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Introduction

The development of cancer therapies over the past 50 years has largely
focused on malignancy as a disease of uncontrolled proliferation. Conse-
quently, the battery of anticancer agents in wide use today are mostly
cytotoxics, tailored to kill rapidly proliferating cell populations. Chemo-
therapeutics, although successful in a few select settings, are associated with
a high degree of toxicity, sometimes intolerable, decreasing therapeutic
compliance, and overall, affording little benefit to cancer patient survival.

In the past decade, oncology drug discovery has undergone a paradigm
shift, moving from broad proliferative antagonists toward “molecularly
targeted” drugs, small molecules and biologics that are specifically tailored
to modulate the proteins that cause or drive malignancy. The underlying
rationale for these new therapies comes from our increasing understanding
of the cellular traits that cells must acquire to develop a full blown
malignancy (Hanahan and Weinberg, 2000), that is, self-sufficiency in
growth signals, insensitivity to growth-inhibitory (antigrowth) signals,
evasion of programed cell death (apoptosis), limitless replicative potential,
sustained angiogenesis, and tissue invasion and metastasis. Recently mar-
keted drugs target several of these traits such as angiogenesis
[e.g., Avastin™ (bevacizumab)] and self-sufficiency in growth signaling
[e.g., Gleevec™ (imatinib mesylate), Erbitux'™ (cetuximab), Iressa ™
(gefitinib), Tarceva™ (erlotinib), and Herceptin™ (trastuzumab)].

Although these targeted agents have clearly ushered in a new era in which
cancer patients may gain considerable therapeutic benefit, it has become
clear that many of these drugs are only selectively active. For example, it
was initially thought that responders to EGFR-targeted therapies, such as
Iressa™ or Tarceva™, would be those whose tumors expressed high levels
of the EGFR protein. However, this concept could not be validated in larger
series of lung, pancreatic, or colon patients. More recent evidence shows
that patients whose tumors do respond particularly well harbor mutations
within the EGFR gene, which engages prosurvival mechanisms within the
cell (reviewed in Haber et al., 2005). As subsequent studies have grown
larger, the correlation between mutation and drug response is less clear-cut,
underscoring the complexity of the drug-genotype relationship. Likewise,
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only a subset of those patients whose breast tumors are Her2 positive will
respond to Herceptin™, for reasons that are not entirely clear at this time
(Baselga et al., 2004). The foregoing underscores that, although these drugs
represent breakthroughs in cancer therapy, a major challenge will be the
identification of patients that will most likely respond to specific therapies.
The shift toward developing drugs that target the molecular drivers of
cancer, particularly those proteins involved in intracellular signaling,
affords unique opportunities to create a “pharmacological audit trail”
(Chapter 8). With the knowledge of downstream mediators of enzymatic
or receptor functions within the cells, one can begin to molecularly monitor
the effects of drug—target interaction, from cell-based assays through
preclinical models of disease and eventually into the early phases of clinical
development in man. These molecular assays enable pharmacodynamic
measurements of a compound’s effect on its intended target, establish-
ing both a Proof-of-Mechanism (PoM) as well as pharmacodynamic—
pharmacokinetic (PK-PD) relationships that can inform optimal drug dose
and schedule. These measurements provide important guideposts for
subsequent development, particularly in combination therapy settings,
where the clinical effects of the new therapeutics can be accurately inter-
preted at a molecular level. In combination with predictive markers of
response, a sufficiently rigorous test of a drug’s efficacy can follow.

GENOMICS IN CANCER DRUG DISCOVERY
AND DEVELOPMENT

Perhaps the single-most important driver of current oncology drug
discovery is our knowledge of the cancer genome, particularly at the level
of expression of encoded genes, proteins, and regulatory elements.
The coalescence of genome sequencing with laboratory automation and
miniaturization now enables a truly global view of the state of a cancer
cell’s genes and their expression. The translation of this vast genomic
resource into useful insights and tools for the detection and treatment of
cancer is the context in which the current volume of Advances in Cancer
Research was conceived.

CHAPTERS 1-7: DISCOVERY OF CANCER
DIAGNOSTICS AND NEW THERAPEUTIC TARGETS

By examining the signatures of gene or protein expression, cancer
cells can now be readily differentiated from their normal counterparts
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at a molecular level, thus enabling the possibility of cancer diagnostics
(Chapters 1 and 2). Expression analysis has also found significant use in
aiding the selection of patients who may respond to therapy as well as
delineating new therapeutic strategies for specific subtypes of cancer (Chap-
ter 3). With improved diagnosis comes the need for new points of therapeu-
tic intervention. Fuchs and Borkhardt (Chapter 4) and Li ez al. (Chapter 3)
illustrate how the use of small interfering RNA and ribozyme libraries,
which now cover a majority of human ger.es, can identify those that encode
proteins crucial to cell survival. These strategies provide the starting points
for small molecule screening campaigns against the encoded proteins and
the identification of drug leads for preclinical development. Chapter 6, by
Caldwell, focuses on how the information from these screens, as well as
highly parallel cell-based small molecule screens, can be used to identify
new cell-active drug leads and delineate drug mechanism of action. Chapter
7 discusses the use of tumor antigens as potential targets for therapeutic
intervention as well as serving as putative markers of disease.

CHAPTER 8: PRECLINICAL MODELS OF MALIGNANCY

A major challenge in the early validation of new targets is the develop-
ment of well-designed, mechanism-based preclinical animal models of
disease. The traditional development path for chemotherapeutic drugs has
instilled the general notion that animal models of malignancy are neither
realistic nor predictive of therapeutic response in man. While it is certainly
true that xenografts of human tumor cells—the workhorse of preclinical
oncology drug development—are hardly replicative of a human tumor,
mechanism-based drug development can nonetheless benefit considerably
from well-designed models that harbor specific mutations or genetic
backgrounds, for which part of the “pharmacological audit trail” can be
explored. As Kung points out, “We must use targeted models to ask
questions about targeted therapies.”

CHAPTERS 9-11: TRANSLATING NOVEL TARGETED
THERAPIES FROM RODENTS TO MAN: BIOMARKERS
TO MONITOR DRUG ACTION

The successful transition of targeted oncology therapeutics from rodent
models to man is predicated on the transfer of preclinical knowledge of drug
behavior, such as the doses and schedules required for optimal target
inhibition at a molecular level, into the Phase I/Il setting (Chapter 9).
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Early development, rigorous validation, and transfer of these biomarker
assays, both pharmacodynamic and predictive, into the clinic ensures the
optimal opportunity to evaluate the relevance of the proposed mechanisms
in man, and guide administration of the drug to those patients likely to
respond to therapeutic intervention (Chapter 10).

Blood and tissue samples have long been used to measure surrogates of
drug efficacy. Prevalent examples include monitoring the decrease of
CA-125 and prostate-specific antigen (PSA) levels in patients undergoing
treatment for ovarian and prostate carcinomas, respectively. Albeit well
validated, these markers are nonetheless surrogates and do not enable
examination of drug action in disease tissue. In contrast, optical imaging
can be used to assess target engagement via labeled drug, target modulation
by visualization of target substrate level, as well as early indications of
drug efficacy such as tumor shrinkage or glucose uptake. Thus, imaging
technologies provide a means by which the effect of novel therapies can be
rapidly and effectively monitored without direct access to the site of disease
(Chapter 11).

CHAPTERS 12-13: THE SOCIOECONOMIC AND
REGULATORY CHALLENGES OF NOVEL TARGETED
ONCOLOGY THERAPEUTICS

With new therapeutic options come considerable socioeconomic chal-
lenges (Chapter 12). Although estimates vary widely, the costs associated
with bringing a new drug through approval are significant, with a mean of
US$881 million (from a detailed analysis by the Biomedical Industry
Advisory Group, 2005). These costs, and the need to create shareholder
value for pharmaceutical companies, translate into high-priced drugs, as
much as US$17,000 for Erbitux™ and US$24,000 for Zevalin™ per
patient per month (http://www.slate.com/id/2102844/). Many of these
drugs will be taken over long periods of time. Thus, although the benefits
of these new therapies are clear, can society sustain the financial burden?
Similarly, regulatory agencies face significant challenges—increasing patient
advocacy, industry lobbying, pressure for more rapid approval, and the
mechanisms to continue to evaluate fast-track approved drugs. The infor-
mation associated with targeted agents, particularly data derived from
genomic analysis of patient populations, has provoked considerable debate
and has been responded to, in part, by the Critical Path Initiative in the
US. This is likely to become a key driver for evidence-based medicine
(Chapter 13).
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It must be emphasized that this volume is not intended to be comprehen-
sive, but rather to provide a snapshot of how genomic sciences are impact-
ing the detection and treatment of cancer and how these changes are likely
to affect the regulatory and socioeconomic landscape of cancer manage-
ment. The chapters within should be viewed as starting points for the
interested reader.

We would like to acknowledge many individuals at Elsevier who made
this volume possible: Hilary Rowe who first proposed the idea to address
the impact of genomics in oncology drug discovery; Melissa Turner for
originally organizing the volume contributions; Phil Carpenter and Mara
Conner for organizing these chapters into the Advances in Cancer Research
volume; Drs. George van de Woude and George Klein for accepting the
proposal for this volume, and Ejaz Ahmad and Prakash Kumar for rapid
and excellent copy editing. Finally, we would like to sincerely thank all of
the authors for their respective contributions without which this volume
would not have been possible.

Garret M. Hampton
San Diego, USA

Karol Sikora
London, United Kingdom
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