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Surrogate markers of angiogenesis or antiangiogenesis are

needed to demonstrate the activity and efficacy of antiangio-

genic agents in clinical trials and for the future monitoring of

antiangiogenic treatments in clinics. The measurement of

changes in tumour angiogenesis as a means of predicting

and/or assessing the efficacy of antiangiogenesis therapies

has mainly been based on the evaluation of the microvascular

density (MVD) in tumour biopsy samples. Several studies on

MVD and prognosis gave positive results in patients with solid

and haematological tumours.1 Nevertheless, despite the ini-

tial confirmatory publications, numerous reports have subse-

quently appeared in the literature that fail to show a positive

association between increasing tumour vascularity and re-

duced patient outcome, and caution as to the clinical utility

of tumour angiogenesis is being urged.

Another approach to predict and/or assess the efficacy of

antiangiogenic therapy is the measurement of plasma or uri-

nary levels of angiogenic growth factors, such as vascular

endothelial growth factor (VEGF), fibroblast growth factor-2

(FGF-2), hepatocyte growth factor (HGF) and interleukin-8

(IL-8). Circulating levels of many angiogenic factors depend

on a variety of factors, including perfusion, protease activity

and the hypoxic status of the tumour. In some types of cancer

the circulating levels of one or more of these factors have

been reported as indicators for predicting patient survival.2
0959-8049/$ - see front matter � 2009 Elsevier Ltd. All rights reserved
doi:10.1016/j.ejca.2009.10.022

* Tel.: + 39 080 5478240; fax: +39 080 5478310.
E-mail address: ribatti@anatomia.uniba.it
Circulating blood platelets contain several factors with the

potential to be angiogenic markers, including VEGF and other

cytokines. Folkman and Klement proposed measuring the

‘platelet proteome’ of cancer patients to determine whether

specific patterns of angiogenic proteins might yield important

information. They have demonstrated that changes in plate-

let-associated PF-4 detect malignant growth across a spec-

trum of human cancers in mice and that PF-4 appeared to

be up-regulated in the early growth of human liposarcoma,

mammary adenocarcinoma and osteosarcoma.3

Soluble VEGFRs (sVEGFRs) have been investigated as surro-

gate markers in experimental models and in patients treated

with antiangiogenic therapies. sVEGFR-1 has been detected in

sera from patients with colorectal and breast cancer, but not

in healthy individuals.4 Norden-Zfoni et al.5 demonstrated

that in patients with metastatic imatinib-refractory gastroin-

testinal stromal tumours treated with SU11248, VEGF in-

creased by 2.2 fold and sVEGFR-2 decreased by 25% during

the first 2 weeks of treatment.

Increasing levels of soluble vascular cell adhesion mole-

cule-1 (sVCAM-1) were found in serum of women with pro-

gressing advanced breast cancer, while women with stable

disease or disease responding to hormonal therapy had stable

or decreasing sVCAM-1 levels.6 In a phase I clinical trial with

endostatin in patients with advanced solid tumours, VEGF,
.
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FGF-2, sVCAM-1, and SE-selectin were measured before and

during therapy. Pre-treatment levels were highly heteroge-

neous and no consistent changes in circulating proteins lev-

els were observed during therapy.7 In patients with

advanced colorectal cancer, the levels of SE-selectin and

sTie-2 were not altered by PTK 787/ZK222584 which inhibits

VEGFRs.8 On the other hand, SE-selectin was increased by

the angiogenesis inhibitors SU54169,10 and CM-10111 or highly

variable during celecoxib plus metonomic vinblastine or

cyclophosphamide treatment.12

Modern medical imaging techniques can play an impor-

tant role in the evaluation of antiangiogenic treatment effi-

cacy. Common imaging techniques such as dynamic

contrast-enhanced perfusion magnetic resonance imaging

(MRI), perfusion computed tomography (CT) and others, give

only an indirect estimation of angiogenesis. New molecular

imaging techniques can give an overall estimation of angio-

genesis and antiangiogenic therapy effects. These new ap-

proaches include nuclear imaging techniques such as

positron emission tomography (PET), which has been fused

with CT to obviate shortcoming in anatomical information,13

particularly MRI, that uses paramagnetic nanoparticles to

track angiogenesis by targeting avb3 integrins14 and other

specific angiogenesis markers, sonography with novel con-

trast agents such as gas-filled microbubbles directed against

specific target endothelial cell receptors15 and optical

techniques.13

Circulating endothelial cells (CECs) and circulating endo-

thelial precursor cells (CEPs) are present in most cancers at

diagnosis compared with normal controls and their quanti-

ties change in response to treatment. CEC levels are increased

in a number of cancer patients and their levels return to nor-

mal values as a result of complete remission.16–18 VEGF and

other angiogenic cytokines mobilise CEPs from the bone mar-

row to form new tumour blood vessels. High baseline levels of

both cell types predicted responses to antiangiogenic thera-

pies in animal models treated with a range of drugs. Mancuso

et al.19 demonstrated that CEC kinetics and viability predict

survival in patients with metastatic breast cancer who were

treated with metronomic cyclophosphamide and metotrexate

therapy. The CEC count after 2 months of continuous therapy

was a good predictor of disease-free and overall survival after

a prolonged follow up of more than 2 years.19 The maximum

tolerated dose of cyclophosphamide caused a short-term sup-

pression of viable CECs and CEPs immediately after the drug

was given, which was followed by an increase in the number

of viable CECs and CEPs.20 Fürstenberg et al.18 demonstrated

that in patients with breast cancer who have received neoad-

juvant chemotherapy, the number of CECs, found to be in-

creased in patients compared with healthy control

individuals, was decreased by chemotherapy, whereas CEP

mobilisation was significantly increased during the drug-free

break periods.

Inhibition of EPC mobilisation by systemic administration

of anti-VEGFR-1 monoclonal antibodies reduced tumour

growth.21 Using a murine model of human lymphoma, a sig-

nificant increase in the frequency of CECs was observed start-

ing 2 weeks after tumour inoculation, at a time of rapid

tumour growth.22 This rise in CEC correlated with tumour vol-

ume and tumour-derived circulating VEGF levels. Treatment
of tumour-bearing mice with endostatin caused an increase

in the frequency of apoptotic cells in the endothelial cell com-

partment and most CECs were apototic or dead, while cyclo-

phosphamide had no such effect, because most of the

circulating apoptotic cells were haematopoietic and not endo-

thelial in nature, and a relevant proportion of CECs was still

viable.22 Continuous infusion of endostatin inhibited the

mobilisation and differentiation of EPCs in mice bearing an

angiogenic human lymphoma, and this effect was paralleled

by the inhibition of tumour growth.23

More recently, Taylor et al.24 demonstrated that high levels

of circulating VEGFR-2 positive CEPs correlated with meta-

static disease in patients with paediatric solid malignancies

and they found no correlation between angiogenic factor lev-

els and CECs, circulating VEGFR-2 positive CEPs, or clinical

status. Vroling et al.25 demonstrated that CECs increase dur-

ing treatment of renal cell cancer with sunitinib in parallel

to plasma VEGF and erythropoietin (EPO) levels, whereas hae-

matopoietic progenitor cells and monocytes decrease. Green-

field et al.26 documented an increase in EPCs in patients with

gliomas and reported an inverse correlation between the per-

centage of these cells defined by their co-expression of CD133

and VEGFR-2, and length of survival after resection of tumour.

Microarray-based techniques can be applied to identify

transcripts expressed in endothelial or stromal cells and plas-

ma can be analysed by proteomics to detect differentially ex-

pressed proteins. By comparing the results of these analyses,

proteins produced in the tumour vasculature and present in

the plasma should be identified, but they should be absent

from non-tumour tissue and from the plasma of tumour-free

individuals. For example, the number of copies of VE-cad-

herin transcripts in the blood of cancer patients was signifi-

cantly increased compared to healthy controls27 and an

increase in circulating transcripts of CD133 in the blood of

cancer patients has been reported.28,29

Angiogenesis inhibitors are now being approved and intro-

duced into medical practice throughout the world and inhibi-

tion of angiogenesis is a major area of therapeutic

development for the treatment of cancer. A clinical challenge

in antiangiogenesis is the finding of biological markers that

will help to identify subsets of patients more likely to respond

to a given antiangiogenic therapy, to detect early clinical ben-

efit or emerging resistances and to decide whether to change

therapy in second-line treatments. Assessments of the valid-

ity of neovascularisation markers in clinical trials are needed.

In this context, CECs and CEPs could assess treatment efficacy

during and after therapy and determine the optimum biolog-

ical dose of antiangiogenic drugs.
Conflict of interest statement

None declared.
Acknowledgements

Supported in part by MIUR (PRIN 2007), Rome, and Fondazione

Cassa di Risparmio di Puglia, Bari, Italy.



8 E U R O P E A N J O U R N A L O F C A N C E R 4 6 ( 2 0 1 0 ) 6 – 8
R E F E R E N C E S
1. Nico B, Benagiano V, Mangieri D, et al. Evaluation of
microvascular density in tumors: pro and contra. Histol
Histopathol 2008;23:691–7.

2. Martin-Padura I, Bertolini F. Circulating endothelial cells as
biomarkers for angiogenesis in tumor progression. Front Biosci
2009;1:304–18.

3. Cervi D, Yip TT, Bhattacharya N, et al. Platelet-associated
PF-4 as a biomarker of early tumor growth. Blood
2008;111:1201–7.

4. Kumar H, Heer K, Greenman J, Kerin MJ, Monson JR. Soluble
FLT-1 is detectable in the sera of colorectal and breast cancer
patients. Anticancer Res 2002;22:1877–80.

5. Norden-Zfoni A, Desai J, Manola J, et al. Blood-based
biomarkers of SU11248 activity and clinical outcome in
patients with metastatic imatinib-resistant gastrointestinal
stromal tumor. Clin Cancer Res 2007;13:2643–50.

6. Byrne GJ, Ghellal A, Iddon J, et al. Serum soluble
vascular cell adhesion molecule-1: role as a surrogate
marker of angiogenesis. J Natl Cancer Inst 2000;92:
1329–36.

7. Herbst RS, Hess KR, Tran HT, et al. Phase I study of
recombinant human endostatin in patients with advanced
solid tumors. J Clin Oncol 2002;20:3792–803.

8. Drevs J, Zirrgiebel U, Schmidt-Gersbach CI, et al. Soluble
markers for the assessment of biological activity with
PTK787/ZK 222584 (PTK/ZK), a vascular endothelial growth
factor receptor (VEGFR) tyrosine kinase inhibitor in patients
with advanced colorectal cancer from two phase I trials. Ann
Oncol 2005;16:558–65.

9. Kuenen BC, Levi M, Meijers JC, et al. Potential role of platelets
in endothelial damage observed during treatment with
cisplatin, gemcitabine, and the angiogenesis inhibitor
SU5416. Clin Oncol 2003;21:2192–8.

10. Dowlati A, Robertson K, Radivoyevitch T, et al. Novel Phase I
dose de-escalation design trial to determine the biological
modulatory dose of the antiangiogenic agent SU5416. Clin
Cancer Res 2005;11:7938–44.

11. DeVore RF, Hellerqvist CG, Wakefield GB, et al. Phase I study
of the antineovascularization drug CM101. Clin Cancer Res
1997;3:365–72.

12. Stempak D, Gammon J, Halton J, et al. A pilot
pharmacokinetic and antiangiogenic biomarker study of
celecoxib and low-dose metronomic vinblastine or
cyclophosphamide in pediatric recurrent solid tumors. J
Pediatr Hematol Oncol 2006;28:720–8.

13. Dobrucki LW, Sinusas AJ. Imaging angiogenesis. Curr Opin
Biotech 2007;18:1–7.

14. Mulder WJ, van der Schaft DW, Hautvast PA, et al. Early
in vivo assessment of angiostatic therapy afficacy by
molecular MRI. FASEB J 2007;21:378–83.
15. Klibanov AL. Ligand-carrying gas-filled microbubbles:
ultrasound agents for targeted molecular imaging. Bioconjug
Chem 2005;16:9–17.

16. Mancuso P, Burlini A, Pruneri G, et al. Resting and activated
endothelial cells are increased in the peripheral blood of
cancer patients. Blood 2001;97:3658–61.

17. Zhang H, Vakil V, Braunstein M, et al. Circulating endothelial
progenitor cells in multiple myeloma: implications and
significance. Blood 2005;105:3286–94.

18. Fürstenberger G, von Moos R, Lucas R, et al. Circulating
endothelial cells and angiogenic serum factors during
neoadjuvant chemotherapy of primary breast cancer. Br J
Cancer 2006;94:524–31.

19. Mancuso P, Colleoni M, Calleri A, et al. Circulating
endothelial-cell kinetics and viability predict survival in
breast cancer patients receiving metronomic chemotherapy.
Blood 2006;108:452–9.

20. Bertolini F, Paul S, Mancuso P, et al. Maximum tolerable dose
and low-dose metronomic chemotherapy have opposite
effects on the mobilization and viability of circulating
endothelial progenitor cells. Cancer Res 2003;63:4342–6.

21. Rafii S, Lyden D, Benezra R, Hattori K, Heissig B. Vascular and
haemopoietic stem cells: novel targets for anti-angiogenesis
therapy. Nat Rev Cancer 2002;2:826–35.

22. Monestiroli S, Mancuso P, Burlini A, et al. Kinetics and
viability of circulating endothelial cells as surrogate
angiogenesis marker in an animal model of human
lymphoma. Cancer Res 2001;61:4341–4.

23. Capillo M, Mancuso P, Gobbi A, et al. Continuous infusion of
endostatin inhibits differentiation, mobilization and
clonogenic potential of endothelial cell progenitors. Clin
Cancer Res 2003;9:377–82.
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