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Section 1: Application Overview
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Application solutions: RNA Drug Response Biomarker

Discovery and Screening

RNA sequencing (RNA-Seq) is increasingly being utilized for the discovery of and profiling for RNA-based drug
response biomarkers with the aim of improving the efficiency and success rate of the drug development process.
While a number of technologies have been used for this application, the capabilities of RNA sequencing promise to
be of particular benefit 24, Consequently, there is a growing need to extend the accessibility of RNA sequencing-
based workflow solutions for this application to a broader range of potential users, including those without prior
experience with next-generation sequencing (NGS).

Towards that end, this document is designed to serve as a comprehensive resource for prospective users of any level
of NGS experience who are considering adopting this application. It contains information that we have found to be
particularly helpful to users across multiple stages of the process, from understanding the steps of an RNA sequencing
workflow, to matching configuration options to specific program requirements, to preparing a plan for rapid navigation
through the implementation process.
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Section 1: Application overview — RNA-based drug response
biomarker discovery and profiling

In the context of the historically low success rate of candidate compounds entering clinical trials, the discovery of
and profiling for RNA-based biomarkers predictive of therapeutic response is increasingly becoming an integral part
of the drug development process. Differential expression profiles and gene fusions detectible through RNA analysis
have been shown to associate with a range of response characteristics, including efficacy, the incidence of adverse
effects, pharmacodynamics, and other attributes.2%7 Such biomarkers have consequently become an invaluable tool
in multiple components of the development process, such as informing the interpretation of clinical trial data, allowing
more efficient stratification of trial cohorts, and identifying necantigen candidates for immunotherapy.®-'°© RNA-based
biomarkers may also provide a foundation for the development of companion diagnostics, including for compounds
that have previously failed clinical trials. As the breadth of biomarkers with established prognostic value continues to
expand, it is critical that teams tasked with establishing and running a development pipeline are equipped to make
well-informed decisions on how to integrate genome analysis into their particular programs.

Common methods

Historically, RNA-based drug response biomarker discovery and profiling has most often been performed using
quantitative polymerase chain reaction (QPCR) and gene expression (GEX) arrays.

gPCR is a highly sensitive, reliable, and easy-to-use platform for focused analysis. It is commonly employed to
query individual targets of interest or, in many cases, multi-assay panels. The latter often focus on functional
pathways involved in drug metabolism and/or the mechanism of action of the class of compound being tested.

The primary limitation of gPCR as a biomarker discovery tool is the breadth of information that it can provide. '

This is due in part to the practical limitations in the number of assays that can be run in parallel, and in part to the
fact that assays must be pre-designed against specific targets and are therefore limited by prior knowledge of the
transcriptome. In designing a biomarker discovery study, the project lead is forced to decide on what potential gene
sets and functional pathways to prioritize, and thereby risks limiting the potential paths to a successful outcome.

GEX arrays have provided a complementary platform that enables transcriptome-scale analysis. The use of GEX
arrays expands the scope of biomarker discovery beyond a defined set of functional pathways and provides a
broader view of how compound administration impacts the transcriptome. The frequent use and applicability of
GEX arrays are reflected by the extensive collection of datasets available in the public domain.

GEX array-based study designs are, however, also challenged by technical barriers.™'® For example, the
hybridization-based chemistry on which arrays are typically based provides a relatively limited dynamic range.

This is thought to be due to hybridization saturation on the high end of the expression spectrum, and by
“background noise” and cross-hybridization on the low end. In the context of biomarker discovery, this limits the
sensitivity of detection and visibility to candidates on both ends of the expression range, as well as the accuracy of
measured differential expression between individual genes or gene sets across response categories. Further, as is
the case with gPCR-based approaches, GEX array analysis is based on probes designed against known targets, so
visibility to potential biomarkers requires that the features on which they are based were both known and selected for
inclusion when the array was designed. This is particularly rate limiting with regard to visibility of biomarkers derived
from alternative transcript isoforms and gene fusions.
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Benefits of RNA-Seq-based approach

RNA-Seq has rapidly gained appeal both as a discovery and profiling tool for compound response biomarkers.

As a discovery tool, it casts a wider net than other available methods. This is due to two complementary attributes:
a high sensitivity of detection at both ends of the expression spectrum’'® and the capability to detect both known
and novel features—including gene fusions and alternative transcripts—in a single assay.'**

RNA-Seq has been shown to provide five logs of dynamic range compared to the three logs typical of GEX arrays.!
The resulting 100x advantage in sensitivity benefits the capture of candidate biomarkers on the ends of the abundance
spectrum and enables accuracy in the measurement of differential expression.

The value of the capability to detect biomarker candidates based on novel transcriptome features has become
increasingly apparent. Previously unidentified transcript isoforms have been reported to associate with particular disease
states and therapeutic response attributes.''® Further, a growing body of literature supporting the utility of various forms
of noncoding RNA as biomarkers for clinical outcomes has prompted the inclusion of whole-transcriptome analysis in
more programs.' 718 |n the context of cancer therapeutics, gene fusions have proven to be critical as biomarkers for
response.’®2% And while a growing number of common, well-characterized fusions have been cataloged, fusions often
form as a result of spontaneous events. Pre-designed assays may be unable to detect even small variations of known
targets, and cannot provide visibility to any novel events contributing to outcomes within a cohort. RNA-Seq ensures
that both known and novel fusion events are captured.

Taken together, the more hoalistic, hypothesis-free approach that RNA-Seq enables has extended the scope of
RNA-based biomarker discovery and the potential of this application to benefit the drug development process.

While the utility for biomarker discovery is well supported, it is also important to consider the value add of RNA-Seq
in the framework of biomarker profiling with focused panels. Here, the features being a single platform for both the
discovery and profiling phases of the process will benefit continuity and efficiency.

Barriers to adoption

While the advantages of RNA-Seq have become increasingly well-established in the industry, a number of barriers
have historically challenged new users. Even though these barriers have largely become addressable as the core
technology and available offerings across the workflow have evolved, it is important to assess potential gaps relative
to the particular needs of your program and to confirm the solution under consideration is compatible.

One common barrier to adoption has been compatibility with particular study design requirements such as the available
amounts and/or quality of input RNA. Workflows capable of addressing both requirements for the majority of users are
now available (see Section 2: Workflow Introduction), though the compatibility of each option with additional requirements,
such as the portion of the transcriptome being targeted and throughput capability, should also be confirmed.

Data analysis has also been a substantial barrier on multiple fronts. From the standpoint of ease of use, most
pipelines that were initially developed to analyze RNA-Seq data are driven by command-line user interfaces that
require informatics experts to run them. Also, the volume of data generated by RNA-Seq comes with hardware
requirements to address storage needs, and a path must exist to retain the value of existing datasets by integrating
RNA-Seq data with legacy gPCR, GEX array, or other data. In order to meet these requirements, pharmaceutical
companies have usually either outsourced data analysis or invested in an internal bioinformatics core.

More recently available analysis solutions are able to address these requirements without the need for outsourcing or
establishing a bioinformatics core via cloud-based tools. However, concerns regarding data security and, in some cases,
company requirements, have frequently precluded their use. Still, the economic and workflow advantages of this path
have prompted an increasing number of large pharmaceutical companies to conduct data security audits concerning
cloud-based solutions and, ultimately, led to implementation in their programs (see Section 2: Workflow Introduction).
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There are also more general concerns regarding potential downtime. Given the necessarily tight timeline requirements
involved with drug development programs, transitioning from a well-established and productive platform to a new
method that carries unique infrastructure, hardware, analysis, and training requirements introduces uncertainty

and risk. For that reason, it is important that the particular needs of the program be considered at each step of a
prospective workflow to ensure the right information and expertise is available to confirm a proposed solution and
define a comprehensive implementation plan.

Adoption support resources: RNA-based drug response biomarker discovery and profiling

The documents described below are designed to assist users through the process of addressing the considerations
outlined above, including the design and implementation of an RNA-Seg-based workflow solution for RNA drug
response biomarker discovery and profiling.

Section 2: Workflow Introduction

This section introduces our recommended RNA-Seq workflows for drug response biomarker discovery and profiling,
and outlines the process, from starting total RNA sample through analyzing data.

At each step, the following will be included:
e A high-level description of every step of the process
e Key points to consider when selecting a solution

e Outline of recommended solution(s)

Section 3: Best Practices

This section outlines sequencing-related design parameters that will need to be addressed ahead of planning your
study. Included are considerations pertaining to read length, read depth, sequencer output modes, and other variables
that should be considered to match the requirements of your program. Also captured are practical considerations
related to how transitioning to RNA-Seq from platforms such as quantitative polymerase chain reaction (QPCR)

and gene expression (GEX) arrays may affect day-to-day operations, and how you might best prepare.

Section 4: Start-up Advice

Experts across multiple functional areas, as well as users within the pharmaceutical industry currently running this
application, offer advice to new users.

Section 5: Data Analysis Pipeline Review

Data analysis has historically been one of the most challenging barriers to the adoption of NGS workflows. This has
been due, in part, to uncertainty about whether the desired endpoint for a particular application can be reached, what
that process entails, and what level of expertise is required. This section provides a holistic view of our recommended
analysis pipeline for this application, broken down into feature discovery, identification of biomarker candidates, and
biomarker filtering and prioritization. For each work stream within the broader pipeline, a step-by-step, screenshot-
based walk-through of the lllumina solution is provided.
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