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1 Overview
1.1  Statement of Report

The purpose of this report is to describe the specific segment of the diagnostics market that develops new
technology platforms for evaluating the metabolism of therapeutic agents, or for evaluating which therapeutic
regimes are most effective for a particular type of disease. The term companion diagnostic means that the particular
diagnostic test under evaluation is specifically linked to a known therapeutic drug. This linkage could be important
in the therapeutic application and clinical outcome of a drug (personalized medicine), or an important component of
the drug development process. This report focuses on the former linkage, i.e., the use of companion diagnostic tests
in personalized medicine.

This review will provide an in-depth discussion and analysis of the application of biomarkers in targeted
therapeutics, their predication response and efficacy, as well as their use in treating patients and.s€lecting more
efficacious medications. This summary emphasizes new and developing technology platforms‘meant to aid drug
treatment of patients.

1.2  About ThisReport

The report describes new technology platforms developed for the analyses of constituents of blood, plasma, serum
or tissue that are connected to the effectiveness of therapeuticdgents in\a clinical setting. This study tends to
emphasize smaller biotech companies who have new products and procedures in this sector..Research companies in
the process of developing new ideas are not reviewed in any detail here. The main objegtives of this analysis are to:

o Identify viable technology drivers for companion diagnostic tests through a comprehensive look at platform
technologies for in vitro diagnostics that are used to monitor the absorption, metabolism and efficacy of
therapeutic drugs in individual patients.

e Provide a complete understanding of the new companion biomarker diagnostics tests—i.e., predictive,
screening, prognostic, monitoring, pharmacagenomic and theranostic—from their basic principles to their
applications.

e Discover growing market opportunities in companion diagnostics by identifying high-growth applications
in different diagnostic areas, focusing on the biggest and expanding markets in oncology (e.g., biomarkers
for cancer ‘and predictive biomarkers).

e Focus on/global industry development of companion diagnostic tests through an in-depth analysis of the
major world markets for companion diagnostics, including growth forecasts.

1.3  Scopeof the Report

This report differs from TriMark Publications’ Personalized Medicine report in that it emphasizes diagnostic tests
that are directly linked in their usage to specific therapeutic agents. Other tests like the IVDMIA tests are
inestimably characterized as personalized medicine tests because they determine a patient’s sensitivity or
susceptibility to various disease states. However, they are not strictly classified as companion diagnostic tests
because they are not directly linked to a therapeutic agent, neither as a selection algorithm, nor as a guide to dosing
regimes.

This analysis emphasizes companies that are actively developing and marketing new reagents and supplies for
performing companion biomarker diagnostics tests in the clinical setting on patients undergoing administration of
FDA-approved drugs. It discusses the various market trends and opportunities using new biomarkers, while
providing an in-depth analysis of market share, revenue forecasts, market drivers and market restraints. The
comprehensive focus of the study, backed by strategic recommendations, enables companies to position their growth
strategies to benefit from the changing market conditions and obtain maximum return on investment.

© 2008 TriMark Publications, LLC. All rights reserved. 7 www.trimarkpublications.com
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The reader should consult other TriMark Publications reports at www.trimarkpublications.com for detailed
discussions of important individual market segments related to the companion diagnostics market, such as clinical
chemistry testing, high-growth diagnostic test markets, blood gas and electrolytes, over-the-counter diagnostic
testing markets, and point of care testing. TriMark provides a separate market report titled DNA Sequencing and
PCR Markets, which emphasizes the analytical methods and PCR technology platforms used in companion
diagnostics. TriMark also publishes a separate report on routine clinical tumor markers in current use and their
markets: Cancer Diagnostic Testing World Markets.

The biotech sector developing new companion biomarkers is the focus of this examination. But attention is paid to
the hospital market segment, and separately, to the instruments, reagents and supplies marketed by major companies
in this segment. Market size, growth rates and market components for instruments, reagents, controls and
consumables used in this area are also analyzed.

Specialty companion diagnostics testing such as pathology screening methods and special tissugsstains to examine
companion cells in situ are mentioned, since they are often part of the overall analytical focus af companigs that
market companion technology platforms. However, no effort is made to quantify this older and broader-market.
These subjects are discussed in other TriMark Publications reports.

An analysis of business trends, technology trends and developing areas of companion diagnostics testing usifig new
biomarkers is provided, along with a brief review of the routine market for clinical,companion diagnostiCs testing
equipment and supplies in the clinical hospital market, using.sereening reagents and\instruments for analysis of
individual components in blood, serum or plasma. This study‘defines U.S. and global\market«dollar sales volume
and analyzes factors that influence the size and growth of market segments. Activity and‘trends in hospital markets,
including the numbers of institutions that use companion diagnostics testing and the factors that influence
purchasing, are addressed in this report.

This review surveys biotech companies known for marketing, manufacturing or developing instruments and reagents
for the clinical companion diagnostics market, both'in the\U.S. and the world. Leading companies are discussed in-
depth, with sections on the companies’ histories, product lines, business and marketing analyses, and subjective
commentary on the companies™market positions.

Several'subjegts related to themajor elements of companion diagnostics testing, such as clinical chemical testing
instruments, are discussed only briefly«in this report because they are considered separate fields or markets. Fuller
explorations of these areas of interest can be found in other TriMark Publications reports, such as Clinical Chemistry
Analyzers-and Point of CaresDiagnostic Testing World Markets.

14  Objectives

The goal of this examination is to review the market for new companion biomarker testing equipment and supplies
using reagents and instruments for analysis of individual components in blood, serum or plasma from patients,
which depend on the breaking developments in the genomic and proteomic spaces.

The analysis defines the dollar volume of sales, both worldwide and in the U.S., and analyzes the factors that
influence the size and the growth of the market segments. Also examined are the subsections of each market
segment where diagnostic tests are performed, including the physician office labs, hospital labs and commercial
laboratories. Additionally, the numbers of institutions using this type of testing and the factors that influence
purchases are discussed. The report examines:

e Opportunities and hurdles in the quest for new companion biomarkers using proteomics.

e  Secreted proteins as biomarkers.

e  Adaptive design using biomarkers.

e Pharmacodynamic biomarkers identified with broad-based phenotyping as companion diagnostics.
e Tools for improving measurement, safety and validation of biomarkers.

e The gap between discovery and clinically validated biomarkers.

e Technologies for oncology biomarker discovery.

© 2008 TriMark Publications, LLC. All rights reserved. 8 www.trimarkpublications.com



Companion Diagnostics in Personalized Medicine and Cancer Therapy March 2008

This report answers the questions:

e Which companies are utilizing cutting-edge technologies to develop, validate and implement companion
biomarkers for clinical use in a personalized medicine setting?

What impediments still exist to incorporating promising research into clinical practice?

Which companion biomarkers show the most promise for approval?

What are the economic challenges to approval?

How can regulatory oversight drive approval and adoption of new technologies?

Which alliances show the greatest synergy in bringing valid biomarkers to market?

Which shared technologies are driving the most encouraging development?

Also:

e What can and what can’t be done by personalized medicine?

e What are biomarkers and how are they used in disease prediction and prognosis?

e How can biomarkers help in assessing how far a disease has already progressed (disease staging) €.g..in
diseases like cancer?

e What is the promise genomic and proteomic approaches hold for personalized medicine?

15 Methodology

This report is based on interviews with sales and marketing professienals of companies in the companion
diagnostics market. They were queried, some several times, about\their companies’ products and marketing
strategies as well as their overall thoughts.about their industry segment. Information was also obtained from
interviews with founders, CEOs and vice presidents of some of the companies discussed in the report. Descriptions
of the hospital laboratories and nearby patient facilities were derived from interviews with laboratory directors and
medical technologists in\these areas.

Sources of information for the study were trade,association publications and meetings, product brochures and
catalogs-and company literatures\Where the companies under discussion were publicly held, an examination of the
annual reports, 10k filings and financialreports were used as the basis of the data reported. Important data sources
include the Health for All Database of the World Health Organization, data published by the statistical office of the
European-Gemmission (Eurgstat), as well as various health data from the United Nations and the Organisation for
Economic Co-operation and Development. Where possible and practicable, the most recent data available have been
used.

The author of this report is a Ph.D. in biochemistry with decades of experience in science writing and as a medical
industry analyst. He has been a senior director of several large regional and national clinical testing laboratories. The
senior editor is a doctoral level clinical scientist. He has over thirty years of experience in laboratory testing and
instrument and reagent development technology, as well as extensive experience in senior level positions in biotech
and medical service companies.

Some of the statistical information was taken from Biotechnology Associates’ databases and from TriMark’s private
data stores. The information set forth in this study was obtained from sources that we believe to be reliable, but we
do not guarantee the accuracy, adequacy or completeness of any information, omission or for the results obtained by
the use of such information.

Key information from the business literature was used as a basis to conduct dialogue with and obtain expert opinion

from market professionals with regard to commercial potential and market sizes. Senior managers from major
company players were interviewed for part of the information in this study.

© 2008 TriMark Publications, LLC. All rights reserved. 9 www.trimarkpublications.com
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Primary Sources

TriMark collects information from hundreds of Database Tables and many comprehensive multi-client research
projects and Sector Snapshots that we publish annually. We extract relevant data and analytics from TriMark’s
research of the past three years as part of this data collection. We also extract qualified data feeds from
e-questionnaire responses and primary research responses for this compilation.

Secondary Sources

TriMark uses research publications, journals, magazines, newspapers, newsletters, industry reports, investment
research reports, trade and industry association reports, government-affiliated trade releases, and other published
information as part of our secondary research materials. The information is then analyzed and translated by the
Industry Research Group into a TriMark study. The Editorial Group reviews the complete package with product and
market forecasts, critical industry trends, threats and opportunities, competitive strategies and market share
determinations. The report conclusions are verified through intensive interviewing of top-ranking companies in the
industry.

TriMark Publications Report Research and Data Acquisition Structure

The general sequence of research and analysis activity prior to the publication of every report includessthe following
items:

o Completing an extensive secondary research effort on‘\a an important market_sector, including gathering all
relevant information from corporate reporting, publicly-available databases, proprietary databases, direct
meetings and personal interviews with key personnel.

e Formulating a study outline with the.assigned writer, including important items:

e Market and\product segment grouping and evaluating their relative significance.

e Key competitors’ evaluations including'their relative positions in the business and other relevant facts
to prioritize diligence levels and assist in designing a primary research strategy.

o ¢End-user researeh to evaluate analytical significance in market estimation.

e Supply chain research and analysis to identify any factors affecting the market.

o _Newtechnology platforms and cutting-edge applications.

¢ Identifying the key technology and market trends that drive or affect these markets. Assessing the regional
significance for each product and market segment for proper emphasis of further regional/national primary
and secondary research.

e Launching a combination of primary research activities including two levels of questionnaires, executive-
direct focused, company-specific, and region-specific communications to qualified and experienced senior
executives worldwide.

e Completing a confirmatory primary research assessment of the report’s findings with the assistance of
Expert Panel Partners from the industry being analyzed.

1.6  Executive Summary

Market Size and Forecasts for Companion Diagnostic Tests for Cancer Therapeutics

A near-term market opportunity for cancer companion diagnostic tests exists in drug selection for cancer therapy.
This is where cancer biomarkers can impact the drug selection for therapeutic treatment. The classic example here is
screening for HER2/neu over expression before using Herceptin in breast cancer therapy. A specific example of a

companion diagnostic test developed for a new drug and used in the setting of personalized medicine is the use of
companion diagnostic tests for UGT1AL gene activity designed to reduce possible patient toxicity for irinotecan.

© 2008 TriMark Publications, LLC. All rights reserved. 10 www.trimarkpublications.com
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The demand for new tests that are an aid to prognosis and recurrence risk in several prevalent cancers such as breast
and colon cancer has lead to the introduction of several new cancer biomarker products. TriMark sees these new
cancer biomarkers adding several hundred million dollars to the market value of this testing sector within the next
five years. The production of biomarker companion diagnostic tests will have an immediate impact on toxicology
and metabolism studies.

Dozens of biotech companies are competing with one another and seeking collaborations with big pharmaceutical
companies. Although the technology in these companies is still primarily in the research phase, some groups have
demonstrated proof-of-concept for companion diagnostic technologies in animal and human models. Those
companies that ultimately control the rights to cancer biomarkers and their uses will become dominant players.
Companies that conduct biomarker-based drug discovery and product development will achieve the greatest value.

Companion Diagnostics

Co-development of molecular diagnostics and targeted therapeutics has already been proven to be a suceéssful
strategy in the development of novel anti-cancer drugs such as Gleevec®. Adaption of biomarker development in
clinical research provides great opportunities to identify patient subpopulations,with differential drug responses,and
to uncover the underlying mechanisms. These data could help to explain if clinical trials of new drugs are adéquate,
and offer the possibility of creating a clear prescription path based on-predictive biomarkers.

Potential benefits of biomarkers as companion diagnostics include:

Streamlining drug discovery programs.
Providing a target for therapy.

Identifying potential responders te_a drug:
Identifying individuals at risk for adverse gvents.
Monitoring response to drug therapy.

Utility of biomarkers as companion diagnostics to drtig development;
o/ Forscreening, diagnesis and prognosis:

o _Discover candidate biomarkers with enabling technologies.
e Qualify biomarkers with acceptable sensitivity/specificity.
e Monitor cancer chemotherapy with biomarkers.

e  For therapy efficacy:

e Verify the impact of drugs on novel targets/pathways.
e Model PK/PD for optimal biological dose determination.
e Evaluate molecular response as an early clinical efficacy read-out.

e  For prediction of therapy response:

e Increase drug development predictability.
o Explore and confirm biomarkers/therapeutics in clinical trials.
e Give the right drug to the right patients at the optimal dose.

Companion diagnostic tests for cancer therapy:

EGFR for colorectal cancer and Camptosar (irinotecan).
EGFR Express and Erbitux (cetuximab).

HER2 and Herceptin.

Myriad’s TheraGuide 5-FU.
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e TheraScreen: EGFR29.
e K-RAS mutation detection kit.

The most notable advance in the past five years has been the development of molecularly targeted anti-cancer
therapies, with the first approved agent in this disease category being cetuximab. Others undoubtedly will follow.

Companion Diagnostics and Personalized Medicine

Genomics-based, molecular diagnostic profiling is one of the key tools for making personalized medicine a reality
using well-established and reliable methods for the detection of genetic variations and single nucleotide
polymorphisms (SNPs). SNPs are variations in a DNA sequence that occur when a single nucleotide (A, T, C or G)
in the sequence is altered. Personalized medicine offers the benefits of being able to:

e  Select the optimal therapy—based on the presence/absence of the molecular markers that the drug is
targeting or that could cause a drug—drug interaction. For example, Herceptin and the presence of HER2
marker, or Gleevec and the presence of the Bcr-Abl protein.

¢ Reduce adverse drug reactions—based on the polymorphic status of the patient’s cytochrome P450 genes
and/or other genes that cause drug toxicity. For example, polymorphisms in UGT1AL and adverse’response
to irinotecan, or warfarin and variations in CYP2C9 and.a-vitamin K metabolizing enzyme (WVKORC1).

e Increase patient compliance—reduced or non-existent side effects or adverse*events make it easier for
patients to complete the clinical trial or undergo extended drug therapy.

e Reduce time, cost and failure rate of clinical\trials:

e Use of pharmacogenomic data alows'the chinical trial sponsor to “enrich” the clinical trial patient pool
through better selection, enroment.and stratification of patients.

e Pharmaceutical companies could potentially save up to $_ per drug' by incorporating
pharmacogenhomic teols into clinical trials.

e Pharmacogenomic.testing-based €Clinical trials can save time by getting terminated early by the FDA
due to successgFor example, the Phase 11 clinical trial for GlaxoSmithKline’s Tykerb was terminated
early due to remarkable efficacy in treating a defined subset of patients with breast cancer.’

e Rescue drugs that are failing in clinical trials or performing poorly in the market:®

o —_Herceptin: Although clinical trials failed to show any efficacy in the general breast cancer population,
Genentech re-analyzed the clinical data and correlated efficacy with the presence of the HER2 marker,
thereby rescuing Herceptin, currently a blockbuster drug with S in sales.

e Iressa: Although Iressa is approved for non-small-cell lung cancer, it is effective in only a small subset
of patients. AstraZeneca is developing a genetic test to select patients who would benefit from Iressa.

e  Shift emphasis from reaction to prevention—Myriad Genetics’s BRACAnalysis identifies the hereditary
propensity for breast and ovarian cancer development, allowing the patient to work with her doctor to
incorporate preventative measures.

A key area of unmet market need is adverse drug reactions (ADRs)—the fifth leading cause of mortality in the U.S.
Personalized medicine seeks to identify and mitigate these ADRs. The currently-practiced areas in personalized
medicine include:

* Tollman et al. A revolution in R&D: how genomics and genetics are transforming the biopharmaceutical industry. The Boston Consulting
Group, 2001.

2 A, Pollack. New drug holds promise for type of breast cancer. New York Times, June 4, 2006.

® The case for personalized medicine. The Personalized Medicine Coalition, 2007.
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