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Abstract

The most common cancer in women is breast cancer. Also, it is the biggest cause of death in women with cancer. The exact cause is not
known but there are risk factors such as women above 55, Caucasian races, late age of first pregnancy, genetic factors and, family history. It
has two classifications histological and molecular. Tumor biomarkers are either prognostic markers or predictive markers. We here present a
review for breast cancer prognostic markers. Breast cancer prognostic markers are divided into classical (ER. PR, Ki67, and HER2) and novel
(P53, cyclin E, cyclin D1, BRCA 1-2, VEGF, and TBX 2-3). The objective of this review is to evaluate the important prognostic marker for
breast cancer and to provide its clinical significance.

The use of biomarkers helps breast cancer patients to get the best treatment. The prognostic markers are to evaluate the outcome. They either
indicate for good prognosis as ER and PR or indicate for bad prognosis as P53, HER2, cyclin E, cyclin D1, BRCAL, BRCA2, VEGF, TBX2,
and TBX3. Also, some can be used as an important indicator for tumor recurrence as ER, Ki67, P53, and cyclin E. Tumor prognostic markers
are clinically important for breast cancer patients. We recommend its clinical use to help breast cancer patients get the best treatment and
prognosis options.
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INTRODUCTION

Globally, the most common cancer in females is breast cancer. It
affects more than 1.5 million per year and it is the biggest
cause of death in women with cancer [1]. In Saudi Arabia,
breast cancer is represent 28.7% of cancer in women in 2014
according to the National Cancer Registry in Saudi Arabia
[2]. Also, the percentage of breast cancer in Saudi patients is
significantly at an earlier age than in Western countries [3].

The exact causes are not well known but many risk factors
are proved. Women above 55 (post-menopause), the
Caucasian races, late age of first pregnancy are more expected
to have breast cancer. Genetic factors and family history are
playing also a big role in breast cancer. Over 10% of the
western countries' breast cancer patients have a genetic factor.
Some studies have linked alcohol consumption and breast
cancer. Another important risk factor is obesity, especially in
postmenopausal breast cancer. Also, some studies proved
occupationally related risk factors [4-7].

Breast cancer is histologically classified as mucinous A,
mucinous B, invasive lobular carcinoma (ILC), invasive
ductal carcinoma with osteoclastic giant cells, apocrine,
tubular, neuroendocrine, adenoid cystic, micropapillary,
metaplastic, and medullary carcinoma. The molecular
classification of breast cancer includes Her2+, basal-like, and
luminal. It is important to know the type of cancer because

each type has its clinical features and therapeutic strategies
[8, 9].

The American Joint Committee on Cancer (AJCC)
suggestion for breast cancer staging is based on 7 key
information (A) size of the tumor (B) spread to nearby lymph
nodes (C) metastasis (D) Estrogen Receptor present (E)
Progesterone Receptor present (F) Her2/neu (Her2) status
amount (G) Grade of the cancer. According to this staging the
therapeutic strategies and prognostics are made [10].

It is important to know the patient complains about breast
cancer. First and the most important is there a lump and if not,
swelling of the breast. Also, other sign like skin irritation
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sometimes orange peel. Pain or redness is another sign. The
nipple is also important it may be retracted or may be
discharge comes from it [11].

Breast cancer is diagnosed by clinical examination and
imaging then come the pathological assessment to confirm.
In the clinical examination, there is breast palpation and
lymph nodes. Mammography and ultrasound are used to
image the breast and regional lymph nodes. The pathological
assessment is preforming by needle or cut pathological
biopsy and it should be taken before any treatment [12].

In the past 20 years, tumor biomarkers have been more
understood because of technological advances. Tumor
biomarkers divide into two groups which are prognostic
markers and predictive markers. The prognostic markers are
used to evaluate the outcome and the predictive markers use
to evaluate the clinical intervention benefit [13]. This article
is mainly about prognostic breast cancer markers that are
divided into classical (ER. PR, Ki67, and HER2) and novel
(P53, cyclin E, cyclin D1, BRCA 1-2, VEGF, and TBX 2-3)
[14].

Objective

The objective of this review is to evaluate the important
prognostic marker for breast cancer and to provide its clinical
significance.

MATERIALS AND METHODS

Clinical trials as per the WHO definition is a research type
that look into new treatment compounds and assesses their
effects on human well-being [9, 10]. they are mostly done in
five phases with increasingly accurate processes in every
phase. Compounds that are discontinued from the phases are
found inefficient or harmful. Before the clinical trials, the
new drug undergoes pre-clinical studies. These studies are
done in vivo (animal populations) and in vitro (laboratory).
In vitro substrate or animal, subjects are given different
dosages of the study drug to get pharmacokinetic quantities,
toxicity, and preliminary efficacy to assist pharmaceutical
organizations and researchers in making the decision whether
it is advantageous to proceed with further testing [15].

Review of Literature

Estrogen Receptor (ER)

ER is a nuclear steroid receptor. Its function is transcription
regulator and 17p-estradiol estrogen hormone is responsible
for its control. It is playing a role in proliferation,
differentiation, and cellular growth. Also, it is having a
critical role in breast cancer pathophysiology. ER is known
for its key role in the puberty elongation of mammary ductal
and lactational differentiation of the lobules. Based on the
following of the response to the treatment, ER is the most
significant marker [16]. It uses to see the suitability of the
patient to have endocrine therapy like raloxifene, and
tamoxifen benefit [17]. Clinically, ER-a positive is associated
with a good prognosis involving cell proliferation lower rate

and tumor differentiation histological evidence [18]. There is
the study found that the status of ER-a predicts skeletal
metastasis late-onset [19]. Positive ER tumors are at greater
risk of relapse than negative ER tumors [20].

The response rate to endocrine therapy is directly
proportional to ER content. The clinical outcome for a patient
with positive ER/ positive PR tumors is better than negative
ER/ negative PR tumors [21]. In Carcinoma In-Situ (CIS) the
role of ER has particular attention. Patient with ER-negative
has worse outcome in CIS [22].

Progesterone Receptor (PR)

PR is a nuclear hormone receptor and it is presenting on
chromosome 1 1922 as a single gene. It subdivides into PR-A
and PR-B and their activity is different [23]. PR target genes
produce a protein that has a role in cell growth, apoptosis,
transcription, steroid, and lipid metabolism, and some of the
proteins are correlated with breast cancer or mammary gland
development [16]. In treating breast cancer and endometrial
hyperplasia PR has an important therapeutic role [24]. It has
a chief position in the lobuloalveolar and ductal growth of the
conventional mammary gland.

Analysis of PR is important for every invasive breast cancer
and metastasis as well because the result will influence the
treatment plan [25]. The tumor size and grade are negatively
correlated with high PR levels. Also, PR is used as a
prognostic marker in ER-positive breast cancer patients.
Studies show that ER-positive expression of PR improves the
survival rate of patients using estrogen receptor therapy [14].

Ki67

Gerdes et al. in 1983 found Ki67 (also known as MKI67): a
nuclear non-histone protein that encodes in the MKI67 gene.
It appears only in the cycle of the cell proliferative phases
(G1, S, G2, and M). Ki67 is important for the proliferation of
the cells because, without it, there will be prevention of cell
proliferation [26]. The function of Ki67 has been difficult to
determine but its role suggests to be in organizing DNA.
Also, it suggests that Ki67 is playing a role in ribosomes
synthesis in cell division [14].

Ki67 is a prognostic marker that broadly has been used for
the early stage of breast cancer. There is a strong correlation
between Ki67 positive cells percentage and age, mitotic rate,
and nuclear grade [27]. As indicated by some studies 20% to
half of the Ki67 expression in cells shows a high risk of the
disease recurring. During breast cancer endocrine therapy,
Ki67 expression was inversely proportional to recurrence-
free survival better after a fortnight of adjuvant therapy than
before it [14]. In a study done by Petrelli et al., the prognostic
value of Ki-67 has an independent in terms of overall survival
in breast cancer patients. The greatest analytical significance
threshold of Ki-67 is yet unknown, but the greater risk of
death is associated with a cut-off >25 % compared with lower
expression rates [28]. Ki67 is a laboratory test important and
useful in breast cancer patients' prognosis because it is
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technologically easy and closely linked to clinical results
[14].

Human Epidermal Growth Factor
(HER2)

HER2 (mainly known as HER2/neu) is a protooncogene that
belongs to the epidermal growth factor receptor (EGFR)
family. In the type | subfamily there are from HER2 to HERA4.
The HER2 receptor is playing a role in cell differentiation,
multiplication, and subsistence. The HER2 gene is in the
transmembrane tyrosine kinase receptor protein encode
chromosome [29].

Receptor-2

Circulating HER2 receptor protein levels use to predict the
progression and presence of positive HER2 cells. Also, its
protein level is used as a prognostic marker that indicates
survival as ER and PR expression or tumor size [29]. It founds
that the overexpression of HER2 receptor protein is
correlating to a significant decrease in survival rate for the
breast cancer patient. Also, it reported that the appearance of
HER?2 receptor protein is useful in relapsing early diagnosis
and the envisioning of what will happen to metastases of
breast cancer [30].

HER2 expression is higher than normal in 30% of patients
with breast cancer and the main cause of its overexpression is
gene intensification. From these cases, ductal carcinomas in
situ are in 60% of patients, and infiltrating breast carcinomas
are in 20%-30% of patients. overexpression of the HER2 in
alar lymph node-positive breast cancer patients is correlated
with poor disease-free survival (DFS) rate. Overexpression of
HER?2 is significantly worse overall survival rate there is
twice the mortality rate in these patients. High HER2 is more
present in high nuclear grade tumors 29% than low nuclear
grade tumors 12% [14].

In some studies, the patients have breast cancer metastatic
with overexpression of HER2 use chemotherapy and
trastuzumab is correlate with slow progression of the disease,
a higher rate and longer time of response, death at 1 year was
lower, longer survival, and risk of death decreased. HER2
overexpression patients have response rates from 67% to 81%
while HER2 normal expression patients have 41% to 46%
response rates. These response rates in a patient with different
expressions of HER2 are significant statistically in all test
techniques, with TAB250 and CB11 antibodies, and the
powerful implication is in fluorescent in situ hybridization
(FISH).

P53

The cell cycle regulation by tumor suppression is a role
played by P53 is a nuclear protein. This has contributed to
cancer prevention and Its gene is located on chromosome
17p13 [31]. P53 is the most popular mutation of genes
identified in human tumors. Breast cancer with P53 mutation
is correlated with worse overall survival and more aggressive
disease. The appearance of the mutation is early in cancer

progression and is approximately appears in 22% of fatal
breast tumors [16].

P53 status is used in the prediction of response to
chemotherapy. Death of the tumor cell by apoptosis after
exposure to radiotherapy or chemotherapy depends on P53,
so the radiotherapy and chemotherapy induce damage to the
DNA with detect damage to P53 is unable to repair and
triggers apoptosis. Thus, it suggests that P53 reduced function
tumor is resistant to chemotherapy and radiotherapy [32].

P53 mutations are confirmed to have an overall bad and
disease-free survival in the breast cancer patient. In several
studies, the most forthcoming indicator of persistence or
morbidity is P53. Studies have shown that P53 mutation has
a strong prognostic significance in breast cancer [14].

Cyclin E

Cyclin E is a 50-kd cell cycle regulator protein. It is shown in
the cell cycle final phase. Cell cycle regulatory proteins
disturbance is playing an important role in cancer. Cyclin E
and cyclin-dependent kinase-2 (CDK?2) is forming an active
complex to allow the development through the G1 phase of
the cell cycle and control of entering the S phase. Cyclin E-
CDK?2 complex enzyme activity is inhibited by the p21 and
p27 proteins. The disparity of the levels of CDKs inhibitors,
cyclins, and CDKs causes the hysterical division of cells [33].
In about 25% of breast tumors, the cyclin E is extremely high
or unusually constant as contrasted to normal cells.
Overexpression of cyclin E is motivating variances in gene
expression sequences that correlate with the adhesion of cells
in addition to a lowered capability of movement and invasion
of functional assays. High cyclin E protein level is correlated
with meager breast cancer prognosis. Moreover, the risk of
recurrence of breast cancer is increased with overexpression
of cyclin E [34].

Cyclin D1

Cyclin D1 is a G1 phase progression key regulator protein. In
response to growth factors cyclin D1 protein is synthesized
and in the middle of the G1 phase of the cell cycle reach its
peak level. it is excreted by the CCND1 gene located on
chromosome 11g13. In breast cancer, cyclin D1 gene
Amplification is detected a number of cases [14].

There are both negative and positive findings reported
concerning the excess cyclin D1. In ER-positive patients, the
relationship between poor disease outcome and cyclin D1
gene amplification comes out. However, other studies show
good prognosis correlates with cyclin D1 protein expression.
Also, other studies did not confirm this relationship [14].

For special circumstances, it is more complicated.
Overexpression of cyclin D1 can make the clinical outcome
worse by giving endocrine treatment resistance. These issues
ought to contain more cyclin D1 analysis excretion and
patient results to the found decision [14].
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BRCAL and BRCA2

BRCA1 and BRCA2 (BReast CAncer gene) are growth
withholding genes. Their locations are 13q and 17q
respectively according to a 20th -century discovery. Their
genes encode cell growth inhibit factors and these factors also
participate in gene transcription regulation, cell cycle control,
apoptosis, DNA damage repair, and other important
processes in the cell [35]. The most common mutations in
BRCAL1 are 185 del AG, 5382 ins C, 4153 del A, and 3819
del 5, and the most common mutations in BRCA2 are 5802
del4 and 4075 del GT [36]. The mutation in BRCA1 and
BRCA2 genes are associated with an increase in lifetime risk
for several malignant tumors, particularly breast cancer and
ovarian cancer [35].

There are only 5% to 10% inherited breast cancer cases. By
the age of 70, there are 55% to 65% carriers of BRCA1
metamorphosis, and 45% carriers of BRCA2 mutation will
get breast cancer [37]. A recent study in 21401 families
suspected to have a mutation in the BRCA gene shows that
BRCAL or BRCA2 mutation is in 24% of these families [38].
The effect of BRCA mutations is controversially correlated
with poor prognosis. There is a study showing that the 10-
year survival rate is the same for either the patients with or
without the BRCAZ1 mutation [39]. Another study shows that
breast cancer patients with a BRCA2 mutation are less likely
to survive than the ones without it. However, the predictions
are tightly contained to the carriers with diploid, tumors that
are slowly multiplying [40]. Templeton et al. comprising data
from 10,180 patients from 16 studies and concluded that
mutations in BRCA were not correlated with worse overall
survival [41].

Vascular Endothelial Growth Factor (VEGF)
Vascular endothelial growth factor (VEGF) is a family that
includes five polypeptide growth elements (VEGF A, VEGF
B, VEGF C, VEGF D, and placenta-like growth factor
(PLGF)). VEGF is significant because of its
lymphangiogenic and angiogenic qualities that enhance the
development and metastasis of neoplasms. VEGF-C is a
responsible factor for the regulation of lymph-angiogenesis.
Overexpression of VEGF-C is present in lung, gastric, colon,
prostatic, and breast cancers, and it is correlated with lymph
node metastasis, and prognosis [42].

VEGF and angiogenesis are critical for metastasis and tumor
growth. In general, in human breast cancer tissue, VEGF was
one of the most important tumor angiogenesis mediators and
poor survival associate with elevated VEGF levels. Spreading
of cancer cells from the initial location to further sites is the
most important factor of breast cancer patients’ survival [14].
Shivakumar et al. show that overexpression of VEGF was
found in metastatic patients compared to benign lesions and
was correlated positively with tumor grade [43].

TBX2 and TBX3

TBX2 and TBX3 are T-box proteins that have a T-domain
which has effects on dimerization and DNA combination.
TBX2 is from the Thx subclass of T-box transcription
elements. In mammals, the only T-box factors with reported
suppressor functions are TBX2 and TBX3. TBX2 is
important for the various tissues and organs morphogenesis
like heart, bone, limbs, and mammary glands. The evidence
link between TBX2 and tumorigenesis. TBX2 and TBX3
downregulation of the ARF growth suppressor which is
implicated in tumor development. Expression of TBX2 up-
regulated in several types of cancer such as melanoma, breast
cancer, lung cancer, pancreatic cancer, colorectal cancer, and
bladder cancer [44].

TBX2 is reported to increase in 8.6% to 21.6 % of sporadic
human breast carcinomas where overexpress the protein.
TBX2 engages in the carcinogenesis of breast cancer by
accelerating cell proliferation, and DNA ploidy. Also, the
TBX2 overexpression is making cells resistant to
chemotherapy [14].

Table 1 shows a summary of these prognostic markers and
their significance (annexes page 18).

Table 1. Summary for the important marker and its
significant

Marker Significant

ER-a positive is associated with a good prognosis involve
cell proliferation lower rate and tumor differentiation
histological evidence. Positive ER tumors are at greater risk
of relapse than negative ER tumors.

ER

The tumor size and grade are negatively correlated with
high PR levels. PR is used as a prognostic marker in ER-
PR positive breast cancer patients. In ER-positive expression of
PR improve the survival rate of the patients using estrogen
receptor therapy.

Ki67 is broadly used for the early stage of breast cancer.

There is a strong correlation between Ki67 positive cells

Ki67 percentage and age, mitotic rate, and nuclear grade. Ki67
express in more than 20%-50% of the cells means that the
risk of recurrent disease developing in breast cancer is high.

Overexpression of HER2 receptor protein is correlating to a
significant decrease in survival rate for breast cancer
patients. The appearance of HER2 receptor protein is useful

HER2 in relapsing early diagnosis and in predicting the fate of
metastases of breast cancer. Overexpression of HER2 is
significantly worse overall survival rate there is twice the
mortality rate in these patients.
P53 P53 mutation is the most powerful recurrence and
morbidity marker.
Cvelin High cyclin E protein level is correlated with poor
yE predictions in breast cancer. Also, the risk of recurrence of
breast cancer is increased with overexpression of cyclin E.
Cyclin D1 overexpression and the outcome have been
Cyelin controversial, there are both positive and negative findings
3{31 reported. Overexpression of cyclin D1 can make the

clinical outcome worse by giving endocrine treatment
resistance.
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BRCA1  The effect of BRCA mutations is controversially correlated
and with poor prognosis. Recently reported that mutations in
BRCA2 BRCA were not correlated with worse overall survival.
VEGF Poor survival is associated with elevated VEGF levels.
TBX2 TBX2 engages in the carcinogenesis of breast cancer by
and accelerating cell proliferation. TBX2 overexpression is
TBX3 making cells resistant to chemotherapy.
CoNCLUSION

Tumor prognostic markers are clinically important for breast
cancer patients. We recommend its clinical use to help breast
cancer patients get the best treatment. It shows either indicate
for good prognosis as ER and PR or indicate for bad
prognosis as P53, HER2, cyclin E, cyclin D1, BRCAL,
BRCAZ2, VEGF, TBX2, and TBX3. Also, it is important in
the indication of recurrent tumor as ER, Ki67, P53, and cyclin

E.
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