s ..-....._".._.“._._.___l. _1_..._ L

b : E

| ; 1 |.. ..-.......J-..- L .-1” .
' -Hﬂ.lw?“”.u. ....-n“.ﬂ.
ARG Tt 7 B
Rt o S T
' . _____ |.|. |.m_|

Al s

.
i niFd

3 iy o g
.”. .|l1-........ .- ‘ﬁ....r..“l
. Ilu ._H.EH-. £, =
" L.-l 3 " |f._.- a2
Gl e
g o g
n.__.__._r .___r.“.. 4 :
IR
r ..._1
|-.I...I ..
A
P b "
1.._. ...i.._..L..l.i ar i
L .Fu.u.-. i o "
Ty ...‘_h..-..r...



Cancer Cell Therapy Markets March 2008

TABLE OF CONTENTS

1. Overview 6

1.1 About this Report6

1.2 Scope of the Report 7

1.3 Obijectives 7

1.4 Methodology 7

15 Executive Summary 8

2. Biology of Cellular Therapy for Cancer: Different Cell Types Deployed and Disease Areas Addressed 11
2.1 Components of the Hematopoietic System that can be Leveraged for Cancer Cellular Therapy 11

2.1.1  Dendritic Cells 11

2.1.2  Cytotoxic T Lymphocytes (CTLs) 12

2.1.3  Natural Killer (NK) Cells 13

2.1.4  Tumor Infiltrating Lymphocytes (TILs) also known as Lymphokine-activated Killers (LAKSs) 15
2.1.5 Hematopoietic Stem Cells (HSCs) 16

2.2 Adult Stem Cell-based Therapies (ASCs) 18

2.3 Stem Cell-based Cellular Therapies 21

2.3.1  Effectiveness in Transplants of Peripheral Versus Bone Marrow Stem Cells 22
2.3.2  What do HSCs do and what Factors are Involved in these Activities? 22

2.3.3  Self-renewal of HSCs 22

2.3.4  Differentiation of HSCs into Components of the Blood and Immune System 23
2.3.5  Migration of HSCs Into and Out of Marrow and Tissues 23

2.3.6  Apoptosis and Regulation of HSC Populations 23

2.4 Clinical Uses of HSC 24

2.4.1  Leukemia and Lymphoma 24

2.4.2  Inherited Blood Disorders 24

2.43  HSC Rescue in Cancer Chemotherapy 25

2.4.4  Graft-Versus-Tumor-Treatment of Cancer. 25

2.45  Other Clinical Applications of HSCs 25

2.5 Challenges and Barriers tothe Development of New and Improved Treatments Using HSCs 26
2.5.1 Boosting the Numbers.,ef HSCs 26

2.5.2 | The Immune System in Host, Graft and Pathogen Attacks 26

2.5.3 ~ Understanding the Differentiating Environment and Developmental Plasticity 27
2.6 €ancer Stem Cells 27

2.6.1  The Microenvironment 28

2.6.2  3-D Cultures and Spheres 29

2.6.3  Targeted Therapies 29

2.7 Cellular Immunotherapy with DCs in Cancer 29

2.7.1  Routes of DC Delivery 31

2.7.1.1 Autologous Tumor Cell Vaccines and DC Therapy 32

2.7.1.2 The Use of DCs for Cancer Vaccination 35

2.7.2  Immune Response to Vaccination 39

2.7.3  Clinical Studies with DCs 41

2.7.4  Future of DC Therapy for Cancer 42

2.8 Tumor Immunotherapy Using DCs Pulsed with Tumor-derived Peptides 43
2.9 Recent Advances on the Use of Stem Cells in Cancer Therapies 44

2.10 Growth Factor Signaling Inhibitors 45

2.10.1 EGFR Family Member Inhibitors 45

2.10.2 Hedgehog, Wnt/R-Catenin and Notch Signaling Inhibitors 45

2.10.3 Combination Therapies 46

2.10.4 High-dose Cancer Therapy Plus HSCs 47

2.11 Cancer/Testis Antigens (CTAs): A Novel Cancer Marker? 48

2.12 Minimal Residual Disease Post-Bone Marrow Transplantation for Hemato-Oncological Diseases 50
2.12.1 Methods for Detection of MRD 50

2.12.1.1 Nonmolecular Methods 50

© 2008 TriMark Publications, LLC. All rights reserved 1 www.trimarkpublications.com



Cancer Cell Therapy Markets

2.12.1.2 Immunophenotyping 51

2.12.1.3 Restriction Fragment Length Polymorphism (RFLP) 51

2.12.1.4 Southern Blotting for Detection of Clonal Genetic Markers 51

2.12.1.5 PCR for Detection of Clonal Genetic Markers 52

2.12.1.6 PCR of Minisatellite (VNTR) Sequences 52

2.12.1.7 PCR of Microsatellite Sequences 52

2.12.1.8 Y Chromosome-specific PCR 52

2.12.1.9 PCR-Amelogenin: Improved Single-step PCR Assay for Gender Identification 53
2.12.1.10 Quantitative PCR 53

2.12.1.11 Two-color Fluorescence In situ Hybridization (FISH): BCR/ABL Fusion Gene Detection
2.12.1.12 FISH in Sex-Mismatch Transplantation 54

2.13 Clinical Implications of Minimal Residual Disease 54

2.13.1 Upfront Transplantation Decision Based on MRD Findings 54

2.13.2 Prediction of Relapse Post-BMT 55

2.13.3 Adoptive Immunotherapy for CML Patients Relapsing after BMT 55

2.13.4 Mixed Allogeneic Chimerism as an Approach to Transplantation Tolerance 56

2.13.5 BMT in Thalassemia and SAA and Detection of MRD 56
2.13.6 Organ Transplantation 57

2.14 Genetic Engineering of Tumor Cells 57

2.14.1 Hybridoma Process 57

2.14.2 Hollow-fiber Perfusion 58
2.14.3 Heat Shock Protein Technology 58

2.14.4 Stem Cells Used as Platforms in Anticancer Therapies 59

2.14.5 Stem Cell Transplantation in Cancer 61

2.14.6 Bone Marrow Stem Cell Transplantation | 63

2.14.7 Cellular Immunotherapy Ex vivo Mobilizatian of Immune Cells 63

2.14.8 Peripheral Blood Stem Cell Transplantation 64

2.14.9 Autologous Stem Cell Transplantation 65

2.14.10 Complications of Stem Cell Transplants in.Cancer \ 66

2.14.11 Umbilical Cord Blood Transplant for Leukemia 67

2.14.12 MSC Transplantation in Cancer 67

2.14.13 hESC-derived NK Cells for Treatment of €ancer Long-term Results of HSC Transplantation
2.15 The'Human Immune System 68

2.16 Cell Therapy Commergialization «” 70

3. Current Status\of Cellular Therapies for Cancer 71
3.1 Introduction to'the Cancer Vaccine Space 73

3.1.1  Tumor Cell Vaccines 73

3.1.2  Antigenvaccines 74

3.1.3 DC Vaccines 74

3.1.3.1 Dendritic/Tumor Cell Fusion 75
3.1.3.2 Limitations of DC Vaccines for Cancer 75
3.1.3.3 The Future of Cell Therapy with DCs 76

3.1.4  Anti-ldiotype Vaccines 76
3.1.5  Vector-based Vaccines 77

3.1.6  Heat Shock Protein-based Vaccines 77
3.1.7  Autologous Tumor Cell Vaccines 78
3.1.8  Lymphocyte-based Cancer Therapies 79

3.1.8.1 Adoptive Immunotherapy 79
3.1.8.2 Rescue of CD8+ T Cells for Use in Tumor Immunotherapy 79

3.1.8.3 Expansion of Antigen-specific CTLs 80

3.1.8.4 Genetically Targeted T Cells for Treating B Cell Malignancies80
3.1.8.,5 LAK Cell Therapy 81

3.1.8.6 Tumor-infiltrating Lymphocyte (TIL) Therapy 81

3.2 Vaccines in Development 81

3.2.1  GVAX Immunotherapies (Cell Genesys) 81

March 2008

53

67

© 2008 TriMark Publications, LLC. All rights reserved 2 www.trimarkpublications.com



Cancer Cell Therapy Markets March 2008

3.2.2  Oncophage (Antigenics) 81

3.2.3  Provenge (P-11) (Dendreon) 82

3.2.4  Sipuleucel-T (Dendreon) 82

3.25 DCVax® (Northwest Biotherapeutics) 82
3.2.6  Stimuvax® (EMD Pharmaceuticals) 82
3.2.7  Juvimmune™ (Juvaris BioTherapeutics) 83
3.2.8  Allovectin-7® (Vical) 83

3.29 BiovaxID (Biovest) 83

3.2.10 BLP25 Liposome Vaccine (Merck & Co.) 84

3.2.11 Cervarix (GlaxoSmithKline) 84

3.2.12 Collidem® DC Vaccine (IDM Pharma) 84

3.2.13 EP-2101 Lung Cancer Vaccine (IDM Pharma) 84

3.2.14 Favld (Favrille) 85

3.3 Clinical Trials Pipeline for Various Types of Cellular Therapy for Cancer 90
3.4 Cancer Therapy Based on Natural Killer Cells 177

3.5 Cancer Stem Cells 178

3.6 ESC Vaccine for Prevention of Lung Cancer179

3.7 Cell-based Therapies for Malignant Brain Tumors 179
3.7.1  DC Therapy for Brain Tumors 179

3.7.2  Targeting Stem Cells in Brain Tumors 179

3.7.3  Conclusions 180

3.8 Vaccine for Non-Hodgkin’s Lymphoma 180

3.8.1  Non-Hodgkin’s Lymphoma 180

3.8.2  Monoclonal Antibody Treatment 181

3.8.3  Development of Patient-specific Vaccine for NHL 181
3.8.4  BiovaxID Active Immunotherapy- 182

3.8.,5  BiovaxID Treatment and Production-Process 182

3.86 Favld 183

3.87 MyVax 183

3.8.8  Sector Competition 183

3.9 Bone Marrow Transplants 184

3.10 The Market Opportunity for the Use of Stem Cells in the Cancer Therapy Marketplace 184

4. Tumor Antigens, Cancer Vaccines’and Cellular Therapy 187
4.1 Scope of this Chapter 187

4.2 Tumor Antigens and Classes 187

4.3 Classes of Cancer Vaccines Based on Tumor Antigens 188
4.3.1  Antigen/Adjuvant Vaccines 188

4.3.2  Whole-€ell Tumor Vaccines 188

43.3 DC Vaccines 188
4.3.4  Viral Vectors and DNA Vaccines 188

4,35 Idiotype Vaccines 188
4.4 Antigens that are Commonly Found in Cancer Vaccines under Investigation Today 188
441  Treatment Vaccines 188

4.4.2  Prevention Vaccines 189
45 Cancer Vaccines that have Reached Phase Il Trials 190

4.6 Selected Companies in the Tumor Antigens and Vaccines Space with Novel Technology Platforms 193
46.1  Antigenics 193
46.2  AlphaVax 193

4.6.3  Argonex193

4.6.4  Bavarian Nordic 193

46.5 Biomira 193

4.6.6 CancerVax Corp. (Micromet, Inc.) 194

4.6.7  Corixa (Acquired by GlaxoSmithKline) 194
4.6.8 CTL Immunotherapies 194

46.9 Dendreon 194

© 2008 TriMark Publications, LLC. All rights reserved 3 www.trimarkpublications.com



Cancer Cell Therapy Markets March 2008

4.6.10
46.11
4.6.12
4.6.13

5.1
5.2
53
5.4
5.5
5.6
5.7

6.1

6.1.1
6.1.2
6.1.3
6.1.4

7.1
7.11
7.12
7.13
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.10
7.11
7.12

9.10
9.11
9.12
9.13
9.14

GenEra 194
GeneMax Pharmaceuticals 194
Genzyme Molecular Oncology 194
IDM 195

Other Competing Antibody Technologies 196

Competition 196

Companies Developing Human Antibodies 196

Antibody Sequence Libraries 196

Recombinant DNA Sequences 196

Companies with Antibody Products in Clinical Trials 197
Immunoconjugates 197

Protein Products 197

The Future of Cell Therapy Against Cancer 198
Innovations in Cell-based Therapy of Cancer 198
Cancer Therapy-based on NK-92 Cells 198
Myaoblast-mediated Gene Therapy 198

Cancer Stem Cells 199

MSCs for the Treatment of Gliomas 199
Government Regulation of Cell Therapy Products ~ 20%
Pharmaceutical Product Regulation 201
Preclinical Phase 201

Biologics 202

Clinical Phase 202
New Drug Application (NDA) or Biologics License Application (BLA) 203

Fast-Track Review 203
Post-Approval Phase 204
Hatch-Waxman Act 205

Abbreviated New Drug Applications (ANDAS) 205

505(b)(2) Applications 205

Patent Term Restoration_»205

ANDA and 505(b)(2) Applicant Ghallenges to Patents and Generic Exclusivity 206
Non-Patent Marketing Exclusivities206

Orphan Drug Designation and Exclusivity 207

Cell Debris Therapy Ban 207

Companies involved in Cancer Cell Therapy 208
Companies Involved in Cell-based Cancer Therapy 208

Company Profiles 211
Accentia Biopharmaceuticals, Inc. 211
Antigenics, Inc. 211

Biomira, Inc. 216

Biovest International, Inc. 220

Cell Genesys, Inc. 221

Dendreon Corp. 229

EMD Serono (Parent Company is Merck KGaA, Darmstadt, Germany) 233
Favrille, Inc. 235

Genitope Corporation 239
Genzyme Molecular Oncology 242
GlaxoSmithKline 242

IDM Pharma, Inc. 243

Juvaris BioTherapeutics, Inc. 247
Medarex, Inc. 251

© 2008 TriMark Publications, LLC. All rights reserved 4 www.trimarkpublications.com



Cancer Cell Therapy Markets

9.15
9.16
9.17
9.18
9.19
9.20

Appendix I: List of Human Clusters of Differentiation (CD) Antigens 268
Appendix Il: Glossary of Terms in the Stem Cells Space

Merck & Co., Inc. 252
Micromet, Inc. 252
Northwest Biotherapeutics, Inc. 255

Titan Pharmaceuticals, Inc. 259
Vical, Inc. 263
Cyclacel Pharmaceuticals, Inc. 264

March 2008

Appendix I11: Markers Commonly Used to Identify Stem Cells and to Characterize Differentiated Cell Types
(Hematopoietic-focused) 284

INDEX OF FIGURES

Figure 2.1:
Figure 2.2;

Figure 2.3: Cell Maturation Process 37
Figure 2.4: CTL Cell Division 37

Figure 2.5: Prostate Specific Membrane Antigen
Figure 2.6: Exosomes 39

Figure 2.7:
Figure 2.8:
Figure 2.9:

INDEX OF TABLES

Table 2.1: TC Cell Activation 13
Table 2.2;dnnate Versus Adaptivedmmunity

Table 2.3;
Table 3.1:

Table 3.2: Pipeline of Cancer Vaccines 86
Table 3.3: List of Cell Therapy Clinical Trials

Table 3.4:

Table 3.5: Clinical*Studies Utilizing MSCs 105

Table 3.6:

Table 3.7: HSC-based Cancer Therapy 108

Table 3.8:
Table 3.9:

Table 4.1: Classes of Tumor Antigens 187

Table 4.2: Cancer Vaccines in Phase 111 Clinical Trials

Table 9.1: Cell Genesys Clinical Pipeline 222
Table 9.2: Favrille Development Programs

© 2008 TriMark Publications, LLC. All rights reserved

Autologous Process for Cancer Vaccination
Patient Treatment Schedule for Second Line Caner Cell Therapy

Current End-user Utilization Category of CSCs
Current End-user Utilization Category of Adult Stem'Cells (ASCs) 60
Current End-user Utilization Category of hRESCs
Figure 2.10: Current End-user Utilization Category of Human Cord Bleod Stem Cells
Figure 3.1: Cancer Vaccine Active Immune-Therapy Process 73

Figure 3.2: Current End-user Utilization Category of CSCs

Proposed Cell-Surface Markers«of Undifferentiated HSCs
Clinical Trials for Autologous Tumor Cell Vaccines78

Distribution of MSC-based Cancer Clinical Studies being Performed Worldwide

Distribution of HSC-based Cancer Clinical Studies Being Performed Worldwide
Characteristics of Different Stem Cell Types and Associated Market Opportunity
Table 3.10: Segmentation of the Stem Cell Market by Type/Lineage of Stem Cell

60

Distribution‘of Adoptive Immunotherapy of Cancer Clinical Studies being Performed Worldwide 104

107

177
185

186

www.trimarkpublications.com



Cancer Cell Therapy Markets March 2008

1. Overview

The purpose of this report is to describe the market segment of the cell therapy market aimed specifically at cancer
therapy. This study includes all of the generally accepted clinical activities that are currently in use today for cell
therapy for cancer patients. It examines these clinical preparations and their reagents and supplies as utilized in
hospitals, clinics and doctor’s offices for the treatment of cancer.

11 About thisReport

A review of cellular agents that are related to the chemical and cellular constituents of blood or other tissues for
cancer care of the patient is addressed in this report. The two most important areas where such agents are used are in
the hospital and the clinic. The third place where these therapies are administered is in physician’s office. Emphasis
is on those companies and products that are actively developing and marketing cell therapeutic agents and supplies
for treating cancer patients. The main objectives of this analysis are:

o ldentifying viable technology drivers through a comprehensive look at platform technologies for cell
therapy.

e Understanding the different sectors of cell therapy for cancer, looking at.the hospital market segment and,
separately, at a description of the agents and supplies marketed by major companies in each segment.

e Obtaining a complete understanding of cell therapy for cancer from basic principles to their clinical
applications.

e Discovering feasible market opportunities by identifying*high-growth applications in different cancer cell
therapeutic areas, focusing on the biggest and expanding‘\markets.

e Focusing on global industry development through an in-depth analysis of the majer world markets for
cancer cell therapy technology, including growth forecasts.

e  Presenting market figures regarding. the current value of the cell therapy for cancer, market projections,
market share, key players, sector and growth rates:

This study contains:

Detailed analysis of recent trends in the cancer €ell therapy marketplace.

In-depth profiles of the leading companies'with cancer cell therapy tools and technologies.

A forecast for the cancer’cell therapy market in the biotechnology industry.

Views and principles on the cancer cell therapy industry from leading industry experts.

Analysis-of potential new cancer cell therapy applications in the clinical sector.

Market predictions and trends analysis concerning U.S. expenditure on cancer cell therapy solutions.
Projections for future applications of in cancer cell therapy of cancer treatments.
Analysis-ef'commercial cancer cell therapy business strategies.

The latest news and M&A developments in the cancer cell therapy marketplace.

A comprehensive overview and insight into cancer cell therapy business strategies.

An in-depth examination of the subsections of each market segment of cancer cell therapy is conducted.

Analysis includes charts and graphs measuring product growth and trends within the cancer cell therapy
marketplace. Company-specific information, including sales figures, product pipeline status and R&D trends, is
provided. This review will also:

e  Assess cancer cell therapy market drivers, from medical and scientific community perspectives.

o Discuss the potential benefits of cancer cell therapy for various sectors of the medical and scientific
community.

e Establish the current total market size and future growth of the cancer cell therapy market and analyze the
current size and growth of individual segments.

e Discuss profit and business opportunities by segment.

e Provide strategic recommendations for near-term business opportunities.

e  Assess current commercial uses of the cancer cell therapy market.
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The report contains:

e A comprehensive overview of the several categories of cancer cell therapy technology platforms that are—
or will be—revolutionizing the use of diagnostic tests in hospitals.

e A chapter on each of the important cancer cell therapy categories and applications.

e  Full descriptions of the technologies involved and how these differ from existing and emerging
technologies.

e Analysis of the technological approaches undertaken by various competitors, as well as industry and end-
user response to these products.

o Regulatory issues and legislation affecting use and marketing of cell therapy products.

o Market forecasts for each category of product, including profiles of selected competitors.

Also included is an analysis of current cancer cell therapy company acquisitions, licensing and productportfolios.
12 Scope of the Report

The cancer cell therapy products market is the particular focus of this study. Primary attention is paid t0 the clinical
market segment, and, separately, to the instruments, reagents and technology platforms marketed by key\companigs
in this segment. Other areas of cell therapy are described in the TriMark’s market report titled Cell Therapy
Markets.

An analysis of business trends, technology trends, and developing\areas of cell therapy for caneer is provided, along
with a review of the market for cell therapy equipment,and supplies:in the/Clinical and research market segments.
This study defines U.S. and global market and analyzes\factors that influence the size and growth of market
segments. The reader should consult other TriMark Publications reports at http://www.trimarkpublications.com for
detailed discussions of important individuahmarket segments related to the cell therapy testing market.

13 Objectives

The goal of this study is to review the market for cell therapy as it is used to fight cancer. The report includes
equipment and supplies using reagents and instruments for analysis of individual components in tissue samples,
blood, serdm or plasma. It defings'the global market size and analyzes the factors that influence the size and the
growth of the individual marketisegments.”Additionally, the numbers of institutions using this type of cell therapy
and the factors that.influence theideveloping cell therapy for cancer market are discussed.

The report pravides a detailed background on cell therapy strategies currently in place as well as an analysis of
future prospects. It provides a breakdown of the steps involved in the stages of cell therapy with an extra emphasis
on stem cells. A forecast and analysis of the market is provided as well as an overview of the current news in the cell
therapy field. Interviews with industry experts provide a first hand look at what is current in the cell therapy area.
Also included is an analysis of current cell therapy patents.

14 M ethodology

This report is based upon interviews with sales and marketing professionals of companies in the cell therapy for
cancer 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 also was obtained from interviews with
founders, CEOs and vice presidents of some of the companies discussed in the report. Descriptions of the
laboratories and patient facilities were derived from interviews with laboratory directors and medical technologists
in these areas. Other sources of information included trade association publications and meetings, product brochures
and catalogs, and company literature. Annual reports, 10k filings, and financial reports were used as the basis for
data reported on publicly-held companies. Some of the 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.
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The principal author of this report has over 35 years experience in the diagnostic testing and pharmaceutical market,
holding senior science and executive positions. He has been a leader in the field of cancer diagnostics, and has
served on a number of international committees and seminars on the subject.

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 study’s 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 thespublication of every report includes the following
items:

o Completing an extensive secondary research effort on an impertant 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 assighed writer,\including important items:

e Market andproduct segment groupingsand evaluating its relative significance.

o 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.

e End-user research to evaluate analytical significance in market estimation.

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

¢ New technology platforms and cutting edge applications.

o ldentifying.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.

15 Executive Summary

This report by TriMark presents and discusses the sector of cellular therapy used for cancer. It considers the
different types of cells primarily derived from the immune system that are deployed in a wide variety of technology
platforms for the treatment of cancer. In cell therapy, cells are given to the patient as the therapeutic delivery system
for a specific disease to achieve therapeutic benefit. Currently, the majority of cellular therapy for cancer is being
utilized in the hematological cancers space.
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Key trends that drive the oncology therapeutics space are:

o Extremely high development activity, several hundreds new products are in the pipeline.

e Fast-track U.S. Food and Drug Administration (FDA) programs which allow some therapies to be approved
faster than before.

e Increasingly aged population.

e The incidence of some cancers is increasing (i.e., colon and lung cancer).

e The time of treatment for cancers will be prolonged due to the ability to control the growth of tumors and
metastases can be controlled.

Components of the hematopoietic system that can be leveraged for cancer cellular therapy are:

e Dendritic cells (DCs).

e Cytotoxic T lymphocytes (CTL).

o Natural killer cells.

e Tumor infiltrating lymphocytes (TIL).
e Hematopoietic stem cells (HSC).

e Adult stem cells.

The leading edge of cellular therapy for cancer is based upon the utitization, of the various types of stem cells. For
various blood disorders, primarily for hematological cancers, this field is experiencing resurgences A practical and
important difference between HSCs collected from adult human donors and from umbilical cerd blood is simply
quantitative. Doctors are rarely able to extract more than a few million HSCs from a placenta and umbilical cord—
too few to use in a transplant for an adult, who wouldjideally get seven to ten million CD34+ cells per kilogram
body weight, but often adequate for a transplant for a ¢hild. Cell therapy, technologies overlap many other medical
delivery platforms including:

Gene therapy.

Cancer vaccines.

Drug delivery.

Tissue engineering.
Regenerative medicine,

Pharmaceuticalapplications of stem cells including those in drug discovery are also important. Various types of
cells used, methods of preparation and culture, encapsulation and genetic engineering of cells are used in cell
therapy techniques. A variety of sources of cells, both human and animal (xeno transplantation) are called upon.
Methods of delivery of cell therapy vary widely from injections to surgical implantation using special devices.

Cell therapy has applications in a large number of disorders. The most important are diseases of the nervous system
and cancer, the later which is the focus of this report. We forecast a burgeoning therapeutic industry based on each
of these new sectors within five years. Many of these sectors using cell therapeutic methods will quickly move
beyond current cancer therapy in effectiveness. The cell-based markets predicted for the largest expansion will be in
diseases of the central nervous system, cancer and cardiovascular disorders. Cell therapy technologies and methods
have already started to play an important role in the practice of medicine. HSC transplantation is replacing the old
fashioned bone marrow transplants (BMT).

Stem cells are discussed throughout this report. They are becoming a central player in cell therapeutic methods as
more information on their development and use is learned. Some light is thrown on the current controversy of
embryonic sources of stem cells and comparison with adult sources. Other less controversial sources of stem cells
are the placenta, cord blood and fat removed by liposuction. Stem cells can also be genetically modified prior to
transplantation. The current political debate on the use of stem cells from embryonic sources (hESCs) is an essential
consideration of any new therapy and regulations for cell therapy where stem cells are a part of the biological
preparations.
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Important areas of development for cell therapy for cancer in the future will include:

e Production of highly immunogenic proteins and peptides in order to induce strong anti-tumor responses in
hosts.

o Development of specific anti-human monoclonal antibodies which will seek out and kill cancer cells with
the necessity of a strong immune response.

e Development of cytokines and chemokines to manipulate the immune system.

e Development of more efficient vectors for gene therapy.

Specific recommendations for modifying cells for cancer therapy:

Enrich cells by co-activation with CD3 monoclonal antibodies.

Expand antigens in lymph nodes with anti-CD3 monoclonal antibodies.

Expand specific CTL antigens using DCs loaded with tumor lysates or peptides.
Arm T-cells with bidirectional antibodies to re-direct cytotoxicity to TTA.

Use T-cells directed at TTA.

e Infuse T-cells transfused with cytokine genes.

e  Transduce stem cells with chimeric receptors.
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