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Personalized medicine, comparative effectiveness

research (CER) and the electronic health record

(EHR) are three emerging advances that promise to have

an enormous impact on the future of healthcare. CER

aims to establish best interventions for a given problem,

whereas personalized medicine tailors medical treatment

to the individual characteristics of each patient. It strives

to match the right treatment to the right patient at the

right time [1]. Both CER and personalized medicine

involve quality evidence-based decisions, but CER

evaluates treatment interventions in study cohorts,

whereas personalized medicine directs attention to one

patient’s individual qualities in order to define optimal

clinical decisions. A most compelling example of the

power of personalized medicine is the evolution of the

treatment of acute lymphoblastic leukemia, the most

common cancer among children and adolescents [2].

In 1962, only 4% of children with the disease survived

10 years after diagnosis. Today, with the use of genetic

screening technologies and improved treatment options,

the cure rate has risen to over 80%. It is reasonable to

expect that many more successful examples of person-

alized medicine will be seen in the near future. The

challenge, as well as the opportunity, of personalized

medicine lies in its capacity to generate and effectively

utilize quantitative data that match the complexity of the

disease [3].

It might be argued that physicians have always practiced

personalized medicine. We have certainly recognized for

a long time that patients can respond very differently to

the same medication, and we have modified treatments

and altered drug dosages and routes of administration to

improve the efficacy and tolerability of clinical regimens.

However, it is only recently that a patient’s molecular

information has come to play an important role in the

selection of therapy, bringing attention to the opportu-

nities of translating advances in molecular medicine into

clinical practice. It appears ever more probable that such

information will provide unmatched understanding of a
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patient’s condition, including susceptibility to disease

and its progression, as well as likely drug responsiveness.

The ability to classify diseases into distinct molecular

subcategories will give rise to new paradigms for treat-

ment. Such information will also form the basis for

preventive interventions. The economic rationale for

healthcare decisions will be based increasingly on the

cost savings realized through preventive approaches to

patient management [4].

EHRs promise to transform the way we manage health

and disease. Conversion of the traditional paper-based

medical chart into an electronic format offers several

significant improvements. EHRs are more easily acces-

sible by the numerous members of the healthcare team

often involved in the management of complex patients.

EHRs are more easily portable for our increasingly

mobile patient populations. Decision support systems

sustained by EHRs can help to reduce medical errors

and to recognize potential adverse reactions to complex

drug combinations.

For many years, clinical epidemiology and related fields

have sought to improve our understanding of treatment

effects at the individual level by analyzing subgroup

effects and developing clinical prediction rules. Perhaps

the most important goal of CER is to broaden and deepen

such information, providing tools for matching medical

care much more precisely to individual patients [5��]. In

support of CER, EHRs can capture patients’ genetic and

other individual health information accumulated in the

course of routine healthcare, clinical trials and other

studies. Secure, ongoing collection of gene-based and

other molecular test data from EHRs and clinical labora-

tories and linking these with population-focused patient

registries can support research on relationships among

personal traits, interventions and outcomes. In translating

CER to practice, health information technology can

ensure that evidence pertaining to personalized medicine

is present and actionable at the point of decision-making,

enabling patients and their physicians to consider

patients’ personal traits when weighing the risks and

benefits of alternative treatment options [6].

The U.S. National Institutes of Health have been

stimulating the development of electronic systems to

support CER and other types of clinical research
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(www.ctsaweb.org), which is designed to transform

the conduct of clinical research at academic health cen-

ters (AHCs) around the country. Systems designed to

capture patient health information have focused on

individual patient encounters. However, many research

questions can only be addressed by aggregating patients

into populations with similar characteristics for compara-

tive analysis using statistical methods to identify differ-

ences between populations (e.g. between a cohort of

patients with a particular disease and healthy controls).

For this reason, many health centers have deployed data

warehouses, like Informatics for Integrating Biology and

the Bedside (i2b2) data warehouse [7], that contain data

extracted from EHRs and restructured into dimension

and fact tables to support statistical analysis. In consider-

ing the use of EHRs for CER and other research pur-

poses, several issues need to be addressed.
Data completeness and accuracy

Different kinds of data are required to address different

research questions. For example, disparities research

is focused on the comparison of healthcare practices

between different racial-segregated, ethnic-segregated,

age-segregated or sex-segregated populations. Therefore,

it is critical that complete demographic information is

captured in the EHR for these purposes. Unfortunately,

these data fields may not be required by the EHR data

capture system, and data entry professionals focused on

patient management may not appreciate the value of

capturing these data into the EHR. Indeed, in an evalu-

ation of health records for approximately 10 000 asthma

patients at one of our institutions, race was listed as not

recorded for 91%. Thus, the availability of EHR can also

encourage a dialog between the data providers and the

data users about issues related to accuracy and complete-

ness in order to improve the quality of the data in the

EHR.

Standardized data versus free text

The availability of common data elements (e.g. sex) with

standardized values (e.g. man, woman, unknown) greatly

facilitates research analysis. However, much of the valu-

able data found in EHR are contained within physicians’

notes represented in free text. Manual conversion of

information in free text into structured data is labor

intensive. In order to capture these valuable data

embedded in free text physicians’ notes, several groups

have been developing and evaluating automated natural

language processing methods to determine their ability to

accurately extract and represent the information con-

tained. Methods focused on the use of rules-based sys-

tems armed with dictionaries of relevant medical terms

and negation extraction modules are surfacing as the

preferred methods to convert the free text found in

EHR into structured, standardized representations [8��].
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But even structured information can be problematic if

the user is unfamiliar with the primary application of

the data in the EHR system in which it is captured. For

example, ICD-9/10 codes, which correspond to structured

representations of disease, can be found in most EHR

systems. However, the presence of an International Classi-

fication of Diseases (ICD) code in an EHR does not

necessarily mean that the patient suffers from the disease

represented by the ICD code. In many cases, ICD codes

are included in the medical record as part of the differential

diagnosis to justify the ordering of a particular test to rule

out a disease. Thus, in cases in which the ordered test gives

results in the normal range, the patient has actually been

determined not to carry the disease. Thus, even with well

structured standardized data, it is critical to appreciate the

context in which the information is captured and used.

Patient rights

Two basic principles have emerged as the basis of

policies about the ethical involvement of human patients

in biomedical research–privacy and autonomy [9�].

Although the use of a comprehensive EHR database in

a de-identified fashion where all Health Information

Portability and Accountability Act of 1996 (HIPAA)-

defined protected health information has been censored

can protect patients’ privacy, data use without informed

consent violates the principle of autonomy–the free

choice of individuals to participate or not in a particular

research project. However, it may be impossible to

prospectively obtain informed consent for research

that might be conducted in the future. And so, in order

to take advantage of the valuable data contained in

comprehensive EHR databases, while still respecting

patients’ autonomy, many AHCs have implemented pro-

cedures that make available de-identified EHR data by

default but allow patients to opt out of research involving

their specimens or data if they so choose. In this way

AHCs can still pursue their mission to improve patient

health through research while respecting the privacy and

autonomy of their patient population.
Conclusion
EHRs will come to play an essential role in the support of

both CER and personalized medicine to identify optimal

strategies for the management of patients’ health and

disease. Personalized medicine promises to transform

healthcare by using molecular analysis to achieve opti-

mum medical outcomes. As CER informs treatment

decisions for cohorts and for the individual patient, it

will also advance and direct innovation. CER, personal-

ized medicine and EHR offer complementary advantages

of great potential for health. At a time when healthcare

systems are coming under increasing financial pressure,

this potential must be realized.
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