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Abstract

Within current oncology practice several genomic applications are being use to inform treatment
decisions with molecularly targeted therapies in breast, lung, colorectal, melanoma and other
cancers. This commentary introduces a conceptual framework connecting the full spectrum of
biomedical research disciplines, including fundamental laboratory research, clinical trials, and
observational studies in the translation of genomic applications into clinical practice. The
conceptual framework illustrates the contribution that well-designed observational
epidemiological studies provide to the successful translation of these applications, and
characterizes the role observational epidemiology plays in driving the dynamic and iterative
bench-to-bedside, and bedside-to-bench translation continuum. We also discuss how the principles
of this conceptual model, emphasizing integration of multidisciplinary research, can be applied to
the evolving paradigm in “precision oncology” focusing on multiplex tumor sequencing, and we
identify opportunities for observational studies to contribute to the successful and efficient
translation of this paradigm.
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Introduction

Translational research generally refers to the application of scientific discoveries to develop
new approaches to prevention, early detection, diagnosis, and treatment of disease in clinical
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and public health practice, ultimately leading to effective health policy and improved health
outcomes.(1) This paradigm has been called bench-to-bedside and has received increasing
priority in recent years by programs such as National Institutes of Health's Clinical and
Translational Science Award program.(2) To clarify the role of epidemiology in
translational research, Khoury and colleagues presented an expanded framework for the
concept of tranglational epidemiology as a fundamental science for moving laboratory
discoveries (e.g., molecular and computational biology, molecular pathology, “-omics”
science, pharmacology, and radiobiology, etc.) into clinical and public health practice.(3) In
this framework, translational epidemiology, encompassing observational, experimental, and
theoretical epidemiological methods, links laboratory and clinical aspects with population
research. Application of epidemiologic principles in population-based scientific
investigations, including the development of a hypothesis, defining the population,
comparisons and outcomes, study design and conduct, and data analysis and interpretation,
is necessary to understand the natural history of disease, identify risk or protective factors,
and provide evidence for the utility of novel interventions. This can, in turn, influence
further laboratory, clinical, and population-based research, policy and practice.

The purpose of this article is to demonstrate the unique opportunities that observational
epidemiology has to offer to advance cancer precision and genomic medicine, recently
referred to as “precision oncology”.(4) Precision oncology uses broad-spectrum molecular
and systems biology techniques to analyze an individual patient's cancer at the molecular
level and then develop targeted treatments in combination with important contextual features
(clinical and treatment history, comorbidities, preferences, and inherited genetic
susceptibilities related to potential drug interactions and toxicities) to optimize a patient's
response. In this commentary we first introduce a conceptual framework integrating
laboratory sciences, clinical trials, and observational studies (Figure 1). In so doing we
highlight translational epidemiology as a bidirectional process, where new knowledge
gained from the bedside (i.e. the population) is translated back to the benches of laboratory
science. We will use this iterative concept to provide examples of how study designs,
hypotheses, and findings offered by observational epidemiologic studies can play important
roles in driving translational research that advances precision oncology, leading in some
cases to successful clinical implementation. Finally, we discuss how observational
epidemiology can contribute to an emerging paradigm, incorporating next-generation tumor
sequencing technology into clinical oncology practice.

Observational Epidemiology in Precision Oncology

Due to the long latency period of cancer development, observational study designs (Table 1)
have, by necessity, played an important role in the translation (i.e., development, validation
and evaluation) of effective clinical and public health interventions, especially for cancer
screening, early detection and prevention. The proliferation of high throughput “-omic”
technologies provides tremendous opportunities for observational studies to efficiently
develop and evaluate many possible gene-treatment hypotheses applied to cancer treatment
and precision oncology. To date, the translation of applications for precision oncology has
largely emphasized the laboratory as the starting point in the bench-to-bedside translational
continuum. The discovery of biomarkers able to predict treatment response and the
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development of molecularly targeted therapies is often portrayed as following a linear,
unidirectional process culminating with evaluation in a prospective randomized controlled
trial (RCT).(5) While this might be the prototypical translational model, even this form of
translational research is iterative with feedback loops driven by observational epidemiology
during the discovery, validation, evaluation and implementation steps.(3) The use of
epidemiology and the strengths of observational studies to inform precision oncology have
not been generally discussed.

The epidemiologic principles for developing a precision oncology application require
explicit description of the population of interest (sociodemographic, clinical, genomic, and
treatment characteristics), clearly defining both the genomic and treatment comparisons
being made, and capturing the clinical outcomes used to evaluate such comparisons.
Attention to these principles, especially the comparisons being made, will help distinguish
prognostic factors (predict course of disease regardless of treatment) from predictive factors
(able to predict treatment response and outcomes), and will provide a foundation to facilitate
further translational research.(6) In the development of genomic markers as prognostic and
predictive factors, strengths of observational studies include access to diverse patient
profiles and cancer types otherwise not necessarily eligible for RCTs designed to address
similar questions. Observational studies also allow the examination of large sample sets to
interrogate the interaction between a discrete genomic marker and binary treatment variable
to predict outcomes. However, observational epidemiology has its limitations in establishing
causal effects and is vulnerable to non-causal explanations observed in gene-treatment
interactions (e.g. bias and confounding). For example, variation in treatment allocation,
dose, and frequency and uneven distribution of risk factors associated with outcomes of
interest between treated and untreated groups may allow for potential confounding and
selection bias.(7)

In order to overcome such limitations, investigators seeking a more robust measure of effect
rely on experimental epidemiology methods, which include the randomized controlled trial
(RCT). Many of the inherent qualities of conventional RCTs including randomized
treatment assignments, pre-specified participant eligibility criteria and treatment regimens,
rigorous participant follow-up and data collection, and masking participants and trial
investigators, substantiates RCTSs as the highest levels of evidence to evaluate the efficacy of
a clinical or public health intervention. Given their inherent strengths, RCTs have
traditionally played a prominent role within the bench-to-bedside continuum. However,
conventional RCTs have limited generalizability due to the highly selected patient
populations enrolled in trials, and may not efficiently recruit the large number of participants
needed to test multiple gene-treatment interactions.

Conceptual Model

To fully realize the potential of precision oncology, it is essential to integrate laboratory
discoveries with evidence-based systematic evaluations in both a well-defined clinical
setting (e.g., proof-of-principle efficacy studies) and in large heterogeneous populations
(e.g., effectiveness study in large populations). This can be done most efficiently by taking
advantage of the complementary aspects of laboratory research, clinical trials and
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observational studies that employ a range of scientific methods to establish a portfolio of
evidence. Figure 1 presents our conceptual model, which illustrates the interdependent
continuum forming these connections.

The research and development of new cancer therapeutics has historically followed an
agnostic approach in pre-clinical research using in vitro screening of a vast array of
molecules followed by animal testing and early phase clinical trials designed to establish a
safe and effective dose. Variation in treatment response may be due in part to the
heterogeneity of participants based on genetic and other factors. A large proportion of
participants with no or suboptimal therapeutic response who share a common molecular
profile may produce an overall non-significant result for a therapy that is otherwise
promising in a different patient subgroup. More recently, development of cancer
therapeutics has followed a hypothesis-driven approach focusing on the mechanisms of
action to guide drug development. Knowledge of inter-individual variation as well as
variation in the molecular pathways driving tumorigenesis, observed in clinical research, is
fed back into the laboratory as unique genomic and/or molecular targets for future drug
development.(4,8,9) Alternatively, in vitro screening of a library of approved therapeutics
used in clinical practice for a variety of non-cancer related indications for growth inhibition
could provide new hypotheses for cancer prevention and treatment. Such hypotheses can be
evaluated in existing observational cohort studies with long-term follow-up for a large
number of participants and many possible cancer outcomes, eventually moving to clinical
trials.(10,11)

While clinical trials are the primary source of information on the utility of therapeutic
agents, for a large number of rare cancers, and for certain population subgroups, clinical trial
data are often unavailable to assess the utility of a treatment in a population of interest. In
addition, older established anticancer drugs were typically assessed at a time when
biological specimens were not collected within the clinical trials that established their
clinical utility. In such instances, observational clinical studies can provide information on
drug effectiveness in particular sub-populations as well as the incidence of rare acute
adverse events and long-term toxicity in particular risk subgroups. This concept can also be
extended to non-pharmacologic and technology-driven therapies, such as radiation therapy.
This is particularly important for patient sub-groups with particular genomic profiles as well
as patients typically not represented in trials such as the elderly and those with
comorbidities. Discoveries arising from post-marketing surveillance and observational
studies can guide researchers in cultivating new hypotheses that can inform basic molecular
research. Using this feedback loop, new prospective clinical studies using innovative trial
designs (e.g., FOCUS and Lung-MAP trials) can be initiated that incorporate genomic
components into their design to establish both the utility and safety of precision therapy
based on a person's genomic and clinical risk profile.
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Examples of Observational Epidemiology Driving Translation of Precision

Oncology

Discovery of a Prognostic Marker to Advance Drug Development

There is perhaps no better example of using observational epidemiologic clinical research to
translate laboratory discoveries into improved population health outcomes than the
development of trastuzumab for treating HER2/neu positive breast cancer. In the mid 1980's
several independent laboratory investigations provided evidence of the biological
mechanisms by which HER2/neu (human epidermal growth factor 2) promotes cancer
proliferation, and demonstrated increased levels of this marker in a number of different
tumor types.(12-14) Two key observational studies in women with lymph-node positive
breast cancer showed that increased HER2/neu expression was associated with lower disease
free survival and overall survival compared with normal HER2/neu expression.(15,16) The
contributions from observational epidemiological studies, demonstrating the prognostic
importance of HER2/neu overexpression (15-17) provided sufficient evidence to drive the
development of the first ever molecularly targeted cancer therapy — trastuzumab, a
monoclonal antibody targeting tumor cells expressing HER2/neu. Eventually a Phase 111
trial investigating the efficacy of trastuzumab in participants with HER2/neu amplification
confirmed the ability of HER2/neu expression to predict treatment outcomes with
trastuzumab.(18) During this period, additional observational studies helped to establish the
proportion of patients carrying this molecular change in their breast cancer tumors, leading
to a clearer understanding of the potential clinical impact and costs associated with this new
biomarker-driven therapy that shaped subsequent health care policy.(19) The progression
through the translational continuum using observational epidemiology methods to build on
prior knowledge (laboratory and observational) to inform clinical trial design highlights the
reciprocal nature of translational epidemiology (Figure 1).

Marker Discovery and Confirmation of Predictive Value

Since the introduction of anti-EGFR therapy, additional molecular discoveries have led to a
greater understanding of the genes involved in the EGFR pathway in colorectal
carcinogenesis. After cetuximab (in 2006) and panitumumab (in 2007) received approval by
the FDA for treatment of metastatic colorectal cancer, investigators began to wonder if
treatment outcomes observed in the trials were mediated by variation in EGFR expression.
Once it became clear that EGFR expression did not predict treatment outcomes with either
EGFR-targeted therapy, there was great interest in whether mutations in the downstream
coding genes in the EGFR pathway (i.e., KRAS, BRAF, and PI3KCA) could influence
outcomes with anti-EGFR therapy.(20) Based on the evidence from two observational
clinical studies in metastatic colorectal cancer patients undergoing cetuximab therapy
investigators were able to show that individuals whose tumors had a KRAS mutation did not
achieve the same clinical response compared with those with wild-type KRAS tumors.
(21,22) Further hypothesis-driven “prospective-retrospective” analyses, comparing KRAS
wild-type with KRAS-mutant tumors in archived tumor samples from the RCTs that
investigated the efficacy and safety of cetuximab and panitumumab, confirmed the ability of
KRAS mutation status to predict treatment outcomes.(23,24) Leveraging knowledge of the
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molecular landscape of the EGFR pathway with the observational data, researchers were
able to demonstrate the prognostic characteristics of KRAS, and when combined with the
retrospective analyses of trial data validating the gene-treatment interaction (i.e., prediction),
developed and validated a new hypothesis of the molecular mechanism mediating treatment
response to EGFR-targeted therapy.

Hypothesis Generation and Discovery of Pharmacokinetic Mechanisms

Despite the variability in response to remission maintenance therapy with 6-mercaptopurine
(6-MP) in children with acute lymphoblastic leukemia (ALL), the exact mechanism by
which 6-MP is able to maintain remission was not immediately known, nor were the causes
of serious treatment-related toxicities. In a series of observational epidemiological
investigations, researchers linked genetic variability in thiopurinemethyltransferase (TPMT),
an important enzyme involved in 6-MP metabolism (25) to levels of 6-thioguanine
nucleotides (6-TGN), the active metabolites of 6-MP.(26,27) Additional observational
studies reported the association between 6-TGN and 6-MP treatment related toxicity (i.e.
myelosuppression).(28,29) The sequential accumulation of observational epidemiological
evidence including: 1) the candidate gene analysis; 2) the correlation between 6-TGN and
toxicity; and 3) the negative correlation between TPMT activity and 6-TGN concentration,
allowed researchers to develop a chain of evidence linking the ability of TMPT to predict 6-
MP treatment-related toxicity. Despite the absence of direct evidence of the association
between TPTM genotype and 6-MP related toxicities from RCTSs, the chain of evidence
influenced the Clinical Pharmacogenetics Implementation Consortium Guidelines to
advocate for customized 6-MP dosing based on TMPT genotype to limit potential toxicities.
(30)

Opportunities and challenges for observational epidemiology in the era of
multiplex tumor evaluations

Knowledge gained from high throughput interrogations of genomic alterations has led to the
characterization of dynamic pathways and driver mutations associated with tumorigenesis,
(4,31) and has revealed great molecular diversity within histologically similar cancer types.
For the first time in the post-GWA era, genomic information has the potential to become
integrated into everyday clinical decision-making. At the vanguard of genomic medicine the
current precision oncology paradigm has the technological capabilities to address the single
most important question in biomedical research — what is the best treatment for each
individual?

Much of the evidence driving the paradigm shift is rooted in the scientific theory of cancer
biology (i.e. mechanistic pathways and driver mutations) with supporting evidence from the
traditional single-marker-single-drug applications (e.g. companion diagnostics). A series of
hypothesis-driven and “discovery” clinical trials, forging a consilience between genomic
alterations in key pathways and the molecular targets of therapeutics in development,
individually, may validate a single a priori gene-treatment interaction hypothesis in a small
subgroup of molecularly defined patients. However, there remains a need to consider further
observational study designs in order to investigate a growing number of molecularly
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targeted therapies in an ever-shrinking pool of patients with molecularly defined tumor
subtypes, and in the setting where more and more tumors are found to contain multiple
targetable molecular aberrations, many of which will require treatment with combinations of
drugs.(32)

The systematic accumulation of individual patient experiences in the real-time practice of
precision oncology possesses the necessary elements to advance evidence-based practice
while simultaneously driving further translational research. Integrating epidemiologic
principles in this type of active-learning system, anchored by observational studies, will
allow for efficient knowledge integration through rapid synthesis and evaluation of precision
oncology while ensuring continuous investigation, discovery, and evidence implementation.
(33,34) Several contemporary examples of an active learning system that collect
comprehensive genomic and treatment data from unique “N of 1” encounters include
CancerLinQ(35) and CancerCommons.(36) While these model systems rely on different
architectural principles in the construction of an active-learning knowledge base (complete
electronic health records from participating institutions versus donated clinical data from
individual patients), they are designed to provide a reliable evidence base, generated across
diverse institutional and health systems environments, to be used in real-time clinical
decision making.(37)

The development of an active-learning system potentially provides a robust research
infrastructure for national outcome-based cohorts and consortiums (histology-based or
histology-independent) as well as cancer genome databases, like My Cancer Genome, that
can efficiently integrate findings into clinical practice while also generating new gene-
treatment interaction hypotheses. The Lung Cancer Mutation Consortium (LCMC) recently
published results from a multi-institution observational study that used multiplex genotyping
methods to systematically identify 10 driver mutations in 1007 participants with lung
adenocarcinoma and to use this information to guide treatment decisions.(38) The large
effects observed in smaller, observational investigations of therapies targeting specific
genomic alterations in molecularly homogeneous populations may provide sufficient
evidence of clinical validity and utility otherwise not readily available from traditional RCTs
and may provide the groundwork for clinical trials to validate the treatment effects of
promising targeted therapies.(4,39)

As a growing evidence-base emerges from the everyday practice of precision oncology it is
important to maintain the proper epidemiological perspective when designing future
experimental trials to test the gene-treatment hypotheses that arise from an active-learning
environment. The introduction of an active-learning system for precision oncology within
our conceptual model illustrates where observational studies can add more certainty to the
underlying treatment hypotheses while simultaneously generating evidence of clinical
validity and utility of the potential benefits and harms in precision oncology. The dynamic
process of evaluating rational combinations of targeted therapies through an active-learning
system will improve our understanding of cancer biology, enhance our understanding of
tumor evolution and the emergence of drug-resistance, and contribute to mechanistic
approaches to drug development. In doing so, the bidirectional flow of information between
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laboratory science, clinical trials, and observational studies can be efficiently linked with
clinical and population outcomes across cancer types.

Conclusion

We have demonstrated the unique opportunities that observational epidemiology has to offer
to advance the application of precision oncology. Study designs, hypotheses, and inferences
drawn from observational epidemiology help define the complementary and iterative bench-
to-bedside translation of laboratory science, clinical trials, and observational epidemiology
(Figure 1). All epidemiologic study designs, including clinical trials, have limitations and
different designs answer different questions, so an understanding of the advantages and
limitations of each design at each point within the dynamic translational continuum is
important. Failure to recognize the context-specific strengths and weaknesses can jeopardize
the development of a promising application and contribute to slowing the pace of
translation.

Acknowledgments

We would like to thank Margret Spitz for her helpful comments on an early version of this commentary.

Financial support: No external financial support was sought for this manuscript.

References

1. Woolf SH. The meaning of translational research and why it matters. JAMA : the journal of the
American Medical Association. Jan 9; 2008 299(2):211-213.

2. Collins FS. Reengineering translational science: the time is right. Science translational medicine. Jul
6.2011 3(90):90cm17.

3. Khoury MJ, Gwinn M, loannidis JP. The emergence of translational epidemiology: from scientific
discovery to population health impact. Am J Epidemiol. Sep 1; 2010 172(5):517-524. [PubMed:
20688899]

4. Garraway LA. Genomics-driven oncology: framework for an emerging paradigm. Journal of clinical
oncology : official journal of the American Society of Clinical Oncology. May 20; 2013 31(15):
1806-1814. [PubMed: 23589557]

5. Micheel, CM.; Nass, SJ.; Omenn, GS., editors. Evolution of Translational Omics: Lessons Learned
and the Path Forward. Washington DC: 2012 by the National Academy of Sciences; 2012.

6. Frueh FW. Back to the future: why randomized controlled trials cannot be the answer to
pharmacogenomics and personalized medicine. Pharmacogenomics. Jul; 2009 10(7):1077-1081.
[PubMed: 19604080]

7. Little J, Sharp L, Khoury MJ, Bradley L, Gwinn M. The epidemiologic approach to
pharmacogenomics. American journal of pharmacogenomics : genomics-related research in drug
development and clinical practice. 2005; 5(1):1-20. [PubMed: 15727485]

8. Zerhouni EA. Turning the Titanic. Science translational medicine. Jan 29.2014 6(221):221ed222.

9. Simon R, Polley E. Clinical trials for precision oncology using next-generation sequencing.
Precision Medicine. 2013; 10(5):485-495.

10. Platz EA, Yegnasubramanian S, Liu JO, et al. A novel two-stage, transdisciplinary study identifies
digoxin as a possible drug for prostate cancer treatment. Cancer discovery. Jun; 2011 1(1):68-77.
[PubMed: 22140654]

11. Spitz MR, Caporaso NE, Freedman AN. Epidemiology--found in translation. Cancer discovery.
Jun; 2011 1(1):21-22. [PubMed: 22586315]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Marrone et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Page 9

Seeger RC, Brodeur GM, Sather H, et al. Association of multiple copies of the N-myc oncogene
with rapid progression of neuroblastomas. The New England journal of medicine. Oct 31; 1985
313(18):1111-1116. [PubMed: 4047115]

Nau MM, Brooks BJ, Battey J, et al. L-myc, a new myc-related gene amplified and expressed in
human small cell lung cancer. Nature. Nov 7-13; 1985 318(6041):69-73. [PubMed: 2997622]

Kokai Y, Cohen JA, Drebin JA, Greene MI. Stage- and tissue-specific expression of the neu
oncogene in rat development. Proceedings of the National Academy of Sciences of the United
States of America. Dec; 1987 84(23):8498-8501. [PubMed: 3317411]

Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, McGuire WL. Human breast cancer:
correlation of relapse and survival with amplification of the HER-2/neu oncogene. Science (New
York, N Y). Jan 9; 1987 235(4785):177-182.

Slamon DJ, Godolphin W, Jones LA, et al. Studies of the HER-2/neu proto-oncogene in human
breast and ovarian cancer. Science (New York, N Y). May 12; 1989 244(4905):707-712.

Wright C, Angus B, Nicholson S, et al. Expression of c-erbB-2 oncoprotein: a prognostic indicator
in human breast cancer. Cancer research. Apr 15; 1989 49(8):2087-2090. [PubMed: 2564806]

Slamon DJ, Leyland-Jones B, Shak S, et al. Use of chemotherapy plus a monoclonal antibody
against HER2 for metastatic breast cancer that overexpresses HER2. The New England journal of
medicine. Mar 15; 2001 344(11):783-792. [PubMed: 11248153]

Ferrusi IL, Marshall DA, Kulin NA, Leighl NB, Phillips KA. Looking back at 10 years of
trastuzumab therapy: what is the role of HER2 testing? A systematic review of health economic
analyses. Personalized medicine. Mar; 2009 6(2):193-215. [PubMed: 20668661]

Siena S, Sartore-Bianchi A, Di Nicolantonio F, Balfour J, Bardelli A. Biomarkers predicting
clinical outcome of epidermal growth factor receptor-targeted therapy in metastatic colorectal
cancer. Journal of the National Cancer Institute. Oct 7; 2009 101(19):1308-1324. [PubMed:
19738166]

Lievre A, Bachet JB, Boige V, et al. KRAS mutations as an independent prognostic factor in
patients with advanced colorectal cancer treated with cetuximab. Journal of clinical oncology :
official journal of the American Society of Clinical Oncology. Jan 20; 2008 26(3):374-379.
[PubMed: 18202412]

Lievre A, Bachet JB, Le Corre D, et al. KRAS mutation status is predictive of response to
cetuximab therapy in colorectal cancer. Cancer research. Apr 15; 2006 66(8):3992—-3995.
[PubMed: 16618717]

Amado RG, Wolf M, Peeters M, et al. Wild-type KRAS is required for panitumumab efficacy in
patients with metastatic colorectal cancer. Journal of clinical oncology : official journal of the
American Society of Clinical Oncology. Apr 1; 2008 26(10):1626-1634. [PubMed: 18316791]

Karapetis CS, Khambata-Ford S, Jonker DJ, et al. K-ras mutations and benefit from cetuximab in
advanced colorectal cancer. The New England journal of medicine. Oct 23; 2008 359(17):1757-
1765. [PubMed: 18946061]

Weinshilboum RM, Sladek SL. Mercaptopurine pharmacogenetics: monogenic inheritance of
erythrocyte thiopurine methyltransferase activity. American journal of human genetics. Sep; 1980
32(5):651-662. [PubMed: 7191632]

Lennard L, Lilleyman JS, Van Loon J, Weinshilboum RM. Genetic variation in response to 6-
mercaptopurine for childhood acute lymphoblastic leukaemia. Lancet. Jul 28; 1990 336(8709):
225-229. [PubMed: 1973780]

Lennard L, Van Loon JA, Lilleyman JS, Weinshilboum RM. Thiopurine pharmacogenetics in
leukemia: correlation of erythrocyte thiopurine methyltransferase activity and 6-thioguanine
nucleotide concentrations. Clinical pharmacology and therapeutics. Jan; 1987 41(1):18-25.
[PubMed: 3467886]

Lennard L, Keen D, Lilleyman JS. Oral 6-mercaptopurine in childhood leukemia: parent drug
pharmacokinetics and active metabolite concentrations. Clinical pharmacology and therapeutics.
Sep; 1986 40(3):287-292. [PubMed: 3461899]

Lennard L, Rees CA, Lilleyman JS, Maddocks JL. Childhood leukaemia: a relationship between
intracellular 6-mercaptopurine metabolites and neutropenia. British journal of clinical
pharmacology. Oct; 1983 16(4):359-363. [PubMed: 6578834]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Marrone et al.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

Page 10

Relling MV, Gardner EE, Sandborn WJ, et al. Clinical pharmacogenetics implementation
consortium guidelines for thiopurine methyltransferase genotype and thiopurine dosing: 2013
update. Clinical pharmacology and therapeutics. Apr; 2013 93(4):324-325. [PubMed: 23422873]

Vogelstein B, Papadopoulos N, Velculescu VE, Zhou S, Diaz LA Jr, Kinzler KW. Cancer genome
landscapes. Science (New York, N Y). Mar 29; 2013 339(6127):1546-1558.

Sledge GW Jr. The challenge and promise of the genomic era. Journal of clinical oncology :
official journal of the American Society of Clinical Oncology. Jan 10; 2012 30(2):203-209.
[PubMed: 22162574]

Abernethy AP, Etheredge LM, Ganz PA, et al. Rapid-learning system for cancer care. Journal of
clinical oncology : official journal of the American Society of Clinical Oncology. Sep 20; 2010
28(27):4268-4274. [PubMed: 20585094]

Shrager J, Tenenbaum JM. Rapid learning for precision oncology. Nature reviews Clinical
oncology. Feb; 2014 11(2):109-118.

Schilsky RL, Michels DL, Kearbey AH, Yu PP, Hudis CA. Building a Rapid Learning Health Care
System for Oncology: The Regulatory Framework of CancerLinQ. Journal of Clinical Oncology.
Jun 9.2014

[Accessed July, 2014] CancerCommons. http://www.cancercommons.org/

Schilsky RL. Implementing personalized cancer care. Nature reviews Clinical oncology. Jul; 2014
11(7):432-438.

Kris MG, Johnson BE, Berry LD, et al. Using multiplexed assays of oncogenic drivers in lung
cancers to select targeted drugs. JAMA : the journal of the American Medical Association. May
21; 2014 311(19):1998-2006.

Sleijfer S, Bogaerts J, Siu LL. Designing transformative clinical trials in the cancer genome era.
Journal of clinical oncology : official journal of the American Society of Clinical Oncology. May
20; 2013 31(15):1834-1841. [PubMed: 23589555]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 March 01.


http://www.cancercommons.org/

1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Marrone et al.

Page 11

Pharmaceuticals

Short/long term common &
rare toxicity/effectiveness

Knowledge

- Integrations
Discovery of -
pharmacogenomic Laboratory Observational External validity,
inter-individual Science Clinical Studies il
variation effectiveness

6
Trials —_—

Internal validity
and clinical utility

Individualized
patient care

Figure 1. Conceptual model connecting laboratory science, clinical trials, and observational
epidemiologic resear ch to advance precision oncology
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Common observational study designsused in translational epidemiology

Study design

Description

Inferences

Cohort

Longitudinal study following a group of people representing a
defined characteristic or experience over time

Identify risk factors for disease or outcome of
interests (i.e. survival)

Can identify both prognostic factors® and
predictive markers2 (i.e. gene-drug interaction)

Case-cohort

Compare all incident cases from existing longitudinal study
(e.g. cohort) to random selection of non-cases (e.g. controls)
from same cohort.

Identify prognostic factors! associated with
outcome of interest

Nested case-control

Controls from existing longitudinal study (e.g. cohort) matched
to all incident cases from the same cohort on certain factors (i.e.
age, gender, race, etc.)

Identify prognostic factors? associated with
outcome of interest

Case-control

Selection of cases and controls based on disease status

Identify factors associated with outcome used
to select cases and controls

Case-series (e.g. clinical
series)

A group with a common clinical diagnosis and similar exposure
or treatment history

Identify prognostic factors? associated with
clinical outcomes

Case-only

All cases selected from a cohort during follow-up (including a
randomized controlled trial)

Identify predictive markers (i.e. gene-drug
interaction)2

Cross-sectional

Observations made in a representative sample of the larger
population of interest at one specific point in time

Assess prevalence of risk factors and burden of
disease at a single point in time

Registry

Systematic (often mandated by law) reporting of health
outcomes (e.g. disease incidence) by clinical and public health
professionals

Asses temporal trends of disease burden within
a defined population

“A measure correlated with a clinical outcome in the setting of natural history or a standard of care regimen; It is a variable used to estimate the
risk of or time to clinical outcome”(5)

“A measure that identifies patients most likely to be sensitive or resistant to a specific treatment regimen or agent. An effect modifier is
particularly useful when that measure can be used to identify the subgroup of patients for whom treatment will have a clinically meaningfully
favorable benefit-to-risk profile”(5)
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