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“It’s far more important to know what person the

disease has than what disease the person has.”

~Hippocrates
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Conventional Medication Doesn’t Work for All Patients
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History of Personalized Medicine
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 The term personalized medicine first appeared in published works in 1999. However,

some of the field’s core concepts have been in existence since the early 1960s

 Two key discoveries have allowed for significant progress within the field of personalized

medicine

— single nucleotide polymorphism (SNP) genotyping

— HGP (microarray/NGS)

 The ability to identify these polymorphisms is crucial, as SNPs have been linked to patient

susceptibility to various disease processes and drug therapy responsiveness
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 The Human Genome Project (HGP) was an international scientific research project with the

goal of determining the sequence of nucleotide base pairs that make up human DNA, and

of identifying and mapping all of the genes of the human genome from both physical and

functional standpoint

The Human Genome Project
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Study of the genome of an organism

The genome, a combination of the words “gene” and “chromosome”, is the complete

set of hereditary instructions in each cell of every living thing that are needed by the

organism for its development and functioning.

What is Genomics?



My Notebook --- A Programmer’s Way of Understanding Genes
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Sickle Cell Anemia



New Possibilities PM presented
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 Understanding ABACAVIR

 Abacavir, a nucleotide reverse transcriptase inhibitor used to treat patients with HIV

 It is known to cause a hypersensitivity reaction in some patients within six weeks of the onset of

therapy

 In 2002, two independent studies demonstrated a possible genetic link between the

hypersensitivity reaction and the major histocompatibility complex class I allele HLA-B*57:01

(Mallal 2002; Hetherington 2002)

 This landmark study demonstrated that a patient’s genome can predict response to a specific drug

therapy

 Moreover, this study was so persuasive that the Food and Drug Administration and the European

Medicines Agency altered the abacavir label to advise testing for the HLA-B*57:01 allele prior to

initiating abacavir therapy (Novelli 2010)
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Genomic Data Commons
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Genomic Data Commons
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 A collaborative project between NCI’s CCG and DCTD

 Launched out of a joint aspiration to promote the use of genomics in NCI-sponsored clinical

trials of the National Clinical Trial Network (NCTN)

 CTSP’s goal is to elucidate the molecular basis of response and resistance to therapies studied

 The cancer types currently under study are breast cancer, renal cell carcinoma, and diffuse large

B-cell lymphoma

 The genomic and anonymized clinical data from CTSP will be made publically available in the

Genomic Data Commons (GDC) to benefit the cancer research community

Clinical Trial Sequencing Project
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 Trial Assigning Individualized Options for Treatment (TAILORx) is an NCI-sponsored clinical

trial

 Investigating whether some breast cancer patients may be treated effectively without

undergoing chemotherapy, and if a gene expression test can help choose the best

individualized treatment

 The trial enrolled over 10,000 women with estrogen receptor (ER-positive), human epidermal

growth (Her2-negative) breast cancer that had not spread to the lymph nodes

 The trial grouped patients based on the score obtained from the gene expression test, into

low, middle, and high chance of recurrence

 Initial results indicate that low-risk women fare well when spared chemotherapy and that the

gene expression test is a clinically helpful tool for determining the best treatment for individual

patients

The TAILORx Breast Cancer Trial was originally published by the National Cancer Institute.

Breast Cancer and TAILORx
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 ECOG-ACRIN E2805 Trial of Renal Cell Carcinoma

 CCG will receive tissue samples of renal cell carcinoma (RCC), the most common kidney

cancer in adults

 CCG will analyze approximately 400 tissue samples from the ECOG-ACRIN E2805 trial of

sunitinib and sorafenib to learn more about genomic drivers of RCC development, metastasis,

and recurrence

 Diffuse Large B Cell Lymphoma Trial

 CCG will perform a comprehensive molecular analysis of tissue samples of Diffuse Large B

Cell Lymphoma (DLBCL)

 The goal of CCG’s in-depth analysis of the DNA, RNA, and protein of DLBCL samples from

this trial is to bolster the findings with rich molecular data and to add key information, including

multi-platform analysis of DLBCL subtypes and predictors of tumor resistance

Studies Planned Ahead

https://www.ncbi.nlm.nih.gov/pubmed/26969090
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Challenges for Personalized Medicine
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Regulatory Pathways and Policies
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Product Interdependency 
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Co-development
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Cooperation, coordination, and 

communication between regulatory 

agency and between sponsors 

throughout the process are essential 

for ensuring a successful co-

development program

Development of companion 

diagnostics together with therapeutics 

allows

• More efficient clinical trials

• Smaller patient populations

• Focused therapies 

• Better outcomes

• Fewer treatment delays

Requires expertise and careful 

coordination between multiple FDA 

centers to ensure consistent reviews 

and contemporaneous approval of 

the two products



Augmenting Clinical Trial Designs

21

Inclusion 
Criteria

Very small trials 
may not have 
sufficient statistical 
power to yield 
convincing results

High 
Success
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Designs
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markers during 
the course of trial

Purpose 
of trial

Size of 
Trial

Safety and efficacy of 
the drug and 
performance of the 
diagnostics

Enrichment 
Strategies

Decreasing 

heterogeneity 

Identify patients likely 

to benefit from drug or 

biological product

Smaller, faster and 

less expensive trials 
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Advent of Pharmacogenomics (PGx)

 Pharmacogenomics (PGx) is the study of DNA and RNA characteristics as related to drug
response is one of the most exciting areas of personalized medicine today

 The PGx tests most commonly include gene expression analysis using microarrays, SNP
or any genetic polymorphism analysis, genotyping and a few more

 These PGx tests yield huge amount of bio-specimen and genetic (DNA, RNA) sample data,
along with clinical significance information

 PGx data is heterogeneous, quite large and very noisy

 Quality and accuracy are less controllable with many forms of PGx data. The application of
PGx study in clinical trial setting is being challenged by data inconsistencies
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Analyzing PGx Data

 CDISC published the SDTMIG-PGx 1.0 in May 2015

 The PGxIG1.0 provides guidance on the implementation of the
SDTM for gene expression and genetic variation data for human
and viral studies. Seven domains are used to carry data from
three categories
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Category\Class Event Findings Special-Purpose

Data about bio-specimens BE BS RELSPEC

Data about genetic 

observations

PF, PG

Data defining genetic 

biomarker

PB, SB



New PGx Domains
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PF

The Bio-specimen Events domain 

captures the details regarding actions 

taken that affect a specimen or alter 

its status, such as transportation, 

freezing, thawing etc. 

The findings related to specimen 

handling, the characteristics of 

bio-specimens and extracted 

samples are collected in the Bio-

specimen Findings domain

The Related Specimens domain 

documents the hierarchy of specimen 

relationships

Subject Biomarker domain connect 

biomarkers observed in PF domain with the 

medical conclusions documented in the PB 

domain for each subject

PGx/Genetics Biomarker domain 

defines the biomarker and 

contains known associations 

between observed biomarkers 

and medical conclusions (e.g., 

disease diagnosis, drug 

resistance)

PGx/Genetics Methods & Supporting 

Information domain holds the methods, 

algorithm and parameters used in the 

analysis

Data about genetic observations is included 

in PGx/Genetics Findings domain



New Domain, New Learning
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Findings Domain

The PGx Findings domain stores key results such as intensity 

values (both raw and normalized), fold-change, ratio, genetic 

change, amino-acid change etc. Such data are significantly 

different from the previously available findings module.

Capturing Heterogeneity

Given the heterogeneity of PGx data, new variables are specified 

to comply with the dimensions and forms related to genetic 

variation and gene expression data.

 --GENRI and --GENTYP are used to annotate the genetic 

region of interest 

 PFGENLOC and PFGENSR indicate the numeric location and 

the portion of the genetic variation within the sequence 

 PFRSNUM is assigned to carry 'rs' identifier from dbSNP

database or 'cluster' identifier from refSNP database 

 --REFSEQ is given to accession number in RefSeq database 

to refer genomic DNA, RNA transcripts, and proteins



PGx Mapping Examples – CRF sample
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PGx Mapping Examples
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PGx Mapping Examples – SDTM Snapshots
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Analysis Dataset and Sample Report
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Personalized Medicine is the …………. “Future”
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