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Abstract: Metastasis is the main cause of prostate cancer-associated deaths. While significant progress has been
made in the treatment of primary tumors, efficient therapies that target the metastatic spread of prostate cancer
are far from clinical reality. To efficiently treat cancer we need be able to impede its spread. Unfortunately, the major-
ity of current therapeutics approved to treat metastatic cancer were originally selected based on their ability to in-
hibit primary tumor growth. This inherent flaw precludes these therapies from efficiently targeting the development
of secondary metastatic lesions, a process that is distinct from that of primary tumor progression. In this review we
will summarize the conceptual, cellular and molecular targets that should be considered to design effective anti-

metastatic therapies.
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Introduction

Metastatic dissemination of the primary tumor
is the single major determinant of prostate can-
cer-associated death. While the five year sur-
vival for localized prostate cancer is close to
100%, the survival rate drops to 31.9% for
patients with metastatic disease [1]. The intro-
duction of PSA screening has enabled the early
detection of many latent prostate cancers, and
it is estimated that up to half of new prostate
cancer diagnoses detect a tumor that was
unlikely to surface clinically in the absence of
PSA screening [2]. Despite this success, PSA
levels fail to accurately predict prostate cancer
metastatic spread resulting on the one hand,
missed diagnosis of distant metastases or on
the other, overtreatment of patients [2, 3]. New
therapies and diagnostic and prognostic bio-
markers for metastatic disease could substan-
tially improve patient treatment after a diagno-
sis of prostate cancer. Recent evidence su-
ggests that low risk prostate cancer patients
can benefit from “active surveillance” and novel
biomarkers would significantly inform cancer
intervention protocols. An ideal metastatic bio-

marker would be easily detectable throughout
the entire patient observation period, and addi-
tionally serve as a therapeutic target. Active
surveillance informed by prognostic bio-
marker(s) could spare an estimated ~40% of all
prostate cancer patients from treatments with
significant side effects that are unlikely to
improve survival [2-4].

Several unique features of cancer metastasis
must be taken into account before designing
clinically relevant anti-metastasis therapies
and biomarkers. 1) The biology of metastatic
dissemination is drastically different from the
biology of primary tumor progression. A suc-
cessful therapeutic agent or biomarker that effi-
ciently inhibits primary tumor growth will not
necessarily block cancer metastasis. Therefore,
when evaluating an anti-metastatic agent as a
potential cancer therapy, its ability to block or
delay the formation of new metastatic lesions
must serve as a primary readout. Consequently,
cancer patients selected for anti-metastatic
clinical trials must be carefully selected. Ideal
patients should have limited or no metastases
at the time of selection, but have a high risk of
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Figure 1. Key targets of the metastatic cascade. Metastatic tumor cells form cytopro-
tective complexes with host platelets or with each other, while traveling to secondary
sites (bone) via the vascular system (Survival in the circulation). Circulating tumor
cells arrest in blood vessel constrictions, and transmigrate through the endothelial
layer with the assistance of platelets (Extravasation). Within the bone, tumor cells
enter a pre-arranged cytoprotective niche assembled with the aid of local stromal
cells and matrix bound/soluble factors. Tumor cells may remain dormant or establish
proliferative secondary lesions (Secondary lesion formation). Each metastatic step
has a unique set of targetable determinants, which are displayed as step specific

from early metastatic
events (invasion and
extravasation) to the
establishment of the
secondary metastatic
niche [6, 13-16]. 4)
Some metastatic steps
are rate-limiting and
therefore represent
more attractive targets
then others. Cancer
cells in a particular
metastatic step(s) may
be more accessible to
specific  treatment(s)
and therefore repre-
sent ideal candidates
for targeted interven-
tion. For example, the
initiation of metastatic
lesion formation is a
bottle-neck step of the
metastatic cascade

“heat maps”.

developing metastatic disease [5, 6]. 2)
Metastasis can occur early during cancer pro-
gression [7-10], therefore in order to develop
efficient cancer therapies it will be important to
distinguish patients with high risk of metastatic
disease from those who are at lower risk. This
discrimination could provide a therapeutic win-
dow for high-risk patients to receive more
aggressive metastasis targeting therapy, while
treatment for low risk patients could focus pre-
dominantly on treatments targeting the primary
tumor. 3) Metastasis is a multistep process
that involves complex interactions of metastat-
ic cancer cells with the host microenvironment
[9, 10]. At any one time, individual cancer cells
may exist at all stages of the metastatic cas-
cade and display different sensitivity to treat-
ment. While the steps of metastatic dissemina-
tion have distinct features, they rely on
overlapping cellular and molecular mecha-
nisms. For this reason, efficient therapeutic
agents should simultaneously block multiple
steps in the metastatic cascade. For example,
cancer cell motility is involved in both the initial
(invasion, intravasation) and late steps of
metastasis (extravasation, perivascular inva-
sion) [5, 11, 12]. Furthermore, communication
of the cancer cells with the host stroma is criti-
cal throughout the whole metastatic cascade,
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[17-19]. Successful es-
tablishment of second-
ary lesions requires the
proper combination of local stromal factors,
and the close interaction between the dissemi-
nated tumor and preexisting vasculature, mak-
ing it an optimal target for anti-metastatic ther-
apies [20, 21]. Another potential target is the
survival of the blood circulating tumor cells
(CTCs). The survival of CTCs is dependent on
complex interactions with host blood cells
which are easily targeted by intravenous deliv-
ery strategies [22-24].

Here we discuss the molecular, cellular or con-
ceptual determinants that could be effectively
targeted to inhibit metastasis and explore their
therapeutic potential to block specific meta-
static steps. While the main focus of this review
is the metastatic spread of prostate cancer, we
will also discuss recent data on breast, pancre-
atic and other solid cancers, as the molecular
mechanisms that control these cancers metas-
tasis are largely overlapping.

Targetable determinants of cancer metastasis

Recent advances in quantitative metastasis
assays and intravital imaging techniques has
led to the identification of five distinct rate limit-
ing steps of metastasis, and has allowed for
the visualization of these key metastatic steps
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in living tissue [12, 25-29]. These steps include:
cancer cell survival in the circulation, arrest
and extravasation in the small capillaries and
formation of overt metastatic lesions [6, 10].
While the regulation of these steps is complex,
they are controlled only by a few conceptual
determinants that can serve as potential thera-
peutic targets. We define these determinants
as 1) Cell autonomous motility; 2) Soluble com-
munication; 3) Cell-cell adhesion; 4) Cell-matrix
adhesion (reviewed in [30]). We propose that
each metastatic step can be characterized by a
unique “heat map” of these determinants that
drive cancer cells toward the establishment of
overt metastatic lesions (Figure 1). Next, we
will summarize the molecular processes that
drive the key steps in metastatic progression,
with an emphasis on the determinants that can
serve as specific anti-metastatic therapeutic
targets.

Travel to the metastatic site/survival in circu-
lation

Key targets: cell-cell adhesion; cell-matrix
adhesion; soluble communication

The dissemination of metastatic cancer cells
through the bloodstream is one of the least
studied steps of metastasis. The transient
nature of this metastatic step and intricate
structure of the vascular system preclude its
routine visualization in vivo. Additionally, in vitro
models fail to fully recapitulate the cellular and
molecular complexity of the bloodstream.
Despite these challenges, our understanding of
cellular processes involved in the transit of
metastatic tumor cells in the bloodstream has
significantly increased in the past few years.
First, it was discovered that circulating tumor
cells (CTCs) do not travel alone, but are typically
accompanied by various blood and stromal
cells. These interactions protect the cancerous
cells from apoptosis, help to avoid immune sys-
tem detection, and aid in the colonization of the
secondary metastatic niche [22-24]. Indeed, it
has been long known that cancer patients,
especially those in the metastatic stage of dis-
ease, have higher risk of blood clots [31].
Recent data suggests that clots arise from cir-
culating tumor cell aggregates that may include
platelets, leukocytes or tumor derived fibro-
blasts. Second, it was demonstrated that the
assembly of these complexes involves direct
cell-cell or indirect cell-ECM-cell adhesion
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mechanisms that can serve as therapeutic tar-
gets [32-34]. Aggregate formation protects
tumor cells from anoikis, the cytotoxic action of
host immune cells and blood stream shear
force [33]. Recent findings also indicate that
co-traveling host cells may promote metastasis
by directly enhancing the CTC’s ability to extrav-
asate and establish secondary metastatic
lesions [14, 32, 35]. One of the mechanisms by
which platelets increase cancer metastasis is
direct shielding of CTCs from cytotoxic NK cell
action [14, 36]. Additionally, tumor cell-bound
platelets may signal to tumor cells in both an
adhesion and soluble factor-mediated manner
to promote their metastatic potential. For
example, platelet-secreted TGFB synergizes
with direct tumor cell-platelet adhesion promot-
ing tumor cell EMT transition, and results in
increased lung colonization by colon and breast
cancer cells [35]. Furthermore, tumor cell-asso-
ciated host blood cells may induce local chang-
es in intravascular endothelial adhesion recep-
tor expression, thereby enhancing the tumor
cell’s ability to arrest in the vasculature. Tumor
cell-bound leukocytes induce endogenous
L-selectin ligand expression in endothelial cells
adjacent to the intravascular tumor cell emboli
to promote tumor cell arrest and extravasation
[33]. Tumor cell-associated platelets may also
improve the chances of secondary lesion for-
mation. Indeed, activated platelets secrete
large amounts of VEGF that may aid extrava-
sated tumor cells by promoting the permeabili-
ty of the vessel wall and later inducing angio-
genic vessel growth [24]. Recently, it has been
shown that CTCs may promote their metastatic
potential by traveling in clusters or bringing
their own “soil”; carcinoma associated fibro-
blasts. In fact, tumor cells appear to associate
with primary tumor derived fibroblasts not only
while in the circulation but also within the newly
formed metastatic lesions. This implies that
the “fibroblast soil” not only promotes tumor
cell survival in circulation but also in the meta-
static lesion [37]. Suspension culture-induced
clustering of Ewing sarcoma cells results in a
dramatic upregulation of E-cadherin expression
leading to robust activation of the pro-survival
ERK/MAPK signaling axis [23]. The survival of
CTCs can also be promoted through the upreg-
ulation of TrkB, a neurotrophic tyrosine kinase
receptor. TrkB overexpression promotes PI3K/
PKB pathway activation and the formation of
large tumor cell aggregates that survive and
proliferate while in the vasculature [38].
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Table 1. Metastatic step-specific anti-cancer therapeutics

Target Drug Company

Metastatic steps
targeted

Reference

MMP Marimastat (BB-2516) British Biotech

Thrombin Tinzaparin Ottawa Hospital

Src AZD0530 AstraZeneca

EGFR Herceptin (trastuzumab)  GlaxoSmithKline

VEGFR Dovitinib Novartis

Extravasation

Extravasation

Trial NCTO0003010 (Metastatic breast cancer)

Survival in the circulation Trial NCT01455831 (Metastatic colon cancer)
Research Institute Extravasation

Secondary tumor formation  Trial NCT01144481 (Risk factors for skeletal related
Extravasation

events in breast cancer)

Secondary tumor formation  Trial NCTO1064349 (Breast cancer metastasis to

the brain)
Trial NCT01262027 (Metastatic inflammatory breast

Secondary tumor formation cancer)

ab5p1 Volociximab Abbott

Extravasation

Trial NCTO0100685 (Metastatic renal cell carcinoma)

Secondary tumor formation

Cell-cell and cell-matrix adhesion appears to be
main target to consider when designing strate-
gies to target CTCs. Depending on the cancer
type, formation of intravascular cell clusters
can be mediated by direct or indirect adhesion
mechanisms. Specifically, selectin, cadherin,
integrin and galectin families of adhesion mol-
ecules are implicated in the formation of these
cell clusters [23, 32, 34]. Multiple adhesion-
blocking agents such as heparin or integrin
blocking peptides/antibodies currently exist,
with some of them clinically approved as blood
clot inhibitors (see for review [32, 34], Table 1).
CTCs are a compelling target for anti-metasta-
sis approaches due to the accessibility of CTCs
to intravenously delivered therapeutics.

Numerous CTC capture and quantification tech-
niques are being developed with the aim to use
peripheral blood CTC counts as a quantitative
prognostic determinant of risk for metastasis.
For example, the CellSearch (Veridex LLC)
assay, based on use of EpCAM antibodies con-
jugated to magnetic beads, has been recently
FDA approved for clinical use [39]. It should be
noted, however, that even in patients with
aggressive metastatic disease, CTCs are often
difficult to detect in sufficient numbers in clini-
cally available blood volumes. Other predictive
methodologies such as detection of circulating
cancer cell exosomes (microparticles) can
serve as a more robust approach to assess the
tumor’s prognostic features and mutational
landscape [40, 41]. Circulating cancer mic-
roparticles in particular contain cancer-derived
surface biomarkers and miRNAs, and are easy
to isolate from minute amounts of patient blood
[42]. Nevertheless, the detection and enumera-
tion of CTCs is becoming routine procedure
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[43], which makes it feasible to address them
directly as an anti-metastatic target.

Extravasation

Key targets: cell-cell adhesion; cell autono-
mous motility; soluble communication

During the course of dissemination, circulating
tumor cells must adhere to the endothelium
and then transit into the surrounding tissue
through a process known as extravasation.
Originally seen as a rapid and non-rate limiting
process, tumor cell extravasation is gaining
attention as a highly dynamic step in metasta-
sis that may dictate the organ specificity of
metastatic dissemination [44-47].

Tumor cell adhesion to the endothelium pres-
ents the first targetable step of extravasation.
The initial arrest of tumor cells in the micro-
capillaries appears to be relatively non-specific
and dictated mainly by tumor cell size. The
majority of CTCs that become entrapped within
capillaries that are 8-10 ym in diameter, which
is comparable with tumor cell diameter [27, 32,
48]. These entrapped cells can then migrate
within the capillaries for extended periods of
time using “amoeboid-like” mechanisms to
move independently of the blood flow direction
[27, 48]. Despite being morphologically amoe-
boid, intravascular migration requires integrin
expression by tumor cells [27]. Eventually, ves-
sel-entrapped tumor cells attach closely to the
inner side of the vascular wall using selectin,
integrin or connexin-dependent mechanisms
[27, 32, 49]. The selectin group of adhesion
molecules are believed to be involved in tumor
cell adhesion to the vasculature due to similari-
ties between tumor cell extravasation and
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extravasation of immune cells [32]. Indeed,
selectin ligands are often overexpressed by
tumor cells and their expression correlates with
poor outcomes. Tumor cells that express high
levels of selectin ligands better attach to endo-
thelium both in vitro and in vivo [50, 51].
Moreover, vessel entrapped tumor cells can
induce local upregulation of selectin expres-
sion, promoting their attachment to the vascu-
lar wall and subsequent extravasation [52].
Similar to selectins, integrin expression by
tumor cells negatively correlates with patient
prognosis in virtually all types of cancer [34].
While the role of integrin in cancer progression
is mainly associated with tumor cell invasion
and tumor induced angiogenesis, integrins can
play a direct role in tumor cell adhesion to the
intravascular endothelium. For example, meta-
static breast cancer cells deficient in integrin
B1 expression fail to attach and transmigrate
through the vessel endothelium [27, 53].
Furthermore, over-expression of neuropilin-2
non-kinase receptor (NPR-2) in cancer cells
promotes successful attachment in an a5 inte-
grin-dependent manner. Significantly, while
NPR-2 expression by cancer cells positively cor-
relates with poor prognosis, it is not required
for primary tumor growth or invasion. These
data suggest that NPR-2 is specifically involved
in extravasation step of metastasis [54].
Recently, the connexin family of cell-cell adhe-
sion and communication proteins has been
implicated in circulating tumor cell attachment
to the endothelium [49, 55]. Clustering of con-
nexin gap junctions was observed upon tumor
cell arrest in lung capillaries. Moreover, tumor
cell attachment to the endothelium markedly
decreases when connexin-mediated cell-cell
adhesion is compromised. Similarly, connexins
are down-regulated within primary tumors and
their over-expression has an inhibitory effect
on primary tumor growth and invasion [49, 54,
55].

While tumor cells may exit the circulation
through passive intravascular proliferation, the
majority will rely on extravasation, involving the
active transmigration of tumor cells through
the endothelium and local remodeling of vascu-
lar wall structure [27, 48, 56]. Tumor cells that
over-express pro-migratory genes extravasate
significantly faster, suggesting that cell autono-
mous migration mechanisms are directly
involved in trans-endothelial passage [27, 57].
In addition, tumor cells induce a local angiogen-
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esis-like response that promotes local remod-
eling and loosening of endothelial cell-cell con-
tacts. For example, secretion of VEGF by
extravasating cells induces local vascular leak
that alleviates tumor cell escape from the ves-
sel lumen [27, 58]. Interestingly, tumor cell
extravasation that is mediated through angio-
genic factors may be, in part, distally controlled
by the primary tumor. Specifically, TGFp
released by the primary tumor up-regulates the
secretion of angiopoietin-related protein 4
(ANGPTL4) by metastatic tumor cells, which
loosens endothelial cell-cell junctions and pro-
motes tumor cell extravasation in the of lung
capillaries [47]. The combination of both pro-
adhesion/migratory and pro-angiogenic gene
expression signatures may dictate the organ
specificity of tumor cell extravasation. The
ANGPTL4 or EREG/ COX2/MMP1 and 2 signa-
ture is associated with breast cancer metasta-
sis to the lung, while the COX2/HBEGF/
ST6GALNACS signature specifically mediates
breast cancer cell extravasation in the brain
[44-47]. Moreover, efficient cancer cell trans-
migration through the endothelial wall may
require the formation of invadopodia since it is
dependent on MMP activity. MMPs localize to
the invasive edge of cancer cells undergoing
extravasation in vitro and this can be blocked
by tissue inhibitors of metalloproteinases
(TIMPs), however the functional role of these
processes in vivo is unclear [59].

Substantial evidence suggests that, similar to
CTCs, extravasating tumor cells may co-opt
host platelets and macrophages to aid them in
their escape from the bloodstream. Adherence
to platelets may enhance tumor cell arrest in
the small capillaries due to passive (size restric-
tion) and active mechanisms (selectin-mediat-
ed adhesion) [60]. Breast cancer cells extrava-
sate in the lung with the help of a subpopulation
of host CD,,b"Grl™ macrophages that directly
bind to lung arrested tumor cells and promote
their transendothelial migration through a cur-
rently unknown mechanism [61].

Multiple selectin, integrin and connexin-block-
ing agents are available, however their effect
on circulating tumor cell extravasation in the
clinical setting remain to be evaluated [34, 51,
62, 63]. Heparin has been widely used clinically
to prevent blood clotting in cancer patients,
however its clinical efficiency as a tumor cell
extravasation inhibitor has not been evaluated
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[56, 62]. Tumor cell transendothelial migration
and/or tumor cell-blood cell communications
represent important clinical targets as there
are multiple therapeutic compounds presently
available that regulate these processes (see
Table 1).

Formation of secondary metastatic lesions

Key targets: cell-matrix adhesion; soluble com-
munication; cell-cell adhesion

Cancer cells begin to disseminate from the pri-
mary tumor often long before they can be
detected by conventional methods. However,
only a minute fraction of these disseminating
cells establish overt secondary lesions [10].
Formation of proliferative metastatic colonies
is often seen as a rate-limiting step in the meta-
static cascade, with only an estimated 0.01%
of disseminated cancer cells able to complete
this step. To successfully disseminate, tumor
cells must pass several checkpoints, including
the establishment of adhesive contacts with
local vasculature and extracellular matrix, the
initiation of feed-forward communication loops
with local stromal and immune cells, and the
induction of angiogenic responses from the
adjacent vasculature [10, 18].

A critical aspect of secondary lesion formation
is the establishment of strong tumor cell con-
tacts with the basal lamina. Metastatic cancer
cells that invade away from the vasculature
post-extravasation rapidly die over time [12],
and those that successfully establish metastat-
ic lesions maintain close contact with the vas-
culature [12, 21]. Remarkably, metastatic cells
can survive in close contact with the vascula-
ture for extended periods of time without prolif-
erating . This highlights the key role that vascu-
lar wall lamina adhesion has in the dormancy of
metastatic tumor cells [12, 64]. Secretion of
the metastasis suppressor thrombospondin-1
(TSP1) by mature vasculature is associated
with the dormant state of extravasated cancer
cells, while even brief contact with growing,
angiogenic vessel tips triggers cancer cell pro-
liferation and leads to neovessel formation
[65]. For their part, integrins are believed to be
central players that control tumor cell adhesion
to the vascular wall. Indeed, blocking integrin
function significantly diminishes the formation
of perivascular metastatic lesions and tumor
cell invasion along the vasculature [21, 66].
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Activation of B1 integrin signaling is necessary
for the transition from dormant tumor cells to
proliferative metastatic lesions [67]. Moreover,
engagement of integrin receptor-mediated
adhesion is associated with the tumor cell’'s
ability to initiate an angiogenic switch at the
secondary tumor sites [68]. In fact, the expres-
sion signature of integrin adhesion protein
machinery in cancer cells can serve as a prog-
nostic indicator of a cancer patient’s metasta-
sis risk. For example, integrin-binding tet-
raspanin CD151 was shown to be required for
efficient cancer cell invasion out of the primary
tumor and formation of invasive metastatic
lesions. Furthermore, a population of CD151
that is not bound to integrins (CD151¢) may
independently play a role in cancer cell inva-
sion. Depletion of CD151™¢ from the cancer
cell surface blocks its migratory and metastatic
potential. Correspondingly, histological detec-
tion of CD151™¢ in prostate cancer tissue cor-
relates with poor patient outcome and
increased risk of metastasis [26, 69]. Recently,
the connexin group of cell-cell adhesion and
communication proteins were implicated in the
establishment of metastatic lesions. Connexin
expression is elevated in perivascular regions
of invasive metastatic lesions, implying a direct
role in communications between tumor and
endothelial cells [70, 71]. Tumor cell adhesion
to the extracellular matrix provides more than
just engagement and activation of adhesion
receptors. Recent findings indicate that meta-
static tumor cell interaction with ECM compo-
nent Tenascin C (TNC) specifically supports the
survival of a stem cell-like population that pro-
motes the formation of proliferative metastatic
lesions [72]. Furthermore, the TNC-interacting
ECM factor periostin was found to potentiate
Wnt pathway signaling in metastatic stem cell-
like breast cancer cells (CD24'Thy-1*). These
signals promoted the survival of these dissemi-
nated cells and their ability to initiate prolifera-
tive metastatic lesions [20, 73, 74].

Soluble communications between the primary
tumor and stromal cells within the metastatic
niche play a crucial role in the formation of the
metastatic lesion. For example, tumor-derived
soluble factors can activate and direct bone
marrow-derived VEGFR1" progenitor cells to
metastatic niche sites in an organ-specific
manner [16, 75]. Activated progenitor cells
home to the metastatic niches in bone, lungs
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and other organs where they induce local ECM
remodeling through the action of MMP9/LOX,
preparing these sites for the arrival of tumor
cells. Moreover, tumor-derived factors also
stimulate fibroblasts to deposit excess fibro-
nectin that promotes metastatic tumor cell
adhesion [74, 76]. Primary tumors may commu-
nicate with the metastatic niche not only by
means of single soluble factors but also through
the release of cancer microparticles. Prostate
cancer microparticles activate fibroblasts in
the metastatic niche through Erk1/2 phosphor-
ylation and MMP-9 upregulation. Fibroblast
activation also results in the shedding of fibro-
blast-derived microparticles, which in turn
induce CX3CL1 dependent chemotaxis of pros-
tate cancer cells [77].

To overcome the hostile environments of sec-
ondary sites, metastatic cancer cells harness
local stromal and immune cells to promote
their survival upon arrival in these secondary
sites and to generate the metastatic niche. The
best-studied examples of these interactions
are the soluble and adhesive communications
established between breast and prostate can-
cer cells within the bone metastatic niche stro-
ma. Upon arrival to the bone metastatic niche,
breast and prostate cancer cells begin to
secrete an array of factors that induce differen-
tiation and activation of bone tissue house-
keeping cells-osteoclasts and osteoblasts.
Abnormal osteoblast/osteoclast activity induc-
es bone resorption leading to the release of
growth factors (such as TGFB) from the bone
tissue. This provides a positive signal to tumor
cell that promotes their continued proliferation
[15, 78, 79]. In addition to soluble communica-
tions, disseminated cancer cells can also
directly interact with bone stromal cells. First,
dormant metastatic breast cancer cells in bone
can recruit osteoclast progenitors and promote
local osteoclast activity in a VCAM-1 adhesive-
dependent mechanism. Engagement of tumor
cell expressed VCAM-1 induces tumor cell pro-
liferation and transition into an overt metastat-
ic lesion [79].

The complex biology of the metastatic lesion
formation step makes it one of the most prom-
ising therapeutic targets within the metastatic
cascade. The involvement of tumor cell-matrix
adhesion in the initiation and development of
metastatic tumors is a key target within this
step. Many agents that target tumor cell adhe-
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sion to the matrix are already showing promis-
ing results in preclinical and early clinical stud-
ies (also see Table 1 for examples of current
therapeutics that may target metastatic tumor
formation) [34]. Blocking soluble communica-
tion or tumor cell-stromal cell adhesion are also
potential targets, with promise in preclinical
studies [75, 76]. Monitoring new metastatic
lesion formation provides a direct readout for
the efficacy of therapies that target this meta-
static step.

Conclusions and future directions

By the time of diagnosis, many cancer patients
will already have sub-clinical disseminated
tumor cells. While targeting of the primary
tumor can delay disease progression, many
cancer patients will eventually succumb from
the development of metastatic lesions. Despite
this, the majority of current anti-cancer thera-
pies target the proliferation and survival of pri-
mary tumors. Moreover, the current design of
anti-cancer agent clinical trials specifically
selects those treatments that target primary
tumor development and largely ignores those
that may block the metastatic spread of can-
cer. We believe that several major initiatives
need to be taken both at preclinical and clinical
levels to address this (Figure 2).

At the preclinical level, priority should be given
to research that aims to identify and validate
novel therapeutic targets that block cancer
metastasis in vivo. With modern intravital imag-
ing techniques, each step of the metastatic
cascade can be quantitatively visualized in vivo
[25, 32, 34, 80]. Modern gene silencing tech-
niques continue to allow researchers to con-
duct genome wide screens to identify the genes
that control metastatic dissemination of can-
cer from the primary tumor [81-84]. There is a
distinct opportunity for imaging-based siRNA
screens using animal models of human cancer
to discover novel, clinically relevant anti-metas-
tasis targets. Additionally, the identification of
anti-metastatic agents that complement cur-
rently approved anti-cancer agents must be a
priority.

An inherent flaw in the current design of clinical
trails is that they fail to identify novel anti-met-
astatic agents [6, 85, 86]. In order to evaluate
these agents properly in the clinical trial set-
ting, novel endpoints must be devised.
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Figure 2. Steps towards anti-metastatic therapies. At the preclinical level, efforts should be directed towards the
identification of novel anti-metastatic targets. At the clinical level, the current anti-cancer therapeutic clinical trial
design should be altered to assure appropriate patient selection and proper step specific therapy readouts.

Standard phase I-lll clinical trail design selects
for therapeutic agents that have low toxicity
and can shrink or stabilize primary tumors. It is
highly probable that therapeutic compounds
that block tumor cell dissemination will have no
effect on primary tumor growth, and therefore
they are likely to be discarded early in develop-
ment. Clearly, the selection of patients and
endpoints for the evaluation of potential anti-
metastatic agents must be drastically different
from those that target primary tumor progres-
sion. Patients with aggressive primary tumors
but no or limited numbers of distant metasta-
ses should be selected, perhaps on the basis of
CTC or circulating cancer microparticle status.
Second, endpoints for anti-metastatic clinical
trials must be selected to properly assess the
distinct steps of metastasis. We provide a list
of potential metastasis step-specific readouts
in Figure 2.

The advent of powerful high-throughput screen-
ing and clinical detection technologies has
made this an ideal time to undertake a compre-
hensive search for novel anti-metastatic tar-
gets, to clinically validate existing metastasis
step-specific therapies, and to integrate mea-
sures of tumor cell dissemination in the design
and rationale of clinical trials in cancer. It has
become wholly feasible to design and validate
clinically effective anti-metastatic therapies,
and this will be absolutely necessary if we are
to make a tangible impact on this most deadly
aspect of cancer.
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