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The successful identification of novel effective anticancer drugs is largely dependent on the
use of appropriate preclinical experimental models that should possibly mimic the com-
plexity of different cancer diseases. The huge number of targets suitable for the design
of new anticancer drugs is producing hundreds of novel molecules that require appropriate
experimental models to investigate their mode of action and antitumour activity in order to

select for clinical investigation the ones with higher chances of being clinically effective.
However, our ability to predict the clinical efficacy of a new compound in the clinic based
on preclinical data is still limited.

This paper overviews the in vitro/in vivo preclinical systems that are currently used to test
either compounds with an unknown mechanism of action or compounds designed to hit
cancer-specific or cancer-related molecular targets. Examples of experimental models suc-
cessfully used to identify novel compounds are provided. Xenografts are still the most com-
monly used in vivo models in drug development due to their high degree of reproducibility
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and because, in some cases, particularly when orthotopically transplanted, they maintain
several biological properties of the human tumours they derive from. Genetic models are
very useful for target validation, but are often not sufficiently reproducible to be used for
drug evaluation. The variety of animal models can be effectively used to optimally test
drugs that presumably act by a defined mode of action, but final success is highly depen-
dent on the ability of drug development teams to integrate different expertises such as biol-
ogy, chemistry, pharmacology, toxicology and clinical oncology into a clever and well
orchestrated plan that keeps in consideration both the complexity of cancer diseases,
involving alterations of different pathways, and the complexity of drugs whose pharmaco-
logical properties are crucial to obtain the desired effects.

© 2009 Elsevier Ltd. All rights reserved.

This is in fact the result of the improved biological knowledge
of the molecular pathways found to be deregulated and/or
over-activated in different tumours that has led to the identi-

1. Introduction

Over the last two decades, the empiric chemically-driven dis-

covery of new anti-cancer agents has been replaced by biolog-
ically-driven anticancer drug discovery/development, mainly
based on compounds acting on specific molecular targets.
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fication of molecular targets (growth factor receptor, intracel-
lular signalling molecules, etc.) against which drugs have
been designed.™ This increased biological knowledge has
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been associated with the development of high-throughput
genomic and proteomic analyses, a high-throughput com-
pound screening and structure-based drug design that allow
the identification and development of a large number of mol-
ecules that specifically interfere with the above mentioned
targets. Although the identification of new anti-tumour
agents is mainly based on in vitro methodologies, the in vivo
models are absolutely required to assess the pharmacological
activity of a potential new drug in animal models in which the
drug undergoes distribution in both neoplastic and normal
tissues, is metabolised and eliminated. It should be consid-
ered that in a growing number of cases the activity of a new
compound may depend not only on the intrinsic cellular sen-
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sitivity but also on other mechanisms related to the presence
of the stroma, the hypoxic conditions, and neo-angiogenesis
etc., all factors present in vivo but not in vitro.

The typical development plan for a new anti-cancer agent
involves sequential steps: in vitro assays, both cell based and
molecular target-driven, for the identification of an active
compound; in vivo studies to assess the potential antitumour
activity; pharmacological studies to define drug absorption,
distribution, metabolism, and elimination; and, finally, toxi-
cological studies to define a safe starting dose in humans.
All these structured steps, in particular the first ones, had to
be adapted for the preclinical development of targeted agents
(being the rationale at the basis of the new therapeutic
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Fig. 1 - Preclinical development steps in the evaluation of new compounds.



2770

EUROPEAN JOURNAL OF CANCER 45 (2009) 2768-2781

strategy, different from the one for classical cytotoxic agents).
We realise that the schematic division between classic cyto-
toxic agents and targeted drugs is often conceptually wrong
and misleading, considering that most cytotoxic agents have
indeed well defined targets, e.g. DNA or tubulin, and con-
versely most new agents are directed to targets that are not
cancer specific, e.g. enzymes or factors expressed in both can-
cer and normal cells. Therefore, in this paper, we will over-
view the available preclinical experimental models to
evaluate either compounds for which the target is non cancer
specific or those that have been used for the development of
cancer specific targets (Fig. 1). The description is associated to
examples of drugs successfully developed by using these
models.

2. Preclinical development of cytotoxic
anticancer agents

2.1. In vitro models

2.1.1. NCI screening model

In 1990 the US National Cancer Institute (NCI) modified the
screening system which was previously based on mouse tu-
mour models.® It was realised that the efficiency of discovery
of compounds clinically active against human solid tumours
was very low, possibly due to major differences between ro-
dent and human tumours.” The new screening system was
based on cell lines derived from all the major human neo-
plasms that might mimic better the heterogeneity of the bio-
logical features of human tumours. In addition, the new
programme made it possible to rapidly evaluate a large num-
ber of anticancer agents in a disease oriented manner. The
initial panel of cell lines incorporated a total of 60 cell lines
representing nine distinct tumour types (leukaemia, colon,
lung, CSN, renal, melanoma, ovarian, breast and prostate can-
cer). To date, more than 85,000 compounds have been
screened against this in vitro panel of short term assay. Com-
pounds are tested over a 5-log concentration range against
each of the 60 cell lines for their ability to inhibit the growth
of, or to kill, the cells in a 2-day assay generating 60 dose-re-
sponse curves. To facilitate the analysis and interpretation of
the data, three end-points are calculated for each cell line: the
Glso value that is the negative log;o of the concentration re-
quired to inhibit the growth of that cell line by 50% (relative
to untreated control cells), the TGI that is the negative log 10
minimum concentration that causes total growth inhibition
and the LCso that reflects the negative log;o concentration
needed to kill 50% of the cells. These data generate a charac-
teristic fingerprint of cellular response, the ‘Mean Graph’, pro-
filing the sensitivity/resistance of the compound on all the
cell lines. Compounds with similar mechanisms of action
tend to have similar patterns of growth inhibition in the 60
cell line screen and then similar Mean Graphs. A computer-
ised pattern recognition algorithm was developed by Paull
and colleagues®, the COMPARE, to quantify the similarity of
Mean Graphs from different compounds. Initial findings re-
vealed that compounds with similar Mean Graph patterns of-
ten shared a same or related mechanism of action. In contrast
to fingerprints with patterns of similarity to standard agents
in the database, compounds have been detected that pro-

duced strikingly different fingerprints. These COMPARE nega-
tive compounds indicate a unique mechanism of action. In
this regard, the example of the proteosome inhibitor Bortezo-
mid can be cited. Bortezomid was submitted to the NCI
screening in July 1995 together with a group of chemical ana-
logues by Proscript Pharmaceuticals. The pattern generated in
the screen was COMPARE negative, suggesting a mechanism
of action different from the known anticancer agents. Testing
in the hollow fibre model showed activity, confirmed in the
subsequent xenograft model. Bortezomib was approved by
the US Food and Drug Administration (FDA) in March 2003.°

From the early 1990s, a programme to characterise ‘Molec-
ular Targets’ within the 60 cell line panel was initiated.”*°
This led to the accumulation over the years of data on the
mutational status of genes important for cancer (e.g. p53
and Ras genes), on the expression levels of different proteins
(e.g. cyclin and CDKs), RNA levels (e.g. tyrosine kinase and
phosphatases), and enzyme activity (e.g. DT-diaphorase and
multidrug resistant - MDR). Microarray data measuring the
baseline expression of thousands of genes is also available
from two separate experiments. These molecular target data
can be visualised in a Mean Graph and COMPARE can be used
to identify possible correlations. In 1999, an in vitro pre-screen
was introduced whereby compounds would be screened only
in three highly sensitive cell lines: MCF-7 (breast ca), NCI-
H460 (lung ca) and SF-268 (glioma). The rationale for introduc-
ing this pre-screen step was the finding that 85% of the
compounds screened in the past had shown no evidence of
anti-proliferative activity and this step would allow the re-
moval of many inactive compounds from unnecessary and
costly full scale evaluation in the 60-line panel.

The above described NCI screening programme is techni-
cally simple, relatively fast, cheap, reproducible and provides
indicative data of mechanistic and target interaction. It is not,
however, without false negative and false positive results.
This screening was originally implemented to be sufficiently
good to ensure that only a relatively small number of
compounds would be selected for further evaluation in hu-
man tumour xenograft models. These cell screening assays
are based on cells growing as monolayers. In the last decade
many attempts have been made to develop 3D cell culture
and co-culture systems to better mimic the structural and
functional properties of normal and tumour tissue and to
bridge the gap between cell-based assays and animal stud-
ies.’'? Their application to high throughput screening in
drug development is, however, still to be validated.

2.1.2. In vitro models to define the mechanisms of action of a
given compound

Once a compound has demonstrated robust cytotoxic activity
against a panel of human cancer cell lines and deserves fur-
ther investigation in in vivo models, it is important to clarify
its mechanism of action and to identify its exact molecular
targets. An example of the importance of the in vitro studies
aimed at clarifying the mechanism of action of a given drug
is represented by PARP inhibitors. Until a few years ago, PARP
inhibitors had been thought of as agents to be used in combi-
nation with ionising radiation (IR) and with other different
anticancer agents based on the assumption that they inhib-
ited repair elicited by both IR and methylating agents. It was
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later found that PARP inhibitors were very cytotoxic as single
agents in tumour cells harbouring defects in recombination
repair (i.e., cells with mutations of the genes BRCA1l and
BRCA2).»>'* It was reported that both BRCA1 and BRCA2
homozygous mutant cells lines and tumour xenografts were
hypersensitive to PARP inhibitor treatment, while wild type
and heterozygous cell lines showed a normal sensitivity. As
germ line mutations of BRCA1 and BRCA2 have been found
to contribute to most of the familial breast cancer cases, the
above mentioned exciting preclinical results opened new che-
mo-preventive and therapeutic strategies for BRCA1/2-associ-
ated breast cancers. The uses of isogenic cell lines with
defined deficiency of each mechanism of DNA repair are
available and very useful in defining the mode of action of
new anticancer drugs.”>*’

The recently put forward cancer stem cell hypothesis
states that a minority of tumour cells (the cancer stem cells
or tumour initiating cells - TIC - usually defined by cell sur-
face marker expression) are responsible for tumour initiation,
propagation and recurrence.’®?° This hypothesis has impor-
tant implications as the goal of the therapy is to specifically
eradicate these cells.?>* The few data available seem to sug-
gest that these cells are more radio and chemo-resistant than
the remaining tumour cells. The detailed molecular and phar-
macological characterisation of these TIC from different tu-
mors (both leukaemias and solid tumours) will certainly be
a useful tool not only to screen new compounds but also to
identify new potential targets to be hit.

2.1.3. The hollow fibre assay (HFA)
The in vivo hollow fibre assay was developed at the NCI to help
bridge the gap between the in vitro cell-based assays and hu-
man xenograft models in immuno-deficient mice.?*?*> The
goal was to develop an intermediate assay that could better
predict which compounds found active in the 60-cell line pa-
nel would be active in subsequent xenograft models. This was
necessary due to the high cost of the traditional xenograft as-
say in terms of number of animals required, time for assay
completion, and financial commitment necessary. To address
this problem a short-term in vivo assay was devised in which
tumour cells were grown in biocompatible hollow fibres for
24-48 h in vitro, followed by in vivo implantation at both intra-
peritoneal (i.p.) and subcutaneous (s.c.) sites of nude mice.
These fibres have pores small enough to retain the cancer
cells but large enough to permit entry of potential chemother-
apeutic drugs (MW<500Kd), including peptides or large pro-
teins. The predictive role of this assay has been recently
reviewed and data suggest that the greater the response in
the HFA, the greater the likelihood that a compound will be
active in xenograft models. This prediction seems to be better
if i.p. fibres are used. In addition, a strong correlation was re-
ported between the activity in the 60-cell line screen and the
HFA suggesting that this test is unlikely to miss active com-
pounds at this preliminary in vivo stage of drug development.
The HFA has been more recently used to investigate the
pharmacodynamics of anticancer agents in vivo.?®*” Pharma-
codynamic end points include protein/gene/mRNA expres-
sion, assessment of DNA damage (comet assay), cell cycle
perturbation and cell death, including apoptosis. This ap-
proach allows a demonstration of an in vivo drug-target inter-

action and at the same time could eliminate those agents not
shown to interact with their putative targets in vivo at an early
preclinical stage.

2.2. In vivo models

The available in vivo models used to select compounds for fur-
ther clinical development will be herein briefly summarised.

2.2.1. Murine tumours

P388 and L1210 leukaemia cell lines have been used for many
years as the major preclinical models to screen new com-
pounds.?® They have been very useful in predicting the anti-
leukaemic activity of many drugs that are still used for the
therapy of rapidly growing tumours such as several haemato-
logical malignancies, but were not suitable models to identify
compounds effective against solid tumours. Therefore, in the
early 1970s, the B16 melanoma and Lewis lung carcinoma
were also incorporated to try to identify compounds poten-
tially active in human solid tumours. These tumours also in-
duced the formation of lung metastases and thus were of
potential use for investigating both the antitumour and the
anti-metastatic activity of new compounds.

2.2.2. Subcutaneously implanted human tumour xenografts

Xenograft tumours have originally been established by inocu-
lating s.c. tumour cells growing in vitro into nude mice which
are immuno-deficient and allow the growth of a human tu-
mour. Establishment of s.c. human tumours has been obtained
both by inoculum of cells derived from human tumour cells
cultured in vitro (the NCI made great efforts to obtain s.c. grow-
ing tumours from each of the 60 human cell lines used in the
in vitro screening) and by direct implantation of patients tu-
mour biopsy derived fragments or cells.’*? In this regard a
particularly important large panel of xenografts has been
established by Fiebig et al.**3* at the University of Frieburg in
Germany. More than 1600 tumors have been transplanted s.c.
into nude mice and more than 300 xenografts established, rep-
resentative of all the major tumour types. In general, xeno-
grafts derived from patient biopsies retain better
morphological and molecular properties reminiscent of the
original human tumour as opposed to the ones derived from
cultured cells that show a more homogeneous, undifferenti-
ated histology probably indicative of the higher selection pres-
sure in vitro during extensive culturing. Some disadvantages
associated with xenografts obtained directly from patient
biopsies are the high transplantation failure rate (the overall
‘take rate’ has been reported to vary from 40 to 60% for non-
small cell lung cancer, colon cancer, and melanoma, down to
12-20%, for breast cancer and less than 3% for prostate cancer),
the labour required for multiple transfers or ‘passages’ from
mouse to mouse and the difficulty in establishing cell lines
from them with scarce availability of pure human cells for bio-
chemical and molecular studies. Not all xenografts models are
usable for compound screening because of their growth prop-
erties. In fact sometimes growth is too slow (over many
months) or too inconsistent/erratic/non linear with time
and/or they possess cystic necrotic areas, even at relatively
small tumour volumes. The s.c. implant allows the monitoring
of tumour growth using in situ calipers and the activity of a
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compound can be tested in different settings: agents can be
administered at the same time as tumour implantation (‘che-
moprevention’ strategy), treatment can start when tumours
are just palpable (‘early stage’ strategy) although in such cases
one needs to be aware that the residual immune capacity of
the host (mainly natural killer activity) may influence the
tumour response, and, finally, the treatment can start when
tumour masses are bigger (‘late stage’ strategy). Activityis gen-
erally defined as tumour growth delay, optimal% T/C (median
treated tumour mass/median control tumour mass expressed
in %) or netlog cell kill. Toxicity can be evaluated by monitoring
body weight loss and drug-related deaths. Several studies have
supported the value of the s.c. xenograft model in predicting
the clinical activity of cytotoxic agents.?>3>73° The NCI reported
the results of a retrospective study in which the activity of 39
agents in both xenograft models and a phase II clinical trial
were compared.? While the in vivo xenograft activity of a par-
ticular histology did not closely correlate with the activity in
the same human cancer histology, a correlation was found
for compounds active in at least 1/3 of xenografts that showed
activity on some clinical trial. A better prediction of clinical
outcome was found in the xenograft panel set up by Fiebig
et al.**3> where the xenografts predicted correctly for clinical
response in 90% of the cases and for resistance in 97%. In some
cases the activity observed in xenografts is confirmed in the
clinic but not necessarily in the same tumour type. In other
cases the strong specificity for a tumour type has been instru-
mental for the undertaking of clinical investigations in that
particular tumour type. For example, the striking antitumour
activity of Trabectedin observed in well characterised ovarian
cancer xenografts®® provided the rationale for phase II,*"*?
and subsequently phase III, studies in this disease with very
promising results.*®

These predictions largely refer to the classical cytotoxic
agents that have been developed in the last 25 years. Now
many agents undergoing anticancer drug development are
small molecules rationally designed to inhibit fundamental
processes involved in the initiation and/or progression of hu-
man tumours. It can be said that the s.c. xenograft model can
still be of value in the era of targeted therapy, if used appropri-
ately however. It is becoming more and more important to
molecularly characterise the different xenograft models to en-
sure that the putative molecular drug target is expressed and to
integrate both pharmacokinetic and pharmacodynamic stud-
ies. Pharmacokinetics can give information on systemic expo-
sure (area under the concentration-time curve; AUC) and
comparing the systemic exposure associated with antitumour
activity against human cancers in mice with the systemic drug
exposure at the maximum tolerated dose (MTD) in patients
may identify at a relatively early stage of development those
agents that will ultimately fail in the clinic because it is impos-
sible to achieve effective drug concentrations in humans.

2.2.3. Orthotopic and metastatic tumour models

Major drawbacks of the s.c. implanted human xenografts are
that they grow in a tissue environment different from that of
the organ they derive from and that they rarely metastasise.
Orthotopic transplantation models were thought to mimic
the morphology and growth characteristics of clinical disease
and to better represent the clinical situation. Different ortho-

topic models have been obtained transplanting human colon
carcinoma into the intestinal wall of nude mice, renal cancer
into the kidney, melanoma into the skin, mammary carci-
noma into mammary fad pad, bladder carcinoma into the
bladder wall, prostate carcinoma into prostate, pancreatic
carcinoma into the pancreas, and lung cancer into the bron-
chi. It has been demonstrated that the metastatic process is
more efficient in orthotopically implanted tumours and that
closely mimics human metastases. Some of them have been
well characterised and are able to metastasise to clinical rel-
evant sites, i.e. prostate and breast to the bone.***” One of the
most obvious advantages of the orthotopic models is the pos-
sibility to study and target processes involved in local inva-
sion, e.g. inhibition of proteases and interfering with the
process of angiogenesis. It is interesting to note that several
reports have highlighted major differences in the therapeutic
response between tumour transplanted s.c. and orthotopical-
ly. Kuo et al.*® using an in vivo model of small-cell lung cancer
showed that cisplatin had a significant effect against lung tu-
mours but was ineffective against the same tumour trans-
planted s.c. On the contrary, the Fidler group reported that
intestinal human cancer xenografts growing s.c. in nude mice
respond to doxorubicin whereas the same tumour trans-
planted intracecally responded far less.*® The recent develop-
ment of imaging techniques allows a continuous evaluation
of the size of the primary tumour and metastases, thus mak-
ing it feasible to evaluate the kinetics of the drug effects by
investigating a relatively small number of mice.>

2.2.4. Genetically engineered cancer models (GEM)
Over the past 20 years GEM models have been instrumental
not only in our understanding of the molecular pathways
responsible for the initiation and progression of tumours
but also because they have highlighted the importance of spe-
cific oncogenes and tumour suppressor genes in carcinogen-
esis.>*? As GEM models have been shown to partially
recapitulate the genetic/molecular changes occurring in hu-
man tumours, the challenge now is to use these models to
test novel anticancer therapies in an attempt to better select
clinically effective compounds.®*>3

The initial GEMs were murine models that over-expressed
viral and cellular oncogenes. With the discovery that loss of
tumour suppressor gene (TSG) has a causative role in the
development of tumours, transgenic mouse models were
developed introducing a mutant TSG in the mouse germ line
both by targeted gene knockout or through the expression of
a dominant-negative form of the TSG. With both the improve-
ment of molecular biology techniques and a better under-
standing of the biology of human tumours, it has been
possible to develop mouse models carrying germ line muta-
tion in specific genes, conditional transgenic/knockout mod-
els with spatiotemporal expression or loss of function of a
specific TSG leading to the generation of many different
GEM models that possess well validated drug targets; also,
developing autochthonously in situ may probably be more bio-
logically representative of a particular tumour type than
transplanted xenografts.>* In addition, GEM derived tumours
develop in a setting of an intact immune system with a tu-
mour-stromal interaction reproducing the one occurring in
human tumours. However, their use in the preclinical devel-
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opment of anticancer agents is still limited. These models are
generally very expensive and time consuming and their use is
often restricted by intellectual properties rights and patents.
The spontaneous and multifocal nature of tumour develop-
ment, the variable penetrance resulting in lack of synchrony
in tumour development, the complicated breeding schemes,
the difficulty in obtaining a sufficient number of animals at
the same stage of tumour development, and the variability
in time of progression to a predetermined tumour size re-
quired for drug testing (which can be measured in weeks-
to-months with significant differences in age of animals and
tumour stage in the same mouse colony) are all biological
drawbacks preventing their widespread use. Although the
use of GEMs in drug development has not been validated
yet, different studies have suggested their potential util-
ity>>>>>’ (Table 1). For example, retinoic acid has shown
activity in GEMs of acute promyelocitic leukaemia®® and
imatinib has been shown to limit the development of bcr-
abl mutation in p190 bcr-abl GEM mice.”® In addition, GEM
have also been used in a chemopreventing setting testing
compounds that were shown to prevent the development of
tumours.®® A point that deserves to be outlined is the fact that

the GEN models also provide primary cells and cell lines
established from that can be used as a unique genetically de-
fined tool for drug development.

The use of GEM models in drug discovery and develop-
ment is, however, still in its infancy and only time and the
analysis of the ongoing cumulating data on their use will tell
if they will be any better in predicting clinical activity of anti-
cancer agents than the xenograft models that are currently
used in most cases.

3. Preclinical development of targeted agents

In the post-genomic era the focus of anticancer therapy has
been the development of target therapy, where the target rep-
resents a molecular characteristic of the tumour that has a
key role in its development and progression. In fact, the sub-
stantial advances made in understanding the basic biological
principles underlying the genesis and progression of tumours
have resulted in the identification of a number of molecular
anomalies that are important not only for the malignant
transformation of a normal cell but also for the maintenance
of the tumour. The subsequent step was the development of

Table 1 — Examples of the use of GEM to test the activity of anticancer agents.

Mouse model Drug used Comments Reference
PML-RARA transgenic mice =~ ATRA ATRA treatment induced regression Ref 28114
developing APL
PL2F-RARA transgenic mice ATRA ATRA treatment did not induce regression Ref.>8
developing APL
Transgenic mouse models of Farnesyltransferase The data on these systems showed that the Ref 1157117
breast cancer inhibitors (FTIs) therapeutic effects of FTIs were due to off-target

effects and not related to the inhibition of ras
Transgenic mice expressing Erlotinib Erlotinib treatment induced tumour regression Ref. '8
exon 19 deletion mutant or
the L856 mutant under the
control of doxycicline
Bi-transgenic mice with Erlotinib, HKI-272 and Erlotinib, HKI-272 and cetuximab treatment caused Ref.52

inducible expression of two
common hEGFR mutants
Apc(Delta716) heterozygous
mutant mouse, a model for
human familial
adenomatous polyposis
Pancreatic islet carcinoma

TRAMP mice with prostate
tumour

RIP-Tag2 transgenic mice
with pancreatic cancer

Neuroblastoma in transgenic
mice (TH-MYCN)

cetuximab

RADO001

Imatinib and SU11248 in
combination with
metronomic chemotherapy
and/or VEGFR inhibition
Silibinin

Recombinant adeno-
associated virus-6 encoding
mouse endostatin plus

angiostatin (E + A) given i.m.

Geldanamycin and/or 3-
Bromo-pyruvate

TNP-470

a dramatic tumour regression

RADOO1 (everolimus) treatment suppressed the
mTORC1 activity in the polyps and inhibited
proliferation of the adenoma cells as well as
tumour angiogenesis

Destabilisation of pre-existing tumour vasculature
and inhibition of ongoing angiogenesis

Silibinin treatment inhibited tumour growth,
progression, local invasion, and distant metastasis
involving suppression of tumour angiogenesis and
epithelial-mesenchymal transition

Antitumour activity observed

Inhibition of pancreatic tumour and metastasis by
more than 90% and significant prolongation of life
span

TNP-470 caused near-complete ablation, with
reduced proliferation, enhanced apoptosis, and
vasculature disruption

Ref.™?

Ref.’?°

Ref.’?!

Ref.'?

Ref.’#

Ref 124
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Table 2 - FDA approved targeted agents.

Drugs Target Type of molecule Clinical development

Cetuximab (Erbitux) EGFR MoAb FDA and EMEA approved (colorectal, head and neck ca)

Panitumumab (Vectibix) EGFR MoAb FDA and EMEA approved (colorectal ca)

Trastuzumab (Herceptin) HER2 MoAb FDA and EMEA approved (HER2 overexpressing breast ca)

Erlotinib (Tarceva) EGFR SM FDA and EMEA approved (NSCL, pancreatic)

Gefitinib (Iressa) EGFR SM FDA and EMEA approved (NSCL)

Lapatinib (Tykerb) EGFR, HER2 SM Preregistration for breast cancer in European Union and
USA, April 2009

Imatinib (Gleevec) Bcl-Abl, c-Kit SM FDA and EMEA approved (chronic myeloid leukaemia,

Dasatinib (Sprycel) BCR-ABL, SRC family, SM

c-kit,EphA2,
PDGFRf3
Bevacizumab (Avastin)  VEGF-a MoAb
Temsirolimus (Torisel) = mTOR SM
Sorafenib (Nexavar) VEGFR, PDGFR, SM
c-kit, Flt3, Raf,
Sunitinib (Suten) VEGFR, PDGFR, SM
c-kit, Flt3

gastrointestinal stromal tumours)
FDA and EMEA approved (Chronic myeloid leukaemia in
all phases with resistance or intolerance to imatinib)

FDA and EMEA approved (glioblastoma, metastatic HER2
negative breast cancer, NSCL, metastatic colon ca)

FDA and EMEA approved (renal cell ca)

FDA and EMEA approved (hepatocellular carcinoma)

FDA and EMEA approved (renal cell ca,
gastrointestinal ca)

Vorinostat HDAC inhibitor Hydroxamic acid FDA approved (cutaneous T cell lymphoma-third line
therapy)
pharmacologic interventions targeting these molecular ship between tumour and host compartments, itis also impor-

abnormalities leading to the so called targeted agents. Tar-
geted therapy comprises mainly two classes of agents: small
molecule inhibitors (mostly of tyrosine kinases) and monoclo-
nal antibodies. Examples of aberrant targets that have been
successfully exploited therapeutically include the epidermal
growth factor (EGF) family of membrane receptors (including
EGFR1, HER?2), ber-abl, CD20, c-Kit, components of the signal
transduction network (e.g. mitogen-activated protein ki-
nases-MAPK, PIK3 kinase transduction pathways, the mam-
malian target of rapamycin -mTOR), cell cycle regulators
and factors involved in angiogenesis®® (see Table 2).

This new class of targeted anticancer agents has clearly
posed a different perspective to guide their preclinical and
clinical development.®>*¢*%® We will here try to summarise
which are the key features to keep in mind when studying
the preclinical activity of targeted agents and give some
examples of what has been done with the recent FDA and
European Medicines Agency (EMEA) approved targeted anti-
cancer agents.

Once it has been established by biochemical assays that the
drugis effective and sufficiently potent and specific for the tar-
getithasbeen designed against, the subsequent stepis toverify
thatits biological activity is related to the functional inhibition
of the target in different cellular contexts. This has been made
possible by the availability of a number of antibodies that can
either detect the inhibition of the target itself (i.e. inhibition
of its autophosphorylation) or a downstream target; again,
the specificity of the action of the drug also has to be confirmed
in a cellular system. It is critical that the tumour model charac-
terised for the relevant mutations or expression of the target
protein is driven by, or at least expresses, the target of interest.
Engineering tumours to be driven by the genetic changes of
interest should be established in either mouse or human cells,
when no tumour cells expressing the given target are available.
While there are advantages to maintaining a syngenic relation-

tant that the tumour target be human in origin. While for
cytotoxic agents tumour cell killing was certainly one of the pri-
mary endpoints for in vitro and in vivo antitumour activity, in
the current era of targeted therapy, inhibition of tumour growth
may no longer be the only and most relevant endpoint. If a can-
cer target is well validated, an equally if not more relevant
question is whether the therapeutic target is modulated
in vivo. In fact, in the absence of the information that the drug
is modulating the intended target, its antitumour efficacy is
impossible to interpret. If, for example, an antitumour effect
is observed and yet the intended targetis not modulated, its ob-
served antitumour activity may be the result of an off-target ef-
fect. Assessment of target modulation can be done by multiple
methods sacrificing cohorts of mice over time and analysing
the molecular target or a biomarker of a given pathway both
in tumours or a surrogate organ (peripheral blood cells) using
conventional biochemical and microscopic techniques (wes-
tern blot, immuno-histochemistry). For example, the effects
of a kinase inhibitor can be monitored by studying the activa-
tion state of the kinase using phospho-specific antibodies or
downstream signalling mediators. In a time course experiment
with the use of a different cohort of mice it will be possible to
have a dynamic picture of the time necessary to inhibit the tar-
getand thelonglasting effect of a given treatment on the target
itself. Interestingly, an extension of the hollow fibre assay has
been utilised to assess modulation of the molecular target.>”®*
Non invasive imaging has also been used to assess the
molecular effects of drugs (i.e. molecular imaging) and this,
in particular, is the case of antiangiogenic drugs.®>®” By being
non-invasive, molecular imaging can provide serial measure-
ment over time in animals providing a true pharmacodynamic
readout. Clinically useful functional imaging modalities have
been adapted for small animal imaging, mainly rats and mice.
These include micro-positron emission tomography (micro-
PET) and magnetic resonance imaging (MRI), bioluminescence
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and fluorescence imaging. For example, reporter cells can be
engineered whereby luciferase expression is stimulus depen-
dent and luminescence is the readout of the activity of a given
molecular pathway.®®5°

3.1.  Imatinib (Gleevec)

Imatinib represents the best example of a drug that specifi-
cally targets the pathogenetic lesion of a human tumour such
as chronic myelogenous leukaemia (CML). Bcl-abl is the chi-
meric product of a 9:22 chromosomal translocation in which
c-abl translocates to chromosome 22 in a region known as
the breakpoint cluster region (bcr).”® Ber-abl was shown to
have an increased kinase activity as compared to c-abl and
has been clearly demonstrated to be oncogenic. This translo-
cation is present in more than 90% of CMLs and has been
demonstrated to have a causative role in the development
of CML. In the late 1980s, Ciba Geigy (now Novartis) started
a high throughput screen of chemical libraries searching for
compounds with kinase inhibitory activity.”* A lead com-
pound of the 2-phenylamminopyrimidine class was identi-
fied. It lacked the sufficient potency and specificity, but it
represented the starting point for the synthesis of a series
of related compounds that were optimised to inhibit a variety
of targets. Imatinib (STI571, Gleevec) was found to inhibit abl,
PDGRFs and KIT and emerged as the lead compound for pre-
clinical development based on its selectivity against CML cells
in vitro and its drug-like attributes, including pharmacokinet-
ics and formulation properties.”>”® Imatinib was shown to
selectively suppress the proliferation of bcr-abl- expressing
cells in vitro with minimal effect on normal bone marrow
cells.”® The selectivity was further confirmed in different lab-
oratories and in many cells derived from CML and Ph+(Phila-
delphia Chromosome)ALL, while Ph- cells were unaffected.
The in vitro ICso for inhibition paralleled the ICs, for inhibition
of ber-abl kinase activity seen in cellular assays. A strong
inhibitory effect on cellular growth was also observed in cells
with activated deregulated PDGFR and c-KIT signalling. The
in vivo activity of imatinib was tested on bcr-abl transformed
32D cells injected into syngenic mice.”* A dose dependent
inhibition of tumour growth could be observed after i.p. daily
injections of the drug. A similar experiment using a bcr-ab-
1+ human cell line transplanted in nude mice demonstrated
not only a good antitumour activity of the drug, but also the
need for continuous inhibition of the ber-abl kinase activity
to achieve maximal antitumour effect. Pharmacokinetic
studies in mice revealed that the compound after oral
administration achieved pharmacologically relevant plasma
concentrations but had a half life of approximately 1.5h.
When the schedule was optimised based on these data, (three
times daily for 11 days), assuring a continuous blockage of the
kinase, tumour-free survival of the mice could be registered.
Again, this effect was specific as mice injected with U937
myeloid cells, leukaemia not expressing the bcr-abl fusion
gene, and treated with this schedule had no observed growth
inhibition. Based on its efficacy in the above mentioned pre-
clinical models and an acceptable toxicological profile, phase
I studies started on June 1998 and rapidly progressed to phase
II studies demonstrating good activity that led to the approval
by the FDA and EMEA for the treatment of CML in advanced

stage and after failure on interferon therapy. It has been men-
tioned that imatinib also inhibits PDGFR and c-KIT. More than
90% of gastrointestinal stromal tumours (GIST) express KIT
and the majority of them carry activating mutations.”® In
about 90% of cases the activation of KIT is due to a somatic
mutation involving exon 9 or 11 and these mutations appear
to be the critical pathogenetic event in GIST.”® In addition,
activation mutations of PDGRF are found in GIST. This tumour
was considered an interesting clinical setting for testing
imatinib activity. Thus there was a strong rationale to investi-
gate the activity of imatinib in GIST and the clinical results
were indeed very impressive, particularly considering that
this tumour was considered refractory to the available thera-
pies. A closer inspection of the data showed that the tumour
KIT mutational status correlates with response: patients with
mutated KIT had a 72% response rate while patients with no
mutation had only an 18% response rate. Interestingly, one-
third of the patients with no KIT mutation responding to
imatinib were found to have PDGFRA mutations.”” An impor-
tant lesson that can be taken from the preclinical profiling of
imatinib is the importance of having a robust and clinically
relevant panel of cellular systems that can predict both cellu-
lar activity and selectivity. The preclinical experiments also
defined the concentration of the drug required to obtain anti-
tumour activity. The use of recombinant factor independent,
ber-abl transformed cell lines followed by testing on CML
and normal patient samples correctly revealed the potential
of imatinib and favoured its rapid movement to the clinic.
This example is unique as bcr-abl has a causative role in
CML development. Indeed, the presence of bcr-abl in the
majority of CML patients and the possibility to identify pa-
tients carrying the bcr-abl oncogene by the presence of the
Ph chromosome made it possible to easily select patients
who were likely to benefit from imatinib therapy in early clin-
ical trials. Another unique advantage that made the clinical
development of the drug easier was the ability to monitor re-
sponse with surrogate end-points, especially with haemato-
logical and cytogenetic response. In addition, it was also
possible to incorporate a pharmacodynamic endpoint of inhi-
bition of ber-abl kinase activity by assaying CRKL phosphory-
lation. Lastly, from the pre-clinical studies, there was also an
indication as to the threshold target levels of the drug (1 pM),
a prediction that was indeed confirmed in clinical trials.

3.2.  Epidermal growth factor receptor (EGFR) targeted
therapy

EGFRs are receptor tyrosine kinases that play a key role in the
regulation of essential normal cellular processes and in the
patho-physiology of hyperproliferative disease, including
cancer.”” Four members belong to this family: EGFR, HER2,
HER3, and HER4. Preclinical studies conducted over the last
20 years have clearly demonstrated that alterations in the
function of these membrane receptors, particularly EGFR,
are associated with oncogenic transformation and that dereg-
ulation of EGFR is related to all the key features of cancer:
autonomous cell growth, invasion, angiogenesis potential
and development of distant metastasis. Activation of EGFR
leads to different intracellular signalling pathways including
the RAS/RAF/MAPK-mediated pathway leading to proliferation
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and the PI3K/AKT pathways which increase survival by
anti-apoptotic mechanisms. As a consequence, therapeutics
that target this family of receptors have been developed.
Two classes of molecules have been developed: monoclo-
nal antibodies (MAbs) that bind to the extracellular part of
the receptor and prevent binding of the natural ligands and
inhibitors of tyrosine kinase that are small molecules (SMs)
that compete with and prevent binding of the ATP to the
intracellular tyrosine kinase region.”® In both cases preclinical
development has been aimed at demonstrating that the com-
pounds bind to the receptor and interfere with its signalling
transduction pathways. The binding affinity values and the
ICso values inhibiting the kinase activity of the tyrosine kinase
were determined and whenever possible compared with the
values obtained with drugs of the same class of agents. The
specificity of action has to be considered when testing the
activity of the compound against a panel of different kinases
important for cancer either in purified enzyme assays and/or
in whole cell extracts. The inhibition of the auto-phosphory-
lation of EGFR, coupled with its internalisation and degrada-
tion (in the case of MAbs), had to be demonstrated for all
the compounds as well as the functional consequence of
the inhibition of the signalling transduction pathways. With
both MAbs and SMs, the inhibition of the receptor in different
cellular systems expressing the receptor has been shown to
be related to an inhibition of cell cycle progression by the
induction of the cell cycle regulator p27 and induction of
apoptosis by either increasing the expression of pro-apoptotic
protein or by the inactivation of anti-apoptotic protein
through decreased expression or phosphorylation. The
in vivo antitumour effect of such compounds has been tested
in xenograft models and their antitumour activity related to
the inhibition of the target.”® Cetuximab showed antitumour
activity against a variety of human tumour xenografts and
also displayed synergistic effects when combined with classi-
cal anticancer agents. In the case of panitumumab, in vivo
treatment efficacy in xenografts appeared to be associated
with EGFR expression levels. Preclinical studies carried out
with erlotinib showed a direct relationship between target
inhibition and its antitumour effects, suggesting that suffi-
cient doses to inhibit the target in tumour tissues would need
to be administered for this agent to be effective in the clinic.
When gefitinib was tested in human xenografts it showed a
marked antitumour activity with rapid regression of estab-
lished tumours but no clear cut correlation with the expres-
sion of EGFR, suggesting that other factors besides EGFR
expression may be involved in tumour response to the drug.®®
When tested in a clinical setting these EGFR target agents did
show some clinical activity and some have been approved by
the FDA and EMEA for some specific tumour settings (see
Table 2). The original prediction that only patients over-
expressing EGFR would benefit from treatment with these
agents was not fulfilled as several clinical studies suggest that
EGFR expression is not sufficient to predict response to treat-
ment.8%8? It has in fact been reported that NSCLC patients,
non-smokers harbouring some mutations in the ATP pocket,
were more responsive to gefitinib or erlotinib. It was later
demonstrated that this mutation had an oncogenic role in
lung tumourigenesis.®? Recent data suggest that a T790 M
mutation (resulting in a threonine to methionine substitution

at amino acid position 790) could emerge during treatment
with gefitinib and experimental data corroborated the fact
that cells over-expressing this mutation were highly resistant
to the drug.®® Several other mechanisms of pathway activa-
tion have been put forward in recent years such as gene
amplification, amplification of a dinucleotide repeat in the
EGFR promoter, mutation in the extracellular region of EGFR
giving rise to a mutant protein named EGFRVIII and enhanced
signalling due to heterodimerisation with other EGFR mem-
bers (HER2 and HER3), and interestingly enough an associa-
tion has been found with the clinical activity of the drug.
Retrospective analysis of tumour samples also demonstrated
that, in colon cancer patients, mutation in K-RAS was associ-
ated with a lack of response and reduced survival after treat-
ment with cetuximab.®*%¢

3.3. Trastuzumab

Trastuzumab is a humanised monoclonal antibody directed
against the HER2 receptor.?” It has been initially approved
by the FDA for the treatment of HER2 positive metastasised
breast cancer after treatment failure with other anticancer
agents; in 2006 the FDA granted approval to trastuzumab as
part of a treatment regimen containing doxorubicin, cyclo-
phosphamide, and paclitaxel for the adjuvant setting in wo-
men with node-positive, HER2 over-expressing tumours
based on the data of increased disease free survival in women
who received chemotherapy plus trastuzumab compared to
those who received chemotherapy alone.?®%° HER was identi-
fied as a valid target as it was demonstrated, using transgenic
mice, to be oncogenic and to have a role in the pathogenesis
of breast cancer.” The in vitro data demonstrated that binding
of trastuzumab to HER2 resulted in attenuation of aberrant
HER?2 kinase-associate signal transduction, with changes in
cell cycle distribution (e.g. decreases in the fraction of cells
undergoing S-phase) specifically in cells over-expressing the
target.® When the antibody was tested in an in vivo setting,
it seemed reasonable to select breast cancer xenografts that
were expressing HER2. However, all the commercially avail-
able cell lines over- or expressing the target did not grow sub-
cutaneously in nude mice.’® Artificially engineered models
had to be set up transfecting human cell lines known to be
tumourigenic in nude mice with HER c¢DNA. These over-
expressing HER2 models, although clearly artificial and not
directly related to the human disease, were invaluable in
the preclinical development of trastuzumab as it facilitated
the in vivo testing of the antibody. Another approach under-
taken was the use of fresh patients’ tumour explants from
HER2-positive tumours implanted directly into the subrenal
capsule of athymic mice.®” In this assay, size determinations
of tumour transplants were performed and the observed de-
creases in tumour sizes relative to untreated controls were
considered evidence for in vivo anti-tumour activity and this
helped in deciding which murine anti-HER2 antibody to
humanise for future clinical development. This kind of assay
did, however, have limitations such as the availability of fresh
tumour implants, the tumour take-up rates (generally be-
tween 60 and 80%) and the relative small number of animals
in each treatment group. Also instrumental were the studies
performed with radio-labelled anti-HER2 antibody, that
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unambiguously demonstrated the uptake and the retention of
the radio-labelled Ab in tumour deposits in vivo. The above
mentioned overexpressing-HER2 cell lines transplanted in
nude mice were utilised to demonstrate a clear in vivo dose-
response relationship for trastuzumab and to correlate re-
sponse with mouse serum pharmacokinetics. These studies
allowed the definition of the minimum target serum concen-
tration for trastuzumab necessary for its antitumour efficacy
before the initiation of the first phase I clinical trial. The
principal shortcoming of animal modelling in the develop-
ment of trastuzumab was probably the lack of cross reactivity
of trastuzumab to non-human HER2. Thus, it was difficult, if
not impossible, to predict unanticipated toxicities of trast-
uzumab, such as cardiac dysfunction. A potentially important
mechanism of immunologic activity of therapeutic antibodies
is the antibody-dependent cell-mediated cytotoxicity (ADCC)
resulting from activation of Fc receptors on immune effector
cells and polymorphisms in these genes have been associated
with a different efficiency in the ADCC. A role for ADCC in the
mechanism of action of trastuzumab has been suggested by
several lines of evidence.®®®* ADCC activity was in fact
demonstrated ex vivo in peripheral blood mononuclear cells
isolated from patients with metastatic breast cancer undergo-
ing treatment with trastuzumab. An increase in trastuzumab
anti-tumour activity against breast cancer xenografts in
knockout mouse models in which inhibitory Fc receptors
(FcRII) are lacking has been shown and attenuated trast-
uzumab responses in knockout mice lacking activating FcRIII
receptors have been reported. Finally, administration of an
anti-HER2 antibody mutant construct lacking functional FcR
binding capability similarly has marked attenuation of anti-
tumour activity in xenograft models. All these data support
not only a clear role in ADCC in the antitumour effect of trast-
uzumab but also how the use of mice has been instrumental
in clarifying such a mechanism.

3.4.  Agents targeting angiogenesis

The dependency of tumour growth on the development of a
neovasculature is a well established aspect of cancer biology
and it is now recognised that inhibition of angiogenesis can
be a strategy for inhibiting tumour growth and metasta-
sis.”>?® Two classes of agents interfering with this process
have been identified: anti-angiogenic agents that prevent
the formation of tumour blood vessels and vascular-targeting
agents that target the existing tumour vessels.”” Included in
the former class are bevacizumab (a humanised monoclonal
antibody directed against vascular endothelial growth factor
[VEGF]), sunitib and sorafenib (small molecules inhibiting
tyrosine kinase receptor VEGFR) which have obtained FDA ap-
proval for a number of different indications (Table 2). The pre-
clinical development of this class of compounds has been
based on a number of assays that mimic the different steps
of the angiogenic process.”® The knowledge of the putative
mechanism of action of the selected compound can dictate
the choice of assay; on the contrary, the behaviour of the
compound in a panel of different assays could suggest its
mechanism of action. The in vitro tests usually rely on the
use of normal endothelial cells (the most commonly used
are the ones from the human umbilical vein origin); less com-

mon are the tumour-derived endothelial cells which would
probably be more representative but technical problems limit
their use. The inhibition of their proliferation, the induction
of apoptosis, the inhibition of their motility, of their capacity
to degrade the extracellular matrix and the ability to form
cord or tube in vitro can be quantified in well validated assays.
For the technical and detailed description of all these tests
please refer to the references herein.®*-'%? Several in vivo as-
says have been set up to allow the rapid, reproducible and,
possibly, quantitative effect of antiangiogenic componds:
the directed in vivo angiogenic assay, the chick chorioallantoic
membrane (CAM) method, the matrig plug assay, the cornea
assay and the chronic transparent chamber and intravital
microscopy. Depending on the test, the detection and evalua-
tion can be done throughout the duration of the experiment
(cornea and artificial chamber) or else the evaluation can be
done at just one time point. Nevertheless, even for this class
of compounds, the final validation in in vivo tumour model
was required. The most commonly used tumour models were
the Lewis lung carcinoma, that has the advantage of growing
in a syngenic mouse with an intact host response, and differ-
ent human xenografts transplanted both subcutaneously and
orthotopically. More recently, angiogenesis dependent tu-
mours, in which the expression of different angiogenic fac-
tors can be modulated, and GEM models, which allow the
study of the antiangiogenic effects at all stages of tumour pro-
gression, have also been used to explore the anti-tumour ef-
fect of the angiogenic agents.’®*°¢ In addition, a number of
pharmacodynamic end points have been studied to prove
the effect of these agents on tumour vasculature such as
the immuno-staining of endothelial cells by different anti-
bodies (CD31), measurement of tumour vessel structure,
dimension and dilatation, vessel maturation, permeability,
measurement of different metabolic parameters and oxygen
tension in tumour specimens.’®”1% More recently, the devel-
opment of new imaging techniques (the application of MRI
and PET to small animals such as mice and rats) has allowed
the study of the response of tumours at different time points

after the administration of anti-angiogenic therapy.'®®

4. Concluding remarks

The preclinical experimental models that are currently used
for the identification and selection of novel anticancer drugs,
which were overviewed in the present paper, are far from
being satisfactory in mimicking the complex biological fea-
tures of human tumours. Nevertheless, these experimental
models have been instrumental in the successful clinical
development of many anticancer drugs, including many nat-
ural products and synthetic compounds directed to DNA,
chromatin, and tubulin as well as antibodies and small mole-
cules directed to different kinases involved in pathways that
are relevant for cancer cell survival, growth, differentiation
and tumour angiogenesis. However, the enormous advance-
ment of knowledge in tumour biology together with the iden-
tification of hundreds of molecular targets suitable for
pharmacological intervention has, so far, not resulted in the
expected improvement of the efficacy of cancer therapy. It
should be pointed out that cancer comprises hundreds of
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different diseases; each of them is remarkably heterogeneous
in different patients and even in the same patient during the
progression of the disease.

In the recent characterisation of the genome of human
tumours™®*?, it has become clear that each tumour has
several dozen point mutations, gene deletions and amplifi-
cations. Therefore, to reproduce in preclinical models the
complexity of human cancer is unfeasible. It is of note, how-
ever, that the genetic alterations are related to a limited
number of pathways that are aberrantly activated.'>'?
Therefore, the development of preclinical models that are
representative of the deregulation of specific pathways may
be relevant for testing novel drugs, this being a much more
feasible task.

We would like to stress that there are no ideal models that
can be used for any kind of drug, but depending on the drug
the most suitable experimental models should be selected.
For example, for compounds with unknown modes of action,
such as natural products identified in cellular screenings, it
seems sensible to use a variety of highly characterised human
xenografts that will possibly provide indications on their ther-
apeutic index, mode of action and the determinants of their
antitumour effects. Well characterised xenografts obtained
by transplantation of human tumour fragments maintain,
in many cases, some of the original pathological and biologi-
cal features for a few passages,'® thus being potentially use-
ful to investigate specific classes of compounds interfering
with pathways that are aberrantly activated in human tu-
mours. Molecularly characterised xenografts are also poten-
tially useful for pharmacokinetic/pharmacodynamic studies
and to discover potential markers to monitor pharmacologi-
cal effects. Some xenografts induce the formation of metasta-
ses when orthotopically transplanted, thus making it possible
to evaluate potential anti-metastatic therapies. These mod-
els, adequately characterised, can also be useful in evaluating
anti-angiogenic and anti-vascular therapies, previously
tested on in vitro and in vivo angiogenesis assays. Genetic
models are particularly relevant for the validation of the po-
tential therapeutic value of new targets. The possibility to
up- or down-regulate a given enzyme or a pathway provides
an anticipation of the effects of compounds acting by these
mechanisms. These models, which although in principle are
the ideal ones for investigating novel target therapies, are in
most cases of limited value for a quantitative statistical eval-
uation of the antitumour effects of a new drug because of
their very variable growth in mice.

In order to investigate potential drugs which hit specific
molecular targets, it is very important that biologists, who
have a deep knowledge of the target, do participate in the
selection of the most suitable system to test compounds di-
rected against that target. Deep knowledge of the target is
important for making suggestions to the chemists, indicating
what should be the optimal features of potential inhibitors. In
addition, it is important that medical oncologists take part in
the preclinical development of drugs to critically evaluate the
clinical relevance of the preclinical experimental models, to
investigate potential biomarkers, to monitor drug therapies,
and to plan the early clinical investigations in the safest
and most rational ways. The role of pharmacologists and tox-
icologists is essential to optimise treatments according to the

pharmacokinetic/pharmacodynamic characteristics of the
new compounds and to translate this knowledge to appropri-
ate clinical protocols.

In summary, the development of new drugs requires an in-
ter-disciplinary approach that allows consideration of all the
aspects of the biology, chemistry and pharmacology of a
new agent, as well as the specific oncological knowledge, in
order to direct the preclinical-clinical development in the
most rational way. Certainly, the huge number of new targets
and new molecules requires a continuous updating of the
experimental models suitable for optimal selection of any
new compound with a novel mode of action for clinical inves-
tigation. Therefore, the development of preclinical experi-
mental models still represents a challenge for any scientist
working in this field.
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