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Introduction
“The potential for precision medicine to improve care and 

speed the development of new treatments has only just begun 
to be tapped.” (FACT SHEET: President Obama’s Precision 
Medicine Initiative, 2015).

In January 2015, President Obama announced the Precision 
Medicine Initiative for the United States to improve healthcare. 
This ambitious plan includes funding for a large cohort study 
to facilitate interpretation of genomic variants and encourage 
data sharing, funding for identifying genomic drivers in cancer 
and targeted cancer treatments, the development of a curated 
database, and the development of technology to help protect 
privacy. While this plan is designed to increase the use of genomic 
technology, it fails to address the need for education aimed at 

implementation of genomics at the clinical level.

The Age of Precision Medicine
With the advent of the Human Genome Project came the 

promise of personalized medicine [1-3]. Personalized or 
precision medicine refers to using information about a patient’s 
genetic makeup to tailor strategies for the detection, treatment, 
or prevention of disease. Initially this was too costly and time-
consuming for practical application. But recent advances in 
technology are turning this idea into reality. For example, Next 
Generation Sequencing (NGS) analysis, which has recently 
received FDA approval [4], is being utilized to provide both 
whole genome and whole exome sequence analysis, to generate 
comprehensive data on individual patient DNA. This technology 
provides fast turnaround time at an affordable price-one 
which health insurance providers are willing to cover [5], thus 
facilitating the use of genomic information in patient care. This 
new capability in medicine has led to many questions. How will we 
integrate genomic information into clinical practice? How will we 
protect patient privacy? What are the most relevant applications 
of genomics in medicine? Are physicians and other healthcare 
workers knowledgeable about genomics and its applications? 
And, critically, how will we train current and future physicians 
and healthcare professionals to implement this information into 
clinical practice? 

Current State of Genetics Education for Physicians
Since the completion of the Human Genome Project, there is 

a growing recognition worldwide of the importance of genetics 
education for physicians [6-8] As a result, there have been 
studies on how and when genetics is taught in the medical 
curriculum [9,10]. Most medical schools in Canada and the 
United States were shown to devote an average of 36 hours (with 
a range of 18-102 hours) of teaching to medical genetics with the 
most commonly taught topics being cancer genetics, Mendelian 
disorders, cancer genetics, multi factorial inheritance, clinical 
cytogenetic, and patterns of inheritance[10]. These lectures are 
usually delivered in the first year or two of preclinical medical 
training and this curriculum has not changed much in the last 
decade. Assessment of competency in medical practitioners has 
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revealed a low level of competency in genetics and application of 
genomics relevant to their medical practices [11,8]. In one study, 
physicians in family practice felt inadequately prepared to utilize 
genetic information even though they felt it was important to do 
so [11]. In Australia, general practitioners felt underprepared 
to use genetic testing in diagnostics or to counsel patients who 
had undergone genetic testing [8]. More recently, a survey of 
medical internists revealed a wide variation of the utilization of 
genetic information by disease, but a general lack of preparation 
or even unwillingness to use genomic data in patient care [12]. 
And although 65% of respondents reported having counseled 
patients on genetic issues, they rated their knowledge of genetics 
and guidelines for genetic testing as generally poor (79% and 
82%, respectively). 
Applications and Challenges of Genomics in 
Medicine

One area of concern for patients is how genomic information 
is being utilized outside the clinical applications and the 
potential for harm. In 2008, the U.S. Congress passed the Genetic 
Information Nondiscrimination Act (GINA) to protect patients 
from discrimination by employers or health insurers based on 
their genotype [13]. The anticipation was that health insurance 
companies may deny coverage based on the finding of specific 
mutations, for example those in the BRCA gene that are predictive 
of breast cancer. Or life insurance companies may want to 
raise premiums or deny coverage for individuals with genetic 
predispositions to certain diseases. Despite the protections set 
forth by this law, there may still be lingering fear among patients 
about obtaining genomic testing.

One of the big questions being asked is concerning the clinical 
utility of the data provided by genomic sequencing [14,15]. Each 
variant discovered must be assessed for positive predictive value 
across the population in order to be applied to the risk assessment 
of complex diseases. Many variants are being discovered with 
unknown significance. In addition, there is the likelihood of 
the discovery of incidental findings, not related to the patient’s 
primary complaint. These must be interpreted and handled by 
the physician according to medical ethics guidelines [16]. There 
is a need for large cohort studies with genome sequences to sort 
out the huge amount of genomic information being generated to 
improve clinical utility. The President’s new Precision Medicine 
Initiative will help target this important aspect of genomic 
implementation. 

While the clinical applications of genomics is still an active 
area of research, with much left yet to be discovered, there have 
been significant gains in our understanding of a great number 
of genetic variants with biological implications and clinical 
utility[17-19]. Currently one of the best and most clinically useful 
applications of genomics in medicine is in pharmacogenomics 
[20]. Many gene variants have been identified that are predictive 
of a patient’s response to certain medications which can inform 
both the choice of medication as well as dosing. Some examples 
of drugs that require genetic testing prior to prescribing include 
Carbamazapine, Ivacaftor, Tetrabenazine, Valproic Acid and 
Pimozide, while for others, such as Clopidogrel, Warfarin, and 

Abacavir, genetic testing is recommended to avoid adverse 
reactions[21].And yet relatively few physicians in the United 
States have implemented the use of genomics in patient treatment 
plans. In a nationwide survey, greater than 97% of physicians 
thought that genetic variations may influence drug response 
in their patients, but nearly 90% felt inadequately prepared to 
utilize pharmacogenomic data [22]. 

Another area where genomics is being applied with 
increasing success is in cancer diagnosis and treatment [23]. 
Tumor markers are defined as biochemical markers which 
are expressed by tumor cells [24] and are often detectable in 
a patient’s serum. Prostate Specific Antigen (PSA) is used to 
help diagnose patients with prostate cancer and to monitor the 
effectiveness of treatment of patients with prostate cancer [25]. 
One of the first oncology drugs approved by the Food and Drug 
Administration whose response depends on the patient’s genetic 
makeup is trastuzumab. Trastuzumab was originally approved 
for the treatment of breast cancer. This medication, which is a 
humanized monoclonal antibody, is only effective in patients 
whose tumors express the Her2 receptor [26]. Therefore it is 
necessary to do genetic testing of a patient’s breast cancer cells 
before using this medication. Another oncology medication that 
also needs genetic testing before the administration is imatininb, 
a tyrosine kinase inhibitor. This medication is utilized in patients 
with Chronic Myelogenous Leukemia (CML). CML is a clonal 
hematopoietic stem cell disorder which results from a reciprocal 
translocation between chromosomes9 and 22 t (9; 22). This 
translocation results in the fusion of two genes, BCR and ABL, 
which is translated into Bcr-Abl1 fusion protein. Imatinib, a first 
targeted agent against the Bcr-Abl1 fusion protein revolutionized 
treatment of patients with CML [27]. Many other oncology drug 
used to the treatment of different types of cancer utilize genetics 
for optimal dosing. Some of these medications include Cetuximab 
(28) and Irinotecan (28). 

Pharmacogenomics Education
Since pharmacogenomics is becoming an integral part of 

patient care and management there is a need to educate different 
healthcare professionals involved in patient care how to perform 
and utilize pharmacogenetics testing. Recent survey research 
looked at how pharmacists perceived themselves in readiness to 
apply pharmacogenomics in clinical practice. One of those surveys 
done by McCullough et al. showed that pharmacists perceived 
themselves as lacking in confidence and educational background 
in pharmacogenomics [28]. Other surveys showed similar data. 
In 2002, the American Association of Colleges of Pharmacy 
Academic Affairs Committee proposed core competencies 
in pharmacogenetics and pharmacogenomics. These core 
competencies are divided into three major groups: 1) genetic basis 
of diseases, 2) drug discovery and 3) ethical, social and economic 
applications. The Accreditation Council for Pharmacy Education 
Accreditation Standards and Guidelines also recommend that 
basis in pharmacogenetic and pharmacogenomics should include 
the following topics: genetic basis for disease, drug action, drug 
metabolism and individual drug dosing [29]. Murphy et al. (2010), 
performed survey research from 2008 to 2009 to assess what 
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percentage of pharmacy schools includes pharmacogenomics in 
their curricula. They reported that 89.3% of participants include 
pharmacogenomics in their curricula compared to 39% reported 
by Latif and McKay in 2005. So there has been a substantial 
increase in teaching pharmacogenetics and pharmacogenomic 
topics in pharmacy schools curricula over the last decade and 
most of US colleges of pharmacy include pharmacogenetic topic 
on their curricula but the depth of coverage of these topics among 
pharmacy school curricula may be still inadequate [30]. 

Similar to what is being done with pharmacist education, 
physician education in the area of genomics is in need of a 
transformation. Physicians of all specialties must be taught 
how to make sense of this rapidly accruing body of information 
[31]. At the national level, several groups have been working 
on the issues involved in implementation of genomics in 
medicine, such as the Association of Professors of Human and 
Medical Genetics (APHMG), the National Coalition for Health 
Professional Education in Genetics (NCHPEG), and the Inter-
Society Coordinating Committee for Physician Education in 
Genomics (ISCC). Guidelines have been developed for genomics 
education based on the framework of the Accreditation Council 
for Graduate Medical Education (ACGME) and American Board of 
Medical Specialties (ABMS) core competencies that address the 
knowledge, skills, and attitudes expected of physicians [32,33]. 
The resulting guidelines are a great start to guide genetics 
education at both the level of undergraduate and graduate 
medical training for physicians.

Genomics in medicine has great potential for improving 
healthcare through better diagnostics and customized treatment 
plans for individuals, making this an exciting time to be part of 
the healthcare system. In order to turn the promise of precision 
medicine into reality and implement genomics into everyday 
clinical applications, additional education programs are needed 
for all health care workers. When developing educational 
programs in genomics and pharmacogenetics it is important that 
these programs are targeted to the specific audience. Application 
of genomics and pharmacogenomics depends on readiness of 
many different healthcare professionals including: pharmacists, 
geneticists, nurses and many others. Understanding the basic 
concepts of genomics and pharmacogenetics is important for 
all these professionals; however each profession has specific 
areas that are more important for that particular profession so 
these educational programs should contain specific information 
relevant to their practice. Also, when developing these 
educational programs one should make sure that these programs 
are not available just as live programs but also be offered as 
webinars, recorded video programs and written programs so 
there are different ways that a busy healthcare professional can 
access these programs [34-36].
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