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A NEW ERA OF HEALTH CARE delivery and treatment is emerging. The 
focus is changing from a one-size-fits-all model to tailored care that ac-
counts for each patient’s clinical situation and targets the precise molecu-
lar alterations involved in disease processes. Known as precision medicine, 
this fresh perspective on care involves understanding the underlying 
mechanisms of disease, specifically targeting molecular abnormalities and 
stratifying patients’ responses to specific drugs.1,2

Considering individual variability when addressing healthcare strategies 
is not a novel idea. For instance, blood typing has been used for more than 
a century to guide blood transfusions; however, informatics and informa-
tion breakthroughs, such as full-genome sequencing, next-generation 
sequencing (NGS) technologies, and the ability to stratify patients based 
on proteomic, genomic, and metabolomic signatures has expanded the 
application of personalized medicine to a wider range of possibilities, from 
initial diagnosis to treatment selection to dosing.2,3

Two components that are crucial in the implementation of precision 
medicine (PM) are targeted therapies and companion diagnostics. Targeted 
therapies are specifically designed to treat a subpopulation of patients 
within a given disease, typically based on genetic markers (or immunologic 
markers). For these patients, companion diagnostics are used to identify 
the genes, proteins, and other signatures needed to implement use of the 
targeted therapies. Through the disease course, companion diagnostics 
also may help provide additional information on the effectiveness of treat-
ment or the progression of disease.3

Precision Medicine Today
Cancer is among the leading causes of death, both nationally and world-
wide. Today, PM is particularly important in oncology, as it requires an 
in-depth understanding of the tumor biology of each patient. Over the 
past several decades, researchers have identified molecular patterns and 
targets that are useful in defining the prognosis of a given cancer, deter-
mining the appropriate treatments to administer, and designing targeted 
treatments to address specific molecular alterations. By concentrating 
on certain molecular features and characteristics that are present only in 
cancer tissues or predominantly in cancer tissues, PM therapeutics mini-
mize the effects of treatment on healthy cells and improve the diagnosis 
and use of targeted  treatments.1,4 »
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Precision Medicine Milestones in 
Cancer Therapy 
Chronic Myeloid Leukemia
The PM era is characterized by certain mile-
stones. One such milestone was identification 
of a contributor mutation in chronic myeloid 
leukemia (CML) that involves the fusion of 2 
genes: BCR and ABL1. This fusion results in a 
mutated tyrosine kinase domain known as the 
ABL1 tyrosine kinase domain. In the 1990s, 
this molecular alteration was recognized as 
a potential treatment target. Tyrosine kinase 
inhibitors (TKIs) have changed not only the 
treatment of CML, but also the treatment of 
many other cancers. The first-generation TKI, 
imatinib, transformed the end result for many 
patients. Further refinement of TKIs led to the 
development of others, such as dasatinib and 
nilotinib, which improved on the characteris-
tics of the originator agent.5 

Breast Cancer: Specific Subtypes
Breast cancer is noted as a leading cause 
of morbidity and mortality worldwide. 
The complexity of biomarkers involved 
in human breast cancer reveals multiple 
mechanisms, diverse tumors, and numer-
ous categories the disease. Two of the most 

important predictive markers 
in breast cancer are the hu-
man epidermal growth factor 
(HER2) and the estrogen re-
ceptor (ER). If either of these 
is present in a primary or 
metastatic tumor, endocrine 
or HER2 targeted therapy 
may be used, respectively. 
For example, one therapy, 
Tamoxifen, an ER antagonist 
originally developed to cre-
ate new contraceptives and 
cholesterol-lowering drugs, 

was approved in 1972 for the treatment of 
ER-positive breast cancer.1,6,7 

A major challenge of metastatic breast cancer 
(MBC) is its resistance to systemic therapy, 
which is attributed to the evolutionary changes 
of the initial tumor during therapy and tumor 
progression. Moreover, several biopsies from the 
same patient from various metastatic sites have 

shown high genetic heterogenicity. When as-
sessing the prognosis and progression of MBC, 
a liquid biopsy can detect circulating tumor 
cells (CTCs), which reflect the tumor hetero-
genicity of multiple metastatic sites. Therefore, 
they are used for determining gene expression, 
protein expression, and the malignant nature of 
a tumor. The detection of CTCs provides an op-
portunity to study the resistant characteristics 
of MBC, the evolutionary changes in HER2 and 
ESR1 (estrogen receptor 1), and the treatment 
response, all on a molecular level.6

Molecular Monitoring and More
With advancements of technology and the 
increasing focus on individualized therapy, 
especially with respect to genetics, vari-
ous laboratory tests are being developed to 
identify genetic and molecular markers in 
oncology and, increasingly, in other domains 
of medicine. Examples include:

•  Quantitative reverse transcription 
polymerase chain reaction: a technology 
used to detect gene expression, found an 
early application in detection of molecu-
lar alterations in CML and monitoring of 
disease progression5

•  NGS: a technology capable of rapidly 
sequencing an entire genome, including the 
changed genome of a cancer cell8

•  Liquid biopsies: a noninvasive test that 
detects circulating DNA to identify changes 
in disease processes. This technology was 
first used in pregnant women to test for 
Down syndrome.9

The National Institutes of Health defines 
PM as an “emerging approach for disease 
treatment and prevention that takes into 
account individual variability in genes, 
environment, and lifestyle for each person.” 
This personalized approach to medicine 
will continue to influence the provision 
of health care for the forseeable future.10 
Because cancer comprises a heterogenous 
set of diseases, each type of cancer must be 
approached through a highly individualized 
approach. As cancers evolve resistance to 
treatments, novel combinations of treat-

Prognostic biomarkers 
are useful in many 
conditions for 
predicting recurrence 
rates and optimizing 
treatment regimens 
for patients.
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ments and approaches may be necessary, based on spe-
cific genetic, epigenetic, and molecular tests, to optimize 
patient response.1,11

Liquid biopsies, NGS technologies, and biomarker 
detection tests are vital to current treatment and preven-
tion strategies, as well as to the development of new risk-
assessment techniques and approaches toward diagnosis 
and treatment. Already, prognostic biomarkers are useful 
in many conditions for predicting recurrence rates and 
optimizing treatment regimens for patients.12

To enable the further growth and adoption of PM, phar-
maceutical companies must invest in new technologies and 
demonstrate readiness to collaborate with medical profes-
sionals, academic research teams, and managed care profes-
sionals to encourage the best possible use of technologies for 
delivery of efficient care. PM has made enormous strides in 
oncology, and its use will continue to grow both in oncology 
and other areas of medicine, optimizing patient assessment 
and care across the spectrum of care.4,9 ■
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