
Abstract. Tumor progression depends on the angiogenic
switch. In this review, we recapitulate the molecular
mechanisms involved in this angiogenic switch. The rat
osteosarcoma model employed would permit further studies in
the sequential events leading to initial recruitment of blood
vessels and could lead to development of an angiogenesis-
based panel of circulating blood cells (endothelial cells,
endothelial progenitor cells and accessory cells) that can be
quantified and used to detect microscopic tumors or to follow
the efficacy of antiangiogenic therapy. Such a result would lead
to the possibility of early therapy in cancer progression.

The concept of the angiogenesis dependency of tumor
growth and metastasis was born through the pioneering
work of J. Folkman more than 30 years ago. However, as
early the 19th century, the role of vascularization in tumors
was underlined by Paget (1). Like normal tissue, tumors
require an adequate supply of oxygen and nutrients and a
way to remove waste. A tumor cannot grow beyond a size
of 2 mm3 without gaining access to the host's vasculature,
thus establishing its own vessels.

This review is focused on: i) endothelial cells, whose
phenotypic characteristics make them a target for
antiangiogenic therapy, ii) their cellular markers and
signalling pathways, and iii) the development of
antiangiogenesis in cancer therapy and to the closely related
problem of tumor dormancy.

Endothelial Cells

"The endothelium is more than a sheet of nucleated
cellophane" (2). It consists of a rather homogenous
population of cells that have a propensity to assemble in
tubes. However endothelial cells (EC) exhibit remarkable
heterogeneity which leads to different phenotypes, and EC
vessels have been classified as fenestrated, discontinuous
and continuous (3). In this way capillaries show organ-
specific differences, with a continuous endothelium for
muscle, lung and brain, and a fenestrated type for endocrine
and exocrine glands, choroid plexus and intestinal villi (4).
The hallmark of the different phenotypes relies on the
molecular differences between the EC populations.
Technologies such as microarray screening and in vivo
phage display enable the establishment of a map of
endothelial cell ‘addresses’ (5) and provides a basis for
targeting therapeutic molecules to tissues affected by cancer
and other diseases.

Induced Phenotype Expression

The molecular phenotype of endothelial cells (ECs) is
modulated by drugs and physiological inducers, leading to
EC activation. Such modifications of gene expression have
been reported in many experiments, in vivo and in vitro.
When first passage human umbilical cells (HUVECs) are
treated for 6 hours with lipopolysaccharide (LPS) or tumor
necrosis factor-alpha (TNF·), expression of 191 common
genes was increased and those of 102 genes decreased.
Regulated transcripts encoded for a large number of
chemokines, adhesion molecules, procoagulant factors and
molecules that affect cell integrity (6). Using quantitative
real-time PCR, the expression profile of a selected group of
74 glycosilation-related genes has been determined in
HUVECs and human foreskin microvascular endothelial
cells (FMVECs), under control and TNF·-induced
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conditions. Thus, Garcia-Vallejo et al. demonstrated that
induction of an inflamed phenotype of the cells by
treatment with TNF· modulates a set of these genes in
HUVECs and FMVECs, resulting in a change in the cell
membrane-associated glycans (7).

Schulteiss et al. demonstrated, in vivo, the activation of
brain endothelial cells in APP23 mice, a transgenic model of
Alzheimer’s disease (8). In these mice, brain amyloid
deposition is followed by the expression of ‚3-integrins. The
total number of vessels detected on brain histological sections,
by CD31 staining (CD31 is a panendothelial marker) did not
change with age, whereas the number of vessels staining
positive for ‚3 integrins (marker of the endothelium during
angiogenesis) significantly rose between 11 and 23 months of
age in APP23 mice. Numerous other scientific papers which
dealt with these molecular phenotype changes of ECs, are
referred to below.

Cytogenetics of Endothelial Cells

For many years it was assumed that tumor ECs would be
chromosomally normal and thus genetically stable. Therefore
certain antiangiogenic drugs might constitute a treatment
strategy that would avoid drug resistance (9). Possibly, ECs
in solid tumor blood vessels have cytogenetic differences as
well and display a degree of aneuploidy as evidenced by
extra chromosomes and multiple centrosomes. These results
were obtained in xenograft models (10). Such observations
were also found in circulating endothelial cells in patients
with B-cell non Hodgkin’s lymphoma. These surprising
findings might have different explanations: circulating
endothelial cells and neoplasic cells in lymphoma and
myeloma might have a common hemangioblast precursor, or
might arise from dedifferentiation towards the endothelial
phenotype, in the presence of angiogenic factors, or might
be issued from fusion between neoplasic and ECs (11).

Circulating Endothelial Cells in Malignant Diseases

Measurement of tumor angiogenesis is mainly based on the
evaluation of microvascular density (MVD). In this
procedure, blood vessels of tumor samples are stained with
antibodies and counted under light microscopy (Figure 1).
This approach is invasive and MVD might not correlate with
the vasculature of the whole tumor. Moreover the MVD
cannot always predict the efficacy of antiangiogenic drugs or
the clinical outcome in most tumor types. Despite its
importance, the MVD has led to serious misconceptions
delineated by Folkman et al. (12): i) MVD is not a measure
of the angiogenic dependance of the tumor. ii) The
measurement of MVD is not predictive of tumor response
under antiangiogenic treatment. iii) Tumor MVD may not
vary in accordance with the tissue or blood levels of any

single proangiogenic factor. iv) A minimum vessel density is
determined by the metabolic demand of tumor cells. v)
Rapid tumor growth does not imply high vascular density. If
we subscribe to these assertions, and we do, it is necessary
to develop molecular profiles of tumor blood vessels. This
goal could be achieved by studying the microvascular
endothelium in tumor and/or circulating ECs (CECs) and
endothelial progenitor cells (EPCs). Moreover some markers
from biological fluids could be indicators of the presence of
tumors in a dormant state and circulating cancer cells could
give major information on their proangiogenic activity.

Novel methods of assessing vascular endothelial function in
cancer via the quantification and the characterization of CECs
are under development in many laboratories. Recent research
suggests that another cell type, the EPC, has an important role
in tumor vasculogenesis. Vasculogenesis is the formation of
new blood vessels in embryoid bodies, a process characterized
by the recruitment of EPCs to sites of new vessel formation
with differentiation towards mature ECs. EPCs also exist in
the adult and contribute to new vessel formation, a process
called post natal vasculogenesis (13). Thus the use of CECs,
EPCs and endothelial microparticles (EMPs) – a marker
investigated in vascular dysfunction and coagulopathy – might
represent a new method for evaluation of the vascular status
of cancer patients. CECs belong to the population of rare non
hematopoietic cells present at a very low level in the
peripheral blood. To detect them, cell enrichment from the
whole blood and use of a specific marker are necessary. Use
of magnetic beads coupled to a monoclonal antibody (S-endo-
1) directed against the endothelial antigen CD 146 fulfils these
conditions. CD 146 is an adhesion molecule belonging to the
Ig superfamily and is largely distributed on all subpopulations
of ECs. It is not detectable on hematopoietic cells (14). A
consensus protocol has been proposed for isolation and
enumeration of circulating endothelial cells. This protocol
relies on CD146-driven immunomagnetic isolation and a
subsequent confirmatory step with Ulex europeaus lectin-1
staining (15). Goon et al. (16) demonstrated that there were
no statistically significant differences in CEC levels
determined using the immunomagnetic bead (CD146 and
FITC Ulex europeaus lectin-1) method and the flow cytometry
method (CD45, CD34 and CD146). 

To understand the contribution of CECs to tumor
progression, it will be important to obtain a detailed
phenotypical analysis of these circulating endothelial cells.
There is no definitive answer yet to this concept.

CECs and EPCs, Valid Surrogate Markers for
Neovascularisation

By using eight inbred mouse strains and assessed sprouting
angiogenesis, Bertolini et al. (11) demonstrated a strong
angiogenesis responsiveness to vascular endothelial growth

ANTICANCER RESEARCH 27: 3111-3120 (2007)

3112



factor (VEGF) in the corneal neovascular micropocket assay.
Pellets that contain angiogenic factors are inserted into the
mouse corneal stroma next to the temporal limbus.
Capillaries sprout from pre-existing vessels, grow towards the
pellet, invade the corneal avascular tissue and can be counted
by microscopy. When C57/Black6J and C3h/HeJ strains were
tested, a limited response was observed, different from the
one of the previous eight inbred mouse strains. A striking
correlation was subsequently found between this
heterogeneous response and the absolute number of CECs
and EPCs in normal mice. These results suggest that both the
angiogenic and vasculogenic phenotypes are probably
regulated by the same genetic influences.

Another problem is that of the determination of the
optimal dose of antiangiogenic therapeutic drug. Might the
quantification of CECs and EPCs be used to determine it?
Bertolini et al. (11) showed in a mouse preclinical tumor
model that the optimal dose of a rat monoclonal antibody
specific for vascular endothelial growth factor receptor-2
(VEGFR2) ranged from 800 to 1000 Ìg per mouse, every
three days. This dose induced the lowest level of viable EPCs
and the greatest decrease in tumor volume. With other
tested antiangiogenic drugs, there was a striking correlation
between suppressed levels of viable EPCs and the optimal
dose of each particular drug. Hence the counting of CECs
and EPCs could be used to determine the optimal drug dose
thought to have an antiangiogenesis effect, in the process of
low-dose metronomic chemotherapy.

CECs and EPCs as a Biomarker in Cancer

CEC levels are elevated for some cancer patients at
diagnosis compared to normal levels and this CEC number
is reduced at complete remission (17). In mice treated with
endostatin, the majority of apoptotic or dead circulating
cells are endothelial cells. This parameter could provide a
rational biomarker in clinical trials involving antiangiogenic
therapy (18). The last major point that must be underlined
is the possibility of using ex vivo-modified EPCs to deliver
drugs at tumor vasculature sites. The use of autologous
EPCs might avoid immune rejection (19).

Accessory Cells

Grunewald et al. demonstrated that VEGF plays a major
role for organ homing of circulating mononuclear myeloid
cells (20). These recruited bone marrow-derived circulating
cells (RBCCs) are different from endothelial progenitor
cells. Their homing in close proximity to angiogenic vessels is
mediated by the chemokine CXCL12 known as stromal-
derived factor (SDF1). RBCCs enhance in situ proliferation
of endothelial cells by secreting proangiogenic factors. The
spatial relationship between RBCCs and endothelial cells

suggested a paracrine angiogenic role for RBCCs rather than
a role as endothelial progenitors. The recruited RBCCs
express VEGFR1, but not VEGFR2, and the typical myeloid
markers CD45, CX3CR1 and CD11b. Moreover CXCR4
was found to be expressed by the majority of CD45+ cells
that had been recruited. SDF1 is minimally expressed in
quiescent tissues but via a conditional switch of VEGF
expression, SDF1 expression increased markedly in
perivascular fibroblasts and smooth muscle cells. Analogs of
SDF1 and/or CXCR4 antibody may block CXCR4/VEGFR1
cell recruitment. Moreover RBCCs released matrix
metalloproteinase-9 (MMP9) and thus facilitated endothelial
cell sprouting. Blocking SDF1/CXCR4 signalling would be
expected to inhibit angiogenesis in pathological conditions.

Antiangiogenesis in Cancer Therapy

The first angiogenesis inhibitors for cancer have now been
approved by the U.S. Food and Drug Administration and in
other countries. The majority of them target VEGF.
However, it is well known that during therapy tumor cells
are able to produce redundant angiogenic factors.
Moreover, after treatment ends, the tumor vascularity can
start up again. In the RIP-1Tag2 model, Mancuso et al. (21)
demonstrated that 7 days’ therapy targeting the VEGF
signalling pathway left empty sleeves of basement
membranes and pericytes. Empty sleeves act as a scaffold
for tumor vessel regrowth. Bergers et al. (22) demonstrated
that combination of an inhibitor targeting VEGFRs in
endothelial cells (SU 5416) and a selective kinase inhibitor
for platelet derived growth factor receptors (PDGFRs) (SU
6668) was more efficacious against all stages of pancreatic
islet cancer than either single agent. Therefore for long
term use in cancer, a combination of angiogenesis inhibitors
or broad spectrum angiogenesis inhibitors will be needed. 

Angiogenesis inhibitors can be divided into two classes:
direct inhibitors and indirect inhibitors (23). Direct
inhibitors target endothelial cells by arresting proliferation
and migration of these cells or by inducing their apoptosis.
Indirect angiogenesis inhibitors act on the signaling
pathways induced by angiogenic stimuli, by sequestering the
angiogenic factors secreted by tumor cells or by blocking the
signal transduction pathways that are activated when
binding factors meet their receptors on endothelial cells.
Endostatin is one model of inhibition of endothelial cell
migration and proliferation.

Endostatin

Endostatin (24, 25) is a 20 kDa internal fragment of the
carboxy-terminus of collagen XVIII (26). Endostatin
protein was initially purified from tumor-bearing mouse
urine and then recombinant mouse endostatin was produced
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in Escherichia coli. As methods of resolubilization gave very
low yields of active protein (insoluble purified endostatin
had the consistency of toothpaste), the insoluble protein was
injected subcutaneously in mice, leading to a small deposit
that disappears over 2-3 days. The antitumor activity was
dramatic (24). Most remarkably, cyclic rounds of endostatin
treatment not only inhibited tumor growth during the
treatment stages, but after several rounds, the tumor
entered remission. A considerable amount of data suggests
that at least one of the major activities of endostatin
appears to be its inhibition of endothelial cell migration and
proliferation. Endostatin initiates a complex network of
signaling at the gene level. The data reported by Abdollahi
et al. (27) support the concept of a large scale and highly
interactive angiogenic signalling network, where eight
pathway groups are down-regulated. These latter include
inhibitor of differentiation/DNA binding (Id) proteins (28),
hypoxia-inducing transcription factor-1-alpha (HIF1-·) (29),
Ephrins (30), tumor necrosis factor (TNF) (31), nuclear
factor kappaB (NF-κB) (32), activator protein-1 (AP-1)
(27), thrombin receptors and ETS transcription factor-1
(Ets-1) (27). Thus endostatin is a paradigm of a broad-
spectrum endogenous antiangiogenic molecule. 

Several reports suggest that certain small molecules that
can be taken orally will raise the endogenous expression of
specific angiogenesis inhibitors. For exemple, celecoxib can
increase the serum endostatin level (33). Thus a possible new
pharmaceutical field could be developed around the future
discovery of low molecular weight, orally available drugs that
could protect against cancer by increasing endogenous
angiogenesis inhibitors. The endostatin antiangiogenic
therapy can be delivered either as endostatin protein or by
means of a gene delivery approach. The ease of accessing
ECs of the blood vessels supports this latter possibility (34)
but gene therapy must overcome obstacles: limited access of
ECs and selection of specific targets against microvascular
ECs that have been recruited into the tumor bed. 

Research in the field of tumor angiogenesis inhibition not
only focuses on the identification of new antiangiogenic
agents but also implies the design of carriers that selectively
target the site of the tumor (35). Cationic liposomes were
shown to specifically target angiogenic vessels in tumor and
sites of inflammation (36, 37). Krasnici et al. demonstrated
that cationic liposomes exhibit a significantly enhanced
accumulation in tumor tissue and tumor vasculature up to
3-fold compared to surrounding tissues (38). The binding
mechanism is supposed to be charge related (39, 40). The
positive charge on the liposomal surface interacts with a
negative charge on the cell surface of angiogenic
microvessels leading to internalization of the liposomes.
Normally the endothelium of microvessels is covered by the
negative glycocalyx and moreover the basal laminal is also
negatively charged (41, 42). The negative charges are

enhanced on the surface of tumor endothelium and one of
the major findings which emerges from the study of Ran et
al. (43) is that anionic lipids are exposed on the surface of
tumor endothelium. This was demonstrated using a
monoclonal antibody, 9D2, and annexin which bind
selectively to anionic phospholipids. Normally anionic
phospholipids are largely absent from the external leaflet of
the plasma membrane of cells. Phosphatidyl serine (PS), the
most abundant anionic phospholipids, is normally located at
the internal leaflet. Exposure of PS on the cell surface
occurs during apoptosis, cell activation and cell injury. This
could be due to activation of scramblase or inhibition of
aminophospholipid translocase. Thus finally, cDNA
complexed to cationic liposomes (cDNA/CLP) would be
one of the best systems to target endothelial tumor cells
(Figures 2, 3). Such a system has been used in vitro and in
vivo (Figure 4). The intravenous administration of
cDNA/CLP targets ECs but expression from the transgene
remains transient. For durable gene transfer the group of
Flechter (44) utilized the integrating capability of the
‘Sleeping Beauty’ (SB) transposon. A plasmid-based
transposon with activity in vertebrate cells leads to a
mechanism by which one can facilitate genomic integration.
Transposons are more mobile genetic elements found in a
variety of species, including bacteria, plants and insects.
Transposition of SB occurs by a ‘cut and paste’ mechanism
inserting a transposon flanked by two inverted repeat/direct
repeat elements into a TA dinucleotide sequence found
within plasmid or genomic DNA. This activity requires only
the expression of the transposase. Ohlfest et al. (45)
assessed the antitumor activity of SB transposon vectors that
encode two potent antiangiogenic proteins, a soluble
vascular endothelial growth factor receptor (Sftl-1) and an
angiostatin-endostatin fusion protein (statin AE). Their
experiment demonstrates that non viral gene transfer
reduces tumor vessel density and inhibits growth tumor.

One of the latest papers dealing with gene therapy
reports the use of an artificial gene leading to the expression
of recombinant anginex (46). Most antiangiogenic agents
have been discovered by identifying endogenous molecules,
primarily proteins, which inhibit EC growth. This traditional
approach has produced several major antiangiogenic agents:
platelet factor-4 (47), thrombospondin-1 (48), interferon-Á-
inducible protein-10 (49), angiostatin (50), endostatin (25),
vasostatin (51), tumstatin (52) and bactericidal/permeability-
increasing protein (BPI) (53).

Another approach to discover antiangiogenic agents is
that of Thijssen et al. (54). By using yeast-two-hybrid
technology, they identified galectin-1 as an endothelial cell
receptor of the potent antiangiogenic anginex. The
interaction was confirmed by Biacore analysis and NMR.
From the 33-mer peptide anginex, they constructed an
artificial gene encoding this peptide. Their results suggest
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that the artificial anginex gene can be used in gene therapy
approaches for antitumor treatment. The involvement of
human lectins in disease progression accounts for the
interest in designing potent inhibitors. The frequent
occurrence of glycoconjugate epitopes plays a salient role as
molecular signals of biochemical communication. The
knowledge of these cell surface epitopes highlights the
importance of galectins as targets for drug design in
developing angiogenesis inhibitors (55, 56) (Figure 5).
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Figure 1. Microvascular density (MVD) assessment. Representative
micrographs of human epidermoïd carcinoma of larynx stained with
endothelial cell markers CD31 and CD34. 

Figure 2. Biodistribution of cationic liposomes. The distribution of
liposomes in tumor and organs was recorded 20 minutes after intravenous
administration of liposomes (circulation time of liposomes) and shows the
tumor/muscle interface (the tumor model is an orthotopic grafted
osteosarcoma in immunocompetent rat). A massive accumulation of
rhodamine/FITC double fluorescence was seen in the tumor (arrow),
whereas double staining of the surrounding muscles was weak.

Figure 3. Detection of apotosis under fluorescence microscopy, after DAPI
and T.U.N.E.L. staining of EJG cells (Bovine capillary endothelial cells).
EJG cells were transfected using cDNA endostatin lipoplexes at 2 Ìg/ml.
Apoptosis was detected 18 hours after transfection (magnification x200).
A: untransfected EJG cells, B: lipoplexe/pSecEndo transfected cells.

Figure 4. Inhibition of proliferation in vivo (18FDG tomoscintigraphy).
In an orthopic osteosarcoma model grafted in an immunocompetent rat,
a tumor was visualized using 18FDG petscan. The animal received
intravenous injections of cDNA endostatin lipoplexes (37) three times a
week. After one week of such a therapy, the tumor returned to dormancy.
This absence of tumor progression is the result of the turning off of the
angiogenesic switch, and then to an equilibrium between the multiplication
of cancer cells and apoptosis. The percentage indicates 18FDG tumor
fixation compared to whole body fixation. (T: Tumor). A: first tumor
detection (beginning of the treatment), B: tumor detection after 2 weeks
of treatment, C: tumor detection after 4 weeks of treatment.

Figure 5. Ulex europeaus UEA-1. Lectins are glycoproteins which interact
with N acetyl-b-D-glucosamine and a-L fucosyl residues of cell
membranes. The best system will be to target distinct glycan epitopes and
especially those which imply galactose as a key site (Galectin family).
Micrographs of vascularization of tumors: staining of endothelial cells by
lectin Ulex europeaus UEA-1.



Metalloproteinases as Drug Targets

Metalloproteinases (MMPs) are a family of enzymes that
proteolytically degrade various components of the
extracellular matrix (ECM). Some of them have been shown
to enhance angiogenesis: detachment of pericytes from
vessels undergoing angiogenesis, release of ECM-bound
angiogenic factors, exposure of cryptic proangiogenic
integrin-binding sites in the ECM, generation of
promigratory component fragments, cleavage of endothelial
cell–cell adhesion. Others can also contribute negatively to
angiogenesis: liberation of angiogenic inhibitors by cleavage
of certain collagen chains and plasminogen, modulation of
cell receptor signaling. These MMPs, also called matrixins,
are a family of more than 20 zinc-containing
endopeptidases. All their characteristics and implications
have been reviewed by Rundhaug (57). Endogenous or
synthetic MMP inhibitors have been used to block
pathological angiogenesis (58, 59). The most important
problem in the metalloproteinase therapy field is to
distinguish MMPs as drug targets or antitargets. It is
important not only to consider the factors produced by host
stroma but also those produced by the tumor itself. Thus
MMP inhibition might be useful in treating patients with
early stage cancer, but MMP9 is an antitarget in patients
with advanced disease.

Tyrsine Kinase Inhibitors

Analogous problems could arise with tyrosine kinase
inhibitors of VEGFRs. These compounds are generally low
molecular weight molecules that bind to the ATP-binding
catalytic site of the tyrosine kinase domain of VEGFR,
leading to the blockade of intracellular signaling. An update
of recent developments concerning tyrosine kinase
inhibitors in the treatment of solid tumors is delineated in
the review of Steeghs et al. (60). Inhibition of oncogenic and
angiogenic tyrosine kinases is one of the most exciting
developments in cancer research. But some of these agents
have been troubled with issues of side-effects which can
induce heart damage.

RGD-based Strategies for Selective Delivery of
Therapeutics to the Tumor Vasculature

The ability of fibronectin to bind cells can be accounted for
by the tetrapeptide L-arginyl-glycyl-L-aspartyl-L-serine, a
sequence which is part of the cell attachment domain of
fibronectin and present in at least five other proteins. This
tetrapeptide may constitute a cellular recognition
determinant common to several proteins. The arginine-
glycine-aspartic acid sequence (RGD) was discovered as a
cell attachment site in fibronectin twenty years ago (61).

Thereafter, RGD-recognition sites were reported in other
ECM proteins (62, 63). The receptors for these ECM
proteins were identified and classified in the integrin family.
The RGD sequence is the basic model for a variety of RGD-
containing peptides that preferentially target ·V‚3 integrins
and related ·V integrins. One of the best studied RGD-
peptide ligands for ·V‚3 integrin is c(RGD(-NMe-V) known
as Cilengitide (64, 65) which has reached phase II clinical
trials for the treatment of melanoma, glioblastoma and
prostate cancer. ·V‚3 Integrin is expressed on angiogenic
but not on resting endothelial cells. This restricted
expression profile makes it an excellent target. For drug
delivery and imaging, ·V‚3 integrin-specific RGD-peptides
have been introduced into proteins, liposomes, viruses and
other delivery vehicles. With 18-F-galacto-RGD, the first
RGD-based imaging agent was tested recently in humans
(66). Combining this diagnostic tool with designed RGD-
targeted therapy could be a strong weapon against a variety
of cancers.

Cancer Dormancy

The future of cancer would be to induce dormancy (Figure
4) and/or to eradicate dormant disease. Most human tumors
arise in the absence of angiogenic activity and exist in a
microscopic dormant state for months to years without
neovascularization. Hanahan et al. (67) have developed an
animal model, the RIP1-tag2 model, in which 4% of tumors
are angiogenic whereas the remaining 96% remain
microscopic and non angiogenic (68). The passage from non
angiogenic lesions to the angiogenic phenotype was termed
the angiogenic switch. What are the determinants and
mechanism for the ‘clock’ that governs the angiogenic
switch? During the dormancy period, non angiogenic
tumors had high proliferation rates and were not quiescent.
The angiogenic switch appears to be independent of the
tumor cell proliferation/apoptosis ratio. The future would
be to develop a panel of assays to detect specific circulating
cells as new blood markers of the angiogenic switch. If this
approach is feasible, microscopic tumors could possibly be
treated before they become symptomatic or their
anatomical site is detectable.
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