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SERIES PREFACE

Cancer drug discovery has been, and continues to be, a process of ingenuity, serendip-
ity, and dogged determination. In an effort to develop and discover better therapies
against cancer, investigators all over the world have increased our knowledge of cell
biology, biochemistry, and molecular biology. The goal has been to define therapeuti-
cally exploitable differences between normal and malignant cells. The result has been an
increased understanding of cellular and whole-organism biology and an increased
respect for the flexibility and resiliency of biologically systems. Thus, as some new
therapeutic targets have been defined and new therapeutic strategies have been attempted,
so have some new biological hurdles resulting from tumor evasion of the intended thera-
peutic attack been discovered.

Historically, anticancer drugs have originated from all available chemical sources.
Synthetic molecules from the chemical industry, especially dyestuffs and warfare agents,
and natural products from plants, microbes, and fungi have all been potential sources of
pharmaceuticals, including anticancer agents. There is no shortage of molecules; the
challenge has been and continues to be methods of identifying molecules that have the
potential to be therapeutically important in human malignant disease. “Screening” remains
the most important and most controversial method in cancer drug discovery. In vitro
screens have generally focused on cytotoxicity and have identified several highly cyto-
toxic molecules. Other endpoints available in vitro are inhibition of proliferation, inhi-
bition of [*H]thymidine incorporation into DNA and various viability assays, based most
frequently on dye exclusion or metabolism. The current National Cancer Institute in vitro
screen attempts to take into account both cytotoxic potency and histological selectivity.
In vitro screens may be viewed as limited to the discovery of only directly cytotoxic
agents, thereby neglecting the fact that cancer is a disease occurring in a host organism.

The discovery of cancer drugs by in vivo screening has traditionally utilized syngeneic
transplantable murine tumors. The earliest in vivo screens were the fast-growing murine
leukemias (L1210 and/or P388) implanted intraperitoneally and growing as ascites. These
tumors, with survival as an endpoint, provided a rapid, reproducible means for identify-
ing potential anticancer drugs. It became evident more than 10 years ago that there were
marked similarities in the drugs emerging from the murine leukemia screen. Panels of
murine solid tumors and panels of human tumor xenografts were added to or have
replaced the murine leukemias as anticancer drug screens. Each of these models has
strengths and limitations. Most obviously, xenograft systems are not suitable for testing
immunologically active agents or species-specific agents that involve host cell signaling
cascades. The endpoints most frequently used with in vivo screens include tumor growth
inhibition, tumor growth delay, increase in lifespan, and tumor cell survival.

In vivo systems also allow the opportunity to assess normal tissue damage by prospec-
tive agents. Murine dose-limiting toxicities are frequently useful, but studies in larger
animals are often done to provide more definitive information on the potential clinically
important toxicities of new anticancer agents. Spontaneous tumors in pets (dogs and cats)
can provide useful populations in which to test new agents where efficacy and toxicity
can be examined.



vi Series Preface

Once a new agent has demonstrated activity, and a toxicity profile has been docu-
mented, clinical testing can begin. Initial trials test the tolerance of patients to the drug
and try to establish an appropriate dose for the drug in humans. The second phase of
clinical testing seeks to demonstrate the efficacy of a new drug as a single agent. The third
phase of clinical testing incorporates the new agent into current therapeutic regimens and
seeks to demonstrate that the addition of the new agent to the combinations leads to better
treatment outcomes than the conventional regimen. Final passage into medical use
requires approval from the FDA in the United States and similar regulatory agencies in
other countries.

The current volume traces the discovery, preclinical, and clinical testing of anticancer
agents currently available for routine use, as well as the discovery, rationale for, and
current status of potentially exciting new agents for cancer therapy. Current screening
methods for cancer drug discovery and for determination of the activity of rationally
designed agents are discussed, with a focus on the strengths and limitations of the meth-
ods. The phases of clinical testing of new agents are discussed with a view toward
presenting the strengths and limitations of that process. Finally, the requirements for
approval of new anticancer drugs are presented.

The time from discovery to the time of approval for a new anticancer agent can be 10
years or more. The survival rate for compounds through this process is small.

We are entering a potentially very exciting period in anticancer agent discovery where
the therapeutic focus may expand to include not only agents cytotoxic toward malignant
cells, but agents that may be growth controlling, growth inhibitory, activating or deac-
tivating toward stromal or malignant cells, or may alter signaling cascades from one cell
type to another. At this important time in the development of cancer treatment, Cancer
Drug Discovery and Development takes stock of what has been accomplished, where
experimental cancer therapeutics are going, and the continuing evolution of the means
and methods of cancer drug discovery.

Beverly A. Teicher



PREFACE

This unique volume traces the critically important pathway by which a “molecule”
becomes an “anticancer agent.” The recognition following World War I that the admin-
istration of toxic chemicals such as nitrogen mustards in a controlled manner could shrink
malignant tumor masses for relatively substantial periods of time gave great impetus to
the search for molecules that would be specifically lethal to cancer cells. We are all today
still actively engaged in that search. The question is how to discover these “anticancer”
molecules. The current volume describes the evolution to the present of preclinical screen-
ing methods. The National Cancer Institute’s high throughput, in vitro disease-specific
screen of 60 or more human tumor cell lines searching of molecules selectively toxic
toward cells of a specific histology. The Human Tumor Colony-forming Assay (HTCA)
uses fresh tumor biopsies as sources of cells that are more nearly the human disease.

There is no doubt that the greatest successes of traditional chemotherapy have been
in the leukemias and lymphomas. Since the earliest widely used in vivo drug screening
models were the murine L1210 and P388 leukemias, the community came to assume that
these murine tumor models were appropriate to discovering “antileukemia” agents, but
that other tumor models would be needed to discover drugs active against solid tumors.
Several solid tumor models were developed in mice that are still widely used today and
have the advantage of a tumor growing in a syngenic host. In the meantime, a cohort of
immunodeficient mice were developed, including nude, beige, and SCID mice, allowing
the growth of human tumor cell lines and human tumor biopsies as xenografts in the mice.
Through the great advances in our knowledge of intracellular communication by secreted
growth factors, cytokines, chemokines, and small molecules, the importance of the nor-
mal cellular environment, both stromal and organal to the growth of malignant tumors,
has come to the fore. Now preclinical tumors in which malignant cells are
implanted into the organ of origin, that is, in the orthotopic site, add this additional level
of sophistication to drug discovery. In addition, new endpoints for preclinical testing,
such as quantified tumor cell killing and detection of tumor cells in sanctuary sites, have
been developed.

Ofthe hundreds of thousands of molecules passing through the in vitro screens, few
reach clinical testing. In the United States, the FDA must grant permission to proceed
with each phase of drug development in patients whether the clinical testing is through
the NCI or industry. Patient safety is the foremost concern. The Phase I clinical trial
allows study of a drug candidate’s pharmacokinetics, pharmacodynamics, and tolerated
dose. In Phase II clinical trials, therapeutic benefit becomes the goal, and in Phase 111
clinical trials, therapeutic benefit over and above the current best therapy is required for
success and FDA approval. Much of the world community of physicians and investiga-
tors now participate in the clinical trial of potential new anticancer agents; however, the
goal of nearly one century of discovering molecules specifically lethal to cancer cells
remains elusive.

The systems for finding such molecules are in place worldwide and our knowledge
of cell growth and regulation is increasing daily; thus one remains optimistic of success
in cancer drug discovery.

Beverly A. Teicher
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