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Introduction

In clinical trials, a typical approach for evaluation of safety and
efficacy of a test treatment under investigation is to first test for the
null hypothesis of no treatment difference in efficacy based on clinical
data collected under a valid trial design. If significant, the investigator
would reject the null hypothesis of no treatment difference and then
conclude the alternative hypothesis that there is a difference in favor of
the test treatment. If there is a sufficient power for correctly detecting a
clinically meaningful difference (improvement) when such a difference
truly exists, we claim that the test treatment is efficacious. The test
treatment will then be reviewed and approved by the regulatory agency
such as the United States Food and Drug Administration (FDA) if
the test treatment is well tolerated and there appears to be no safety
concerns. We will refer to medicine developed based on this typical
approach as traditional medicine.

In his State of the Union address early this year, President Obama
announced that he's launching the Precision Medicine Initiative - a
bold new research effort to revolutionize how we improve health and
treat disease. As indicated by President Obama, precision medicine is
an innovative approach that takes into account individual differences
in people’s genes, environments, and lifestyles. Unlike traditional
approach (traditional medicine), most medical treatments have been
designed for the average patient. This one-size-fits-all approach,
treatments can be very successful for some patients but not for others.
Precision medicine, on the other hand, gives medical professionals the
resources they need to target the specific treatments of the illnesses we
encounter [1]. In response to President Obama’s Precision Medicine
Initiative, National Institutes of Health (NIH) kicked off cohort grants
for precision medicine to develop treatments tailored to an individual
based on their genetics and other personal characteristics subsequently
[2]. Seeking for precision medicine of cure has become the center of
clinical research in pharmaceutical development since then.

Precision Medicine

Unlike traditional medicine, precision medicine (PM) is referred
to as a medical model that proposes the customization of healthcare,
with medical decisions, practices, and/or products being tailored to the
individual patient [3]. In this model, diagnostic testing is often employed
for selecting appropriate and optimal therapies based on the context of
a patient’s genetic content or other molecular or cellular analysis. Tools
employed in PM could include molecular diagnostics, imaging, and
analytics/software. This has led to biomarker development in genomics
studies for target clinical trial. A validated biomarker (diagnostic tool)
is then used to identify patients who are most likely to respond to the
test treatment under investigation in the enrichment process of the
target clinical trials [4-7]. As a result, precision medicine will benefit
subgroup of patients who are biomarker positive. In practice, however,
there may exist no perfect diagnostic tool for determining whether a
given patient is with or without molecular target in the enrichment
process of the target clinical trials. Possible misclassification, which
could cause significant bias in assessment of treatment effect in target
clinical trials, is probably the most challenging issue in precision
medicine.

As an example, let Y, be the responses of the jth subject in the
ith group, where j = 1,...,n; I = T,C.Y, are assumed approximately
normality distributed with homogeneous variances between the test
and control treatments. Also, let HT“HQ(MT,, HC,)be the means of
test and control groups for the patients with (without) the molecular
target. Table 1 summarizes population means by treatment and
diagnosis.

In target clinical trials, it is of interest to estimate the treatment effect
for the patients truly having the molecular target, i.e., O =p,, — ., .
However, this effect may be contaminated due to misclassification, i.e.,
for those subjects who do not have the molecular target but got positive
diagnosed results and those subject who have the molecular target but
got negative diagnosed results. The following hypothesis for detecting
a clinically meaningful treatment difference in the patient population
truly with the molecular target is of interest:
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Let Yrand Y. be the sample means of test and control treatments,
respectively. Since no diagnostic test is perfect for diagnosis of the
molecular target of interest without error, therefore, some patients
with a positive diagnostic result may in fact do not have the molecular
target. It follows that
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where v is the positive predicted value, which is often unknown. Thus,
an accurate and reliable estimate of ¥ is the key to the success of target
clinical trials [7] and hence precision medicine.

Precision Medicine versus Personalized Medicine

The term precision medicine is often mixed up with the term
personalized medicine. To distinguish the difference between precision
medicine and personalized (or individualized) medicine, the National
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Note that y is the positive predicted value
Table 1: Population means by treatment and diagnosis.
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Characteristic Traditional Medicine

Precision Medicine Personalized Medicine’

Active Ingredient Single
Target population Population
Primary focus Mean
Dose/Regimen Fixed

Beneficial Average patient
Statistical Method Hypotheses testing
Confidence interval
Use of biomarker No
Blinding Yes
Objective Accuracy
Study design Parallel/crossover

Probability of success

Low

Single
Population

Inter-subject variability

Fixed
Subgroup of patients

Hypotheses testing
Confidence interval

Yes
Yes
Accuracy Precision

Parallel/crossover
Adaptive design

Mild-to-moderate

Multiple
Individuals

Intra-subject variability

Flexible
Individual patients
Hypotheses testing
Confidence interval
Yes
May be difficult

Accuracy
Precision
Reproducibility
Parallel/Crossover
Adaptive design

High

‘Personalized medicine = Individualized medicine

Table 2: Precision medicine versus personalized medicine.

Research Council (NRC) indicates that precision medicine refers to
the tailoring of medical 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 susceptibility to a
particular disease, in the biology and/or prognosis of those diseases
they may develop, or in their response to a specific treatment. In
summary, precision medicine is to benefit subgroup of patients with
the diseases under study, while personalized medicine is to benefit
individual subjects with the diseases under investigation.

Statistically, the term precision is usually referred to the degree of
closeness of the observed data to the truth. High degree of closeness
is an indication of high precision. Thus, precision is related to the
variability associated with the observed data. In practice, the variability
associated with observed data includes (1) intra-subject variability,
(2) inter-subject variability, and (3) variability due to subject-by-
treatment interaction. As a result, precision medicine can be viewed
as the identification of subgroup population with larger effect size (i.e.,
smaller variability) assuming that the difference in mean response is
fixed. Consequently, precision medicine focuses on minimizing inter-
subject variability, while personalized medicine focuses on minimizing
intra-subject variability. Table 2 provides a comparison between
precision medicine and personalized medicine.

Future Perspectives

As indicated earlier, traditional medicine can only benefit average
patients with the diseases under study, while precision medicine can
further benefit a subgroup of patients who have certain characteristics
(e.g., molecular target). On the other hand, the ultimate goal of
personalized (or individualized) medicine is seeking cure for individual
patients if it is not impossible. President Obama’s Precision Medicine
Initiative is an important step moving away from the traditional
medicine and toward to personalized (or individualized) medicine so
that individual patients could be beneficial. For this purpose, traditional

Chinese medicine, which often consists of multiple components and
focuses on global dynamic harmony (or balance) within individual
patients, is expected to be the center of personalized medicine
development moving toward the next century [8]. For achieving this
ultimate goal, regulatory requirement and quantitative/statistical
methods for assessment of treatment effect for drug products with
multiple components are necessarily developed.
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