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Greeting
— Introduction of the objectives and the future view of CHAAO/IAAO -

I am delighted to inform you that October 1, 2009, Chugai Pharmaceutical Co., Ltd. (hereafter, "Chugai") established the Chugai
Academy for Advanced Oncology (CHAAO) aiming at contributing to the development of cancer treatment in Japan. The primary
objective of this general incorporated association is to promote an even deeper academic exchange between the world’s top-level
specialists in the field of cancer and healthcare professionals who are playing a leading role in cutting-edge research and trearment of
cancer in Japan.

Medically advanced nations of the world, especially in Europe and the United States, are ahead of Japan in carrying out a
variety of innovative cancer-related programs aimed at making the benefits of cancer treatment equally available. Among their
initiatives include raising patients’ awareness of cancer treatment, promoting collaboration among patient groups, and spreading
multidisciplinary care and standardized treatment.

Now that Chugai has become the top pharmaceutical manufacturer in the field of oncology, we feel that, as a corporation
contributing to enhancing cancer treatment in Japan, we have the responsibility to take the initiative in conducting assistance
activities to raise our country’s cancer treatment to worldwide levels as soon as possible.

We feel that as a general incorporated association, this Academy can contribute to the development of the cancer treatment
infrastructure in Japan as well as to the future advancement of cancer treatment from a standpoint different from usual corporate

activities. We are convinced that activities such as these will ultimately lead to the realization of cancer treatment which allows

patients to confront cancer proactively and with hope.

Objectives of activities
 Draw innovative roadmaps of cancer research and treatment in Japan, and build a worldwide cancer treatment network.

e Promote the spread of trans-relational research that includes molecular-target treatments and their biomarkers, as well as clinical
research and standard treatment in order to realize innovative drug discoveries and world-standard cancer treatment.

e Grasp the current status and problems of Japan’s healthcare system, set up reform goals with an eye to the future, and make

proposals.

Primary activities
¢ Holding of oncology forums including consensus meetings

¢ Cancer research aid programs, etc.

OS5y

Osamu Nagayama

Representative Governor, ‘Chugai Academy for Advanced Oncology’ (CHAAOQ), Incorporated Association
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Plenary Lecture 1:

Speaker: Bruce A. Chabner, MD

Clinical Director of Cancer Center, Professor
and Chief of Division of Hematology/
Oncology,

Massachusetts General Hospital, Harvard
Medical School, Boston, USA

Chair: Makoto Ogawa, MD
Emeritus President, Aichi Cancer Center,
Japan

[Speaker’s Biographical Sketch]

Professor Bruce A. Chabner, M.D.
Professor, Department of Medicine, Harvard Medical School Clinical Director, MGH Cancer Center, Massachusetts General Hospital
Contact Information
Massachusetts General Hospital 55 Fruit Street Boston, MA, 02114 Mailstop: Lawrence House 214
Phone: 617-724-3200 Fax: 617-724-3166 bchabner@partners.org
Specialties & Programs
Hematology/Oncology
Department of Medicine
Clinical Interests

Breast Cancer
New Cancer Drugs
Non-Hodgkin's Lymphoma

Medical Education
MD, Harvard Medical School
Residency, Brigham & Women's Hospital
Board Certifications
Medical Oncology, American Board of Internal Medicine
Internal Medicine, American Board of Internal Medicine
Research Abstract
Major interest is in the clinical testing, pharmaco-kinetics, and biochemical pharmacology of new anticancer drugs, particularly
natural products and signal transduction inhibitors.
Introduction

Dr. Bruce Chabner is the Clinical Director of Massachusetts General Hospital Cancer Center, the Chief of Hematology/Oncology at MGH and
Professor of Medicine at Harvard Medical School.

His main fields of research focus on the biochemistry and pharmacology of folate antagonists, experimental therapeutics, and clinical trial
design.

He served as the Associate Director of Clinical Science at Dana Farber/Harvard
Cancer Center and has held additional academic appointments, including the position of Director of the Division of Cancer Treatment of the
National Cancer Institute from 1982 to 1995.

Dr. Chabner received his B.A. from Yale College (1961) and M.D. from Harvard Medical School (1965).

He has authored and edited the standard text, Principles and Practice of Cancer Chemotherapy and Biological Response Modifiers, now in its
fourth edition. Dr. Chabner has contributed to the Goodman and Gilman textbook of Pharmacology and has authored chapters for numerous
other textbooks of internal medicine, hematology, oncology and pharmacology.

Over the years, Dr. Chabner has received awards including Phi Bera Kappa, Alpha Omega Alpha, ce's i
Service Medal, the Karnofsky Award of the American Society for Clinical Oncology and the Bruce E Cain Award for Drug Dc»e|0pment of rhc
American Association for Cancer Research. In addition, Dr. Chabner was awarded the Bob Pinedo Prize in 2006 (The Bob Pinedo Cancer Care
Prize Recipient 2006).

Also, Dr. Chabner is Editor-in-Chief of the Oncologist and serves on the executive advisory boards for some of the industry’s leading innovators
in drug development.

Dr. Chabner is an internationally recognized top leader of cancer drug discovery and development.
Also, we are honored so much that Dr. Chabner accepted an Advisory Board Member of IAAO as USA representative.

Plenary Lecture 1:

-Present status and future view of molecular targeting therapy for cancer -Viewpoint of individualized cancer therapy-

Phase I Trials at a Crossroads: Proof of Antitumor Activity as Primary Objective
Bruce A. Chabner, MD

Director of Clinical Research

Massachusetts General Hospital Cancer Center, USA

In former times, Phase I trials in oncology sought to establish a safe dose and schedule for new compounds.
Pharmacokinetic studies established a rational basis for changing schedule and understanding the relationship of dose to
exposure (Area under the curve: AUC). The patients for such trials were selected primarily on the basis of performance
status and normal organ function, i.e. good “physiological” subjects for the study of a new drug. Their tumors were
secondary considerations. Clinical responses were rare (less than 5% of patients), but did provide clues for further
directions in drug development. With the rapid expansion of targeted drug discovery and development, the paradigm
for Phase [ trials has shifted significantly. These trials are now regarded as an early opportunity to validate the concept
that inhibition of the target will slow tumor growth or lead to tumor regression. While the basic elements of the trial
(dose escalation in a “physiologically intact” population, coupled with PK studies) has not changed, the assessment of
clinical response in a highly selected patient population, enriched for tumors that carry the target of interest, has become
a primary goal. If the tumor contains the target, and the drug levels are achievable, then the tumor should respond to

treatment.

In this lecture, I will illustrate the strength of this new approach by comparing the development of two targeted
compounds: inhibitors of the epidermal growth factor receptor (EGFR), and inhibitors of c-met/alk kinase. In the former
instance, gefitinib and erlotinib were developed in broad-based, unselected patient populations, with a small number of
responses, primarily in non-small cell lung cancer (NSCLC). Further development in Phase II and III trials established
erlotinib as a modestly active drug in a general lung cancer population. Only in retrospect was it appreciated that a
distinct subset of NSCLC patients with activating mutations in EGFR were highly responsive to both of these drugs. Six
years after its initial approval, and then withdrawal for lack of activity, gefitinib was won a new life as a potent inhibitor

of EGFR mutant non-small cell lung cancer.

By contrast, the recent clinical development of inhibitors of the ALK kinase has proceeded rapidly in a highly selected
patient population. In a carefully planned Phase I trial, with expansion at the maximum tolerated dose to include 60
patients with EML4/ALK activating translocations, the Pfizer c-met/alk inhibitor proved to be highly active (65% response
rate, 20% stable disease) in these selected patients. Without the need for a Phase II study, a Phase III randomized trial
comparing the new drug against standard therapy will start shortly. Patients with other kinds of tumors that contain

activating mutations in ALK, including neuroblastoma, and colon cancer will also be included in other Phase II trials.

The alk inhibitor study, as well as others recently reported with inhibitors of b-RAF and c-kit in melanoma, and a
hedgehog pathway inhibitor in basal cell cancer, all support the strategy of selecting patients according to molecular
profiling of tumors in early “proof of concept” trials. The results in Phase I can establish the clear value of new drugs in
selected subsets of patients. The implications of this new strategy are significant:

(1) Molecular profiling of metastatic tumors will be essential to allow appropriate patient selection for early clinical
trials, and, as the numbers of approved targeted drugs increases, ultimately for standard therapies.

(2)Early drug trials will require the co-operation of multiple cancer centers, particularly in their expansion phase, to
find adequate numbers of appropriate patients, since many of the interesting mutations occur in small subsets of
various tumors.

(3)New technology, such as molecular imaging and/or the isolation of circulating tumor cells in large numbers, will be
required to establish that drug dose and schedule are optimal for inhibiting the target molecule.

(4) Early studies of mechanisms of drug resistance may inform the design of Phase I trials of drug combinations.




Plenary Lecture 2:

Speaker: Patrick G. Johnston, MD

Professor, Centre for Cancer Research &
Cell Biology, Dean, School of Medicine and
Density,

The Queen’s University of Belfast, Belfast
City Hospital, Belfast, Northern Ireland, UK

Chair: Chikashi Ishioka, MD

Professor, Department of Clinical Oncology,
Tohoku University School of Medicine,

Japan

[Speaker’s Biographical Sketch]

Professor Patrick Johnston received his MB BCh degree in Medicine with distinction from University College Dublin in 1982. This
was followed by an internship and senior house officer internal medicine training at the Mater and St James’s University teaching
hospitals, also in Dublin, until 1985. From 1985-1987 he pursued his initial training in Oncology and Haematology in the Mater
Hospital, University College Dublin, during which time he attained his doctoral degree.

In 1987 he obtained a fellowship at the National Cancer Institute, NIH, USA where he began to pursue further clinical training in
medical oncology and his post-doctoral studies in molecular pharmacology and drug development. During this time he defined the
regulation and clinical relevance of the nucleotide synthetic enzyme thymidylate synthase (TS); a key cancer therapeutic target and
completed a number of phase I clinical studies using antifolate therapies such as tomudex in patients. As a result of this work he
was promoted to senior investigator status at the NCI in 1991. During this time, he also received the Young Investigator Award
from the American Society of Clinical Oncology and the Technology Award from the National Cancer Institute.

In 1996 he was appointed Professor of Oncology at Queen’s University Belfast and since then he has led the development of a
comprehensive cancer centre for Northern Ireland encompassing a state-of-the-art Clinical Cancer Centre (£65 million) which
opened in March 2006, and also a £25 million major cancer research complex - the Centre for Cancer Research and Cell Biology at
Queen's - of which he was Director until August 2007. This interdisciplinary research centre has as its major emphasis translational
research, and houses over 300 rescarchers from all over the world. Professor Johnston has also led the development of a number
of international research collaborations, most notably the creation of the NCI-All Ireland Cancer Consortium which was signed in
1999 and renewed in 2006. This Consortium, which encompasses the Departments of Health in Ireland, North and South, and the
Departments of Health and Human Services in the US (www.allirelandnci.org) has created training opportunities and collaborative
research programmes for a large number of professionals involved in cancer care and cancer research throughout the island of
Ireland.

He has continued his research work utilising genomic-based technologies to define the transcriptional changes induced in tumours
by cytotoxic agents such as 5-FU and Oxaliplatin and identifying groups of genes whose expression may predict for response or
toxicity to these therapies. Using this approach he has identified that the extrinsic apoptosis pathway regulated by death receptors
and ¢-FLIP is important in mediating cell death to chemotherapy and are currently developing new strategies to target this pathway.
In addition, he has recently developed disease-specific transcriptome arrays which have allowed access to molecular gene expression
studies using formalin-fixed paraffin-embedded tissues. As a result, he has begun to use this unique technology to develop clinical
classifiers of disease prognosis and chemotherapeutic response in colorectal cancer patients, in collaboration with US and European
clinical co-operative groups. This development has led to the creation of Almac Diagnostics (www.almacdiagnosticscom), a biotech

spin-out company delivering array-based genomic tools for prediction of therapeutic outcome in patients with cancer.

Professor Johnston has published over 200 peer review articles and co-edited 5 textbooks, including ‘Oncologic Emergencies’. He
sits on a number of national and international scientific boards, including the MRC, American Society of Clinical Oncology and the
Singapore Cancer Syndicate Board, and is on the editorial boards of several leading international oncology journals, including The
Oncologist, Journal of the National Cancer Institute, Clinical Cancer Research, Clinical Colorectal Cancer and PLoS Medicine.

He was appointed as Dean of the School of Medicine, Dentistry and Biomedical Sciences and Director of the Institute of Health
Sciences at Queen's University Belfast in September 2007.

Plenary Lecture 2:

THE PRACTICALITIES AND FUTURE OF INDIVIDUAL INTERVENTION FOR CANCER
PATIENTS
Patrick G Johnston, MD

Dean, School of Medicine, Dentistry and Biomedical Sciences and Professor of Oncology,

Centre for Cancer Research and Cell Biology, Queen’s University Belfast, UK

Abstract

Genomic technologies have enabled the evaluation of genomic alterations on a genome-wide scale and significantly
altered genomic marker research in solid tumours. The traditional model of identifying a particular genomic alteration
and evaluating the association between this and a clinical outcome measure is no longer feasible within clinical studies.
This has created challenges in considering the use of genomic markers in cancer care such as clinical study design,
reproducibility and interpretation and reporting of results. My talk will explore these challenges, focusing on high-
throughput genomic technology and using colorectal cancer as a primary example. [ will highlight some common failings

in study design that have impacted on the clinical usefulness of putative genomic markers.

A shift in clinical trial design allows genomic markers to be incorporated into prospective studies as patient stratification
tools. In so doing, genomic markers can be evaluated in a rigorous fashion, facilitating the implementation of such

markers into routine clinical practice and enabling the rational and tailored use of cancer therapies for individual patients.

Learning points:

* Despite extensive research, relatively few genomic markers have been implemented into routine clinical use to date,

often due to failings in clinical study design.

* The traditional ‘single disease, single genomic marker’ approach fails to take account of tumour heterogeneity and

consequently single genomic markers are often found to be inadequate biomarkers in clinical studies.

e The introduction of new high-throughput genomic technologies has enabled the simultaneous measurement of

multiple genomic alterations, revolutionising the field of genomic marker research in oncology.

* These technologies in turn have presented new challenges to considering the routine clinical use of putative

genomic markers such as reproducibility and interpretation and reporting of results.

e Novel genomic markers should undergo extensive validation prior to considering their implementation into

routine clinical practice.

e A shift in clinical trial design, incorporating genomic markers into prospective studies as a patient stratification
tool, and evaluating such markers in a rigorous, focused and timely fashion would facilitate their implementation

into clinical use.
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Symposium 1:

Speaker: Klaus Pantel, MD

Professor and Director, Institute of Tumor
Biology, Center of Experimental Medicine,
University Medical Center, Hamburg,
Germany

Chair: Mitsuaki Yoshida, PhD
Director, Cancer Chemotherapy Center,
Japanese Foundation for Cancer Research,
Emeritus Professor, University of Tokyo,
Japan

[Speaker’s CV]

ADDRESS
Klaus Pantel, M.D., Ph.D.,

Professor of Molecular Genetics Institute of Tumor Biology University Hospital Hamburg-Eppendorf Martinistreer 52 D-20246 Hamburg, Germany
Tel.:+ 49-40-74 10-53503 FAX:+ 49-40-74 10-55379

PERSONAL DATA

Born: August 3, 1960 Bergisch Gladbach, Germany

EDUCATION

1980-1986 University of Cologne, School of Medicine, Germany. Medical Training, 1989-1995 Habilitation in *Immunology™ at the Medical Department of the Ludwig-
Degree: M.D. Maximilians-Universitit Munich, Institute of Immunologie, Degree: Dr. med.

1983-1987 University of Cologne, Medical Clinic 1, Germany. Thesis: Mathemarical
Modeling in Hematopoiesis, Degree: Ph.D. (Advisor: Dr. H.E. Wichmann)

1987-1989 Postdoctoral DG-Fellow, Division of Hematology and Oncology, Department
of Internal Medicine, Wayne State University School of Medicine, Detroir, MI,
USA. (Advisor: Dr. A. Nakeff), Subject: Influence of T-lymphocytes and NK-
cells on the regulation of haematopoesis

habil. (*Associate Professor™), Subject: Immunocytochemical and molecular
analyses on the diagnosis, clinical relevance and pathophysiology of minimal
residual disease in cancer patients

PROFESSIONAL APPOINTMENTS

1999-2001 Full Professor (C3) in Molecular Genetics, Department of Gynecology and 2002-present Director of the new Institute of Tumor Biology, Full Professor (C4) in Tumor
Obstetrics, University Hospital Eppendorf, University of Hamburg, Germany Biology, University Hospital Eppendorf (UKE), University of Hamburg, Germany
Head of Molecular Oncology, Department of Gynecology and Obstetrics, 2002-2008 Deputy Director of the new Center of Experimental Medicine, UKE
University Hospital Eppendorf, University of Hamburg, Germany 2002-present Coordinator of the Oncology Research Program ar UKE

Organisation of International Scientific Meetings

2005 5% International Symposium on Minimal Residual Cancer, San Francisco, USA 2007

6" International Symposium on Minimal Residual Cancer, Hamburg, Germany
2006 2006 Workshop on Tumor Cell Dormancy, NIH, Bethesda, USA

Editorial Boards

since 1998 Co-editor for area Immunology of the Journal "Tumour Diagnostic 8 Therapy™ since 2004 Member of the Edi‘f:riﬂl Board of “Current (,‘:“““r Therapy Reviews”

since 1999 Associare Editor of the Journal "Cytotherapy” since 2005 Associate Editor of “Breast Cancer Research 2 3
Associate Editor of the Journal *Clinical Cancer Research? since 2007 Member of the Independent Review Committee (IRC) for the TRANSBIG Nerwork

since 2001 Member of the Editorial Board of “Cancer Research and Clinical Oncology™ since 2008 Member of the Editorial Board of the *Journal of Epithelial Biology &

since 2003 Member of the Editorial Board of “Journal of Translational Research™ Pharmacology

Membership in Scientific Societies

1989 International Society for Experimental Hematology 1991 American Association for Cancer Research
American Society of Hematology 1991 German Cancer Society

1990 German Society for Inmunology 1993 International Society for Cell Therapy
German Society for Cell Biology 1993 International Society for Hematotherapy 8¢ Graft Engineering
German Society for Hematology and Oncology 2007 Metastasis Research Society

Reviewer Activities

'Gclrr?lan Reseflrch Foundation (“Deursche Forschungsgemeinschaft®) American Journal of Pathology *Annals of Hematology *British Journal of Cancer #Cancer Research
*Clinical and Experimental Immunology #Clinical Cancer Research *European Journal of Cancer ¢EORTC Translational Research Advisory Committee elmmunobiology
¢Journal of Hematotherapy #Journal of Molecular Medicine #Journal of the National Cancer Institute #Molecular Medicine Today *Nature Medicine *The Lancet

Publication List
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Molecular and functional characterization of circulating tumor cells as diagnostic and
therapeutic targets
Klaus Pantel, MD

Institute of Tumor Biology, Center of Experimental Medicine,

University Medical Center Hamburg-Eppendorf, Germany

Metastatic relapse of carcinoma patients is mainly due to clinically occult micrometastases present at primary diagnosis, but undetectable
even by high-resolution imaging technologies. Frequently, traditional prognostic factors are insufficient to predict metastasis and treatment
decisions are mainly based on statistical risk parameters. Highly sensitive and specific cytometric and molecular methods enable now the
detection of disseminated tumor cells (DTC) in bone marrow (BM) and circulating tumor cells (CTC) in peripheral blood of breast carcinoma
patients. The presence of DTC has independent prognostic impact for patients with primary breast cancer with regard to metastatic relapse and
overall survival (1) and DTC may even contribute to local relapse (2).

Interestingly, bone marrow seems to be a common homing organ for cells derived from various epithelial tumors including breast, prostate,
lung and colon cancer (3); (4). This surprising finding is consistent with recent results obtained in mouse models (5),, supporting the hypothesis
that BM might be an important reservoir for metastatic cells from where they can re-circulate into various organs and may be even back to
the primary site (6); (7); (8). DTC may have adapted to the special environmental conditions in the BM and may survive in so called “bone
marrow niches” over decades. This hypothesis has important clinical implications for the design of future clinical trials with drugs that are able
to specifically block the interaction between tumor cells and the bone marrow microenvironement (e.g. bisphosphonate or antibodies to RANK
ligand).

However, a significant fraction of DTC remain over years in a “dormant” stage, and little is known about the conditions required for the
persistence of dormancy or the escape from the dormant phase into the active phase of metastasis formation (9). Transition from a dormant
into a dynamic phase may be caused by genetic changes within the disseminated tumor cells (i.e. acquisition of growth factor receptor Her-2/
neu amplification (10); (11) but also by the influence of the surrounding bone marrow microenvironment.

Furthermore, BM has a particular capability to host stem cells, which may also contribute to keep DTC in a stem cell-like state. This
assumption is also supported by the fact that most DTC in BM and blood are in a non-proliferating state and survive systemic chemotherapy
(12); (13)). Moreover, most DTC in breast cancer patients showed a breast stem cell phenotype (CD44+/CD24- or MUC1T-/CK19+) (14); (15)).
Moreover, epidermal growth factor (EGF) and fibroblast growth factor-2 (FGF-2) — two known stem cell factors — were relevant for the in vitro
growth of DTC obtained from BM of cancer patients (Solakoglu et al., PNAS 2002). Nevertheless, strong direct evidence that some of the few
DTC or CTC detected in the BM or blood samples have cancer stem cell properties is still missing. Future studies including xenotransplantation
of DTC/CTC into immunodeficient mice need to demonstrate that these cells are the actual founder cells of overt metastasis.

BM analyses are not well accepted by the medical community for the clinical management patients in breast cancer and other solid tumors.
Therefore, most current research efforts are directed to evaluate the clinical utility of CTC detection (16). Because of the high variability of
results obtained by different cytometric and molecular approaches, standardization of current technologies is urgently required (17); (18). While
the prognostic significance of CTC could be demonstrated for metastatic breast cancer patients (Hayes & Smerage, CCR 2008), studies on the
impact of CTC in primary breast cancer patients are still ongoing but the intermediate results are so far promising (9). Moreover, encouraging
results on monitoring CTC during primary systemic or adjuvant chemotherapy in breast cancer patients were obtained in recent studies.

Further characterization of CTC is pivotal to understand the biology of tumor cell dissemination (19). The molecular characterization
of CTC with special emphasis on potential cancer stem cell features and therapeutically relevant targets such as HER2 (19) might improve
individual risk assessment and stratification of patients for targeted therapies. The HER2 proto-oncogene is currently the most predominant
biological target for systemic therapy with remarkable results of clinical trials using a humanized monoclonal antibody (trastuzumab) in
breast cancer. The detection of HER2-positive DTC/CTC might enable a “real-time™ assessment of the HER2 status during the clinical course
of disease. Several groups reported a striking discrepancy between the detection of HER2-positive DTC/CTC and the HER2 score of the
corresponding primary tumor, suggesting that a small subclone of HER2-overexpressing cancer cells easily missed by routine primary rumor
analysis may have the potential to disseminate (9). The detection of Her2-positive DTC and CTC was correlated to an unfavourable clinical
outcome in breast and oesophageal cancer and HER2 gene amplification can be acquired during tumor progression of the cancer (10); (19); (20).
Thus, the assessment of the HER2 status on DTC and CTC might add important information for the clinical management of cancer patients.

The characterization of DTC/CTC will contribute to more “tailored™ and personalized anti-metastatic therapies. At present, the success
or failure of anti-cancer therapies is only assessed retrospectively by the absence or presence of overt metastases during the post-operative
follow up period. Real-time monitoring of peripheral blood (i.e., during and after systemic adjuvant therapy) for CTC might provide unique
information for the clinical management of the individual cancer patient and allow an early change in therapy years before the appearance of
overt metastases signals incurability (20). Future clinical trials will show whether the assessment and monitoring of therapeutic targets (e.g.,
EGF-R, HER2 or VEGF) on CTC (and probably DTC) might become an important diagnostic tool for cancer patients undergoing targeted
therapies and may provide new insights into the selection of tumour cells under biological therapies.
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Abstract: Search and Discovery of New Cancer Agents for Breast Cancer

Lyndsay N. Harris, MD
Breast Cancer Program, Yale Medical Oncology, New Haven, USA

As we attempt to improve treatment of breast cancer it is critical that we better define breast cancer subtypes to optimize the use of standard
and targeted therapies. Newer technologies have led to the recognition of different breast tumor subtypes and these discoveries have improved
our ability to define optimal treatments for patients based on a better understanding of the biology of these subtypes. This overview will discuss
the basic molecular definition of breast tumor subtypes and how this information is applied to the optimization of treatment for breast cancer
patients.

The seminal work by Perou and Botstein, using microarray profiling to define the ‘intrinsic subtypes’, was the first publication to describe
a molecular classification of breast cancer. Among the categories emerging from this study are the two categories of ER and/or PR positive
(Luminal A and B) tumors, HER2 gene amplified (HER2-enriched) tumors and ER/PR negative, HER2 negative (Basal-like) tumors. Despite
differences in the platforms used for gene expression analysis, these subtypes can be identified using microarray patterns from independent
datasets. [1-4] While other categories of breast cancer exist (and will be added to the taxonomy) this classification reflects major subgroups of
ductal breast cancer that are now used to subdivide patients when making treatment decisions.

From a therapeutic perspective, molecular classification is important, as it reduces the heterogeneity of patient groups and increases the
likelihood of response to therapy. [5] There are two clear examples of this in breast cancer, from single-gene marker studies. The first, and
perhaps most important finding in the biology of breast cancer was the class distinction between ER positive and negative tumors. Across
populations of breast cancer patients, it is clear that ER positive tumors respond to anti-estrogen therapy, while ER negative tumors do not [6-9].
A second example is that of HER2 gene amplified tumors, which have been shown to respond preferentially to the anti-HER2 monoclonal
antibody, trastuzumab (Herceptin).[10] It is gratifying, then, that expression profiling is able to identify these subgroups, across platforms, and
has further pointed out sets of genes that define these tumor types. These subgroups are currently defined by cell lineage (luminal, basal) and
the presence of the HER2 oncogene (HER2 enriched). The luminal tumors are divided into luminal A, and luminal B. While the initial study of
Perou et al used several hundred genes to classify the tumor subtypes, this group has recently distilled the classification to only 50 genes (termed
the PAMS0) [11]. In addition, they showed that the subtypes predict sensitivity to particular therapies. Furthermore, our recent analysis of a
taxane monotherapy trial (CALGB 9842/9840) suggests that molecularly-defined tumor subtypes differ in their response to this commonly used
chemotherapy agent. [12]

Responses of Breast Cancer Subtypes to Current Therapies
HER2-enriched Subtype

The HER2 tumor subtype is more sensitive to anthracycline-containing chemotherapy and may be less sensitive to alkylating agents and
agents which produce DNA adducts such as Cisplatinum and Oxaliplatinum. [13-15] In addition, recent studies suggest that HER2 tumors
are preferentially sensitive to taxanes. [16] There is evidence that HER2 targeted therapy can reverse drug resistance in this tumor subtype,
which has led to the development of specific regimens which take advantage of this synergistic effect between HER2 antibodies and most
chemotherapy regimens tested. [17, 18]

Luminal A and B Subtypes

Luminal tumors are driven, at least in part, by estrogen receptor signaling. However, it has long been appreciated that ER positive tumors
vary in their response to anti-estrogens (eg. tamoxifen, aromatase inhibitors). One of the striking findings from the molecular classification
of Luminal A and B tumors is that a set of genes (including ER) is overexpressed in ER positive tumors that are particularly sensitive to
anti-estrogens and these genes are characteristic of the Luminal A subtype. Luminal B tumors express some of the genes in this ‘estrogen
signature’ but typically have lower expression of ER, lack of expression of many signature genes and higher levels of proliferation genes. In
addition, Luminal B tumors are more likely to express other growth factor receptors, are less sensitive to anti-estrogens and more sensitive
to chemotherapy (8, 9). This information has profound implications for treatment decision-making and provides novel targets for this breast
tumor subtype (see below).

Basal-like Subtype

A new subgroup of breast cancer, now termed the ‘basal-like’ or ‘triple-negative’ subtype, has emerged from microarray profiling studies. This
tumor type is molecularly distinct from other breast cancers, expressing one or more of the basal cytokeratins (CK 5/6, CK 14, CK903) and
carries a worse outcome cancer, with up to 50% of these patients relapsing and dying of their breast cancer, even in early stages of disease. [1,4].

These breast cancers are insensitive to receptor-directed inhibitors (tamoxifen, anti-HER2 therapy), which may explain the worse prognosis
associated with this tumor type across multiple breast cancer datasets. As noted above some basal tumors are likely to be taxane resistant.
[19] However, the recently discovered ‘achilles heel’ of this tumor subtype may lie in the fact that these tumors appear to be deficient in the
homolgous recombination/repair (HSR) pathway, due to loss of BRCA1 activity. [20, 21] Indeed, the tumors from BRCA1 carriers are nearly
always triple negative (basal-like) and profile within the same group as sporadic basal tumors. The working hypothesis by many groups is that
basal breast tumors are more sensitive to agents which induce DSBs such as cisplatin,
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New Targets and Targeted Therapy for Breast Cancer Subtypes
HER2-enriched Subtype

The recognition of the pathogenic role of the HER2 oncogene in breast cancer led to the first highly successful targeted therapy (trastuzumab,
Herceptin®) that began with a scientific discovery (22, 10). This success story has demonstrated that biologic insights into the mechanism
of breast cancer pathogenesis can lead to cures for our patients. In addition, the importance of this target has been proven time and again as
newer HER2-targeted therapies continue to show high levels of activity in this breast cancer subtype (eg. lapatinib, pertuzumab, neratinib,
TDM-1). Furthermore, therapies that target the pathways which are important in HER2 pathogenesis are also meeting with success (eg. HSP-
90 inhibitors, HDAC inhibitors). Finally, mechanisms of resistance to HER2 targeted therapy are predicted by known signal transduction
pathways and alternative growth factor receptors. [23, 24, 25] The ‘HER2 paradigm’ demonstrates the success of the bench to bedside

approach and gives hope and direction to scientists, clinicians and patients.

Luminal A and B Subtypes

While the ‘HER2 paradigm’ demonstrates the importance of the bench-to-bedside approach in developing targeted therapy, the first targeted
therapy in breast cancer are the anti-estrogens in ER/PR positive tumors, and reminds us of the importance of clinical observation. This class
of drugs has been used for over § decades, based on the observation that a subset of breast tumors could be successfully treated by estrogen
withdrawal using oophorectomy, adrenalectomy or hypophysectomy. It was not until the 1970’ that it was clearly appreciated what the target
of these maneuvers was, ie the estrogen and/or progesterone receptors. The Luminal A and B subtypes represent the molecular phenotype
that further refines this classification, and provides important insights into variability in response to anti-estrogens in so-called ER/PR positive
tumors. As noted above, the Luminal A subtype is highly sensitive to anti-estrogens with corresponding expression of genes which characterize
the ‘estrogen signature’. The Luminal B tumors are less sensitive to anti-estrogens and have higher grade, proliferation and chemosensitivity.
In addition, this subclass was discovered to have many other growth factor receptors (eg. c-MET, ¢-KIT, PDGFR, HER1-4) which provide
numerous druggable targets. While the attempts to overcome anti-estrogen resistance with the addition of targeted therapy against these
receptors has not been entirely successful, recent studies suggest that molecular profiling may be critical for understanding which tumors
are most likely to benefit from this approach. Specifically, co-targeted of ER and EGFR with tamoxifen and gefitinib respectively was not
a successful approach in the neoadjuvant setting [26], however more recent studies with lapatinib and letrozole suggest that the Luminal B
subtype is most likely to benefit from this approach [27]. In addition, a recent Phase II study showed highly promising activity of anastrazole

combined with the multi-targeted kinase inhibitor sorafenib in aromatase-inhibitor resistant metastatic breast cancer [28].

Basal-like Subtype

Perhaps the most feared breast cancer subtype is the ‘basal-like’ tumor which lack the classic ER, PR and HER2 receptors, is virtually always
poorly differentiated, angiogenic and shows a very poor outcome in older cohort studies without treatment. It is important to recognize,
however, that many basal-like tumors are exquisitely sensitive to chemotherapy as evidenced by preoperative studies showing the highest
pathologic complete response rate and excellent overall survival if pCR is achieved. [21] However, there is clearly a subgroup of basal-like
tumors that have a poor prognosis despite chemotherapy and enormous efforts have been made to discover the ‘targets’ for this group. In
fact, the biologic insights from molecular profiling have played a critical role in the recent discovery and development of PARP inhibitors for
basal-like breast cancer. As noted above, it was observed shortly after the definition of molecular subtypes that BRCA1 carriers almost always
developed triple negative tumors and that these tumors profiled with the sporadic basal-like tumors. This led to the hypothesis that basal
tumors were likely to be deficient in homologous recombination (HSR) as this DNA repair defect is characteristic of BRCA1 deficiency. Recent
studies suggest that BRCA1 deficient cells may be particularly sensitive to PARP inhibitors as these agents are able to disable the single-strand
break repair pathway and this, coupled with the double-strand break repair defect in BRCA1 deficient tumors leads to so-called synthetic
lethality. [20, 29, 30] Although germ line mutations in BRCA1 account for the majority of dominantly inherited breast cancers, sporadic breast
carcinomas rarely show mutations in the BRCA1 gene. [31] Interestingly, decreased BRCA1 expression has been observed in sporadic breast
cancers correlating with higher tumor grade and poor prognosis, the basal-like subtype.[32,33] In this case, BRCA1 loss may be a result of
epigenetic silencing of the BRCA1 promoter, or perhaps other mechanisms of BRCA downregulation, such as hypoxia which leads to decrease
in BRCA1, RADS51 and other HSR pathway members.[34] Hence, the loss of BRCA1 appears to be associated with this tumor subtype, further
supporting the contention that triple negative breast cancer is deficient in HSR, a fact that has been exploited clinically with the use of cisplatin
and PARP inhibitors.

Summary

Understanding of the basic biology and molecular profiles of breast cancer has led to important insights into the optimal treatment for
patients. This has led to cures for patients suffering from this devastating disease and gives hope for the future development of new targeted
therapy for breast cancer.
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Targeting VEGF-A to treat cancer and other disorders

Napoleone Ferrara, MD
Genentech, Inc, South San Francisco, CA, 94080, USA

Vascular endothelial growth factor (VEGF)-A is a well-characterized angiogenic factor involved in physiological
and pathological growth of blood vessels. The tyrosine kinases Flt-1 (VEGFR-1) and Flk-1/KDR (VEGFR-2) are
the main VEGF-A receptors. The importance of VEGF-A in vascular development is underscored by defective
vascularization and embryonic lethality following inactivation of a single VEGF-A allele in mice. High expression
of VEGF-A mRNA has been reported in many human tumors, including kidney, colorectal, lung, breast and
several brain tumors, including the highly vascularized glioblastoma multiforme. Anti-VEGF-A monoclonal
antibodies or other VEGF inhibitors block growth and neovascularization in tumor models. We developed a
humanized anti-VEGF-A monoclonal antibody (bevacizumab). Bevacizumab has demonstrated clinical efficacy,
including a survival advantage, in multiple tumor types. Bevacizumab has been approved by the USA Food
and Drug Administration (FDA) for the treatment of metastatic colorectal cancer, non-small-cell lung cancer,
metastatic breast cancer, renal cell carcinoma and glioblastoma multiforme. Numerous clinical trials testing
bevacizumab in combination with the standard of therapy are underway in additional indications. Currently,
efforts are ongoing to elucidate mechanisms of refractoriness/resistance to anti-VEGF therapies. Recent work from
our laboratory identified myeloid cells and fibroblasts as sources of angiogenic factors potentially mediating tumor
resistance to anti-VEGFE. Furthermore, VEGF-A is implicated in intraocular neovascularization associated with
active proliferative retinopathies and the wet form of age-related macular degeneration (AMD). A humanized anti
—VEGF-A Fab (ranibizumab) has been developed for the treatment of the neovascular form of AMD. Ranibizumab

administration maintained and even improved visual acuity.
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The role of PI3-K/Akt pathway in regulating the breast cancer stem cells and therapeutic resistance

Hasan Korkaya, DVM, PhD
University of Michigan Comprehensive Cancer Center, Ann Arbor, MI, USA

Despite recent advances in the treatment of breast cancer, the fact remains that once metastatic, the disease is incurable. We
and others have provided strong support for the cancer stem cell (CSC) hypothesis which suggests that breast cancers are
driven by a subpopulation of cells which display stem cell properties. Studies by our group and others have demonstrated
a relative resistance of CSCs to chemotherapy and radiation therapy. One of the most significant advances in breast cancer
therapeutics has been the development of HER2 targeted therapies for treatment of HER2 overexpressing breast cancers.
Trastuzumab in the adjuvant setting has demonstrated significant impact on reducing tumor recurrence. However, one-
third of HER2-positive tumors do not respond to HER2 targeted agents and resistance may develop in patients with
chronic exposure. Studies have found that nearly 50% of patients who respond to HER2 targeted agents relapse within a
year. Although the mechanism of resistance to HER2 targeted agents is not entirely clear, increasing evidence indicates that
this resistance may be associated with loss of PTEN (phosphotase and tensin homolog), the gain of function of somatic
mutations of PI3KA or truncation of the extracellular domain of HER2. We recently demonstrated in a set of breast
cancer cell lines that trastuzumab-sensitive cell lines show decrease in CSC population, however the CSC population in
resistant cell lines is not effected by trastuzumab suggesting a role in resistance.

We generated a mouse model for trastuzumab resistance utilizing engineered MCF7 cell lines overexressing HER2 or
PTEN knockdown in addition to HER2 overexpression. PTEN deletion in HER2 expressing cells resulted in increased CSC
population as compared to HER2 overexpression alone. PTEN deletion also increased the motility of cells by several fold
in vitro. When we tested these cell lines for trastuzumab response in vitro, although the treatment of HER2 overexpressing
cells decreased the CSC population had no effect in cell lines with PTEN deletion and HER2 overexpression. Our in
vivo experiments demonstrated that PTEN deletion results in accelerated tumor growth and development of extensive
metastasis from primary tumors, properties not found in parent or HER2 overexpressing MCF7 cells. We observed an
extensive metastasis to liver in mice with primary tumor generated from PTEN deleted and HER2 overexpressing cells. We
are in the process of analyzing the trastuzumab resistance and currently testing the combination of trastuzumab with Akt
inhibitor in these mouse models and results will be discussed in the AACR annual meeting.

These studies suggest that the remarkable clinical efficacy of HER2 inhibitors may be due to their ability to target breast

CSCs and combination of with other therapies such as Akt inhibitors may benefit patients with trastuzumab resistance.
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[Speaker’s Biographical Sketch]

Eric Van Cutsem is Professor of Internal Medicine at the University of Leuven, Belgium and is head of the Digestive
Oncology department at the University Hospital Gasthuisberg in Leuven and is senior clinical researcher of Fund
for Scientific Research in Flanders. He obtained his degree of MD and PhD at the university of Leuven and spent

during his training several periods abroad: UK, Netherlands, Switzerland and USA.

He has a large clinical activity and is involved and/or leads many national and international clinical and

translational research projects on gastrointestinal cancer.

Professor Van Cutsem has published more than 250 peer-reviewed articles in prestigious journals including New
England Journal Medicine, Journal of Clinical Oncology, Lancet, Lancet Oncology, JAMA, Annals Oncology and
European Journal of Cancer and also more than 400 other texts or chapters in books on gastrointestinal cancer.
He is Co-Editor of the reference textbook on gastrointestinal cancer: Principles and Practice of Gastrointestinal
Oncology: Second edition, 2008, and has been an editorial board member of numerous prestigious journals,

including Journal of Clinical Oncology, Annals of Oncology, and European Journal of Cancer.

Professor Van Cutsem is a member of several scientific organizations, including the American Society of Clinical
Oncology (ASCO), the European Society for Medical Oncology (ESMO), European NeuroEndocrine Tumour

Society (ENETS) and many national organizations. He is/was a member of the Scientific Program Committee

and/or educational committee for ASCO, ASCO-GI cancers symposium, ESMO and ECCO. Professor Van Cutsem
is also a member of the ESMO faculty and of the strategic ESMO Multidisciplinary Oncology Committee.

He served as Secretary of the European Organisation for Research and Treatment of Cancer — Gastrointestinal
Cancer (EORTC-GI) group from January 2000 to 2003, and was Chair of the EORTC-GI group from 2003
to 2007 and is chairman of PETACC (Pan-European Trials on Adjuvant Colon Cancer) since 2008 and board
member of the EORTC since 2009. He is also chairman of the governmental colon cancer prevention task force in

Belgium and is president of FAPA (Familial Adenomatous Polyposis Association).

Eric Van Cutsem has been founder of and is chair of the Scientific Committee of the World Congress on

Gastrointestinal Cancer in Barcelona since June 2004 (in partnership with ESMO since 2005).
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The role of targeted agents in the management of metastatic in colorectal cancer

Eric Van Cutsem, MD, PhD
Digestive Oncology Unit, University Hospital Gasthuisberg, 3000 Leuven, Belgium

The management of patients with metastatic colorectal cancer (CRC) has changed dramatically over the last years, with
increasing chances of prolonged survival. The median survival of patients with unresectable metastatic disease approaches
now 24 months. The development of new cytotoxic and targeted agents, as well as the multidisciplinary management of
patients with resectable and initially non-resectable metastases contribute to the progress. The development of the cytotoxic
agents irinotecan, oxaliplatin and capecitabine and of the biological agents bevacizumab, cetuximab and panitumumab
has clearly increased the therapeutic options for patients with metastatic colorectal cancer. Several other new agents are far
advanced in development in colorectal cancer.

There is a strong preclinical and clinical rationale for the use of Vascular Endothelial Growth Factor (VEGF) inhibitors in
colorectal cancer. The anti-VEGF monoclonal antibody, bevacizumab, increases the activity of a variety of active cytotoxic
regimens in metastatic CRC. It has been shown to increase the activity of a variety of active cytotoxic regimens in the
first line treatment of metastatic CRC: 5-fluorouracil (5-FU)/leucovorin, capecitabine, irinotecan- and oxaliplatin-based
regimens. Bevacizumab also increases the activity of FOLFOX (5-FU/LV/oxaliplatin) in second-line treatment.

Aflibercept (VEGF trap) is engineered soluble receptor made from extracellular domains of VEGFR1 and VEGFR1 and
binds to all isoforms of VEGF and to placental growth factor. Aflibercept is under active investigation in phase 3 in
combination with standard cytotoxic combinations in metastatic CRC. Several small molecule VEGFR tyrosine kinase

(e.g. cediranib, sunitinib, axitinib) are actually in phase 3 development in combination with standard combination
cytotoxic regimens in metastatic CRC.

The activity of the anti-epidermal growth factor receptor (EGFR) antibodies cetuximab and panitumumab has been shown
initially in chemotherapy refractory metastatic CRC. The combination of cetuximab with irinotecan is more active in this
setting than cetuximab alone. The activity of anti-EGFR antibodies is confined to patients with a KRAS wild type tumour.
Recent data showed also an increased activity of cetuximab and panitumumab in combination with chemotherapy in less
advanced stages of metastatic CRC. The activity of the anti-EGFR antibodies is confined to patients with a KRAS wild type
tumour and it is known that = 60 % of colorectal cancers are KRAS wild type tumours.

Many open questions and challenges remain in relation to the use of the anti-VEGF and anti-EGFR antibodies in metastatic
CRC. Answers are needed to optimize the outcome for patients and the more optimal use of the resources. A crucial
challenge is to demonstrate which patients are more likely to respond to bevacizumab-containing regimens and to the
anti-EGFR antibodies cetuximab and panitumumab. Validated predictive for angiogenesis inhibitors are not yet available.
Amongst the markers under investigation are Single Nucleotide Polymorphisms (SNP’s). The data on KRAS as a predictor
marker for resistance to anti-EGFR antibodies open new perspectives for the development of other predictive markers and
also for the classification of metastatic CRC according to KRAS status. Emerging markers are BRAF, PI3K and the ligands
amphi- and epiregulin.

A second important challenge is the strategic question on the best combination, on the best sequence and on the most
optimal use of the different cytotoxic agents in combination with the biologicals in CRC. Amongst other relevant clinical
questions are questions on the optimal duration of bevacizumab, on the continuation of bevacizumab after progression,
on the significance of skin rash in patients treated with anti-EGFR antibodies and on the real impact of bevacizumab and
cetuximab in the neoadjuvant preoperative treatment of liver metastases. An important challenge is the understanding of
the mechanism why tumours that initially respond to a combination of cytotoxics and biologicals may become resistant to
this combination.

In conclusion: the management of patients with advanced colorectal cancer has improved. The angiogenesis inhibitor,
bevacizumab, as well as the EGFR-inhibitors have clearly increased the therapeutic armentarium of patients with metastatic
colorectal cancer. The introduction of the new agents offer also prospects for an increased chance of a longer survival for
patients with metastatic colorectal cancer. The major challenge is now to implement strategies in which patients can be
selected, based on molecular characteristics and/or pharmacogenomic profiles so that the new drugs and the resources can

be used optimally for our patients with metastatic colorectal cancer.
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