
KEY CHALLENGES ASSOCIATED WITH THE 
DEVELOPMENT OF ANTIMETASTATIC 
AGENTS
Several key challenges were identified by the workshop participants,
including:
• A lack of relevant animal models that closely reproduce clinical

tumour dissemination, driven by clinically appropriate and
quantitative endpoints

• Most compounds with anti-metastatic activity are only able to
prevent metastasis and cannot shrink established lesions in pre-
clinical models

• Establishment of micro-metastasis early in disease evolution
coupled to an inability to detect them at first diagnosis (see
Figure 1)

• Lack of validated surrogate markers for rapid selection of active
compounds and doses in early-phase clinical trials

• In proof of concept trials, agents designed to affect implantation
or growth of micro-metastases may not cause measurable
changes to existing tumours, and endpoints associated with time
to appearance of new lesions are prohibitively long

• Lack of consensus on the key clinical endpoints for proof of
clinical concept; for example PFS or OS?

• Difficulties in assessing efficacy in Phase III trials of a compound
in patients who already have metastatic disease; these
experimental agents should be tested as part of earlier line
therapy or in relatively healthy patient groups

PROGRESS IN UNDERSTANDING AND 
PRECLINICAL MODELLING THE 
METASTATIC PROCESS
Over the last 30 years, our understanding of the mechanisms
underlying the process of metastatic spread has improved. The
metastatic cascade is complex, involving multiple different sequential
and interconnected steps that include: detachment, migration,
invasion and adhesion (see Figure 2 for overview). An understanding
of the metastatic process has led to the emergence of potential
targets for drug discovery and development which include:

• Epithelial–mesenchymal transition (e.g. TrkB, PPARg, anoikis etc.)
• Tumour microenvironment (e.g. growth factor signalling,

proteases, inflammatory factors, integrins etc.)
• Tumour cell motility (e.g. cellular adhesion molecules,

invadopodia)

Effective drug discovery and development relies on having preclinical
models that are capable of reflecting the disease pathogenesis in
patients. In vitro models of metastasis have been developed but
many rely on cells grown as monocultures in 2D, with 20% oxygen
and an abundant supply of growth factors, which does not reflect the
metastatic state in patients. In vitro assays that use cells grown in 3D
and co-cultured with stromal cells, etc. are more relevant, and should
form the early basis of antimetastatic drug development
programmes. In vivo models for metastasis should have relevance in
regard to the drivers of oncogenic events (both for initiation and
maintenance) and the relevant organ in which the foci grow. New
experimental agents should be tested and shown to be effective in
more than one type of in vivo model prior to clinical testing, using
one or more of the following models:

• Syngeneic (have a functional immune system, a key regulator of
metastasis)

• Transplantable (do not allow study of early events)
• GEMMs (ideal when studying early events; relevant for drug

development since multiple tumours are formed and driver
pathway may not match the drug target?)

• Injection of GEMM-derived cells in syngeneic models
• Xenografts (do not have functional immune system; only relevant

to look at the effect of drugs on tumour shrinking)
• PDX (cells directly transferred from patient to mouse without

ever being cultured; generally lack functional immune system,
although more advanced models have a humanized immune
system)

A drawback inherent to all of the above in vivo models is that they
tend to replicate primary tumours rather than the
(pre-)metastatic state. However, metastases are secondary tumours
and preclinical models for anti-metastatic agents need to reflect
relevant routes of dissemination, sites of metastasis and adaptive
changes compared to primary tumours. As metastasis is so complex
preclinical models are better seen as tools for candidate compound
selection, the real experiment must always be performed in patients
during clinical trials. The general drug discovery and development
process has made improvements since many of the clinical failures
described above. This includes more in depth characterisation of
compound pharmacology which has enabled dose finding clinical
studies that include appropriate pharmacodynamic biomarker
endpoints. The same principles should be applied to the
development of a new generation of agents against targets of
metastasis, which, from a technical standpoint can include those
which were previously deemed “undruggable”.

BACKGROUND
Tumour metastasis to distal sites is associated with poor patient
prognosis, usually meaning a diagnosis of terminal illness, and is the
leading cause of cancer death. Approximately 90% of cancer patients
who succumb to their illness die of metastatic disease, even though
half initially present with only localised tumour1 . However, to date
no anti-cancer agents have been registered for an anti-metastatic
indication and the translational challenges associated with these
agents have led to their deprioritisation by the pharmaceutical
industry. Consequently, there’s an urgent need for novel strategies
and therapies to prevent the establishment and/or development of
metastases that lead to organ failure, morbidity and death of the
patient. Cancer Research Technology (CRT) and Cancer Research UK
Centre for Drug Development (CDD), supported by Cancer
Therapeutics CRC Australia, has hosted a workshop with an
international group of preclinical and clinical drug development
experts, with the aim of discussing the challenges and opportunities
associated with anti-metastatic therapy, and to take the first steps in
establishing a consensus framework for tackling metastasis. The
outcome of this workshop is the focus of this poster presentation.

Figure 1. Timeline of Cancer Development (Adapted from Ref 2.).

IMPORTANCE OF TARGETING METASTASIS 
AND A VIEW FROM THE PAST 
Although there have been improvements in overall cancer survival
rates, this is not true for those patients with metastatic disease. In
addition, standard cancer therapies and new drug development are
primarily focussed on the inhibition of cancer growth, with little or no
emphasis on tackling metastasis. One reason for this disparity is past
failures with anti-metastatic agents as typified by the matrix
metalloproteinase (MMP) inhibitors; several of which failed in Phase
II/III clinical trials2 due to toxicity. At the time these agents were taken
into the clinic there was a general lack of understanding of cancer
metastasis and the role that MMPs played3. These agents were also
generally tested in preclinical models with little relevance to clinical
reality. Several other examples of anti-metastatic targets that have
not translated into clinical efficacy include integrins such as αvβ3 and
αvβ5 (cilengitide) and SRC (dasatinib and saracatinib). These late
stage clinical failures have led to the field of anti-metastatic drug
development being deprioritised by Pharma.

DEVELOPING A FRAMEWORK FOR
ANTI-METASTATIC DRUG DEVELOPMENT
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CLINICAL DEVELOPMENT OF 
ANTI-METASTATIC DRUGS
Of critical importance when considering clinical development of anti-
metastatic agents is whether they aim to prevent metastasis
occurring or reduce/eradicate established metastatic lesions.
Depending into which category the agent falls, will dictate the
development route; i.e. agents for use in patients with non-life
threatening disease or in remission will require much cleaner toxicity
profiles than those for use in advanced cancer. As a result the
classical maximum tolerated dose paradigm for Phase I trials will not
be appropriate and dose finding using studies in healthy volunteers
or much earlier stage cancer patient may be more suitable.

Once dose, safety profile and proof-of-biology has been established,
clinical proof of concept studies are likely to yield faster results if
performed in high risk patients and in the neo-adjuvant setting. That
is, in patients with locally advanced inoperable tumours with the
primary endpoint being freedom from appearance of distant
metastatic lesions. In addition, appropriate patient selection and use
of robust early readout surrogate pharmacodynamic (PD) markers
(especially circulating tumour cells or tumour DNA) will be key to the
success of such studies. There are several examples of patient
populations where these endpoints could be met in a reasonable
timeframe of less than 3 years, such as: colorectal cancer (at high risk
of liver metastasis), prostate, bladder and pancreatic cancer patients.
In addition to the appearance of metastasis, overall survival will no
doubt also continue to be a critical endpoint for an anti-metastatic
agent to gain approval. Nevertheless, representatives from the UK
Medicines and Healthcare products Regulatory Authority did indicate
that surrogate biomarkers have potential to be accepted as primary
endpoints if different readouts such as clinical parameters, histology
and imaging are integrated.

Figure 2. Overview of the metastatic process (from Ref 4.)
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