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Introduction
Breast cancer is the most common and lethal carcinoma,
commonly diagnosed in women. It is the second most cause of
death followed by Lung cancer [1] with more than 1.7 million
cases in the year 2012 (most recent available statistics) [2].
More than half of the cases were observed in the developed
and industrialized nations [3,4]. This is doubtlessly credited
to the accessibility of screening projects used to diagnose
breast cancer, which may somehow would have never been
diagnosed [5]. The overall costs for the treatment of breast
cancer in patient persisting breast cancer increases with its
higher stages. In this manner, screening breast cancer at an
early stage both advantages the patient and minimizes the
financial burden [6]. Molecular Diagnostics plays a crucial
role in detection and management of Breast cancer. It not
only helps provide personalized diagnostic information to
the patient but also allows specific treatment plans which
indeed help limiting resistance and reducing toxicity. This
review briefly summarizes recent molecular techniques used
for diagnostics of Breast cancer and provides updates with
recent novel approaches in the field.

Routine Diagnostics
Hormone receptor testing
Receptors for Estrogen and Progesterone, Analyzing the
presence of Estrogen Receptor (ER) and Progesterone Receptor
(PR) are currently a routine evaluation of breast cancer samples.
This test result indicates if any excessiveness of Estrogen and/
or Progesterone, by determining the tumor cell expression of
the receptors for ER and PR. ER expression is considered to
be one of the most important biomarkers in breast cancer. The
positive results are indicated as ER+/PR+ (if you have one or
both receptors positive). Diagnosis for this test is determined by
Immunohistochemical (IHC) assays showing positive results if
intensity is >2 [7,8].
ER+/PR+ tumors can be treated with hormone therapy, by
blocking the Breast tumor cells from getting the estrogen
and progesterone which are required for the tumor cells to
grow [9].

HER2/neu analysis
Human Epidermal growth factor Receptor 2 (HER2) is the
second most prognostic marker currently recommended for
the evaluation for the primary invasive breast cancer. HER2
is a protein found on some breast cancer cells. HER2 gene
overexpression is found to be in 25% of breast cancers [10].
Scholarly studies reports, overexpression of HER2 gene leads to
twice the mortality rate in comparison to the women with HER2
negative expression [11].
HER2 is currently evaluated using IHC and Fluorescence in
14

situ Hybridization (FISH), for protein expression and gene
expression, respectively. FISH is also a confirmatory test
for IHC unclear positive (+2 score) HER2 status. Recently,
Monogram Biosciences released, HERmark™ breast cancer
assay to improve the current methods for HER2/neu analysis
[12]. Breast cancer patients with HER2 positive status are
treated with target medication therapy specifically targeted to
the receptor.

Prediction using Molecular Signature
Recent progress in the realm of genomics helps identify gene
expression patterns that have prognostic and predictive value
in breast cancer [13]. These techniques are based on messenger
RNA level analysis by reverse transcription Polymerase Chain
Reaction (RT PCR) or microarray-based assay. The results
are then converted into mathematical algorithms to predict
scores using quantitative analysis. There are few of the several
commercially available common gene expression tests are,
Mammaprint™ (Agendia), OncotypeDX® (Genomic Health),
Theros H/I SM and MGI SM (Bio therapeutics).

Mammaprint ™
Mammaprint™ was cleared by FDA in 2007 and involves a
combine measurement of multiple genes and other analytes for
an in vitro diagnosis to determine predictive and prognostic
values and information. It is often referred to as “gene
expression profiling” in the literature as it is largely based on
mRNA level and measures for selected genes. Mammaprint
™ measures 70 genes expression found in the tumor cells
using microarray platform and reports results as either low
risk or high risk prediction for recurrence of the disease [14].
The results along with the prediction help in characterizing
the cancer for treatment. It is now being validated in both
lymph node positive and lymph node negative breast cancer
[15,16]. The test is used for stage I and II breast cancer with
<5 cm length in patients who are younger than 55 years of
age [14].

OncotypeDX®
As like Mammaprint™, Oncotype DX ® is a Multianalyte
Assays with Algorithmic Analysis (MAAA) but with no
FDA requirement in contrast. It is used in accessing the
prognostic information using qRT-PCR analysis of 21
genes found in the tumor cells. It is validated for ER+,
HER2-, node-negative and node-positive cancer [17,18].
The test results are reported using a formula to calculate the
recurrence score further characterizing into Low, Medium
and High (0-100 score) [19]. This score is also used for
the treatment purpose for that patient. The test is used for
stage I and II breast cancer but can also be used for Ductal
Carcinoma in situ (DCIS) [20].
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Theros H/I SM and MGI SM
Theros H/I SM is a molecular diagnostic test, measuring the
ration of gene expression of genes HOXBI3:IL17BR. It helps
predicts the clinical outcome for breast cancer patients treated
with tamoxifen [21]. Resistance to tamoxifen is been associated
with an increased level of gene expression resulting into
aggressiveness of the tumor [22].
Theros MGI SM is an additional test that profiles for 5 gene
expressions helping understand the recurrence pattern of the
ER+ breast cancer and reclassify Stage II tumor into Stage I like
or Stage III like outcomes [23]. mRNA samples from formalin
fixed paraffin embedded (FFPE) tissues is extracted and q RTPCR is used to quantify the gene expression. If both tests are
used together, demonstrates potential advantages over current
diagnostic techniques [24].

Next Generation Sequencing of Breast Cancer
Tissues
To identify an active mutation in the tumor, Next Generation
Sequencing (NGS) has made it possible to sequence
hundreds of genes in the tumor cells [25]. It helps sequence
multiple genes by “gene panel testing” and is offered by
many laboratories. Prime advantage of NGS over single gene
testing, includes the potential to sequence large number of
genes in one single panel. It helps detects all possible genetic
variations and mutations [26]. It is cost effective and requires
less time with compare to single gene testing. Since, NGS
provide systemic results with all tissue samples irrespective
of ER/PR status; it helps in personalized therapy for treating
breast cancer [24].

Conflict of Interest
The author declares no conflict of interest.

References
1. Ian S. Hagemann, Molecular Testing in Breast Cancer a
Guide to Current Practices. Arch Pathol Lab Med. 2016;140.

adjuvant endocrine therapy in breast cancer. J Clin Oncol.
1999;17(5):1474-81.
9. Hagemann, IS. Molecular Testing in Breast Cancer. Arch
Pathol Lab Med. 2016;140:815-24.
10. National Institutes of Health Consensus Development
Conference statement: adjuvant therapy for breast cancer,
November 1-3, 2000. J Natl Cancer Inst. Monogr 2001;30:5-15.
11. Eifel P, Axelson JA, Costa J, et al. National Institutes of
Health Consensus Development Conference Statement:
adjuvant therapy for breast cancer, November 1-3, 2000. J
Natl Cancer Inst. 2001;93(13):979-89.
12. http://www.hermarkassay.com/
13. Berse B. Julie Lynch for Molecular Diagnostic Testing in
Breast Cancer. Seminars in Onco Nursing. 2015;31(2):108-21.
14. MammaPrint Test [Internet]. BreastCancer.org. 2014.
15. van de Vijver MJ, He YD, van ’t Veer LJ, et al. A geneexpression signature as a predictor of survival in breast
cancer. N Engl J Med. 2002;347(25):1999-2009.
16. Knauer M, Mook S, Rutgers EJ, et al. The predictive value
of the 70-gene signature for adjuvant chemotherapy in early
breast cancer. Breast Cancer Res Treat. 2010;120(3):655-61.
17. Albain KS, Barlow WE, Shak S, et al. Prognostic and
predictive value of the 21-gene recurrence score assay in
postmenopausal women with node-positive, oestrogenreceptor-positive breast cancer on chemotherapy: a retrospective analysis of a randomised trial. Lancet Oncol.
2010;11(1):55-65.
18. Dowsett M, Cuzick J, Wale C, et al. Prediction of risk of
distant recurrence using the 21-gene recurrence score in
node-negative and node-positive postmenopausal patients
with breast cancer treated with anastrozole or tamoxifen: a
TransATAC study. J Clin Oncol. 2010;28(11):1829-34.

2. http://www.wcrf.org/int/cancer-facts-figures/data-specificcancers/breast-cancer-statistics

19. Paik S, Shak S, Tang G, et al. A multigene assay to predict
recurrence of tamoxifen-treated, node-negative breast
cancer. N Engl J Med. 2004;351(27):2817-26.

3. Parkin DM, Bray F, Ferlay J, et al. Global cancer statistics,
2002. CA Cancer J Clin. 2005;55(2):74-108.

20. OncoType Dx Test [Internet]. BreastCancer.org; 27 June
2014, cited 17 November 2014.

4. Parkin DM, Fernandez LM. Use of statistics to assess the
global burden of breast cancer. Breast J. 2006;12:S70-S80.
5. Breast Cancer Screening. Lyon, France: IARC Press; 2002.

21. Ma XJ, Wang Z, Ryan PD, et al. A two-gene expression
ratio predicts clinical outcome in breast cancer patients
treated with tamoxifen. Cancer Cell 2004;5(6):607-16.

6. Groot MT, Baltussen R, Uyl-de Groot CA, et al. Costs
and health effects of breast cancer interventions in
epidemiologically different regions of Africa, North
America, and Asia. Breast J. 2006;1:S81-S90.

22. Jansen MP, Sieuwerts AM, Look MP, et al. HOXB13-toIL17BR expression ratio is related with tumor aggressiveness
and response to tamoxifen of recurrent breast cancer: a
retrospective study. J Clin Oncol. 2007;25(6):662-8.

7. Mohsin SK, Weiss H, Havighurst T, et al. Progesterone
receptor by immunohistochemistry and clinical outcome
in breast cancer: a validation study. Mod Pathol.
2004;17(12):1545-54.

23. Ma XJ, Salunga R, Dahiya S, et al. A five-gene molecular
grade index and HOXB13:IL17BR are complementary
prognostic factors in early stage breast cancer. Clin. Cancer
Res 2008;14(9):2601-8.

8. Harvey JM, Clark GM, Osborne CK, et al. Estrogen
receptor status by immunohistochemistry is superior
to the ligand-binding assay for predicting response to

24. Christine K Zoon. Current Molecular Diagnostics of breast
cancer and the potential incorporation of miRNA. Expert
Rev Mol Diagn. 2009;9(5):455-67.

Arch Gen Intern Med 2017 Volume 1 Issue 1

15

Patel Ankur

25. Hagemann IS, Cottrell CE, Lockwood CM. Design of targeted,
capture- based, next generation sequencing tests for precision
cancer therapy. Cancer Genet. 2013;206(12):420-31.

26. Abel HJ, Duncavage EJ. Detection of structural DNA variation
from next generation sequencing data: a review of informatic
approaches. Cancer Genet. 2013;206(12):432-40.

*Correspondence to:
Patel Ankur P
Long Island University
C.W.Post college
NY
USA

E-mail: Patelankur39@gmail.com

16

Arch Gen Intern Med 2017 Volume 1 Issue 1

