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Introduction

Worldwide, Breast cancer is a major public health issue with
an estimated 6.6% of cases diagnosed in young women below the
age of 40.' It is the most commonly diagnosed cancer and leading
cause of cancer mortality among women.? It is estimated that over
522,000 women died due to breast cancer in 2012.° Breast cancer
is a progressive disease* with early stage exhibiting small tumors,
negative axillary nodes, successful treatment and a better prognosis.
Intriguingly, breast cancer in young women is associated with adverse
pathological factors, hormone receptor negativity, and HER2 (human
epidermal growth factor receptor overexpression which explains
worse outcome.! The screening and diagnosis of breast cancer patients
at earlier stages benefits the patient, and also minimizes the financial
burden.’

The traditional clinical approach to treat both the in situ and
invasive breast cancer involves the use of surgical, chemical and
radiation based therapies.® The decision as to whether to have further
chemotherapy that includes drugs such as Cyclophosphamide,
S-fluorouracil, carboplatin, taxane and anthracycline can cause
considerable distress and common side effects such as anemia, nausea,
vomiting, fertility issues, memory loss, menopause and menopausal
problems, neuropathy, fatigue and hair loss - can be a difficult one.’
In general, chemotherapy damages cells that are dividing, so the parts
of the body such as mouth, intestines, skin, hair, and bone marrow
where normal cells divide frequently are likely to be affected by
chemotherapy. Most therapies which are administered to treat breast
cancer are quiet toxic so it is better to select and use suitable therapy
for the appropriate women. Some side effects of chemotherapy are less
common but more serious medical conditions that need to be treated.’
These include osteoporosis, heart problems and eye/vision problems.
The limitations of chemotherapy, especially the narrow therapeutic
index and the lack of discrimination for cancerous and non-cancerous
cells have prompted the search for a greater target-directed approach
to cancer treatment. Long-term side effects of chemotherapy could
include damage to the heart, kidneys, lungs, nerves or reproductive
organs. There is also a chance of developing a second cancer as a
result of chemotherapy.?

Personalized medicine is a medical model where stratification of
patients is done into pre-identified categories to guide better-informed
treatment decisions, practices and interventions based on both the
patients’ clinical-pathological factors (age, tumor size, tumor grade,
lymph node involvement, and hormone receptor status) and their
underlying molecular conditions. For most solid tumors including
breast cancer, surgery remains the main part of the treatment protocol.’
For many patients with early stage breast cancer, their risk of recurrence
is not zero but is small. Evidence from large randomized trials and
from large systematic reviews/meta-analyses such as EBCTCG
(Early Breast Cancer Trialists’ Collaborative Group) have shown that
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adjuvant chemotherapy, the difficult yet indispensable tool in cancer
treatment substantially improves disease free and overall survival
in all categories of breast cancers.!®!! However, with conventional
treatment modalities, it also became evident that many patients relapse
after treatment and many who qualified for established treatment
protocols received no benefit from the treatment.'? An estimated three
out of every four patients receiving this therapy would have survived
without it.!*!* Pathological examination has been the gold standard
for diagnosis in breast cancer and its role has also included the
elucidation of etiology, pathogenesis, clinico-pathological correlation,
and prognostication.'>'® Tumor grading is based on the level of
cellular differentiation or resemblance to its normal counterpart. The
introduction of less invasive techniques to obtain smaller specimens
of the diseased tissue for examination and the improvement in the
microscopic techniques refined the prediction of tumor behavior which
itself became strongly focused on microscopic features.!” Microscopic
features such as cell type, extent of differentiation, mitotic activity,
microscopic lymph vascular invasion, lymphoplasmacytic reaction,
metastasis, and the nature of the tumor borders also help in the better
prediction of tumor behavior. The advent of newer technologies and
the realization that breast cancer is a heterogencous disease' has
shifted the focus to prognostication, with increased attention being
paid to the identification of morphological features and immuno-
histochemical markers of prognostic relevance. The last five decades
have seen a lot of transformation in the laboratory and clinical
investigation and various surrogate molecular biomarkers such as ER
(estrogen-receptor), PR (progesterone-receptor), Her2/neu, and Ki67
have been identified. These biomarkers have shown great promise in
augmenting the standard methods of assessing the disease status and
in determining the best treatment option for breast cancer patients.'s!

Despite all these advancements in the field of breast cancer, the
strongest predictors for metastasis fail to classify accurately breast
tumors according to their clinical behavior. The biology of each tumor
is different and not all patients need to go through the difficult and
challenging chemotherapy after a surgical procedure to kill chances of
cancerous cells recurring.?” The likelihood of the cancer returning is
based on several factors, including the size and “grade” of the tumor,
and whether it has spread locally to the lymph nodes. In addition to
patient preferences and comorbidities, the clinical management of
early stage and potentially curable breast cancer includes the use of
several different clinical and molecular characteristics of the tumor
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to formulate therapeutic recommendations. The prognostic and
predictive strength of different markers is variable as they represent
different distribution patterns and are quantified with unreliable
accuracy. Age, tumor size and Ki67 expression represent continuous
variables whereas histological grade and nodal status are ordinal
variables. The ER and PR expression are variables with a bimodal
distribution whereas HER2 gene amplification results are binary
variables. Tumor size measurements in many pathology labs tend to be
rounded off to the nearest number. Morphologically similar subtypes
of breast cancer show molecular heterogeneity and based on over
expression and under expression patterns of some molecular markers,
breast carcinoma can be segregated into at least 4 molecular subtypes
which are designated as luminal (ER+, PR+, and Her2/neu-), Her2
over expressing (ER-, PR-, and Her2/neu+), basal-like (ER-, PR-,
Her2/neu-, and CK5/6+, EGFR+), and normal breast-like (ER-, PR-,
and Her2/neu-), with each of these correlated to remarkably different
clinical outcomes.!! When multiple factors measured with variable
accuracy are associated with an outcome, the most precise predictions
can only be achieved by multivariate prediction models. This gave
birth to multivariate prognostic models such as Adjuvant Online and
multi gene predictors. A great need exists for the better molecular
characterization of tumor tissue in order to uncover the particular
molecular alterations driving the tumor and multi gene assays provide
credible information that assist in decision-making process, facilitate
treatment selection, and ultimately improve patient outcomes. Multi
gene prognostic assays are now endorsed by the American Society
of Clinical Oncology (ASCO), St. Gallen, The National Institute for
Health and Care Excellence (NICE) and National Comprehensive
Cancer Network (NCCN) guidelines as actionable information
achieved from these could assist in therapeutic decision making in
ER-positive cancers.

Multigene assays (Prognostic and predictive
biomarkers)

Last few years, have seen the development of several multi gene
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tests for risk assessment in early breast cancer to optimize the treatment
and avoid unnecessary chemotherapy. These tests evaluate the genes
which are involved in critical molecular pathways involved in the
breast cancer metastatic cascade and are able to analyze molecular
subtypes of the cancer, risk of recurrence of early stage cancer,
thereby enabling medical oncologists in identifying the benefit of
chemotherapy in addition to the endocrine treatment in node-negative
early breast cancer. Multiple genomic assays are currently in use for
breast cancer which include IHC4, Onco type DX, Mamma Print, Blue
Print, PAMS50, Endo predict, Mammo strat, Mamma Typer, Genomic
Grade Index and Breast cancer Index (Table 1). While most of these
assays are primarily prognostic in nature, but still there are differences
in their approach to achieve the same: The immunohistochemical
4(IHC4) score is a pathological prognostic score that is a quantitative
measurement of ER, PR, the HER2/neu receptor and the Ki-67 gene.?!
A detailed study of 1125 ER-positive lymph node-negative breast
cancer patient samples from Trans ATAC cohort, IHC4 along with a
clinical treatment score has been shown to provide similar amounts
of prognostic information to that provided by the 21-gene recurrence
score of Onco type DX, in patients determined to be at intermediate
risk of recurrence using standard clinical variables.”> THC4 uses a
mathematical formula that weighs the semi quantitative expression
values. However, in the absence of standardized quantification of each
of the four variables, IHC4 scores determined from the 2 different
methodologies correlated moderately therefore applying the formula
to local pathology results could be highly misleading.*?* One of the
recently published study for validation of IHC4 algorithm on the
2919 samples of TEAM (Tamoxifen Versus Exemestane Adjuvant
Multicenter Trial) cohort for predicting residual risk in patients with
breast cancer also supported the role of IHC4 algorithm clinically,
but emphasized that quantitative and standardized approaches need
to be used.” The role of the IHC4 score in predicting local recurrence
is still evolving. The four markers ER/PR/HER2 and Ki-67 used in
combination to derive the IHC4 also display independent significance
in the prognosis of breast cancer.

Table | IHC4, Onco type DX, Mamma Print, Blue Print, PAM50, Endo predict, Mammo strat, Mamma Typer, Genomic Grade Index and Breast cancer Index

Test Assay type Intended use Sample Technology Outcome
IHC4 Prognostic test Any invasive, primary, ER-positive FFPE IHC (4 IHC markers) Rlsk.scor:e and category (low risk
tumors vs. high risk)
Onco type Prognostic and - S Risk score and category (high vs.
DX Predictive test ER-positive, node-negative disease FFPE qRT-PCR (16 genes) moderate vs. low risk)
Mamma Prognostic and Invasive breast cancer, pT 1-2, Fresh/frozen ~ DNA microarrays (70 Risk category (low risk vs. high
Print Predictive test pNO-3,age < 61 years or FFPE genes) risk)
Blue Print Intrinsic subtybes Invasive breast cancer, pT 1-2, fresh/frozen  DNA microarrays (80 Intrinsic subtype
P pNO-3,age < 61 years or FFPE genes) P
Prognostic test, Invasive breast cancer, regardless Nanostring nCounter Intrinsic subtype, risk of
PAMS50 Lo FFPE )
intrinsic subtypes of stage or ER status (50 genes) recurrence score (continuous)
Endopredict ~ Prognostic test ER-positive, HER2-negative disease ~ FFPE qRT-PCR (12 genes) \I}slsti;or::k;;nd category (low risk
Mammostrat  Prognostic test ER-positive, Iymph node-negatlve FFPE IHC (5 IHC markers) Risk catégory (high vs. moderate
tumors treated with tamoxifen vs. low risk)
Mamma L. Invasive breast cancer, regardless .
Typer Intrinsic subtypes of stage or ER status FFPE qRT-PCR (4 genes) Intrinsic subtype
Breast Risk score and category (low risk
Cancer Prognostic test ER-positive, node-negative disease FFPE qRT-PCR (5 genes) S gory
Index vs. high risk)
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Table Continued....
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Test Assay type Intended use Sample Technology Outcome
. N . - DNA microarrays (97 . . .
Genomic Prognostic test Any invasive, primary, ER-positive, FFPE genes) or QRE-PCR (4 R.ISk category (low risk vs. high
Grade Index grade 2 tumors risk)
genes)
Germ Line Fresh/f s ing/NGS  Predict sensitivity to PARP
BRCA Predictive test TNBC resh/frozen  Sanger sequencing Predict sensitivity to
. or FFPE (2 genes) inhibitors
mutation
Foundation Predictive test Primary/metastatic Fresh/frozen NGS (>300 genes) Molecular target profiling for use
one or FFPE of targeted drugs
ER and PR positive, HER2-negative patients were enrolled at 1182 sites in six

The ER/PR status has been shown to have a significant predictive
value on tumor response to hormonal therapy in both the metastatic as
well as for adjuvant therapy after local excision but their prognostic
value is still a case of debate.'>?® Clinical data suggest that tamoxifen
is less efficacious in ER+ PR- tumors than in ER+ PR+ tumors.”’
Studies also suggest that ER- PR+ tumors have poorer prognosis than
ER+ PR+ tumors.”® However, due to the rarity of ER- PR+ breast
cancer (incidence: 1.5-3.4%), the characteristics and prognosis of this
tumor are not well known.

HER2/neu

HER2/neu, is an important transmembrane protein and a member
of epidermal growth factor receptor family. It is involved in critical
signaling pathways that control cell proliferation and survival and has
been shown to be a poor prognostic marker and its overexpression
has been associated with worse overall survival.®3° In addition to
its prognostic role, overexpression/amplification of HER2/neu in
patients with breast carcinoma has been shown to be associated with
an increased sensitivity to doxorubicin-based therapies®'*? Ki-67: Ki-
67 is a proliferation marker and high levels of Ki-67 are associated
with HER2/-neu positivity.*> The International Ki-67 in Breast
Cancer Group of the Breast International Group and North American
Breast Cancer Group (BIG-NABCG) has created guidelines for
the assessment of Ki-67 with recommendations on pre-analytical
and analytical procedures, as well as on interpretation, scoring, and
data handling.** However, it is still not recommended in routine
pathological evaluation because it is not totally clear how Ki-67
measurements and thresholds could influence clinical decisions.*>
Available data also indicate prognostic value of Ki-67 is influenced
by the number of positive lymph nodes. Breast cancer patients with
1-3 positive axillary lymph nodes and >25% Ki-67 positive cells had
significantly worse metastasis free survival and overall survival.’’

Onco type DX test uses RT-PCR technology to analyze the
activity of 21 genes and then calculates and categorizes patients
into Low, Intermediate, High risk based on a continuous risk score
number between 0 and 100; the higher the score, the greater the risk
of recurrence. It is used to estimate a woman’s risk of recurrence in
carly-stage, hormone-receptor-positive breast cancer. Onco type DX
has been shown to predict the magnitude of chemotherapy benefit in
tamoxifen-treated patients in the NSABP B20 trial.** Multiple clinical
trials such as NSABP B-14,* NSABP B-20,3® Trans ATAC* and
SWOG*! have determined that the Recurrence Score is also associated
with the likelihood of chemotherapy benefit in node-positive patients.
All these studies concluded that a recurrence score result <18
predicted little to no benefit from chemotherapy, while a score >31
predicted a larger benefit from chemotherapy. Some prospective trials
such as TAILORx are underway where 10253 node-negative, ER-

countries from April 2006 to October 2010. The initial results have
shown less than 1% risk of distant recurrence at five years in patients
with recurrence Score results <11 who were treated with hormonal
therapy alone.

Mamma Print is a prognostic and predictive diagnostic assay based
on a 70 gene signature that assesses the risk of a tumor to metastasize
to other parts of the body. Mamma Print test is used to estimate a
women’s recurrence risk for early-stage breast cancer as well as how
likely she is to benefit from chemotherapy after breast cancer surgery.
The 70 gene signature is shown to have independent prognostic values
over clinical-pathological risk assessment in breast cancer patients.
The assay is performed using an Agilent microarray system and is used
for Early stage breast cancer (stage I and II), irrespective of ER, PR
and HER?2 status. The assay has also been validated on patients who
have up to 3 positive lymph nodes. The RNA extracted from the tissue
section is hybridized to a customized microarray which then calculates
either a high-risk or alow-risk recurrence score. A retrospective clinical
trial conducted by TRANSBIG consortium, validated and proved the
clinical utility of the assay. The data suggests a significant difference
in risk of recurrence (ROR) between the patients categorized as low
risk and high risk by Mamma print test.*> A prospective randomized
control evaluation of a breast cancer prognosis signature to prove the
performance of the assay was conducted on 427 patients (T1-3NOMO)
under the RASTER (microarRAy-prognoSTics-in-breast-cancER)
study. 97% of the MammaPrint identified Low Risk patient group,
which primarily chose to forego chemotherapy, were disease free after
Syears. The study concluded that omission of adjuvant chemotherapy
as judged appropriate by doctors and patients and instigated by a low-
risk 70-gene signature result, appeared not to compromise outcome.*
Another large scale prospective, randomized, phase III, controlled
clinical trial; MINDACT was initiated to investigate the clinical
utility of MammaPrint, when compared to (or used in conjunction
with) standard clinical pathological criteria, for the selection of
patients unlikely to benefit from adjuvant chemotherapy. From 2007
to 2011, 6693 women across 112 centers in nine countries, who
had undergone surgery for early-stage breast cancer, were enrolled
in the trial. The preliminary results indicate that Mamma Print can
help reduce overtreatment of breast cancer patients by 46%, even in
the presence of high risk clinical features.**¢ In addition to this a
companion test called Blu Print uses the expression patterns of 80
genes and categorizes the tumors into intrinsic subtypes i.e. luminal,
basal and HER2/neu type tumors.* Patients with HER2+/Luminal A
disease seem to have a relative better outcome compared to the other
subtypes. On the other hand HER2+/HER2-enriched tumors seem
to benefit the most from trastuzumab, or dual HER2 blockade with
trastuzumab/lapatinib, in combination with chemotherapy. Overall,
data suggests that intrinsic molecular profiling provides clinically
relevant information beyond current pathology-based classifications.
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PAM50

The Prosigna breast cancer prognostic gene signature assay
employs nCounter system from Nano String. It is a genomic test that
analyzes the expression profiles for 50 genes and classifies tumors
into four intrinsic subtypes (luminal A, luminal B, HER2-enriched,
and basal-like). It categorizes the patients into three risk groups and
provides a continuous risk score. Prosigna proved its clinical validity
through TransATAC and ABCSG-S8 trials with a cumulative validation
pool of >2400 post-menopausal women with early-stage, hormone
receptor-positive breast cancer who received Syears of endocrine
therapy after surgical resection of the primary tumor. The data from
two studies suggests a significant correlation of Prosigna ROR to 10-
year distant recurrence (P<0.0001). The low-risk group had a 10-year
risk of distant recurrence of <5%, while the high-risk group had a 10-
year risk of distant recurrence of >20% in node-negative patients.*”-
Breast Cancer Index (BCI) is a prognostic tool which uses an RT-
PCR platform and is based on the expression levels of 5 genes which
include HOX B13/IL17BR ratio that categorizes the ER positive and
lymph node negative patients into high risk and low risk categories.
BCI has shown significant prognostic performance over 10years for
the prediction of individual risk of distant recurrence for hormone
receptor-positive NO patients in the TransATAC cohort.’! By default
physicians tend to recommend extended endocrine therapy, consistent
with ASCO guidelines and randomized clinical trial results.”> BCI
identifies early-stage estrogen receptor-positive breast cancer patients
at risk for early- and late-distant recurrence and assists in taking a
calculated decision for an extended endocrine therapy; extend or end
endocrine therapy at year 5 and beyond.

Endo Predict test measures the levels of 12 genes using an RT-PCR
platform in early-stage, hormone-receptor-positive, HER2-negative
breast cancer patients, with up to three positive nodes. Data from
patients randomized within the prospective ABCSG-8 trial proved
Endo Predict to be an effective prognostic tool for identifying risk
of local recurrence in postmenopausal endocrine receptor-positive,
her2neu-negative breast cancer. These expression level patterns of
the 12 genes in conjunction with cancer tumor size and the nodal
status of the cancer are used to calculate an EPclin risk score that
classifies the cancer as having a high risk or a low risk of the cancer
metastasizing to an area of the body away from the breast. EP and
EPclin were found to be highly prognostic across the 10years of
follow-up and both scores also identified early and late relapse events
in the TransATAC population study.** These results were in agreement
with previous reports in ER-positive, HER2-negative patient cohorts
from the ABCSG-6 and -8 trials.”>>¢ Mammostrat is a 5-protein ITHC
based prognostic assay that assesses 5 functional proteins - SLC7AS,
p53, HTF9C, NDRG1, and CEA-CAMS. This assay was validated
in 2 trials, NSABP B14 and B20 (same used for Onco type DX) that
included 711 cases of node negative and ER+ patients. The assay
gives low, moderate, and high risk readout.”” Mammostrat was further
evaluated in the TEAM trial with a total of 3837 cases. The results
suggest an independent impact on 10-year distant recurrence-free
survival over and above size, grade, nodal status and ER/PR/HER2
status.*®

Next generation sequencing

Breast cancer is a heterogeneous disease and the cellular and
molecular diversity between and within tumors as well as among
cancer-bearing individuals is very high.**® In fact, recent data on
tumor heterogeneity and cancer cells’ dynamic mutations throughout
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time have shown that one biopsy is insufficient to fully explore the
complexity of a tumor.®’ The distinct biological, molecular, and
clinical factors play an important role in determining the risk of
disease progression and therapeutic resistance. Most of the breast
cancer cases are sporadic, but 5 to 10% of all breast cancer cases
show a specific inheritance pattern. BRCA1 and BRCA2 genes are
the most commonly implicated genes in familial breast cancer and
are responsible for up to 40% of all inherited breast cancer cases.*
Other genes such as CDH1, TP53, PTEN, STK11, FANCA, PALB2,
BRIP1, RAD51C, XRCC2, ATM, CHEK2, NBN, RAD50, RAD51B,
and RADS51D have also been found to increase susceptibility to breast
cancer.%

Another challenging category in breast cancer is the triple-
negative breast cancer (TNBC), as defined by tumors that lack
estrogen receptor, progesterone receptor and human epidermal
growth factor receptor 2 (HER2) overexpression. This specific
group accounts for approximately 15-20% of all breast cancer
types.® Almost all TNBCs are of basal-like molecular subtype and
they share similarities with BRCA-1 associated breast cancer that
include deficiency in DNA-repairing pathways. Approximately half
of all TNBC reach pathological complete remission (pCR) upon
neoadjuvant chemotherapy. A substantial amount of preclinical
data suggests the many TNBC harbor DNA repair deficiencies,
and therefore drugs that induce DNA damage may be particularly
effective. There may be hundreds of different mutations associated
with resistance to standard chemotherapy and that is the reason why
overall comparison of groups of sensitive versus resistant tumors
does not lead to candidate markers.% Functional BRCA1/2 are crucial
for repair of double-strand breaks through homologous DNA repair
mechanism in which the homologous sequence is used to precisely
repair the break. In patients with mutated or nonfunctional BRCA,
Poly (adenosine diphosphate-ribose) polymerases (PARPs) dependent
base excision repair pathway becomes vital to cells defective in
homologous recombination. Therefore, in such tumor cells PARP
inhibition leads to persistent double-strand breaks and this in turn
induces apoptosis.®® Next Generation sequencing (NGS), has allowed
us to analyze sequences from such challenging tumors and helped us
find new treatment targets. Many new mutations and several important
signaling pathways have been identified. However the biggest
challenge is that no two tumors have the same molecular makeup
and hence the same driving mutations. This leads us to the fact that
there are many different molecular mechanisms which are responsible
for tumorigenesis and each tumor is unique in its tumor causing
molecular events. A central premise behind cancer target profiling
is that tumors that share the same driver mutation will respond to a
corresponding targeted drug regardless of histologic subtype whereas
cancers without the mutation will not.

Conclusion

Over the time, it has become apparent that breast cancer is not a
single type of tumor, but a group of different diseases with distinct
molecular properties. Each of these molecularly different breast cancer
types tends to respond differently (or not at all) to the various kinds
of available therapy. As discussed previously ER/PR and HER?2 status
are subjective to pathologist’s evaluation, hence a great need exists
for better molecular characterization of tumor tissue. Determining
the functional molecular sub typing based on the quantitative RNA
expression of genes involved in the downstream pathways of ER, PR,
HER2, and Ki-67 will enable us to accurately characterize the tumors
based on the functional pathways which are involved in the growth
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of tumor. This would provide additional information about the tumor
biology and help to facilitate the appropriate treatment selection.
American Joint Commission on Cancer (AJCC) has also considered
the need and adoption of non-anatomical prognostic factors based on
the biological behavior of cancers in addition to the TNM extent of
disease to identify and counsel patients on prognosis and treatment
options hormone receptor-positive/HER2-negative and lymph node-
negative breast cancer patients with a low-risk recurrence score of
multigene breast cancer prognostic panels, such as Onco type DX,
Mamma print, Endo Predict, PAM 50, and Breast Cancer Index,
should be considered as same prognostic category as T1a-T1b NO MO
tumors, regardless of tumor size.®’

Likewise microRNAs demonstrates a potential biomarker as these
have been shown to be consistently upregulated and downregulated
and have been shown to possess predictive and prognostic values.
Many of these microRNAs have been linked to the currently used
biomarkers in breast cancer management. But there are multiple
concerns as far as microRNAs are concerned. The most important
being the issue of normalization of the microRNAs, and the problem
of reproducibility of these results across different labs.

No doubt that the quantification of ER, PR and HER2 are being
increasingly standardized and inter-laboratory reproducibility
has improved substantially over the past fewyears. However,
multigene signatures introduced an important concept into the need
for multivariate prediction models. The introduction of molecular
techniques such as CGH arrays, proteomics profiling and sequencing
technology and the development of other high throughput technologies
have opened up new avenues of exploration into the genesis of breast
cancer. More importantly it has led to the realization that there are
potentially new and specifically tailored avenues of treatment.
Pathologists continue to play their traditional role in diagnosis but,
as purveyors of the excised tissue, they now have the additional role
of identifying biomarkers responsive to therapeutic manipulation,
thus playing an inextricable role as diagnostic oncologists in the
management of breast cancer. Such developments have defined a new
role for the pathologist paving the Way for Personalized Medicine in
a New Era.
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