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Aims: The clinical use of anti-angiogenic drugs, alone or in combination with other drugs, is

increasing in medical oncology. However, identifying the best suited drug and the optimal dosage

and schedule for treatment of patients remain challenging.

Methods and Results: We reviewed data about surrogate biomarkers of angiogenesis and anti-

angiogenic drug activity currently available in the literature. Circulating endothelial cells (CECs)

and circulating endothelial progenitors (CEPs) have been found to have some predictive potential

in some clinical trials involving advanced breast cancer patients. Molecular surrogate markers, on

the other hand, are more scanty at the present time, because the identification of truly endothelial-

cell-restricted genes and/or antigens has been so far more elusive.

Conclusion: The search and validation of new biomarkers for angiogenesis and anti-angiogenic

drug activity have many biological, technical and clinical facets which render this task particularly

complex. An accurate planning of biomarker search and validation throughout future clinical

studies is highly warranted.

© 2009 Elsevier Ltd. All rights reserved.

Introduction

Anti-angiogenic drugs such as bevacizumab, sunitinib, and

sorafenib are now available for clinical oncologists. Although clinical

trials have demonstrated a benefit of these drugs in terms of

prolonged survival of cancer patients, there is a compelling need

for determining the optimal biologic dose (OBD) of these drugs,

monitoring their biologic activity, selecting and stratifying the

patients who are most likely to benefit from these treatments.1 In

medical oncology, problems related to the definition of the OBD for

such drugs include the low frequency of tumor responses (tumor

shrinkage); the lack, in some cases, of dose limiting toxicities (DLT)

normally used to define a maximum tolerated dose (MTD), observed

frequently when using cytotoxics but not as frequently when

using certain anti-angiogenic drugs; and significant (if not optimal)

therapeutic activity at doses below the MTD. Considering also that

these drugs are extremely expensive, there is an urgent need for

development and clinical validation of biomarkers of angiogenesis

for patient selection and stratification and for OBD tailoring.1,2

Strategies to measure angiogenesis and anti-angiogenic drug

activity

Functional and Imaging approaches

Preclinical angiogenesis assays currently rely on growth factor

(VEGF or FGF) -induced generation and quantification of new
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vessels in the cornea or in the skin of animal models.3 These

procedures have limitations: some are poorly standardized, some

are difficult to reproduce and in many cases reference values are

scanty. Most of all, these invasive measurements are not adaptable

to patients. Thus, the clinical evaluation of the efficacy of a given

anti-angiogenic therapy so far has been mainly based on the

measurement of microvessel density (MVD) in biopsy samples.1,2

This approach has also major drawbacks. It is invasive, difficult

to standardize, and the MVD of a biopsy does not sometimes

correlate with the MVD of an entire lesion because of tumor tissue

heterogeneity. In addition, changes in MVD are not necessarily

induced with some antiangiogenic drugs even though the absolute

numbers of blood vessels is diminished (reviewed by Kerbel1 and

by Bertolini et al.2).

Another approach is to measure circulating or urinary levels

of angiogenic growth factors, such as VEGF, b-FGF, HGF and

IL-8. Similarly, soluble VEGF receptors such as VEGFR1, VEGFR2

and VEGFR3 are currently being investigated in a variety of

cancer indications, involving patients treated with anti-angiogenic

therapies in order to understand their potential as surrogate

biomarkers. More work is needed to ascertain whether these

biomarkers can predict patients’ survival or response to anti-

angiogenic therapies.1,2,4

Functional imaging is another promising approach for the

measurement of angiogenesis and anti-angiogenic drug activity.

Dynamic contrast magnetic resonance imaging (DCE-MRI), for

instance, measures changes in tumor blood flow and vascular

permeability. However, standardization issues are still pending, and

clinical validation has not yet been shown, despite some early

promising indications. MRI-related techniques are also used for

the imaging of the tumor vasculature, albeit with standardization
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issues still remaining to be cleared. Another innovative approach is

3D-power Doppler ultrasound, which has recently been applied to

functional studies on vasculogenesis in preclinical models.5

Molecular markers

A crucial obstacle has hampered so far the search for molecular

markers of angiogenesis and of anti-angiogenic drug activity.

Endothelial cells share the large majority (if not all) of their

antigens with other hematopoietic or mesenchymal cells. CD31,

CD34, vWf, CD105, and CD146, for example, which are antigens

used for MVD quantification, are not only expressed by endothelial

cells but also by hematopoietic cells, platelets and some fibroblasts

subpopulations.4 Thus, the quantification of these antigens as

proteins released in circulation or their mRNA transcripts might

result in information of limited clinical predictive value. Many

attempts have been made to purify cancer-specific endothelial cells

and to screen for genes or proteins expressed only by these cells.

The transcriptome of endothelial cells purified from cancer patients

has been investigated by different laboratories. These putative

markers (or genetic signatures) should still be fully validated in

the clinical setting, but they are potentially important also for the

development of therapeutics specifically targeting tumor vessels.6

Only a small number of genes is considered to be truly

endothelial-restricted or endothelial-specific. One of these is VE-

cadherin. Interestingly, the number of copies of VE-cadherin

transcripts in the blood of cancer patients is significantly increased

when compared to healthy controls. However, caution should be

applied when using this candidate biomarker to investigate the

anti-angiogenic activity of a given drug or therapeutic strategy. In

fact, VE-cadherin RNA expression is markedly reduced (or absent)

in apoptotic endothelial cells. Thus, the number of circulating

VE-cadherin transcripts most likely reflects either the number of

circulating endothelial cells and their viability status.2

An increase of circulating transcripts for the endothelial

progenitor cell-related CD133 antigen has been described in the

blood of cancer patients. It should be noted, however, that CD133

is expressed also by hematopoietic progenitors. Thus, further work

is needed to understand the cellular source of the CD133 transcript

increase in the blood of these patients.4

Cellular markers

In healthy subjects, circulating endothelial cells (CECs) are a

numerically very rare cell population representing 1/1,000–100,000

of circulating blood cells.4 In many pathological conditions, such as

cancer, the number of CECs is increased. The majority of CECs shows

characteristics of mature, terminally differentiated and frequently

apoptotic cells, only a subpopulation of which expresses antigens

that suggest a stem- or progenitor-like phenotype. These putative

circulating endothelial progenitors (CEPs) might home to sites of

active vasculogenesis.

CEPs maintain a proliferative potential that mature CECs have lost,

so that clonogenic cell culture assays should be possible. However,

recent studies indicate that the large majority of colonies generated

in commercially available assays for endothelial CEPs are of myeloid

origin and have no vasculogenic potential.7,8 Therefore, a more

endothelial-specific strategy is needed.

Differentiating CEPs from CECs based on different expression of

surface molecules is very difficult due to the antigenic promiscuity

amongst hematopoietic cells and progenitors, platelets, CECs

and CEPs. In fact, there is no single antigen to discriminate

between CECs, platelets and hematopoietic cells.4 Multiparametric

flow-cytometry is thus used for CEC and CEP enumeration.

Endothelial cells are identified by the expression of markers such

as CD31, CD146 or VEGFR2; CD45 expression is used to exclude

hematopoietic cells from the analysis. The use of a nuclear staining

for DNA is crucial to exclude aggregated platelets and/or endothelial

micro and macro particles (that share surface markers with CECs

and CEPs) from the CEC count.2,9 How to discriminate CEPs in the

CEC population is still a matter of controversies. Some authors

have shown endothelial potential in CD133+ cells, some others

have failed to reproduce this approach and have found in vitro

endothelial cell potential only in CD45−CD34+ cells.7,8,10

Methodological inconsistency between flow cytometry proce-

dures, involving differences in the combinations of markers, gating

strategies, and the occasional use of a pre-enrichment step, has led

to different CEC values reported in the literature.4 Thus, there is a

need for standardization of flow cytometry procedures to minimize

intra- and inter-laboratory variability.9

In preclinical models, a highly significant positive correlation was

found between classic angiogenesis assays in the cornea or in the

skin and the absolute number of CECs and CEPs. Also, quantification

of CECs and CEPs has been used to determine the OBD of targeted

anti-angiogenic drugs in mice.3

CECs and CEPs as surrogate markers of angiogenesis and anti-

angiogenic drug activity in medical oncology

CEC and CEP levels are increased in the peripheral blood of

patients affected by some types of cancer, and return to normal

values in patients undergoing complete remission.4 Thus, CEC/CEP

numbers and viability have been measured in different clinical

trials involving cancer patients treated with various anti-angiogenic

therapies.11–15 In metastatic breast cancer patients treated with low

dose metronomic chemotherapy using CTX and methotrexate, the

CEC count after two months of continuous (daily) therapy was

a particularly good predictor of disease-free and overall survival

after a follow-up of more than two years. Patients showing a

CEC count above physiological levels after two months of therapy

had a significantly improved progression-free and overall survival.11

When the humanized anti-VEGF antibody bevacizumab was added

to the metronomic chemotherapy for the treatment of metastatic

breast cancer, patients who showed a clinical response in a

phase II clinical trial (as well as a larger population of patients

who had a clinical benefit from the treatment) had significantly

greater baseline levels of viable CECs than did patients who failed

to respond; furthermore, the number of apoptotic CECs before

therapy initiated was associated with prolonged progression-

free survival.14 In patients treated with the small molecule anti-

angiogenic agent sunitinib, changes in CECs differed between the

patients with clinical benefit and those with progressive disease.13

In a study where 36 locally advanced patients received regular-dose

chemotherapy, plus endocrine therapy plus bevacizumab before

surgery, baseline CEP count was positively associated with a clinical

response.15 Taken together, our studies indicate that assessment

of CECs might be an estimation tool for prediction of response

in patients with advanced breast cancer receiving metronomic

chemotherapy alone or in association with bevacizumab. On

the other hand, CEPs might be more promising for predicting

response in patients receiving regular-dose chemotherapy plus

anti-angiogenic drugs. These possibilities await confirmation in

prospective randomized clinical trials.

Conclusions

Surrogate biomarkers of angiogenesis are urgently needed to

better design preclinical studies and clinical trials involving anti-

angiogenic drugs, alone or in association with other therapies.1,2

As more anti-angiogenic agents enter the clinical arena for more

indications, it is becoming clear that these drugs may induce

unforeseen side effects.1 The prediction and management of these
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side effects might thus become another goal for this new generation

of biomarkers.
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