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Abstract
The breast is the most frequent site of cancer among women in both developed and in developing countries [1]. Breast
cancer is the most frequent cause of cancer death in women from less developed countries and second most frequent
(after lung cancer) among women in developed countries [1]. It is increasing in incidence in the developing world due to
increased life expectancy, increased urbanization and the adoption of western lifestyles [2]. According to the World
Health Organization (WHO), “Early detection in order to improve breast cancer outcome and survival remains the
cornerstone of breast cancer control” [2]. Breast cancer staging also takes into account cancer's grade; the presence of
tumor markers, such as receptors for estrogen, progesterone and HER2; and proliferation factors.Standard screening for
new and recurrent breast cancer involves clinical breast exam and breast imaging. Given the recognized differences in
breast cancer incidence, subtypes, and prognosis among women , it is important to evaluate potential biomarkers in the
landscape of breast cancer subtypes ranging from DCIS to triple-negative breast cancer (TNBC) to determine if a simple
blood test can enhance the diagnosis of this disease and knowing about stage of disease, and helping in proper treatment.
In this review we tried to discuss role of genetic panels in breast cancer management.
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INTRODUCTION
Breast cancer is the second most common
cancer worldwide after lung cancer, the fifth most
common cause of cancer death, and the leading cause of
cancer death in women [3]. Recent statistics suggest
that about 1.3 million females develop breast cancer
each year and about 465,000 of them succumb to the
disease [4, 5]. Breast cancer can be diagnosed by Breast
examination,mammogram,breast
ultrasound,breast
MRI,Biopsy. Although mammography screening is
available, there is an ongoing interest in improved early
detection and prognosis.
Biomarker analysis in cancer not only provides
additional information about classical clinical factors,
but also enables patients with a more favourable
benefit–risk balance to receive certain treatments [3]. In
breast cancer, biomarker analysis is routine practice. It
originally began with testing for hormone receptor
expression to guide tamoxifen therapy. The subsequent
inclusion of targeted treatments against human
epidermal growth factor receptor 2 (HER2)
revolutionised the biomarker field. Molecular genomic
testing provides clinicians with both prognostic (and
sometimes predictive) information that can help

individualize treatment and decrease the risk of over- or
under-treatment.
Genomic Assays
Oncotype Dx
The test is valid for women with hormone
sensitive breast cancer. It is most often used for women
with early stage (DCIS, stages I and II node negative)
disease. Results provide a statistical inference of
chemotherapy benefit and likelihood of recurrence [6].
Oncotype Dx is a 21-gene (16 breast-cancerrelated genes and 5 reference genes), reversetranscriptase polymerase chain reaction (RT-PCR)
assay .Oncotype DX uses FFPE from surgical
specimens to categorize patients into one of three tiers
based on a calculated Recurrence Score (RS) – low
(<18), intermediate (18–30), and high (≥31–100) –
reflecting their likelihood of distant recurrence in 10
years. In the Trial Assigning IndividuaLized Options
for Treatment (Rx), also known as TAILORx, women
with a Recurrence Score of less than 11 were found to
have a <1% risk of recurrence in 10 years with receipt
of endocrine therapy alone, further bolstering support
for a paradigm shift away from mandatory
chemotherapy within the context of multimodal
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treatment. [7]. Results from the West German Study
Group Phase III PlanB Trial provided additional,
prospectively generated evidence that patients with an
Oncotype Dx RS ≤11 could avoid chemotherapy
without compromising outcomes, even if said patients
had clinicopathologic characteristics that would
otherwise point towards a high risk of recurrence [8].
Oncotype DX currently issues separate reports for LN−
and LN+ (N1–3) patients. The RxPONDER Trial (Rx
for Positive Node, Endocrine Responsive Breast
Cancer) was initiated in 2011 to explore whether ER+,
HER2− patients with limited nodal disease (1–3 LNs)
and low to intermediate Oncotype DX scores would
experience decreased survival if chemotherapy were
omitted from their regimens; another aim of this trial is
to determine whether there is an optimal RS cutoff
point for these patients, above which chemotherapy
should always be recommended [9]. The 21-gene
Oncotype DX assay is mentioned in the NCCN
guidelines as a possible consideration to help guide the
addition of chemotherapy in patients with limited (1–3)
positive nodes since there is ample data from the
Southwest Oncology Group (SWOG) 8814 [10], the
NSABP B-28 [11], and the studies mentioned above to
suggest that it provides predictive utility of
chemotherapy benefit in patients with limited nodal
involvement. The results from the RxPONDER trial
should help clarify the role of genomic testing with
Oncotype DX in LN+ patients.However, it has been
demonstrated to have a high false-negative rate for
tumors that are HER2+ and therefore, is not indicated
for use in HER2+ patients [12].
Mammaprint
MammaPrint®, which was first described in
2006, is a 70-gene DNA assay developed by Agendia
(Irvine, CA), a commercial spin-off of the Netherlands
Cancer Institute (NKI) and Antoni van Leeuwenhoek
Hospital in Amsterdam [13]. It consists of a customized
microarray slide that assesses in triplicate the mRNA
expression of 70 genes initially identified in 78 tumors
from a cohort of T1–2, LN-breast cancer patients under
the age of 55 years at diagnosis and treated at NKI;
50% of these patients were ER+ [14]. The assay can use
either fresh-frozen tumor samples or FFPE. The
MammaPrint Index (i.e., score) ranges from −1 to +1;
tumors with a Mamma Print Index of <0.4 are classified
as having a low risk of distant metastasis in 10 years
while those tumors with scores of ≥0.4 are at high risk
for developing distant metastases in 10 years [15, 16].
MammaPrint was the first genomic assay approved by
the FDA and is the most widely used breast cancerspecific genomic assay in Europe.
Mammaprint can be used to analyze both ER
(−) and ER+ early stage (i.e. stage I or II) node negative
(U.S. criteria; international criteria allow up to three
positive nodes) invasive cancers [17].

Prosigna
The 50 gene assay, formerly called the PAM50
test, analyzes the activity of certain genes in nodenegative (stage I or II) or node positive (stage II),
hormone receptor-positive breast cancer patients. It
provides individualized assessment of a patient’s risk of
recurrence at 10 years if given endocrine therapy alone
[18].
Prosigna is based on a 50-gene RT-PCR
microarray that uses its proprietary nCounter® digital
technology to process postoperative FFPE samples of
invasive carcinoma and assign tumors to one of four
intrinsic subtypes: Luminal A, Luminal B, HER2+, and
Basal-like. In addition, the Prosigna gene signature also
generates an individualized Risk of Recurrence (ROR)
score (high, intermediate, or low) representing an
estimate of the likelihood of developing recurrent
disease through an algorithm that takes into account
intrinsic subtype, correlation between molecular
subtype and a subset of proliferative genes, and tumor
size on final pathology. It has been retrospectively
validated in postmenopausal women receiving adjuvant
endocrine therapy for both LN+ and LN− breast cancer
and was cleared by the FDA for marketing as a
prognostic tool in 2013 [19].
Breast Cancer Index
The Breast Cancer Index represents a
combination of two diagnostic tests – the 2-gene,
HoxB13/IL17BR ratio index (HI) and the Molecular
Grade Index, a real-time RT-PCR, 5-gene microarray
assay – that has been retrospectively validated to
predict the likelihood of late (i.e., 5–10 years after
treatment) recurrence as well as the likelihood of
benefit from a 10-year course of adjuvant endocrine
therapy in women with early-stage, LN−, ER+ breast
cancer [20, 21]. Specimens can be FFPE or fresh
frozen. It is not currently approved by the FDA for
marketing in the US.
EndoPredict
The EndoPredict Test combines EndoPredict–
an 8-gene, mRNA-based assay that uses RT-PCR on
FFPE tumor samples – with patient tumor size and
nodal status to assign patients with early-stage, ER+,
HER2− breast cancer a score that reflects likelihood of
distant recurrence within 10 years of diagnosis. Patients
with a score of <3.3 are at low risk for recurrence, and
those with a score of ≥3.3 are at high risk for recurrence
[22]. The EndoPredict Test is not currently approved by
the FDA for marketing in the US but is approved for
use in Europe.
Genomic Grade Index
The Genomic Grade Index is a DNA
microarray-based assay that uses FFPE tumor samples
to measure the expression of 97 genes and assign the
tumor a molecular grade. The assay was developed by
comparing the gene expression profiles of grade I (i.e.,
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low grade, well-differentiated) and grade III (i.e., high
grade, poorly differentiated) tumors and has also been
streamlined into an RT-PCR version that can also use
FFPE samples. The test reclassifies grade II (i.e.,
intermediate grade) ER+ cancers into high or low grade
categories and thereby confers significantly different
prognoses on otherwise similar tumors. High GGI is
associated with decreased relapse-free survival in
patients who do not go on to receive adjuvant
chemotherapy and is also associated with increased
sensitivity to neoadjuvant chemotherapy in both ER−
and ER+ patients [23].
MicroRNAs (microRNAs) in diagnosis
Lauren Chen etal suggested that microRNA
may serve as potential diagnostic and prognostic
biomarkers and therapeutic targets for breast cancer.
Quantitative real-time PCR (qRT-PCR) array analyses
of microRNAs in sera from four pairs of recurrent and
non-recurrent breast cancer patients were performed.
Those differentially expressed microRNAs were
verified in serum samples from 42 breast cancer
patients. High serum levels of miR-134 and miR-4835p were found to be associated with some aggressive
tumor behaviors. Kaplan-Meieranalysis of four up
regulated microRNAs (miR-134, miR-483-5p, miR493-3p and miR-139-3p) indicated that serum level of
miR-134 can predict tumor recurrence in breast cancer
patients after primary treatment. Identification of new
blood biomarkers for prediction of recurrence may
significant implication for breast cancer follow-up care
and treatment [24].

PLAC1
Hongyan et al., showed Placental-specific
protein 1 (PLAC1) is an X-linked trophoblast gene that
is re-expressed in several malignancies, including breast
cancer, and is therefore a potential biomarker to follow
disease onset and progression. Sera from 117
preoperative/pretreatment breast cancer patients and 51
control subjects, including those with fibrocystic
disease, were analyzed for the presence of PLAC1
protein as well as its expression by IHC in tumor
biopsies in a subset of subjects. Serum PLAC1 levels
exceeded the mean plus one standard deviation
(mean+SD) of the level in control subjects in 67% of
subjects with ductal carcinoma in situ (DCIS), 67%
with HER2+ tumors, 73% with triple-negative cancer
and 73% with ER+/PR+ tumors [25].
American Society of Clinical Oncology (ASCO)
Recommendations
ASCO recommendations for when to use
different testing options to find out whether a person
might benefit from adjuvant systemic therapy. Adjuvant
therapy is a term used to describe any treatment given
after breast cancer surgery. Systemic therapy is
treatment that is delivered through the body’s
bloodstream. These tests depend on the tumor’s ER/PR
and HER2 results and whether the cancer has spread to

lymph nodes.
People with ER/PR-positive, HER2-negative
breast cancer that has not spread to the lymph nodes.
Oncotype DX,EndoPredict,Breast Cancer Index
(BCI),PAM50,uPA and PAI-1.
Mamma Print, for those with a high risk of
cancer recurrence based on how much ER/PR is in the
tumor and how quickly the cancer grows.
For people with HER-2 positive or “triple
negative” (ER/PR-negative and HER2-negative) breast
cancer. The tests listed above have not yet been shown
to be useful for predicting risk of recurrence in people
with these specific types of breast cancer. Therefore,
none of these tests are currently recommended for
breast cancer that is HER2 positive or triple negative
[26].
Genetic Panels in Inherited Breast Cancer
(Biomarkers being evaluated)
p53
p53 is the most commonly mutated gene in
human cancers. Individuals who have germline
mutations in TP53 have Li-Fraumeni syndrome.
Patients with Li-Fraumeni syndrome are at high risk for
early-onset breast cancer. The primary limitation of
performing screening for germline p53 mutations is
their rarity [27].
AT mutated (ATM) gene
Ataxia Telangiectasia (AT) is caused by
mutations in the AT mutated (ATM) gene which leads
to the generation of defective AT protein [28]. The
normal AT protein detects DNA strand breaks, recruits
proteins to fix the break, and prevents a cell from
making new DNA until the repair is finished. People
with AT are at an increased risk of multiple cancers,
including lymphoma, leukemia, and breast cancer.
Compared to the general population, women who are
heterozygous or homozygous for AT have double the
risk of developing breast cancer [29]. The relative
infrequency of the mutation limits its justification for
screening the general population to identify individuals
at increased risk.
Phosphatase and Tensin (PTEN) gene
Mutations in the Phosphatase and Tensin
(PTEN) gene can contribute to the development of a
variety of cancers, including breast cancer [29]
Approximately 50% of breast cancers have loss of
PTEN expression, which is associated with lymph node
metastases and poor survival [30]. Individuals with
Cowden’s disease, who have germline mutations in
PTEN, have a 25–50% lifetime risk of developing
breast cancer [31].
Multiple Gene Analyses
There are a variety of hereditary breast cancer
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syndromes which have genetic mutations associated
with them, and confer an increased risk of developing
breast +/− other malignancies [32]. These include
Hereditary Breast and Ovarian Cancer syndrome, with
mutations in BRCA1 or BRCA2, Li-Fraumeni, with
mutations in TP53, Cowden’s syndrome, involving
PTEN, Hereditary Diffuse Gastric Cancer syndrome,
involving CDH1, Peutz-Jeghers, involving STK11,
Lynch syndrome, involving MLH1, MSH2, MSH6, or
PMS2, and Fanconi anemia, involving PALB2.
Lifetime risk of breast cancer is over 20% for mutation
carriers of these syndromes, ranging up to 80% for
BRCA1 mutation carriers [32]. Gene panels have been
developed to evaluate patient samples for alterations in
some or all of these genes.

BROCA
This panel from the University of Washington
evaluates mutations in genes involved with a variety of
human cancers. BROCA is most useful for analyzing
patients with a suspected cancer predisposition. An
advantage of the BROCA gene panel is that specific
gene testing can be selected or the investigator can opt
for the entire panel. The number of genes in the panel
changes over time based on new information [33].
Breast Next
This 17 gene panel developed by Ambry
Genetics is very similar to the BROCA panel in that it
analyzes cancer risk and is best suited for patients with
a suspected hereditary predisposition to breast or
ovarian cancer. Like BROCA, this panel offers the
option of specific gene testing or analysis of the entire
panel. A further advantage to Breast Next is that it
includes duplication and deletion gene analysis [33].

BRCAPLUS
This 6 gene panel developed by Ambry
Genetics performs next generation sequencing
(BRCA1/2, CDH1, PALB2, PTEN, TP53). Each of the
genes analyzed is linked to hereditary cancer syndromes
and has published management guidelines [29].

REFERENCES
1.

2.
3.

4.

5.

6.

7.

8.

9.

10.

Breast/Ovarian Cancer Panel
This 20 gene panel developed by GeneDx
evaluates genes that have been linked to an hereditary
disposition to breast and/or ovarian cancer [28].
Myriad myRisk® Hereditary Cancer test
Myriad myRisk® Hereditary Cancer test is a
28-gene panel that identifies an elevated risk for eight
cancers (breast, ovarian, gastric, colorectal, pancreatic,
melanoma, prostate, and endometrial) [28].

CONCLUSION
Molecular genomic testing will further
improve in diagnosis, Prognosis and Treatment of
Breast Cancer Patients.
Conflicts of Interests: There is no conflicts of intersts.

11.

12.

Cancer IAR: Estimated cancer incidence, mortality
and prevalence worldwide. Available from: http: //
www-dep.iarc fr/WHO dp/WHO db.htm.
WHO publication on cancer 2013. Organization
WH: Breast cancer: prevention and control.
Hutchinson, L. (2010). Breast cancer: challenges,
controversies, breakthroughs. Nat Rev Clinical
Oncology, 7(12):669-670.
Corsini, L. R., Bronte, G., Terrasi, M., Amodeo,
V., Fanale, D., Fiorentino, E., ... & Russo, A.
(2012). The role of microRNAs in cancer:
diagnostic and prognostic biomarkers and targets of
therapies. Expert
opinion
on
therapeutic
targets, 16(sup2), S103-S109.
Herranz, M., & Ruibal, A. (2012). Optical imaging
in
breast
cancer
diagnosis:
the
next
evolution. Journal of oncology, 2012:863747.
Paik, S., Shak, S., Tang, G., Kim, C., Baker, J.,
Cronin, M., ... & Hiller, W. (2004). A multigene
assay to predict recurrence of tamoxifen-treated,
node-negative breast cancer. New England Journal
of Medicine, 351(27), 2817-2826.
Sparano, J. A., Gray, R. J., Makower, D. F.,
Pritchard, K. I., Albain, K. S., Hayes, D. F., ... &
Zujewski, J. (2015). Prospective validation of a 21gene expression assay in breast cancer. New
England Journal of Medicine, 373(21), 2005-2014.
Gluz, O., Nitz, U. A., Christgen, M., Kates, R. E.,
Shak, S., Clemens, M., ... & Kusche, M. (2016).
West German Study Group Phase III PlanB Trial:
first prospective outcome data for the 21-gene
recurrence score assay and concordance of
prognostic markers by central and local pathology
assessment. J Clin Oncol, 34(20), 2341-2349.
Hayes, D. F. (2012). Targeting adjuvant
chemotherapy: a good idea that needs to be
proven!. Journal of Clinical Oncology, 30(12),
1264-1267.
Albain, K. S., Barlow, W. E., Shak, S., Hortobagyi,
G. N., Livingston, R. B., Yeh, I. T., ... & Sledge, G.
W. (2010). Prognostic and predictive value of the
21-gene recurrence score assay in postmenopausal
women with node-positive, oestrogen-receptorpositive breast cancer on chemotherapy: a
retrospective analysis of a randomised trial. The
lancet oncology, 11(1), 55-65.
Mamounas, E. P., Bryant, J., Lembersky, B.,
Fehrenbacher, L., Sedlacek, S. M., Fisher, B., ... &
Wolmark, N. (2005). Paclitaxel after doxorubicin
plus cyclophosphamide as adjuvant chemotherapy
for node-positive breast cancer: results from
NSABP B-28. Journal of clinical oncology, 23(16),
3686-3696.
Dabbs, D. J., Klein, M. E., Mohsin, S. K., Tubbs,
R. R., Shuai, Y., & Bhargava, R. (2011). High
false-negative rate of HER2 quantitative reverse
transcription polymerase chain reaction of the
Oncotype DX test: an independent quality

© 2019 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

463

Smita Sharma et al; Saudi J Med, June 2019; 4(6): 460-464

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

assurance study. J Clin Oncol, 29(32), 4279-4285.
Mook, S., Van't Veer, L. J., Rutgers, E. J., PiccartGebhart, M. J., & Cardoso, F. (2007).
Individualization of therapy using Mammaprint® ì:
from development to the MINDACT Trial. Cancer
Genomics-Proteomics, 4(3), 147-155.
Van De Vijver, M. J., He, Y. D., Van't Veer, L. J.,
Dai, H., Hart, A. A., Voskuil, D. W., ... & Parrish,
M. (2002). A gene-expression signature as a
predictor of survival in breast cancer. New England
Journal of Medicine, 347(25), 1999-2009.
Cardoso, F., Piccart-Gebhart, M., Veer, L. V. T., &
Rutgers, E. (2007). The MINDACT trial: the first
prospective clinical validation of a genomic
tool. Molecular oncology, 1(3), 246-251.
Cosmatos, D., & Chow, S. C. (Eds.).
(2008). Translational medicine: strategies and
statistical methods. CRC Press.
Cardoso, F., van’t Veer, L. J., Bogaerts, J., Slaets,
L., Viale, G., Delaloge, S., ... & Glas, A. M.
(2016). 70-gene signature as an aid to treatment
decisions in early-stage breast cancer. New
England Journal of Medicine, 375(8), 717-729.
Wallden, B., Storhoff, J., Nielsen, T., Dowidar, N.,
Schaper, C., Ferree, S., ... & Vickery, T. (2015).
Development and verification of the PAM50-based
Prosigna breast cancer gene signature assay. BMC
medical genomics, 8(1), 54.
Nielsen, T., Wallden, B., Schaper, C., Ferree, S.,
Liu, S., Gao, D., ... & Storhoff, J. (2014).
Analytical validation of the PAM50-based
Prosigna Breast Cancer Prognostic Gene Signature
Assay and nCounter Analysis System using
formalin-fixed paraffin-embedded breast tumor
specimens. BMC cancer, 14(1), 177.
Ma, X. J., Salunga, R., Dahiya, S., Wang, W.,
Carney, E., Durbecq, V., ... & Sgroi, D. (2008). A
five-gene molecular grade index and HOXB13:
IL17BR are complementary prognostic factors in
early stage breast cancer. Clinical cancer
research, 14(9), 2601-2608.
Link, J. S., Buck, L. J., & Kapoor, N. S. (2016).
Abstract P5-08-10: The breast cancer index as a
tool in decision making for adjuvant hormonal
therapy in early luminal breast cancer: Initiation,
withdrawal and continuance, 8-12.
Dubsky, P., Filipits, M., Jakesz, R., Rudas, M.,
Singer, C. F., Greil, R., ... & Bachner, M. (2012).
EndoPredict improves the prognostic classification
derived from common clinical guidelines in ERpositive,
HER2-negative
early
breast
cancer. Annals of oncology, 24(3), 640-647.
Liedtke, C., Hatzis, C., Symmans, W. F., Desmedt,

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

C., Haibe-Kains, B., Valero, V., ... & Pusztai, L.
(2009). Genomic grade index is associated with
response to chemotherapy in patients with breast
cancer. Journal of clinical oncology, 27(19), 31853191.
Lauren, C., & Mithil, S. (2019). Identification of
MicroRNAs as New Blood Biomarkers to Predict
Breast Cancer Recurrence. Clinics in Oncology.
Yuan, H., Chen, V., Boisvert, M., Isaacs, C., &
Glazer, R. I. (2018). PLAC1 as a serum biomarker
for breast cancer. PloS one, 13(2), e0192106.
Krop, I., Ismaila, N., Andre, F., Bast, R. C.,
Barlow, W., Collyar, D. E., ... & Van Poznak, C.
(2017). Use of biomarkers to guide decisions on
adjuvant systemic therapy for women with earlystage invasive breast cancer: American Society of
Clinical Oncology clinical practice guideline
focused update. Journal of clinical oncology:
official journal of the American Society of Clinical
Oncology, 35(24), 2838-2847.
Sorrell, A. D., Espenschied, C. R., Culver, J. O., &
Weitzel, J. N. (2013). Tumor protein p53 (TP53)
testing and Li-Fraumeni syndrome. Molecular
diagnosis & therapy, 17(1), 31-47.
Sauter, E. R., & Daly, M. B. (Eds.). (2010). Breast
cancer risk reduction and early detection. Springer
Science & Business Media.
Thompson, D., Duedal, S., Kirner, J., McGuffog,
L., Last, J., Reiman, A., ... & Easton, D. F. (2005).
Cancer risks and mortality in heterozygous ATM
mutation carriers. Journal of the National Cancer
Institute, 97(11), 813-822.
Chu, E. C., Chai, J., & Tarnawski, A. S. (2004).
NSAIDs activate PTEN and other phosphatases in
human colon cancer cells: novel mechanism for
chemopreventive action of NSAIDs. Biochemical
and biophysical research communications, 320(3),
875-879.
Depowski, P. L., Rosenthal, S. I., & Ross, J. S.
(2001). Loss of expression of the PTEN gene
protein product is associated with poor outcome in
breast cancer. Modern Pathology, 14(7), 672-676.
Grignol, V. P., & Agnese, D. M. (2016). Breast
cancer genetics for the surgeon: an update on
causes and testing options. Journal of the American
College of Surgeons, 222(5), 906-914.
Easton, D. F., Pharoah, P. D., Antoniou, A. C.,
Tischkowitz, M., Tavtigian, S. V., Nathanson, K.
L., ... & Goldgar, D. E. (2015). Gene-panel
sequencing and the prediction of breast-cancer
risk. New England Journal of Medicine, 372(23),
2243-2257.

© 2019 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

464

