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Abstract

Background: Tumour metastasis remains the principal cause of treatment failure and poor prognosisin patients with cancer. Recent
advancesin our understanding of the biology of metastasisare providing novel potential targetsfor anti-cancer therapies. Aim: This paper
reviewsthecurrent conceptsin tumour metastasis. Methods: A review of Medline publicationsrelating to themolecular biology and therapy
of human tumour metastasiswasconducted. Resultsand Discussion: Early metastasismodel swer e based upon the premiseof uninterrupted
tumour growth, with the inevitable formation of distant metastases and eventual death of the patient. However, current research suggests
that metastasisisan inefficient process governed by several rate-limiting steps, and that failure to negotiate these steps can lead to tumour
dormancy. Successful metastatic tumour growth depends upon appropriate tumour-host microenvironment interactions and, ultimately,
thedevel opment of vascularised metastases post-extravasation in thetarget organ. An under standing of themolecular mechanismsinvolved
in thisdynamic processwill aid in theidentification of therapeutic targetsthat may allow earlier diagnosis and more specific therapies for

patients with metastasis.
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Introduction

Tumour metastasis, or the spread of cancer cellsfrom a
primary tumour to distant sites, remainsthe principal cause
of treatment failure and poor prognosis in patients with
cancer. Early metastasis concepts were based upon the
premise of uninterrupted tumour growth, stepwise spread
of tumour cells with the inevitable formation of distant
metastases and eventual death of the patient. Metastatic
tumour cells were thought to disseminate on the basis of
vascular or lymphatic drainage from the primary tumour,
and this accounted for the common patterns of metastasis.
However, tumour metastasis does not always conform to
thismodel. In fact, as early as 1889, Paget* had suggested
that the distribution of metastatic cells was organ-specific
and not necessarily purely anatomic. The finding that
patients with malignancy may have circulating tumour
cellsrelatively earlyintheir diseasewasadditional evidence
that the metastatic processwaslikely to beamore complex
biological process than previously proposed. While much
progress has been made in research on aspects of
tumourigenesis, itwasonly inthelast 10 yearsthat research
has made an impact on the understanding of metastasis.

It is now clear that metastasis is an active multi-step
process that involves considerable biological complexity.
M etastases may be present in morethan 70% of patientsat
thetimeof their initial diagnosisof cancer,? suggesting that
the process of invasion and disseminationisan early event
in the disease. An understanding of the molecular
mechanisms involved in this process will aid in the
identification of therapeutic targets that may allow earlier
diagnosis and more specific therapies for patients with
metastasis. This article highlights key advances in
knowledge of the metastatic process achieved during the
past decade of metastasis research.

The M etastatic Process
Overview of Metastasis

Metastasisis a dynamic, multi-step process that tumour
cells must successfully complete, aided by autocrine and
paracrinestimuli. Themetastatic cascaderequiresmalignant
cells to leave the primary tumour by invasion of the
surrounding stroma and intravasate, survive in the
circulation, arrest in atarget organ, extravasate, proliferate
and develop anew blood supply. These processes are not
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unique to malignancy, but constitute normal programmes
for many physiologic eventsthat are usurped by malignant
cells. Therapeutic strategiesthat aredirected at oneor more
of these steps have the potential to impact on cancer
mortality. The challengeistoidentify which of these steps
will provide the most clinically relevant and practical
target.

Invasion isa Vital First Sep in Metastasis

Thetriad of adhesion, proteolysisand migration constitute
invasion.®> Tumour cells begin the invasive process by
losing cell-cell adhesive contacts and separating fromtheir
neighbours. Tumour and normal cells have a variety of
adhesion receptorsthat may guide both organ-specific and
invasion-associated behaviours. In addition, chemo-
attractant cytokines and growth factors released from the
extracellular matrix (ECM) provide homing signals for
metastatic cells toward microcirculation in the primary
environment, and may direct organ selectivity at distant
sites. Insupport of this, invivoimaging of primary tumours
of highly metastatic and non-metastatic rat mammary
adenocarcinoma cells shows that malignant cells in both
typesof tumour aremotileand protrusive, but themetastatic
cells display greater orientation toward blood vessels.*

Invasional sorequiresdegradationand migrationthrough
ECM barriers, such as the basement membrane. Thisisa
complex process that requires the production, release and
activation of a number of ECM degrading enzymes,
including members of the plasminogen activator system,
matrix metalloproteases (MMPs) and cathepsins.
I nappropriate expression of one or more of these enzymes
hasbeen demonstrated inamost all the cellsof thetumour-
host microenvironment, both tumour and stromal .> Tumour
cells have been shown to recruit stromal fibroblasts,
macrophages and neutrophils to produce proteases
important for metastasis (reviewed in Priceet a?). Itisnow
clear that cancer does not grow in a cell-autonomous
fashion. Tumour progression may be best appreciated asa
product of the evolving interactions between the different
cell types within the tumour and the microenvironment
(reviewed in Radisky et al®).

The ECM is not simply an inert scaffold, but plays an
active role in the control of tumour cells and tumour
growth. Crypticsiteswithinthematrix, including proteases,”
growth factors® and proteoglycans,® are exposed by
proteolysis which can further cause expression and
activation of MMPs, thereby facilitating tumour cell
invasion, proliferation and angiogenesis, all vital stepsfor
the development of metastasis. The role of proteases in
tumour progression and metastasis is beyond the scope of
this review, but some specific examples of MMPs will be
considered to illustrate the complex process of invasion.
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There are four main classes of MMPs: collagenases,
gelatinases, stromelysinsand membrane-typeMMPs(MT-
MMPs) (reviewed in Johnson et a*). MMPs exhibit low
activity innormal tissue, but areupregul ated and/or activated
during inflammation or tissue remodelling. MMPs are
secreted in an inactive form (zymogen) comprising a
propeptide, a catalytic domain and a substrate binding
carboxyl (COOH)-termina domain, whileMT-MMPshave
atransmembrane domain. The activation of MMPs occurs
via a proteolytic cascade that requires signals from both
malignant and stromal cells. For example, MM P-9activation
proceedsthrough aninteracting cascadeinvolving plasmin
and stromelysin (MMP-3).1* However, the magjority of
MM P-3 production in tumour tissue is by fibroblasts and
macrophages, illustrating that in order to achieve vectorial
tissue penetration, tumour cells often use host cells to
stimulate their proteinase activity and to further bind host
proteinases. Tumour proteolysisisahighly directed event.
Active MMP-2 is localised to invadopodia on the cell
surface of both invading tumour cells and angiogenic
vesselsby avB3integrins?or MT1-MMP, 2 andisrequired
for cell migration. Recently, CD44 hasbeen foundto serve
as a docking molecule for active MMP-9 that retains
MMP-9 proteolytic activity on the cell surface. 4
Hyaluronan-induced CD44 clustering enhances MM P-9-
CD44 co-localisation to membrane caps and invadopodia,
and is required for MMP-9 cell surface docking.®® Cell
surface-localised MMP-9 proteolytically activates latent
transforming growthfactor-3 (TGF-3) and promotestumour
invasion and angiogenesis.'¢

Malignant tumours represent complex tissues that are
destructive to the host organism and are the product not
only of genetic alterations, but disordered signalling
pathways and altered ECM. Accumulation of hyaluronan
(HA) within the matrix of tumoursis associated with poor
prognosis(reviewedinNehlsand Hayen'”) and high stromal
levels of HA are more frequent in ovarian cancer
metastases.®® HA fillsintercellular spaces, providescellular
support and creates a low resistance, highly hydrated
matrix. Conseguently, HA is involved in a number of
biological processes, such as inflammation (reviewed in
Laurent and Fraser?®), wound healing and tissue
remodelling,?*? morphogenesis,'*? and angiogenesis, 2
and may facilitate tumour cell migration and tissue
penetration.?”

Besides facilitating tumour migration and proliferation,
the matrix can profoundly alter tumour growth. Proteolytic
activity can lead to the generation of endostatin, a non-
collagenouscomponent of typeX V111 collagenthat inhibits
metastasis.?® Similarly, non-collagenous fragments of
collagen IV can inhibit basic fibroblast growth factor
(bFGF) and vascular endothelial growth factor (VEGF)
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activity andangiogenesis.® Therefore, thesuccessful growth
of metastatic cellsisthe result of altered homeostasis that
leads to an increase in pro-metastatic factors over anti-
metastatic influences.

Metastasis is Fundamentally an Inefficient Process

Clinical and experimental data have shown that cancer
metastasis is an inefficient process.* Wyckoff et al* have
provided some much needed insights into where the
inefficiency of the metastatic cascade occurs. Non-
metastatic cells appear to fragment when interacting with
blood vessels, while metastatic cells successfully
intravasate. However, a substantial number of patients
with epithelial tumours, but without overt metastases, have
been shown to have circulating tumour cells before
treatment.! This suggeststhat thereisasecond inefficient
step in the metastatic cascade. Experimental metastasis
models using in vivo videomicroscopy indicate that it is
growth in the distant organ, not extravasation, that is the
rate-limiting step in the formation of metastasis. These
studies demonstrate that tumour cells injected into the
circulation are initially arrested by size constraints in the
microcirculation, and that over 80% extravasate as single
cellsby day 3. However, only asmall fraction of extravasated
cells (1in40) begin to grow (forming micrometastases by
day 3) and only a small subset of micrometastases (1 in
100) progress to form macroscopic tumours by day 13.323
Many cancer cells persist as dormant single cells, neither
dividing nor undergoing apoptosis. Furthermore, it has
been shown in these models that highly metastatic cells
extravasate at the same rate as non-tumourigenic non-
transformed cells.3* Post-extravasation, tumour cells
preferentially migratetoward arterioles* and proliferatein
thesubcapsular regionof theliver.* Inthecaseof pulmonary
metastases, preferential tumour growth isfound along the
lung surface and around the arterial and venous vessels.*
Thus, organ selectivity may be adirectional event and the
common patterns of metastasis observed may result from
biochemical signalsand simple mechanical events, suchas
venous or lymphatic drainage. This concept of “seed” and
“soil”, first introduced by Paget,! suggests that metastatic
tumour growth (the seed) can only take placein areceptive
host microenvironment (the soil). Metastatic inefficiency,
therefore, isnot only dueto thefailure of intravasation, but
thefallureof solitary cellstoinitiategrowthandangiogenesis
after extravasation. Hence, this stage of metastasis hence
offers promising targets for new anti-metastatic drugs.

Tumour Dormancy

Patients with cancer experience one of three outcomes:
unrestrained primary tumour growth, metastasis and
eventual death; therapeuticinterventionorimmuneresponse
leading to the total eradication of malignant cells; or,

commonly, following extirpation of the primary tumour,
metastatic cells become quiescent and reside in various
tissues, but do not become evident clinicaly. Itisthelatter
pathway that represents tumour dormancy. Besides breast
cancer, there are numerous examples of tumour dormancy
resulting in late relapse in melanoma, prostate and renal
cell carcinomas. The potential for dormant tumour cell
growth is further highlighted by reports of metastases
occurring inrecipientsof solid organtransplants, including
hearts.®*" The development of metastatic prostate cancer
following heart transplantation, an organ that is rarely
associated with metastatic tumour implantation, provides
evidence that dormant malignant cells exist in organs that
do not support tumour growth, and that these cells can be
activated when disseminated to a more receptive
microenvironment.

Many patients with cancer have dormant cells. After
treatment of the primary tumour, dormant tumour cells
have been identified in patients using sensitive techniques
such as polymerase chain reaction (PCR), flow cytometry
and immunohistochemistry (reviewed in Uhr et a®). The
significance of these cells remains controversial. Sentinel
lymph node studies of patients with melanoma®“° and
breast cancer® have shown that PCR- or immuno-
histochemi stry—detected micrometastases in lymph nodes
portend aworse prognosis than node-negative patients for
similar T stage, but better than the prognosis of patients
with haemotoxylin and eosin detectable disease. This
suggests that some of these micrometastases will grow to
becomeclinically significant recurrences, whileother cells
may remain dormant and not be a cause of morbidity.
Similarly, bone marrow transplant can result in prolonged
remissions or cure in some patients with chronic myeloid
leukaemia (CML), but both states are accompanied by the
long-term persistence of quiescent leukaemic cells. The
level of bcr-abl positive clones can be monitored, and
treatment initiated, if the cells exit their quiescent state.*?
Thus, “functional cure” (the maintenance of malignant
cellsin a dormant state), rather than the total eradication
of malignant cells, is an adequate (and achievable)
therapeutic goal.

Tumour model sprovideameansof understandingtumour
biology and are powerful tools guiding clinical research
and practice. Most models make the assumption that all
tumoursdemonstrate uninterrupted growth and continuous
Gompertzian,* growth kineticshasbeen the cornerstone of
current cancer understanding. It is aso the basis of many
current treatments, but thisisinadequatefor understanding
the long-term recurrence risk in breast cancer, which may
occur 20to 25 yearsafter treatment of the primary tumour.*
Mathematical modelling shows that the uninterrupted
growth hypothesis cannot explain either local or distant
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breast cancer recurrence rates (reviewed in Demicheli®).
However, tumour dormancy prior to a continuous growth
phaseissupported mathematically by clinical breast cancer
series.**4” These studies have shown that both axillary and
distant recurrences occur at two time peaks, which arealso
at oddswith continuous growth. These observationsimply
that there are tumour cells at different biological steady
states. Thus, relapse-free survival (RFS) is the sum of
dormancy and tumour growth time.

Thesefindings, combined with in vivo videomicroscopy
models, imply that cancer is usualy a systemic disease.
Dormancy is the result of dynamic interactions between
metastatic tumour cells and the host microenvironment
involving the immune system and angiogenesis, but the
exact mechanisms responsible are not known. The stroma
isimportant in dynamic processes, such aswound healing
and organogenesis. Incancer, theabnormal stromamanifests
asdesmoplasia. Thisislargely dueto carcinoma-associated
fibroblasts (CAFs) that represent a change in phenotype
from “benign” tissue fibroblasts, including the expression
of oi-smoothmuscleactin, increased collagen,*4° MM P, %05t
tissue inhibitor of metalloprotease (TIMP),%? growth
factors,>HA>*% secretion and altered|aminin production.*
This change in phenotype results in the liberation of
oncogenic signals from CAFs that support primary and
metastatic tumour growth. Indeed, experimental evidence
has shown that signals derived from CAFs can initiate
tumourigenesis in non-tumourigenic cell lines.> MMPs
(particularly stromelysin) derived from CAFs are needed
to support engrafted breast cancer growthin mice, possibly
through growth factor release from the ECM. Malignant
cells also produce signals that induce changes in stromal
cellswhich, inturn, support tumour growth viaaparacrine
exchange.® Finally, the stroma provides much of the
surrounding matrix that, in itself, alters proliferation® and
motility,%° and may induce genetic changesin thetumour.5!

The mechanisms that control the activation of dormant
cells remain equally unclear and these cells may prove to
be a significant clinical problem, as they will not be
affected by conventional therapiesthat aredirected against
actively growingcells. Therapeutic strategiesthat maintain
tumour dormancy may be the key to effective cancer
treatments. T-cell mediated immunity has been shown in
both animal model sand breast cancer patientsto play arole
in tumour dormancy (reviewed in Schirrmacher?).
Alternatively, strategies directed against the host tissue
stromamay effectively retard metastatic growth. Examples
under investigation include angiogenesis inhibitors® and
proteaseinhibitors.®* However, such agentsusedinisol ation
may allow tumour growth to eventually escape dormancy
due to signalling pathway redundancy in malignant cells.
Part of the therapeutic future will include more specific
therapies directed against cellular targets that prevent
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critical pathways for continuous tumour growth, and
encouraging results have been obtained with Herceptin
(anti-her2/neuantibody, trastuzumab®) andimatinib (STI-
571, Glivec®).

Role of the Microenvironment

Theobservedclinical patternsof organ-specificmetastasis
have two major implications. First, tumours are a
heterogeneous group of malignant cells and the metastatic
process, by its very nature, selects only those clones that
surviveindistant organsites. Second, themicroenvironment
of the host organs playsavital rolein growth, dormancy or
apoptosis of metastatic cells. Gutman et al® have shown
that subcutaneously impl anted human col orectal carcinoma
cells demonstrate accelerated growth in partially
hepatectomised mice, but not in nephrectomised mice. In
contrast, human renal cell carcinoma cells established as
lung micrometastasesundergo growth accelerationin mice
following nephrectomy, but not hepatectomy. These
findings indicate that metastatic cells can respond to
physiological signalswhentissuehomeostasi sisdisturbed,
and tumour cells which have an affinity for growth in a
particular organ can respond to these signals.
Microenvironment hasal so been showntoplay aroleinthe
multi-drug resistance phenotype. Animal models have
demonstrated organ-specific responses of malignant cells
to chemotherapeutic drugs related to alterations in mdr-1
and P-gp expression induced by interactions with the
specific organ microenvironment.s®

Angiogenesis
Primary and Metastatic Tumour Growths

Angiogenesis is the formation of new capillaries from
existing vessels and is an important part of normal
physiological processes, such as wound healing,®
placentation” and embryogenesis.™* Angiogenesis is an
absolute requirement for the devel opment of macroscopic
metastases. Experimental evidence has shown that, in the
absenceof angiogenesis, tumour massislimitedto 0.2 mm
in mice.” Folkman has proposed the “ angiogenic switch”,
suggesting that neovascularisation is controlled by the
balanceof pro- and anti-angiogenicsignals.” Under normal
circumstances, angiogenesisislimitedintimeandrestricted
in place. However, the processisexploited by tumour cells
to promote primary tumour growth and metastasis. Mouse
model shavereveal ed that theangiogenicswitchisactivated
intheearly stagesof tumour devel opment™ and high vessel
density in invasive cancers is associated with poor
prognosis.” The process of tumour angiogenesis is the
result of tumour-host interactions. A study by Fukumuraet
a®® elegantly shows that tumour cells can induce VEGF
expression by stromal cells and with time stromal cells,
both endothelial cells and fibroblasts, invade the tumour.
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Thissuggeststhat thereisatwo-way paracrine exchange of
growth factors between tumour cells and vascular
endothelial cells.

A number of angiogenesis promotersand inhibitorshave
been identified. Molecules implicated in promoting
angiogenesis include VEGF,”® bFGF,”" interleukin-8,7
hepatocyte growth factor (HGF)™ and platelet derived
growth factor (PDGF),2° aswell asECM components such
as HA fragments.® The precise molecular mechanisms
controlling their activity in vivo are not yet clear.

While anti-angiogenesis targets are very attractive anti-
metastasis strategies, angiogenesis is biologically
heterogeneous and there is redundancy of angiogenic
growth factor expression in specific organ environments.
This must be taken into account when considering these
agents for metastasis therapy. It is likely that the factors
governing microvasculaturein different organs may not be
thesameand may potentially complicateanti-angiogenesis
therapies (reviewed in Jung et a®). Anima models have
demonstrated that anti-angiogenic treatments, such as
an anti-VEGF antibody, have differential effects on
tumour angiogenesis related to the site of tumour
implantation and growth.®

Potential Clinical Targets

The current models of metastatic inefficiency and
dormancy, prior to continued metastatic tumour growth,
have several implicationsfor further research and potential
clinical targets. First, theearliest stepsin metastasis, that is,
invasion of the stroma, have typically occurred in most
patients with cancer at the time of presentation. Similarly,
animal models suggest that intravasation is an early event
after degradation of the basement membrane. Clinical
studies of patientswith breast cancer,®* non-small cell lung
cancer,® melanoma?® and oesophageal cancer®” haveshown
that many patients without overt metastatic disease will
have circulating tumour cells, thus confirming that
intravasation will have aready occurred in most patients
prior to presentation. Hence, while these steps may
contribute to metastatic inefficiency, the process of
metastasi shasal ready sel ected apopul ation of cellscapable
of completing these early steps; targeting invasion and
intravasation are unlikely to provide an effective anti-
metastasis therapy (Fig. 1).

The current experimental and clinical data suggest that
post-extravasation growth representsthe rate-limiting step
in the metastatic cascade, and that strategies targeting the
pathways involved may provide the most promising anti-
metastasis therapies. Current metastasis models suggest
that the failure of metastatic tumour cellsto negotiate two
checkpoints leads to tumour dormancy. First, malignant
cellsmustinitiategrowthinthedistant organ. Inthisphase,

Process Therapeutic Opportunity
(a) Intravasation
Vessdl ) )
High for primary tumour removal,
)
without metastatic disease
7,
Low for intravasation in presence
of active cell shedding
s
S @
Tumour <

(b) Travel in the circul ation/lodgement

Low

(c) Extravasation

%
i

(d) Metastatic outgrowth/angiogenesis

Low

High

Fig. 1. Sepsin the metastatic cascade and the potential for therapeutic intervention for
each step. Intravasation (a) requires vessel invasion and cell shedding into vascular or
lymphatic channels. Therapeutic intervention to inhibit intravasation will only be
effective in the absence of distant metastatic disease. Travel in the circulation and
lodgement at a distant site(b) and extravasation () present littlether apeutic opportunity,
especially in cases where the primary tumour is resectable. With current knowledge,
metastati c outgrowth and angiogenesis (d) present the most promising opportunitiesfor
therapeutic intervention in metastatic disease.

tumour cells that do not begin to proliferate will remain
quiescent until the malignant cells, or seeded tissues,
change to promote proliferation. Proliferating micro-
metastases will then grow continuously to the second
dormancy phase, which relies on angiogenesis. However,
only a small proportion of metastatic cells (4% to 10%)
have the ability to negotiate this checkpoint, and growth
occurs either by removal of angiogenesis inhibitors or by
tumour cellsreleasing pro-angiogenic signals (reviewedin
Demicheli*®). The metastatic cells then move to the fina
phasewith uninterrupted growth of vascul ari sed metastases.
The maintenance of tumour dormancy, by preventing
metastatic tumour cells from initiating post-extravasation
growth or angiogenesis, is likely to provide the most
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realistic anti-metastasis therapies for the future.

How might these processes be targeted? Proteolysis has
been shownto beakey component not only of invasion, but
homotypicandheterotypiccell signallingaswell. Therefore,
strategies aimed at inhibiting proteolysis would have the
potential to prevent boththeinitiation of post-extravasation
growth of disseminated cells and block activation of the
angiogenic switch. Experimental metastasis studies using
the MMP inhibitors marimastat (available orally) or
batimastat (parenteral administration only)® have shown
that these proteinase inhibitors can block the growth of
metastases in vivo. These promising animal studies have
led to clinical trials of these compounds in patients with
advanced cancer. Phase |1 clinical trials have shown that
marimastat, either alone* or in combination with standard
chemotherapeutic agents,®® can lead to stabilisation of
disease and improved survival. However, other studies
have not shown a benefit from MMP inhibitors.®® Despite
contradictory findings, the results are encouraging and
support further therapeutic evaluation of MMP inhibitors
in the management of advanced malignancy and the
potential maintenance of tumour dormancy.

Disorderedintra- andintercellular signallingisoneof the
fundamental changes in malignancy. Therefore, targeting
homotypic and heterotypic cell signalling pathways may
also provide effective anti-metastasis therapies. In vivo
metastasis model s have shown that perturbing thefunction
of cell adhesion molecules with soluble peptides™ or anti-
sensemessenger ribonucleicacid (MRNA)% can effectively
inhibit metastasis. Specifically, targeting tyrosine kinases
involved in disordered signalling pathways have been
shown to retard tumour growth and metastasis. The most
dramatic examplethat isnow used intheclinical settingis
STI-571 (imatinib), a small molecule tyrosine kinase
inhibitor that targets the kit signal transduction pathway.
Imatinib induces a sustained objective response in more
than half of patients with an advanced unresectable or
metastatic gastrointestinal stromal tumour, which resists
conventional chemotherapy.® It has also been shown to
inducehighratesof cytogenetic and haematol ogic responses
in patients with chronic phase CML, in whom previous
interferon therapy had failed.®® Antibodies can al so be used
to target specific pathways. The anti-her2/neu antibody,
trastuzumab, has been shown to be active in her2-
overexpressing metastatic breast cancer® and it increases
the clinical benefit of first-line chemotherapy.®

The immune system plays arole in tumour surveillance
and immunotherapies have been shown to have activity in
patients with metastatic disease.® However, the induction
of anti-tumour immune responses has not consistently
translated into a clinical benefit for this group of patients.
It remainsto be seen whether patientswith micrometastatic
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or dormant malignant diseasemay benefit fromtheinduction
of anti-tumour immune responses. |mmunotherapies do
not specifically target proliferating tumour cells and,
therefore, may be an effective strategy for eliminating
micrometastatic disease or maintaining the dormant
phenotype.

Solid tumours depend on angiogenesis for their growth.
In a transgenic mouse model of pancreatic islet cell
carcinogenesis, pro-angiogenic activity occurs in
premalignant lesions, and angiogenesis persists during
progression to expansive solid tumours and invasive
carcinomas. AGM-1470, angiostatin, BB-94 and endostatin
each produced distinct efficacy profilesin trials aimed at
preventing the angiogenic switch in premalignant lesions,
intervening in the rapid expansion of small tumours or
inducing the regression of large end-stage cancers. Thus,
anti-angiogenic drugs may prove most efficacious when
they are targeted to specific stages of cancer.®® Anti-
angiogenic therapies are potentially powerful tools for
maintaining micrometastases in a dormant state, thus
achieving a“functional cure”. Experimental evidence has
shown that both slowly growing, poorly vascularised
tumours respond as well as rapidly growing, highly
vascularised tumours to therapy with angiogenesis
inhibitors,®” thereby supporting their potential efficacy
against early micrometastasis. Several strategies are
currently being developed, including angiostatin,®
endostatin,* antibodiesdirected against V EGF receptors,'®
combretastatin A-4 phosphate,’®* and Vitaxin (an anti-
a phavbeta3antibody). Thesecompoundshavebeen shown
to possess some anti-tumour activity in patients with
advanced disease, but further work is required.

Conclusion

Recent developments have highlighted the complex
nature of the metastatic process, and only the most highly
specialised malignant cells that can interact efficiently
withthestromaaccomplish successful metastaticoutgrowth.
It seems likely that strategies targeting post-extravasation
tumour growth will provide the most clinically relevant
anti-metastasistherapies of thefuture. These strategiesare
beginning to emerge that target specific pathways and
tumour cell requirements for successful outgrowth. Early
clinical trial swiththesetherapi eshavefocussed on patients
with advanced disease and one class of new agent alone, or
in combination with standard chemotherapeutic agents.
However, these approaches do not take into account the
heterogeneous nature of disseminated malignant cells or
the diverse nature of the seeded organs. To overcomethese
problems, therapeutic regimenswill need to combinemore
thanoneclassof specifictherapy (suchasanti-angiogenesis
and protease inhibitor) in order to impede redundant pro-
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metastasis pathways. The past decade has seen enormous
advancesin metastasisresearch; the next will likely realise
these advances in the clinic.
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