapy = @iher doxorubicin or epirsbicn plus cyclophosphamide, or paciitaxe|

FIGURE 8. Response rates between chemotherapy treat. patients and chemotherapy combined with
herceptin patients. (Herceptin.com)

Research as presented by Exwhal [41] suggests that the combination of Taxotere with
Trastuzumab produced promising results for manageofemetastatic breast cancer which have
HER2 overexpression. They did a 24-month study whidicated that, patients who were
treated with both Taxotere and Trastuzumab shovegteibresponses to treatment than those
who received Taxotere alone.

Apart from the combination of Taxotere and Trastnab, other drugs like paclitaxel, and
Gemzar have also been tried in combination withsfrzaumab. However, they are still under
clinical trials so as to find out which one amohg treatment regiments will be ideal with fewer
side effects.

4.1.1.1 Side Effects of Herceptin

As it's clearly known, majority of drugs have siadfects, and Herceptin is one of them.
Herceptin has been reported to have many sideteffsmme of which are life threatening.
Observations done in clinical studies showed thlatpst 25% women given Herceptin alone or
in combination with other drugs, showed common sffects such as fever, chills, nausea,
weakness, diarrhea and coughing. However, 10%earhtehowed serious, life threatening and
less common side effects such as:

Heart problems: This may include heart problems such as ventnicalgsfunction and
congestive heart failure. These side effects wpeeiically observed to be common in women
received a combination of Herceptin, Anthracycliaesl/or Cyclophosphamides. However, this
kind of regiment has not been approved for treatroatside clinical trial setting. Thus, patients
have to undergo heart function evaluation befoi @mntinuous heart function monitoring after
they receive Herceptin treatment, so as to avoadiwence of any kind of heart problem.

Fatigue and/or difficulty breathing has also bedrsesved in some women treated with
Herceptin. This is believed to occur as a resulediiction of red blood cells leading to anemia.
Finally, herceptin has been reported to causedbssite blood cells also known as leucopenia.

However, the United States Food and Drug Adminisima(FDA) have recently approved the
use of Herceptin (Trastuzumab) in the managemenatfstatic breast cancer. This is because
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Trastuzumab was observed to cause reduced growtsmead metastases in patients involved
in a number of clinical trials.

4.1.2 Bevacizumab (Avastin)

Bevacizumab is a recombinant humanized monoclong@b@y against VEGF, which acts to
inhibit new blood vessels formation that are neefdedxygen and nutrient supply to nourish
tumor cells, thereby preventing both tumor growtd aetastasis.

However, this drug has not been approved yet forast@sic breast cancer management, is
currently under clinical trials. Recently documehtelinical trial results showed that, when
Bevacizumab was used in combination with chemofherna metastatic colorectal cancer
treatment low toxicity and high survival rates wereserved. It has been observed to bring
promising results in metastatic breast cancer dbk[8#. Apart from Bevacizumab there are
other anti-angiogenic drugs which are under clinidals and have shown to have promising
results [42].

Donald,et al [35] postulated that, Bevacizumab may cause arase in the risks of many side
effects such as leucopenia, hypertension and @arrhhey also reported other major risks such
as thrombosis which may lead to myocardial infarctand/or stroke and fatal hemorrhage.
However, Donaldgt al [35], also recommended Bevacizumab to be useainbmation with
radiotherapy so has to have improved control ofdilumetastasis.

Other suggestions such as a combination of Beva@buand Tarceva have been reported,
though is still under clinical trials. Tarceva isdlaug molecule which targets epidermal growth
factor (EGF), it acts by causing inhibition of thyrosine kinase epidermal growth factor
receptors (EGFR) [43].

4.1.3 Other anti-angiogenic drugs

Apart from Bevacizumab, there are other differami-angiogenic agents which are still under
clinical trials, as listed in Table 3 below, mogtwehich includes agents that have a specific
effect on VEGF ligand-receptor system [44].

Table 5. Anti-angiogenic agents in clinical trial§44]

Agent Company Phase Mechanism of action
of trials

2C6 ImClone Systems I Antibody to VEGF-R2

ABT- 510 Abbott Lab’s 11 TSP-lanalog

ABX- 118 Abgenix 11 Antibody to TL- 8

Angiostatin EntreMed 11 Unknown

Angiozyme

Avastin

CEP- 7055
Combrestatin A- 4 prodrug
CNTO 95

EMD- 121974
Endostatin

PTK 787/ZK222584
SU11248
Thalidomide
Vitaxin IT

VEGEF trap

ZD6126

ZD6474

Ribozyme
Genetech Biotech.
Cephalon
Oxigene
Centocor
Merck KGA
EntreMed
Novartis
SUGEN
Celgene
MedImmune
Regeneron
AstraZeneca
AstraZeneca

Ribozyine targeting VEGF- R1
Antibody to VEGF

TKI to VEGF- R1.-R2.-R3
Tubulin- binding agent

Antibody to av33 and avp5 integrin
Integrin antagonist

Unknown

TKI to VEGF- R2

TKI to VEGF- R2 and PDGF- Rj
Unknown

Antibody to avp3 integrin
Soluble receptor hybrid of VEGF
Tubulin binding agent

TKI to VEGF- R2. EGF- R

Anti-angiogenic drugs have got various advantages disadvantages as compared to other
anticancer drugs, as summarized on table 6 below.
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Table 6. Advantages and disadvantages of antiangiegic drugs (Schnitzer et al, 1998)

Anti-angiogenic Drugs

Advantages Disadvantages
Low toxicity Chronic treatment that requires a large amountag ¢
Effective at preventing growth of small tumors anE .
arge tumors are less responsive

metastases

Tumor growth resumes upon termination of the

Applicable to wide range of tumor types treatment

4.1.4 Pertuzumab (Omnitarg)

Pertuzumab is a new drug among the HER2 targetexales. This group of drugs is also
known as HERdimerization inhibitors [45]. Pertuzumab is a retomant humanized
monoclonal antibody that binds to the HER-2 receptbereby preventing occurrence of ligand
associated dimerization to other HER receptors agHER1, HER3 and HER4, thus the
expected intracellular signaling pathways which amportant for cancer cell growth,
proliferation and survival are inhibited [46,45].

The advantage of Pertuzumab from Trastuzumab s Bertuzumab can cause inhibition of
tumor growth even in tumors which displays a lowoamt of HER/neu, unlike Trastuzumab
which acts only on tumors with HER2/neu overexpgmsg47]. However, Aguset al [45]

reported that, tumor cells which do not expresHB&2 gene have no response to Pertuzumab.

Pertuzumab is still under phase Il clinical stugdie$ere it has been tested in breast, lung,
ovarian and prostate cancers. The most commonesieets observed with this drug were rash
and diarrhea, and has been reported to be wellatek right from its phase | trials [46]. This
may be among the anticancer therapies which argytitdo be effective and safe [45].

4.2 Bisphosphonates

Bisphosphonates are drugs which are given as adagptreatment to breast cancer which acts
to prevent complications that may occur as a redfuireast cancer metastases to bones [48, 49
& 33].The main use of these drugs in breast caiscer decrease both fracture incidences, bone
metastases associated pain and the need for palliatiation therapy, and also they cause bone
strengthening [48].

These drugs are reported to be equally effectivkeretpful, as they are given to many patients
as a standard measure of care [50].They are norng@len intravenously once per day.

However, longer time for intravenous infusion ieded for Pamidronate than zoledronic acid.
American Society of Clinical Oncology (ASCO) recoemded that, this drug has to be
continuously used for the whole life time from theginning of the dose, as this may also
decrease the progress of bone disease.

Bisphoshonates are reported to induce obliteratibthe local blood vessels which supplies
bones, thus leading to the occurrence of Osteosisgrand specifically jaw osteonecrosis in
many patients [48], however, when necrosis of #ve gccurs withdrawal from Bisphosphonates
is not recommended [50].

4.3 Farnesyltransferase inhibitors (FTIs)

Farnesyltransferase inhibitors are the drugs thiabit Farnesyltransferase (FTase), which is a
heterodimeric enzyme, needed for the binding psoadsthe oncogenic Ras proteins to the
plasma membrane leading to suppression of tumaevtgrand progression [51,52].
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CASE STUDY
Mrs X -40 YRS
Metastatic Breast Cancer

] v

CLINICAL HISTORY

= Family history of MBC

= Treatment for Coronary
Atherosclerosis

DIAGNOSTIC TESTS

v v v
MICRO ARRAYS SERUM PROTEOMICS RT PCR
IHC = EGFR = FGF = Activated Ras

= HER2 = VEGF = Bone

= ER&PR = ER&PR micrometastases

= P53 = TGF
FISH = HER2 = Mellanoproteinases

A\ 4
DIAGNOSED

HER21

VEGF t

Activated RAS
Bone metastases

v
TREATMENT

PERTUZUMAB( AntiHER2)
AVASTIN (Antiangiogenic )
BISPHOSPHONATES
ZARNESTRA (Anti Ras)

FLOW DIAGRAM OF MRSX CASE STUDY

Most of Farnesyltransferase inhibitors are reportedbe under clinical and Preclinical
development stage, showing promising results ferpikeclinical activity against both xenografts
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as well as in breast cancer cell lines. Zarnestas reported to be the furthest in development as
compared to the others [53].

5.0 Recommendations

Having amplified Her-2/neu protein levels, nodeifpes ER, abnormal Ras activation, bone
metastases and amplified VEGF levels, the comlmnatif anti HER2, antiVEGF treatment,
Farnesyltransferase inhibitors, together with Bagphonates (pamidronate or zoledronic acid )
can be suggested for the treatment.

Selection of drugs is based on the fact that, teaste of Mrs. X breast cancer to conventional
therapy may be due to overexpression of the HERZdneogene as explained above. HER2/neu
oncogene overexpression also is accompanied byregponse to treatment with Monoclonal
antibodies such as Trastuzumab and Pertuzumab.

Although Trastuzumab is the fist line drug for lsteeancer with HER2 overexpression, it has
shown to have a lot of serious side effects espygcidnen compared with Pertuzumab. More
serious side effects may be observed to patiertts e@rdiovascular diseases as the case with
Mrs. X, putting into considerations the patientndal history obtained above. However,
Pertuzumab outweighs Trastuzumab in that it caibintumor growth even in cancer cells
which have low HER2/neu expression. Therefore Rarhab is suggested in this case in
combination with Bevacizumab (as antiVEGF) so asntrease the chances of successful
treatment.

Zarnestra which is among the Farnesyltransferasibitars (FTIs) can be used so as to inhibit
abnormal Ras activation.

Finally, Bisphosphonates can be used here spdbjfitahelp in strengthening the bones and
decrease the incidence of pathological fracturege@ally in this case where we assumed that
metastasis for Mrs. X cancer has extended to thesdConsidering the fact that, these drugs are
also capable of decreasing the pain associatedhwitle metastasis and may decrease the need
for palliative radiation therapy to the bone.
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