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Introduction

Cancers share a restricted set of characteristics crucial to the tumor phenotype:
proliferation in the absence of external growth stimuli, avoidance of apoptosis and
no limits to replication, escape from external growth-suppressive forces and the
immune response, an inflammatory micro-environment with new blood vessel
formation, and an ability to invade normal tissues. In the last 20 years, the molecular
determinants of these behaviors are becoming increasingly well understood. This
has changed the current paradigm underlying the drug discovery process intended
to identify novel therapies to fight cancer.

In the past most efforts to identify novel therapies to cancer were focused on the
empirical observation of natural or chemically synthesized molecules that inhibited
cancer cell growth in vitro and/or in vivo. Most often, the molecular mechanisms
underlying the observed anti-cancer activities of empirically discovered anti-cancer
agents were discovered afterwards. Cornerstones of currently used chemotherapeutic
armamentarium have been discovered according to this “empiricism-based
paradigm.”

The “molecular target paradigm” is focused on the molecular determinants of
aberrant cancer behavior. Conceptually, this paradigm starts with the identification
and molecular characterization of proteins that are mutated or over-expressed in
cancer cells, and that are believed to play a key role in cancer cell biology. High
throughput screening and modern medicinal chemistry, along with sophisticated
techniques like computational chemistry and modeling, lead to rapidly identifying
hits and then leads that specifically and potently inhibit the activity of proteins
mutated or over-expressed in cancer. Recombinant approaches have also been
successfully used to generate molecular-targeted biologicals that specifically hit
proteins aberrantly expressed in cancer cells.

The global effort sustained by the scientific community and the pharmaceutical
industry to discover new approaches to fight cancer is impressive. Thousands of
scientists are devoted to this mission and the global investment is in the order of
several billion Euros. The “targetcentric” paradigm in cancer drug discovery is
widely accepted and used in the pharmaceutical industry and represents the current
standard approach to cancer drug discovery.

In September 2005 an International Meeting on “Targeted Therapies in
Cancer: Myth or Reality” was held in Milan. This successful meeting sponsored by
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vi Introduction

Nerviano Medical Sciences (www.nervianoms.com) was intended as a forum for
scientists and clinicians working in cancer drug discovery and therapy to share
their reflections and experiences on how the paradigm shift from empiricism to
molecular-targeted therapies is contributing to the translation of basic knowledge
into new therapies for cancer patients. This book collects the contributions given
by scientists and clinicians, from academia and industry, who participated
in this meeting.

We hope that this book contributes to the improvement of our approach to cancer
drug discovery and helps us find new, more efficacious and better tolerated drugs
for cancer patients. It provides an overview of diverse approaches ranging from
drug discovery to cellular therapy. Although this change in paradigm has been use-
ful, its entry into the clinical arena was associated with unforeseen problems
including the emergence of resistance, unexpected side effects and failures. Time
is, therefore, ripe for a critical cultural reflection on the state of the art, prospects
and limitations. Ultimately, is targeted therapy in cancer a myth or a reality?

Francesco Colotta
Alberto Mantovani
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1
Causality in Medicine

Giulio Giorello

In the words of the great astronomer John Frederick William Herschel [son of
Friedrich Wilhelm, the scientist of great renown who, with his sister Caroline
Lucretia, discovered the planet Uranus (1781), author of the fundamental text of
philosophy of science Preliminary Discourse on the Study of Natural Philosophy
(1830)], when a “mind” studies any phenomenon that gives rise to a sensation of
wonder or even fear, then the next step must be to find a way to discover what
produced that sensation. This, of course, is a hallowed tradition: the famous motto
of Vergil comes to mind, “felix qui potuit rerum cognoscere causas” (Georgics, 11,
490), that motto which paraphrases the well-known passage penned by Lucretius in
his De rerum natura (III, 1072). This statement, however, must be revised when
taken in a typically empirical context: the clearest indication that the “true cause”
has been identified is when it not only provides an answer to the original question,
but also offers an explanation of many other facts, sometimes exceeding even the
wildest hopes of the original researchers. (It may even be that on re-examination
what was originally thought to be evidence against a certain hypothesis may turn
out to be quite the opposite).

Herschel, in the tradition of his times, defined as natural philosophy that which
today we call more simply science; but this term caught the Lucretian (or Vergilian)
spirit of the attempt to return “anomalous” events to the regularity of a pattern
which often, though not always, justified rational action. If (a) the cause has been
identified and (b) it is possible intervene, then it is perfectly reasonable to expect
a (desired) change in the effects. This is the logic on which the Greeks based their
techne and the Latins their ars, and the art of medicine (ars medica) can also be
made to fit into this framework. The way in which this has been done over time
represents one of the most important achievements of scientific and philosophical
thought.

It is not necessary to cite all the classic precedents; it is, in fact, sufficient to
mention Claude Bernard’s well-known Introduction a [’étude de la médicine
expérimentale (1865) and the excellence of the empiricist approach that he

Universita degli Studi di Milano, Dipartimento di Filosofia, Via Festa del perdono 7 - 20122,
Milano, g.giorello@tiscali.it
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2 G. Giorello

delineates in its pages. The aim of this discipline is “to preserve health and cure
illness.” The latter is, in fact, those very “abnormalities” that provoke wonder (and
of which, understandably, people tend to be afraid); it is necessary to know the
causes of the biological phenomena in the normal state (“physiology”) to explain
them. This discipline teaches us to maintain the natural conditions of life as they
are, and by so doing, to conserve health; however it is equally important to have a
working knowledge of illness and “the factors that provoke illness” (“pathology”):
by this means we are able to impede the onset of illness, or at least to fight its
effects with various therapies — in short, it allows us to recover.

Bernard does not restrict his considerations to the simple “experience” of the
sick and of successful healers. Like all good empiricists, and in no way differing
from the great theoreticians like Herschel, for his specific field - which is experi-
mental medicine as a support to therapy - he maintains that the observation of the
pertinent phenomena should be integrated with conjectures which, in turn, have to
be checked with experiments, with true empirical tests. If the practitioner is to be a
true scientist he must first ascertain the facts and formulate a hypothesis; then
ideate an experiment and invent the conditions by which to test his hypothesis. This
experiment will give birth to new phenomena that will draw his attention and cause
him to formulate further hypotheses, and so on. Therefore, we can see that medical
knowledge is an “active” science rather than a mere registration of facts, and this
long before it is applied to each individual patient (“therapy”). This is why disci-
plines such as “physiology” and “pathology” are so important. Bernard flanks his
observations of the conditions of each individual patient with his laboratory work.
This “active” aspect of “experimental medicine” allows the practitioner to adjust
the errors in every day medical practice. He himself wrote that: “Science [...]rejects
that which is not determined, and when, as in medicine, one wishes to base one’s
opinions on one’s clinical eye, on inspiration or a somewhat vague intuition, then
one is outside the bounds of science and provides an example of bizarre medicine
which can be the cause of the very worst forms of damage as it entrusts the health
and life of the patient to the vagaries of ignorant visionaries. True science teaches
us to doubt and not to take decisions when knowledge is not present.” In his work
entitled Biologia e medicina tra molecole, formazione e storia (Laterza, Roma-Bari
1991), Giovanni Felice Azzone indicates that it was Claude Bernard who proposed
the causal paradigm in medicine, in a sophisticated process of model building, in
which the models were to be controlled by experiments. This is, in fact, the very
aspect which changes the nature of the intervention in the context of prevention and
in the context of therapy. For Claude Bernard this type of intervention is “rational”
insofar as it is justified by a type of “determinism” that allows us to predict the
effects given the cause. It must be kept in mind, however, that this form of deter-
minism must be interpreted as a methodological premise and not as a metaphysical
foundation: without this premise, science would be completely “impotent” — and an
unbridgeable abyss would open up between medical theory and practice, just as it
was in the days of “empirical medicine,’,which is very different from “experimental
medicine.”
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The causal paradigm has been seen to be extremely flexible. Claude Bernard’s
framework permits fruitful analysis of situations in which more than one ‘“next
cause” must be dealt with. There is, for example, the interesting historical case of
malaria. Following the example of Bernardino Fantini, medical historian, in his
excellent reconstruction of the case, we will limit our account by recalling that at
the end of the 19™ Century it had been established that a parasite of the genus
plasmodium was the specific and necessary cause of malaria, while Ronald Ross
and Battista Grassi had indicated that the vector of this disease was an anopheles
mosquito. Traditionally, the so-called “Camillo Golgi’s law” (“man + plasmodium
= malaria”) is considered to be in contrast with “Battista Grassi’s law” (“man +
anopheles = malaria”). Actually, these are two points of view at two different
levels: “Golgi’s law” deals with the clinical aspects of malaria, while “Grassi’s
law” regards the epidemiology of the disease. As is well known, malaria can
develop in the absence of anopheles (when inoculated, for example), but it will not
develop in the absence of plasmodium. The presence of anopheles is a necessary
condition for the disease to spread endemically or epidemically in any given region.
This is why travelers who have contracted malaria in areas in which the disease is
habitually rife do not constitute a risk when they return to countries in which
anopheles are not present. (See B. Fantini, “Anophelism without malaria: an ecolo-
gical and epidemiological puzzle”, in Parassitologia, 36, 1994, pp. 83—100).

Given the widespread incidence and the degenerative aspects of the pathologies
which are generally known as cancer (Rita Levi-Montalcini once defined it as a
form of Milton-like rebellion of the body’s cells), it is obvious that the causal para-
digm played an increasingly relevant role both at the theoretical research level and
in prevention and therapy. A classic case in the literature comes to mind. There is
a Mayan sculpture in stone in the National Museum del Guatemala, which
represents a victim of the so-called retinoblastoma; this dramatic sculpture clearly
shows the devastating effects on the eye of a retinal cancer in the advanced stages.
In Europe the theory of this disease was studied as early as the 16" Century. Over
time various causes have been cited for it ranging from fungal infections and
trauma to over-exposure to candle light! “Knowing” the causes, however, did not
automatically enable practitioners to intervene on the effects at a practical level.
The aspects (a) and (b) of the causal framework were dramatically separate. Some
practitioners sustained that the eye should be removed, but how could such a
terrible operation be carried out at a time when anesthetics were unknown? This
was an instance in which the medicine that Bernard later considered as experimental
science was still “impotent;” more so because children with retinoblastoma did not
survive their early years. It was only after the ophthalmoscope and the use of ether
were discovered that practitioners were able to diagnose this tumor in the eye when
it was still in the very early stages and operate to save their patients. As a conse-
quence, some retinoblastoma children did survive to maturity, though partially or
completely blind, and had offspring; this made it possible to discover that the same
form of cancer of the eye also developed in their children. However, this was only
a “regularity” that gave rise to concern, not a “deterministic”” law in the strict sense of
the term as it was understood by Claude Bernard. In certain cases of retinoblastoma,
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there was no heredity involved while the offspring of some of the survivors of the
disease were perfectly healthy from this point of view. Moreover there were a
significant number of retinoblastoma victims whose parents did not suffer from the
disease, but whose children did. At the close of the 1960s a number of audacious
hypotheses were formulated regarding this mystery of retinoblastoma; one of the
most outstanding was that proposed by Alfred Knudson, who was studying at the
University of Texas at the time.

Retinoblastoma, he said, was a two-hit disease. A single retinal cell had to be battered by
two mutations to its DNA before it would turn cancerous. Knudson proposed that those
children who had multiple tumors early in life were born with a built-in defect — their first
“hit” was part of their genetic legacy. They carried the retinoblastoma trait and, thus, their
eye cells had to undergo only one more mutational hit before cancer developed. The
children who fell into the category of retinoblastoma carriers were of two types: either they
inherited the trait from a retinoblastoma parent, or the chromosomes of the mother or father
had suffered mutational damage during the development of the egg or sperm cell. In either
instance, the offspring were bestowed with the retinoblastoma trait at the moment of
conception and, thus, were extremely susceptible to the disease. By contrast, the older
children who had only one tumor suffered from so-called sporadic retinoblastoma. They
began with perfectly normal chromosomes, but at some point during the growth of the eye
a lone retinal cell had the great misfortune to be struck twice. Two times in the course of
ocular development, the DNA of one cell was wounded — perhaps by a mutagen or cosmic
ray, perhaps by the random errors in chromosomal replication. The doubly damaged cell
then proliferated into a tumor.

This is an extract from the work Natural Obsessions that Natalie Angier
dedicated to the search for the oncogene (Houghton Mifflin Company, Boston
1988, pp. 329-330). Alfred Knudson’s explanation clearly illustrates the sense of a
causal model that embeds “physiology” and “pathology” at a theoretical level in
Claude Bernard’s sense of the framework supplied by the so-called Neodarwinism
—1i.e., the Darwinian synthesis of evolution, genetics and molecular biology. As the
great biologist Ernst Mayr rightly observed, every time we have recourse to any
level of an evolutionistic type of explanation, we are obliged to take into account a
certain quota of randomness. Claude Bernard, that advocate of the concept of strict
determinism, did not like having recourse to statistics, but today this discipline is
rigorously included in the context of the theory of probabilities. Therefore, the ran-
dom aspects of the mutations we have to consider when individuating the various
oncogenes are not an insurmountable conceptual difficulty for the causal paradigm
in medicine. The hope is that causal and evolutionistic paradigms may be used
together — and this, I believe, is one of the themes of the present volume.
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The Evolution of the Biomedical Paradigm
in Oncology: Implications for Cancer Therapy

Gilberto Corbellini and Chiara Preti

2.1 Introduction

According to the view of Harold Varmus, it is time for “changes in the culture of
oncology” (Varmus 2006, 1165). The former NIH director and Nobel prize recipient
for physiology and medicine for the discovery of oncogenes believes that “during
most of the past 50 years, pharmaceutical chemistry continued to serve cancer
patients much more effectively than did cancer biology.” He argues that, as a conse-
quence of the strategy adopted, “laboratory-based investigations into the nature of
cancer cells and clinical efforts to control cancer often seemed to inhabit separate
worlds” (Varmus, 2006, 1162). So he points out that “the new era in cancer research”
needs “stronger working relationships between bench scientists and their clinical
colleagues, between oncologists in academia and those in community hospitals, and
between oncologists and other physicians.” Moreover “new training programs”
should “provide graduate students in the basic sciences with an opportunity to under-
stand the dilemmas posed by cancer as a human disease” (Varmus 2006, 1165).

Varmus’ analysis joins the increasing attacks on cancer research policy inspired
by the U.S. President Richard Nixon’s National Cancer Act of December 1971,
declaring the “war on cancer”. In a recent issue of Fortune Clifton Leaft, who
personally experienced the condition of cancer patient, published a long article,
“Why we are losing the war on cancer [and how to win it],” reporting statistical data
and interviews with leading scientists. Among them, a very negative judgment about
the methodological foundation of cancer research came from Robert Weinberg, who
told the columnist that experimental oncologists cultivate the “illusion” of doing
“something meaningful” just because they can manage straightforward experiments
to accumulate a huge amount of reproducible data (Leaft, 2004, 85).

The history of the “war on cancer” has been anatomized and declared a “failure”
by an outstanding clinician and oncologist, Guy B. Faguet, who was in the forefront
and now is retired. He demonstrates, in his very well received and reviewed book that
“the three crucial measures of progress in the War on cancer, cure rates, prolongation
of survival, and quality of life, remain stagnant despite enactment of the National

Section of History of Medicine, Sapienza — University of Rome, giberto.corbellini@uniromal..it
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6 G. Corbellini and C. Preti

Cancer Act of 19717 (Faguet 2005, 52). He explains the failures as caused by “an
unbalanced focus on treatment of operable cancer to the detriment of prevention and
early detection, and adherence to the infectious disease model that has driven drug
development towards the cancer cell-kill paradigm” (Faguet 2005).

In this paper we show that the existing main streams of cancer research and
treatment reflect the schizophrenic epistemological status of scientific medicine.
The field is prompted by two different, dissonant and incomplete philosophies — the
bioexperimental and the clinical-epidemiological approaches — for the understanding
and management of disease. We demonstrate that the “cancer cell-kill paradigm”
that, according to Faguet, misrepresented the cancer problem embodies the
epistemological essentialism of the bioexperimental tradition of medicine, which is
no more maintainable. At the same time, the clinical-epidemiological approach is in
some way threatening the scientific foundation of medical reasoning, as it spread
among students the idea that statistical correlations can replace causal explanation
(Thagard 1999). Then we argue that a new theoretical perspective is emerging
in cancer biology, the evolutionary or Darwinian model of cancer progression,
which indicates a more dynamic and realistic view of cancer, and highlights
new paths of discovery for cancer therapy. Our original contribution, as historian
and philosopher, is a reconstruction of the main conceptual steps that led to the
understanding of cancerogenesis as a Darwinian process.

2.2 The Epistemological Evolution of Scientific Medicine

Let us introduce a very schematic view of the epistemological evolution of medicine.
The main historical traditions of Western medicine are the clinical, the
physiopathological or bioexperimental and the clinical-epidemiological (Corbellini,
2007). The clinical paradigm emerged with Hippocratic medicine and lasted until the
beginning of the 20" Century. According to early and modern clinicians the knowl-
edge of disease can be attained by observing and interpreting a patient’s natural or
artificially induced symptoms and signs. From the late 17th Century a medical
discipline called nosology emerged to classify symptoms and signs and to create
specific patterns of disease entities, useful for making diagnoses (Porter 1997).
During the second half of the 19" Century, the founders of scientific medicine
were able to exploit the new physiological and microbiological knowledge by
means of the systematic application of the experimental method. They created the
physiopathological, or also so-called bioexperimental paradigm, based on the idea
that the knowledge of disease must aim at developing explanatory theories and
experimental models to identify the proximate causes producing functional
alterations or disease. Physiopathologists assumed that heterogeneity and individual
variations of data, that ancient clinicians explained assuming an individual consti-
tution or diathesis for each patient, depended on some intrinsic limitations of the
experimental models, and were a sort of noise. According to the followers of
Claude Bernard (1865), disease is a deviation from functional homeostasis that can
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be caused by several factors — internal and external to the organism. They defined
health as absence of disease, establishing as a goal of medicine the treatment or
prevention of diseases by rationally designed drugs and interventions, based on the
understanding of the etiopathogenesis.

The bio-experimental paradigm has been at the origins of the greatest results of
medicine, in terms of basic knowledge and of prevention and control of infectious,
hereditary (monogenic) and chronic or degenerative diseases. However, the emerging
complexity of the molecular, biochemical and cellular dynamics involved in
etiophysiopathology and the increasing frequency of chronic-degenerative diseases,
with their multiple and statistically defined determinants, created a less favorable
environment for the biomedical model, that suffered a decline of effectiveness
(Corbellini 2007).

A new paradigm emerged, thanks to the improvement of statistical analysis of
experimental design. The new perspective came out with the invention of the
clinical trials, in the second half of the 1940s, that stimulate the rise of clinical
epidemiology, and later the advent of the evidence-based medicine movement
(Corbellini 2007). The implementation and success of clinical trials in assessing the
effectiveness of drugs brought to the view that there is no need to know the func-
tional mechanisms that cause the clinical phenomena: clinicians can just apply
statistical methods to inductively establish causal correlations. Clinical trials based
on frequentist statistics, has become the only reliable experimental design to test
hypotheses and evaluate the effectiveness and efficiency of medical decisions.

This is not the seat to analyze the epistemological controversies between the
bioexperimental and the clinical-epidemiological paradigms that live together in
today’s biomedical world, which means in medical faculties and literature
(Corbellini 2007). They are both practically very useful. However, they are both
based on an incomplete view of biomedical phenomena and seem not able to see
their intrinsic epistemological limits, and they lack an historical or evolutionary
perspective of diseases and health. In fact, they ignore the implications of the
biological fact that, due to phylogenetic and ontogenetic causes, the phenotypic
traits of an organism, including heath and disease, result from individual histories
(Corbellini 2007).

In the light of the previous picture we can now better understand how cancer
therapy evolved.

2.3 From Magic Bullets to Targeted Therapies:
Many Treatments but the Same Philosophy

The origins of modern cancer therapy can be seen as one of the main instantiations
of the biomedical paradigm. In fact, Paul Ehrlich’s view (1906-9) of specific
chemotherapy as a therapia sterilisans magna and of drugs as artificially designed
antibodies or “magic bullets” has inspired the search for effective anticancer drugs
since the beginnings. Cancer chemotherapy started in 1946 when Goodmann and
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Gilman observed a dramatic reduction in tumor mass of a patient with non-Hodgkin
lymphoma after the injection of a chemical derivate of nitrogen mustard (Goodmann
and Gillman, 1946). Cancer chemotherapy has gone through several different
phases, schematically listed in Fig. 2-1, characterized by important technical novel-
ties, but not by any cultural change. According to Varmus (2006, 1162) “targeted
therapy, in a sense, are not more targeted than the conventional chemotherapies,”
while the classical assumptions of chemotherapy and drug discovery has been chal-
lenged by several new findings and concepts.

Fig. 2-1 An essential timeline of cancer therapy

1946-1950 Serendipitous discovery of anticancer activity of nitrogen mustard derivates and
of synthetic antifolates (MTX): cancer chemotherapy can be pursued.
1950-1960 Methodological foundation of cancer chemotherapy, development of in vitro
and in vivo model, and discovery of new anticancer drugs mainly by empirically
testing natural and artificial products
6-mercaptopurine (6-MP)
vincrastine
cyclophosphamide
1960-1970 The first successes (Hodgkin’s lymphoma and ALL) resulted from clinical expe-
riences, supported by new ideas on chemotherapy kinetics
MOMP
Taxanes
Cisplatin
adriamycin
“Remission induction therapy” or “total therapy” of ALL
1970 — 1980  Adjuvant chemotherapy shows efficacy, endocrine treatment comes of age, but
cancer cells hold genetic mechanism to acquire resistance to anticancer drugs
ABVD
Tamoxifen
Resistence of cancer cells to MTX
1980-1990 Setting molecular biotechnology to fighting cancer: genes for target proteins are
mapped and cloned, monoclonal antibodies and recombinant vaccines are
developed (immunology enters the game)
Interferon therapy
Recombinant hepatitis B vaccines
1990 — The rise of targeted therapies (azacytidine, trastuzumab, imitinib mesylate,
bevacizumab and gefitinib) and the bright hopes of tailored/personalized
therapies
Colony stimulating factors
Interleukin-2
Azacytidine
Rituximab
Ontak® - recombinant Dna-derived cytotoxic protein
Trastuzumab - Herceptin®
Imitinib mesylate - Gleevec®
Bevacizumab (Avastin®)
Gefitinib (Iressa®)
Oncotype DX®
Gardasil®
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The invention/discovery of magic bullets — with exclusive and absolute
specificity — has constantly oriented the search for anticancer drugs from the begin-
ning to targeted therapies. However, apart from monoclonal antibodies, the ideal of
designing drugs de novo or synthesizing tailor-made chemicals that fulfill all
requirements of efficacy, tolerance and absorption, distribution, metabolism and
excretion characteristics has remained elusive (Drews, 2006). Moreover, the
concept of absolute specificity doesn’t make much sense from a biological
viewpoint — physiological redundancies (degeneracy) and pleiotropy in cell signal-
ling pathways have represented successful evolutionary strategies to develop the
most adaptive traits (Searls 2003).

According to most oncologists the eradication of cancer cells, considered like a
parasite extraneous to normal physiology of the body, as the final aim of cancer
therapy inspired medical treatment of cancer for most of the past century (Faguet
2005). Such a view is no more tenable in the light of cancer molecular genetics, and
a more pertinent philosophy should emerge (Reddy and Kaelin, 2002; Faguet,
2005). Paradoxically this view, that embodies the bioexperimental paradigm of
medical research, can be maintained thanks to the prevailing influence of a clinical-
epidemiological paradigm. In fact, the pivotal role played by the clinical trial to
discriminate the levels of therapeutic efficacy of a new treatment scotomize the
problem concerning the biological plausibility of drug pharmacological activity.

The new philosophy has to also take into account the expectations that inspire
the drug designer, that the serendipitous discovery of new treatments was a tempo-
rary consequence of the lack of better knowledge and techniques, and that it is
becoming possible to design an effective drug starting from the knowledge of the
chemical property of the target, can be misleading (Horrobin 2003). Some experts
think that because of the biological nature of the therapeutic targets, drug discovery
will always rely on intuition, serendipity and luck, alongside rigorous science and
rational thinking (Drews 2006).

2.4 The Darwinian paradigm in oncology

In our opinion, oncology is going through a theoretical revolution that challenges
the dominant paradigms. Oncology — as with other branches of biomedicine like, in
the past, immunology, medical microbiology and some aspects of neurobiology — is
acquiring a more coherent biological way of thinking about the causal dynamics of
adaptive physiological and pathological phenomena. This change may still support
new therapeutic strategies, but certainly allows better integrating of basic and
applied cancer research. It is foreseeable that in the near future the new paradigm
will influence cancer therapy as well.

Let us introduce this idea by quoting from two leading oncologists. According
to Robert Weinberg and Douglas Hanahan, the six hallmarks of cancer (self-
sufficiency in growth signals, insensitivity to anti-growth signals, evading apoptosis,
limitless replicative potentials, sustained angiogenesis, tissue invasion and
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metastatis) are nothing but “acquired capabilities,” and “tumor development
proceeds via a process formally analogous to Darwinian evolution, in which a suc-
cession of genetic changes, each conferring one or another type of growth advan-
tage, leads to the progressive conversion of normal human cells into cancer cells”
(Hanahan and Weinberg, 2000).

The heuristic role played by the evolutionary view of cancer progression has
been testified by Bert Vogelstein’s fundamental contributions to the understanding
of the genetic basis of tumor progression in colorectal cancer, that adopted the
hypothesis that tumorigenesis is an evolutionary process (Fearon and Vogelstein
1990). Since then theoretical oncology deals with the concept of “cancer cell evolu-
tion.” Martin Nowak, who works out mathematical approaches to evolutionary
dynamics, has transformed Vogelstein’s evolutionary view in a series of equations
(Michor, Iwsa and Nowak 2004). Even epidemiologists are debating the usefulness
of Darwinism as a theoretical framework to make sense of the role of environmental
factors in carcinogenesis (Vines 2006).

So, the most advanced oncological research has reached the agreement that
cancers are conventional Darwinian processes of repeated cycles of mutations and
selections, and that Darwinian models of cancer progression can explain most tumor
phenomenology. Environment contributes to cancer development with mutagenic
chemicals and conditions that increase cell replications, thus creating the opportunity
for mutations to occur and for the somatic selection of the advantageous ones to take
place. Mutations that allow cancer cells to produce their own signals to stimulate
mitosis, to suppress contact inhibition, to evade apoptosis, to attract the vascular
system and to spread or metastasize can have a selective advantage. Somatic muta-
tion and selection are very important for cancer treatment since that, as tumors, can
evolve resistance to chemotherapy (Michor, Nowak, and Iwasa 2006).

Weinberg dedicated several pages to the Darwinian view of cancer in his recent
and excellent textbook (Weinberg 2006). At the end of his analysis, Weinberg con-
cluded that “the outlines of the model are undoubtedly true, but its details are very
difficult to validate” because of the complexities involved in the multi-step tumori-
genesis (Weinberg 2006, 423-4).

Well, but in which sense the Darwinian paradigm in oncology represents the
natural outfall of the empirical and theoretical investigation on cancer biology?
Which are the origins of the Darwinian view of cancer development? How basic
research and clinical observations contributed to demonstrate its heuristic value?
Which implications for the strategies of cancer therapies have predicted the founders
of this new paradigm?

2.5 The Origins of Oncological Darwinism

Let us think to Darwin’s Origins of Species (1859). Which is the idea that he put
forward and emphasized first? Darwin spent the first two chapters illustrating the
reality of individual biological variations, under domestication and in natural
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species. The discovery of a spontaneously occurring heterogeneity in somatic
physiological systems with some kind of ability to change adaptively has also
been the first step that led to the idea that some selective mechanisms could oper-
ate also to produce adaptive physiological responses to unexpected stimuli. The
histories of immunology and neurobiology are the best examples of the successful
heuristic role played by Darwinian thinking to explain the physiological dynamics
that results in adaptive changes to memorize and learn through experience
(Corbellini 2007).

In the history of cancer pathology, too, it was the recognition of the diversity of
many properties of cancer cells that led to the view that the only unique property
of cancer cells is their expression of multiple variables, and that cancer cells hetero-
geneity, is the biological prerequisite for tumor progression.

In the early and mid-19" Century, it was well recognized that at the macroscopic
level, solid cancers had a heterogeneous appearance. Moreover, during the second
half of the 19th Century, Virchow and most pathologists reached the view that any
cancer cell is like a monad, invested with the potential to develop in any number of
ways (Moss 2003). The first successful experiments to induce carcinogenesis by
chemical stimulations of normal tissues, reported in 1915, w