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A b s t r a c t

Genomics and “medical sequencing” will 
revolutionize clinical laboratory diagnostics as the 
foundation for the new era of personalized medicine. 
However, the medical profession lags far behind the 
technology and business communities in recognizing 
and preparing for this change. Pathologists must take 
the lead in the application of genomics technologies, 
including whole-genome sequencing, to laboratory 
diagnostics and personalized medicine. As a critical 
first step in leading this change, we have established 
a first-in-the-nation resident curriculum in genomics 
and personalized medicine. Our goal is to catalyze the 
adoption of similar training modules in every pathology 
residency in North America. If we succeed in the 
widespread implementation of this type of training as a 
core competency in pathology, we will ensure that the 
discipline of pathology will lead rather than follow in 
the coming era of personalized medicine.

 “‘Personalized medicine’ refers to the tailoring of medi-
cal treatment to the individual characteristics of each patient. 
It does not literally mean the creation of drugs or medical 
devices that are unique to a patient but rather the ability to 
classify individuals into subpopulations that differ in their sus-
ceptibility to a particular disease or their response to a specific 
treatment. Preventive or therapeutic interventions can then be 
concentrated on those who will benefit, sparing expense and 
side effects for those who will not.”1

The era of personalized medicine began with the comple-
tion of the Human Genome Project in 2003. Sequencing of 
the first human genome required more than a decade of effort 
by thousands of scientists and technicians at a cost of $2.7 
billion.2 Now, with advances in DNA sequencing technology, 
biotechnology companies are within a year or two of being 
able to produce a full human genome sequence in less than 
a week, in an almost fully automated manner, at a cost of 
$1,000.3 Soon a complete human genome sequence will cost 
no more than various routine imaging studies or other diag-
nostic tests. At a meeting entitled Personal Genomes,4 held 
at the Cold Spring Harbor Laboratory (Cold Spring Harbor, 
NY) in September 2009, the main question under debate was 
not whether “medical sequencing” of individual patients was 
going to be done, but whether sequencing the whole genome 
or just the “exome”5-7 would provide the best cost/benefit 
ratio for clinical usefulness.

Unfortunately, the medical profession lags far behind the 
technology and business communities in the genomics revolu-
tion. Physicians are ill-prepared for the challenges posed when 
genomic analyses become increasingly routine and genetic data 
become common components of a patient’s medical record. 
As the custodians of laboratory diagnostics, pathologists must 
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embrace these challenges as an opportunity to fulfill a central 
role in the widespread application of personalized and genomic 
medicine.8 An important first step is educating our residents for 
this new era in laboratory diagnostics.

The Evolution/Revolution of Molecular 
Diagnostics

The current model of molecular diagnostics as a stand-
alone laboratory service is giving way to a more decentral-
ized, generalized application of molecular approaches across 
the full spectrum of tissue and clinical laboratory diagnostics. 
Once sequencing technologies reach a certain price point, they 
too will find their way into the clinical laboratories. There 
are many examples in which DNA and RNA sequencing will 
eventually supplant current methods.9-11 Perhaps the most 
obvious is in the field of cytogenetics. Today, we still use 
50-year-old technologies of karyotyping and visual examina-
tion of chromosome banding patterns to diagnose structural 
abnormalities in the human genome. Tomorrow, we will sim-
ply sequence the genome to learn everything that classical 
cytogenetics can tell us and so much more. Today, we use a 
combination of chemical stains, antibodies, and specialized 
techniques and instrumentation to identify and characterize 
cells and tissues. Tomorrow, these methods will be augment-
ed, and, in some cases supplanted, by digital gene expression 
profiling that will elucidate “disease pathways” at the molecu-
lar level to provide the high-precision diagnostic information 
required for exquisitely tailored (ie, individualized) pharma-
cotherapy.8,12 Perhaps the most compelling current example is 
in oncology where knowledge of germline mutations is used 
for individualized screening for and prevention of disease and 
knowledge of somatic mutations in diseased tissue is used for 
targeted therapy, discovery of new drug targets, and improved 
clinical trial design.

The future work of clinical pathology laboratories will 
most likely not be the sequencing itself. As these technolo-
gies rapidly become commoditized, clinical laboratories will 
outsource the production and first-degree annotation of the 
sequence data. The role of pathologists will be to integrate 
these data with other pertinent information in the (electronic) 
medical record and produce clinically actionable recommen-
dations.12 In the coming decade, the role of clinical labora-
tories and the pathology community will be to develop and 
implement the information technologies (“assays”) required 
to achieve this scope of practice. In the near future, an elec-
tronic file of genomic data will be no different from a tube of 
blood or a throat swab. It is simply another specimen that will 
come to pathology for analysis and reporting.

An obvious corollary to this increased depth and scope 
of practice is that pathology will become a medical specialty 

that uses computer modeling and simulation, on terabytes 
of data, as part of its routine practice.12 This computing will 
be exposed on the surface for a few years as the new meth-
ods are developed. However, pathologists will not have to 
become computer scientists any more than did our colleagues 
in radiology. Computing will eventually become impercep-
tibly embedded in the tools of our profession in exactly the 
same way that high-performance computing has transparently 
enabled modern diagnostic imaging.

Pathology and Genomics: Defining the Need 
for Resident Training

At the present time, no single discipline in medicine has 
developed a comprehensive approach to train a cadre of phy-
sicians who will be prepared to meet the coming challenge. 
Control of personal genomics has, therefore, shifted into 
the hands of consumers.13 For as little as $399, and without 
physician involvement, a person can mail a saliva sample or 
buccal swab to any of several companies and, within 2 or 3 
weeks, receive a report listing more than 100 genetic “risks” 
for various diseases and conditions based on the results of 
genome-wide association studies.14 As an article in the New 
England Journal of Medicine put it,15 the genome “genie” is 
out of the bottle, and we concur with Altman16 that failure of 
the medical profession to address the resultant challenges is 
not an option.

We believe that the medical specialty best equipped to 
meet these challenges is pathology, working in close col-
laboration with practitioners of genetic counseling. We further 
believe that the place to start is in the design and implemen-
tation of new training programs to address a serious gap in 
medical education.17 To this end, we have developed a first-
of-its kind resident curriculum in genomics and personalized 
medicine. Herein we briefly outline the components of this 
curriculum. (In an online supplement to this article [see www.
ajcp.com], we provide a more detailed description of our train-
ing program. See also www.GenomicMedicineInitiative.org.)

Our program consists of several components. First is 
a series of didactic presentations focused on the following: 
(1) the current state of genomic analysis in personalized 
medicine, (2) basic aspects of next-generation sequencing 
technologies and their potential diagnostic applications, 
and (3) how genetic counselors use genetic information to 
guide and counsel patients and their physicians. The second 
component of the curriculum uses the time-honored tradition 
in medicine of practicing on oneself in exactly the same way 
students in medical school practice physical examination 
techniques on each other or type their own blood. In our case, 
we provide a strictly voluntary opportunity for our residents 
to have their own genomes analyzed for potential disease-gene 
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associations. The final component of the curriculum is a 
rigorous, literature-based, in-depth analysis of the underly-
ing scientific evidence regarding the significance of current 
disease-gene associations. As current genotyping platforms 
are supplanted by next-generation sequencing technologies, 
we expect to offer our trainees the opportunity to have their 
complete genomes and/or transcriptomes sequenced as a (vol-
untary) part of the future curriculum.

The overall focus of our new curriculum is not on the 
technologies because these are changing rapidly and many 
current methods are likely to be obsolete even before the cur-
rent residents’ training ends. Rather, our main goal is to ensure 
that our residents understand the potential power of DNA and 
RNA sequence data and analysis in clinical laboratory diag-
nosis. We also strongly encourage the residents to engage in 
translational research activities designed to facilitate applica-
tions of sequencing technologies in next-generation molecular 
diagnostics.

To our knowledge, no other residency program in any 
medical specialty has conducted or developed a similar type 
of training module for their house staff. However, given the 
certain role that sequencing technologies and applications will 
play in the future of laboratory medicine, it is imperative that 
we prepare our residents for the practice of pathology in the 
era of personalized medicine. Accordingly, our goal is to help 
ensure that by July 2012, every pathology residency program 
in the United States and Canada will implement a personal 
genomics curriculum into its training such that every resi-
dent graduating from an Accreditation Council for Graduate 
Medical Education–approved program will have developed 
core competencies in this field. We are also working with the 
College of American Pathologists to advance this agenda and 
partner with them to encourage the discipline of pathology to 
take the lead in the future applications of genomics in medi-
cine. If we succeed, pathology will not only maintain, but also 
expand its traditional function and scope of practice as the 
diagnostic enabler of clinical medicine. We will also ensure 
that pathologists are regarded as the “go-to” medical experts 
in the application of modern genomics to personalized health 
care. If, however, pathologists fail to seize this opportunity, 
genomic medicine will be fragmented across a dozen other 
medical specialties, undoubtedly increasing the complexity 
and cost of health care for patients, providers, and payers.
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