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ABSTRACT: The fact that growth and spread of tumours are dependent on angiogenesis has led

to the investigation of the role of anti-angiogenic agents in the therapeutic strategies for thoracic

tumours such as nonsmall cell lung cancer or mesotheliomas. Since various angiogenic factors

may contribute to the regulation of angiogenesis in the individual tumour, in the era of increasing

amounts of clinically tested agents it is of utmost importance to properly select patients that may

benefit from a specific therapy. Due to the complex nature of tumour angiogenesis, various

biomarkers may be applicable. For example, the profile of activated angiogenic pathways in

endothelial cells may be determined in order to make conclusions about the relevance of

inhibiting a given pathway by a selected agent. Moreover, changes in protein expression in

stromal and tumour cells, as well as structural alterations in the vasculature, may be used for

predicting and monitoring the clinical effects of such a therapy. In this review, the current data

from clinical studies evaluating predictive markers for anti-angiogenic agents in thoracic cancers

are summarised. Besides giving clinical examples, the rationales for investigating various

parameters based on pre-clinical studies are described.
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A
broad variety of therapeutic strategies

targeting specific receptors or defined
signalling pathways are being explored

in clinical studies, including those of thoracic
tumours, such as nonsmall cell lung cancer
(NSCLC) and malignant mesothelioma. One such
strategy is based on the widely accepted obser-
vation that, for tumour development and growth
beyond a defined volume, the existence of a func-
tional vessel system is mandatory. Therefore, most
solid tumours would need the creation of new
blood vessels for further growth and metastasis,
which may be achieved by induction of endothe-
lial cell sprouting from the pre-existing vascula-
ture (so-called angiogenesis) [1–3]. Alternatively,
the pre-existing vasculature may be co-opted by
the tumour, which may have particular impor-
tance in lung cancer [4, 5]. Finally, vasculogenesis
has been shown to play an important role, at least
in some tumour entities, by formation of new
blood vessels from circulating endothelial precur-
sor cells. These processes are regulated by multi-
ple pro-angiogenic and anti-angiogenic factors
that may be produced not only by tumour cells,
but also by stromal cells [6]. However, to date,
vascular endothelial growth factor (VEGF) is still

considered as one of the most potent angiogenic
and endothelial cell survival factors.

Recently, two large clinical trials demonstrated
efficacy of the anti-VEGF antibody bevacizumab in
combination with a platinum-containing chemo-
therapy, in patients with advanced NSCLC of non-
squamous histology, resulting in US Food and
Drug Administration approval for this setting [7, 8].
In the ECOG4599 study, a substantial clinical
benefit for NSCLC patients treated with 15 mg?kg-1

bevacizumab plus carboplatin and paclitaxel versus
chemotherapy alone was seen (hazard ratio (HR)
0.66 for progression-free survival (PFS) with a
median of 6.2 versus 4.5 months; HR 0.79 for overall
survival with a median of 12.3 versus 10.3 months)
[7]. These results were somewhat confirmed by
another large phase III trial, in which NSCLC
patients had an improved PFS with the addition of
low-dose bevacizumab (7.5 mg?kg-1; HR 0.75) or
high-dose bevacizumab (15 mg?kg-1; HR 0.82) to
standard chemotherapy with cisplatin and gemci-
tabine [8]. In the latter study, however, the median
net gain of PFS was 0.6 and 0.4 months for the low-
dose and the high-dose bevacizumab group, re-
spectively. In both studies, there was a considerable
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subset of patients who did not respond or even experience
progress under therapy [8, 9]. Hence, predictive markers would
be helpful in selecting the patients that may benefit from the
therapy. Moreover, additional novel agents are being tested in
clinical trials (table 1). As a likely future consequence, the
clinician will need to decide which agents should be used for
which patient.

As a hypothesis, since most novel agents such as bevacizumab
are directed against a defined target, the expression of the
putative target or consequences caused by its inhibition should
be useful markers indicating responsiveness or resistance to the
respective agent. An anti-angiogenic agent specifically targeting
one selected pathway should exert the maximum effect in those
tumours that critically depend on the given pathway. For
example, if a tumour has upregulated angiogenesis by over-
expressing VEGF, anti-VEGF therapy should impair new blood
vessel formation in this respective tumour. Conversely, if
analyses showed that the respective tumour has upregulated
angiogenic pathways other than VEGF-dependent signalling,
these results may indicate resistance to anti-VEGF therapy.
Finally, anti-angiogenic therapy may lead to various escape
mechanisms [17, 18] with the activation of alternative pro-
angiogenic pathways. This may result in the necessity for
repeated assessment of selected markers. Therefore, collection
of cancer tissue samples before and, if possible, during or after
therapy should be performed. In addition, less invasive
methods may also be applicable, including measuring changes
in protein concentrations (e.g. growth factors) in bodily fluids as
surrogate markers for therapy. For example, blood plasma
levels of VEGF were significantly increased by vascular

endothelial growth factor receptor (VEGFR)-2 blockade in mice
and were proposed as a surrogate marker for anti-VEGFR-2
therapy [19].

PREDICTIVE AND PROGNOSTIC MARKERS
A prognostic factor is a patient or tumour characteristic that is
indicative of the biology of the tumour and correlates with the
patient’s prognosis regardless of the treatment [20, 21]. In contrast,
a predictive marker is a patient or tumour characteristic that
should give information whether the patient is likely to benefit
from a given treatment. Hence, a prognostic factor determines the
effect of the tumour on the patient and is best determined in
untreated patients, while a predictive factor determines the effect
of the treatment on the tumour [20].

However, most factors show mixed prognostic and predictive
associations. For example, markers of proliferation, such as Ki-
67, that show strong prognostic effects are also predictive of
greater response to most chemotherapy regimes [21]. Moreover,
and as discussed below, VEGF protein expression has been
identified as a prognostic factor in NSCLC [22, 23] but may also
harbour predictive value of increased response to anti-VEGF
therapy, as indicated by results of the ECOG4599 study [10].
Several molecular factors that are described in the following
have been linked with lung cancer prognosis. Still, the following
review will focus on current attempts to establish predictive
markers for anti-angiogenic therapies.

To investigate whether a biomarker is predictive for a given
treatment, clinical trials should include molecular analyses of
patient-derived material. The final goal would be the identi-
fication of a biomarker that is helpful in clinical decision

TABLE 1 Anti-angiogenic agents approved or in development for treatment of patients with lung cancer

Drug Target Source of biomarker

analyses

Important findings Clinical status References

Bevacizumab VEGF ligand Plasma Baseline VEGF Baseline sICAM

DE-selectin

Approved [10]

Sorafenib Raf, Kit, Flt-3, VEGFR-2, VEGFR-3,

PDGFR-b

Plasma, blood CEC numbers, plasma VEGF Phase III [11]

Sunitinib VEGFR-1, VEGFR-2, VEGFR-3,

PDGFR-a, PDGFR-b, Flt-3, c-kit

Not known Not reported Phase III Clinical trials.gov

Cediranib VEGFR-2, VEGFR-1, VEGFR-3, c-

kit, Flt-3

Plasma, blood CEC numbers, plasma VEGF Phase III [12]

Vandetanib VEGFR-2, VEGFR-3, RET, EGFR Plasma HGF, IL-2R, VEGF, sVEGFR, IL12,

IL-1RA, MMP-9, MCP-1

Phase III [13, 14]

Motesanib VEGFR-1, VEGFR-2, VEGFR-3,

PDGFR, Ret, kit

Not known Not reported Phase III Clinical trials.gov

Axitinib VEGFR-1, VEGFR-2, VEGFR-3,

PDGFR-b, kit

Not known Pending Phase II Clinical trials.gov

Pazopanib VEGFR-2, VEGFR-2, VEGFR-3,

PDGFR-a, PDGFR-b, c-kit

Plasma sVEGFR, PlGF, IL-2R, IL-12, IL-

16, TRAIL, SCF, IL-3 and CTACK

Phase III Clinical trials.gov [15]

XL647 VEGFR-2, EGFR, erbB2, EphB4 Tissue EGFR mutations Phase II [16]

VEGF: vascular endothelial growth factor; sICAM: soluble intercellular adhesion molecule; VEGFR: vascular endothelial growth factor receptor; PDGFR: platelet-derived

growth factor receptor; CEC: circulating endothelial cell; EGFR: epidermal growth factor receptor; HGF: human growth factor; IL: interleukin; IL-2R: IL-2 receptor;

sVEGFR: soluble VEGFR; IL-IRA: IL-1 receptor antagonist; MMP: matrix metalloprotease; MCP: monocyte chemotactic protein; PlGF: placenta growth factor;

TRAIL: tumour necrosis factor-related apoptosis-inducing ligand; SCF: stem cell factor; CTACK: cutaneous T-cell attracting chemokine; EphB4: Ephrin B4.
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making. However, the search for biomarkers has just begun.
Even the few large clinical trials published to date that
included molecular analyses have yielded a confusing variety
of potential markers. The following review should give a broad
overview about the rationales of biomarker testing depending
on the respective target.

CHALLENGES IN IDENTIFYING BIOMARKERS
The most often explored types of biomarkers for anti-
angiogenic therapy include investigation of tumour-derived
tissue and assessment of circulating markers that are detected
by peripheral blood analyses. However, although results from
preclinical studies have generated promising candidates for
predictive biomarkers, important challenges remain for their
translation into practice. For example, the technology used to
measure various biomarkers has not been standardised. Hence,
the selection of high-quality reagents, optimal methodology
and processing using standardised protocols need to be clearly
defined. Variables such as storage periods for cut tissue
sections, the type of fixative used and the choice of markers
may impact the quality of the results. Moreover, there is no
consensus on the interpretation and scoring of the data that are
generated by these methods. As discussed below, current
studies have yielded sometimes conflicting results that were at
least partly due to different methodologies. However, attempts
for standardising procedures such as assessment of micro-
vessel density (MVD) are ongoing [24]. Also, the selection of
the appropriate clinical trial design for biomarker identifica-
tion and validation is mandatory as recently described [25, 26].
Moreover, due to the heterogeneous and dynamic nature of
angiogenesis, the angiogenic profile of a tumour might change
with cancer progression and duration of treatment [27]. Thus, a
biopsy taken before first treatment might not reflect the biology
before second or third treatment. However, re-assessment of
tissue marker may be difficult since an additional broncho-
scopy or computed tomography (CT) scan guided biopsy
would be necessary that harbour several procedure-related
risks. Hence, different types of biomarkers (e.g. imaging and
circulating markers) may have to be combined to yield a
‘‘composite biomarker’’ to make more robust predictions [27].
Finally, one characteristic of most clinical studies was that
biomarker investigations were performed on a rather small
percentage of the patients included in a large series, which
questions the representativeness of the findings.

MARKERS IN TUMOUR BIOPSIES

Microvessel density
Most clinical studies investigating the prevalence and prog-
nostic impact of angiogenesis in solid tumours have used
tissue samples and counted microvessels after performing
immunohistochemistry. Two methods of counting microves-
sels have been widely used: the density method, in which all
vessel areas of high vessel concentrations are counted [28], and
the Chalkley method, using a graticule counting the number of
vessels touching 25 random point readings, which resembles a
relative area estimate rather than a true vessel count [29]. Due
to different methodologies, an international consensus to
assess the different angiogenic parameters in solid tumours
including standard staining protocols and evaluation criteria
has been published [24].

For NSCLC, conflicting results have been reported on the
prognostic importance of MVD in various subsets of patients
[4, 30–32]. One meta-analysis concluded that MVD seems to
correlate as a prognostic factor with reduced survival in
NSCLC independently of assessment of factor VIII, CD34 or
CD31 positivity [33]. In contrast, another meta-analysis contra-
dicted these results, partly due to different methods and
statistical analyses [34]. Both meta-analyses reported consider-
able variations in the results among the individual studies that
were, at least in part, due to heterogeneous methodologies
used to stain and count microvessels [33–35].

As a hypothesis, MVD may also hold valuable information on
the response of a tumour to anti-angiogenic therapy and,
therefore, be used as a potential predictive marker [36, 37].
However, in 312 analysed of a total of 813 colorectal cancer
patients treated with chemotherapy with or without bevaci-
zumab, the pre-therapeutic MVD was not a significant
indicator for a putative benefit of bevacizumab addition [38].
Still, no clinical study known to the authors investigated the
impact of anti-angiogenic therapy on MVD in NSCLC. Since
most NSCLC patients treated with anti-angiogenic therapy are
stage IV patients, tumour histology is most often analysed on
small biopsies derived from bronchoscopy or CT scan-guided
biopsy. It may be questionable whether the size of these tissue
samples is representative for the whole tumour [39]. Moreover,
a considerable subset of lung tumours seems to co-opt the pre-
existing vasculature with possible implications for prognosis
and response to anti-angiogenic therapy [4]. Finally, anti-
angiogenic therapy may not only affect tumour vessels but also
the normal vasculature [40]. As a hypothesis, healthy tissue
may therefore be used for monitoring anti-angiogenic therapy
similar to clinical studies using anti-endothelial growth factor
receptor (EGFR) agents [41]. Alternatively, the vessel density
and intra-tumoural blood supply may be estimated using
radiological techniques such as contrast enhanced magnetic
resonance imaging or positron emission tomography, which
have been recently reviewed by others [42].

VEGF and VEGFR expression of tumour, endothelial and
other stromal cells
VEGF expression and VEGFR activation status in endothelial
cells may be predictive for the therapeutic response to anti-
VEGF-directed therapy. As summarised in an extensive meta-
analysis, VEGF expression or overexpression has been
reported in ,60% of NSCLC [22]. Most studies have indicated
a significant positive correlation between VEGF immunoreac-
tivity and tumour vascularity [22, 43]. Also, both high VEGF-A
and VEGF-C protein expression have been associated with
poor NSCLC survival in the majority of clinical studies [22, 23].
In addition, VEGFR expression has been documented in
endothelial, stromal and even tumour cells [44]. However,
the clinical significance of these findings is unknown.
Preclinical data suggest a possible correlation of endothelial
cell expression of phosphorylated VEGFR with response to
VEGFR inhibitors [45]. To date, however, there are no clinical
studies that have evaluated VEGF expression relative to
response to anti-VEGF agents in lung cancer. In a clinical trial
of 278 patients with metastatic colon cancer, neither epithelial
and stromal VEGF expression nor MVD were predictors of
benefit from the addition of bevacizumab to fluorouracil-based
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therapy [38]. Alternatively, intracellular pathways or expres-
sion of other growth factors influencing VEGFR-dependent
signalling may be useful as potential biomarkers for anti-
VEGFR2-directed therapies [46, 47]. Data from clinical NSCLC
studies are pending.

CIRCULATING MARKERS

Circulating angiogenic markers
To date, most data on potential predictive markers for anti-
angiogenic therapy have been generated by measuring circulat-
ing angiogenic proteins in serum or plasma. Preclinical studies
have brought much insight into the function of these factors.
However, whether the serum concentration of these factors or
changes upon therapy initiation may hold predictive value
remains undetermined. Since most anti-angiogenic agents in
clinical studies focus on targeting the VEGFR signalling path-
way, this pathway has been explored most extensively.

VEGF belongs to a larger family consisting of six VEGF
molecules, VEGF-A to -E and the placental growth factor
(PIGF), and three VEGF receptors, VEGFR-1 to -3 [2, 48]. In mice
bearing human VEGF overexpressing tumours, treatment for
7 days with sunitinib, a small-molecule inhibitor of VEGF and
platelet-derived growth factor (PDGF) receptor tyrosine kinases
(RTKs), led to a dose-dependent increase in both circulating
mouse and tumour-specific VEGF plasma levels as determined
by species-specific ELISA tests. Conversely, the opposite cyclical
pattern was seen with circulating soluble VEGFR-2 (sVEGFR-2),
which was possibly mediated by VEGF-mediated VEGFR-2
downregulation [49]. Interestingly, elevations of VEGF and
decreases in sVEGFR-2 were also noticed in normal mice free of
any tumour treated with sunitinib, indicating that these
molecular changes are a systemic response to drug treatment
and that the changes occur maximally in the optimal anti-
tumour dose range [19].

Similar to preclinical data, cancer patients treated with various
anti-VEGFR inhibitors showed increased levels of plasma VEGF
and decreased levels of sVEGFR-2 (table 2). In the ECOG 4599
study, a phase II/phase III trial randomising 878 patients with
advanced NSCLC to carboplatin and paclitaxel with or without
bevacizumab, patients with high pre-treatment VEGF levels
were more likely to respond to bevacizumab-containing
therapy, but this was not predictive of survival [10]. In addition,
serum VEGF levels were also indicative for prognosis. Patients
with a low VEGF level had a better PFS (median 6.0 months)
compared with patients with a high level (median 4.5 months;
p50.04) [10]. However, only 166 samples from a total of 878
patients were available for these ELISA measurements.

In an exploratory retrospective analysis, the predictive value of
pretreatment circulating VEGF levels was analysed in three
randomised phase II studies including vandetanib, a VEGFR,
EGFR and RET RTK inhibitor, either as a monotherapy or in
combination with chemotherapy for advanced NSCLC [13].
Patients with baseline VEGF values within the ELISA reference
range for healthy subjects had a superior PFS when treated
either with 300 mg?day-1 vandetanib versus gefitinib (HR 0.55;
p50.01) or with a combination of 100 mg?day-1 vandetanib and
docetaxel versus docetaxel alone (HR 0.25; p50.01). However,
there was no significant difference in PFS among patients with
low baseline plasma VEGF who received docetaxel and

300 mg?day-1 vandetanib versus docetaxel alone (HR 0.66;
p50.33). Similarly, low baseline VEGF was not predictive for a
different PFS in patients treated with carboplatin-paclitaxel
and 300 mg?day-1 vandetanib compared with carboplatin-
paclitaxel alone (HR 0.72; p50.29). Moreover, in a patient
subset, multiplex analyses of plasma levels of 35 angiogenic
factors were done. Several factors were of prognostic value,
whereas low human growth factor (HGF) and interleukin-2R
levels were predictive of benefit only in the vandetanib
monotherapy arm [14].

Similar to NSCLC patients, limited data are available on the
predictive value of circulating VEGF levels in patients with
malignant mesothelioma. In a multi-centre, placebo-controlled
randomised phase II trial, 108 mesothelioma patients were
treated with the combination of cisplatin and gemcitabine with
or without bevacizumab. In patients who received bevacizu-
mab, baseline VEGF levels at or below the median were
correlated with a significantly improved PFS (p50.043) and
overall survival (p50.028) [52]. In contrast, higher baseline
plasma VEGF levels were of prognostic value and were
associated with shorter PFS (p50.02) and overall survival
(p50.0066). These results may suggest that anti-VEGF therapy
could benefit some patients with malignant mesothelioma;
however, confirmative studies are needed. In another phase II
study, 51 patients with malignant mesothelioma were treated
with sorafenib, an inhibitor of VEGFR2 and PDGF receptor-b
[53]. Correlative studies including expression of p-ERK 1/2,
baseline VEGF and PDGF levels have been performed, but
results have not yet been reported.

Circulating adhesion molecules
For every anti-angiogenic agent, the final aim is modulating the
function and survival of endothelial cells, e.g. by inhibiting
VEGFR activation. For proper endothelial cell functions, includ-
ing angiogenesis and maintenance of the existing blood vessels,
endothelial cells must adhere firmly to one another and to the
extracellular matrix (ECM). Consequently, various cell adhesion
molecule (CAM) families with characteristic structural patterns
have been described: the cadherins, the selectins, the integrins
and the immunoglobulin-CAM superfamily [54, 55]. Moreover,
several CAMs exist that do not share any of the structural
patterns of the four CAM families, such as the epithelial CAMs.
CAMs may be shed upon stimulation by various angiogenic
factors into the circulation, where they may act as markers of
activated or damaged endothelial cells [56]. Hence, selected
CAMs have been investigated as potential markers monitoring
anti-angiogenic therapies.

Endothelial (E)-selectin is synthesised by endothelial cells in
response to inflammatory stimuli and involved in the recruit-
ment of leukocytes and tumour progression [54, 57]. Expression
levels of soluble E-selectin in the peripheral blood often correlate
with the duration and severity of inflammatory diseases and
have been detected in supernatants of cytokine-activated
endothelial cells in vitro [58]. In NSCLC patients, however, the
prevalence of elevated serum E-selectin levels has been
controversially published in small series of lung cancer patients
compared to patients with benign lung diseases and healthy
volunteers [59, 60]. The aforementioned ECOG4599 study
analysed E-selectin as a potential predictive marker in peripheral
blood samples from 149 of 878 total patients included in
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the study. Interestingly, E-selectin showed a significant de-
crease over 7 weeks of treatment, while the magnitude of
the change was not significantly different between treatment
arms [10]. Patients treated with bevacizumab combined che-
motherapy and exhibiting a drop of E-selectin of less than
5.35 ng?mL-1 had a significant longer overall survival (HR 1.98,
95% CI 1.1–3.57; p50.02) compared with patients treated with
chemotherapy alone.

Another class of important CAMs is the immunoglobulin super-
family, including intercellular adhesion molecule (ICAM)-1.
ICAM-1 is present on various cell types, including resting
endothelial cells [61], where it is involved in the attachment and
subsequent trans-endothelial migration of leukocytes to sites of
inflammation. Activated endothelial cells produce large amounts
of membrane ICAM-1 and shed the soluble form (sICAM-1),
which itself may promote angiogenesis and tumour growth [62].
While elevated sICAM-1 levels have been reported to be
significantly higher in NSCLC patients compared with controls
and to be correlated with more advanced disease [63], other
studies suggest that sICAM-1 levels do not necessarily reflect the
extent of membrane expression and may be independently
regulated [61]. Still, sICAM-1 has been investigated in the context
of anti-angiogenic therapy. The ECOG4599 study identified low
baseline ICAM-levels as a significant predictive factor for
improved PFS (HR 2.14, 95% CI 1.31–3.48) but not overall survival

(HR 1.39, 95% CI 0.84–2.3) when bevacizumab was added to
cytotoxic therapy [10].

Cadherins represent another major CAM family. Based on
sequence comparison they can be divided into different
subfamilies, among which are the classical type I cadherins,
such as E- and N-cadherin, and the type II cadherins [55, 64, 65].
Vascular endothelial (VE)-cadherin, a type II cadherin, is a
strictly endothelial specific adhesion molecule and seems to be of
critical importance for the maintenance and control of endothe-
lial cell contacts [55]. In addition to its adhesive functions, VE-
cadherin regulates various cellular processes, such as cell
proliferation and apoptosis, and modulates VEGFR-2 function.
Mice deficient in VE-cadherin died at mid-gestation from
vascular malformations [66]. Because of the fundamental role
in regulating angiogenesis, VE-cadherin may be an interesting
marker for analysis in anti-angiogenic therapeutic trials; how-
ever, results from clinical studies are pending.

Finally, integrins are a large family of cell surface receptors
encoded by a and b chains, which mediate cell–ECM as well as
cell–cell interactions [67]. In tumours including NSCLC,
integrins are mediators of invasion and metastasis through
ECM interaction [68]. Particularly interesting may be integrin
avb3 that is well expressed in proliferating vessels but not as
much in normal non-proliferating vessels [69]. Still, while avb3

TABLE 2 Predictive value of pre-treatment vascular endothelial growth factor (VEGF) plasma levels

Treatment and dose Patients# Tumour Subgroup Correlation Change during

therapy

References

RR PFS OS

ABT-869

0.1 to 0.3 mg?kg-1?day-1

33 Various VEGF-A ND ND ND INC [50]

Bevacizumab

(15 mg?kg-1)+PC

166/878 NSCLC VEGF-A ,35.7 pg?mL-1 NC INC NC ND [10]

E7080

1–40 mg?day-1

24 Various VEGF-A ND ND ND INC [51]

GC¡bevacizumab

15 mg?kg-1

56/108 MM VEGF-A ,median ND INC INC ND [52]

Vandetanib 300 mg?d-1

versus PC

91/113 NSCLC VEGF-A .707 pg?mL-1 ND DEC (trend) NC ND [13]

PC¡vandetanib

300 mg?day-1

86/108 NSCLC VEGF-A ,707 pg?mL-1 ND NC NC ND [13]

Vandetanib

300 mg?day-1 versus

gefitinib 250 mg?day-1

163/168 NSCLC Low VEGF-A

,115 pg?mL-1

ND INC ND ND [13]

Docetaxel¡vandetanib

300 mg?day-1

45/85 NSCLC Low VEGF-A

,115 pg?mL-1

ND NC INC ND [13]

Docetaxel¡vandetanib

100 mg

44/83 NSCLC Low VEGF-A

,115 pg?mL-1

ND INC INC ND [13]

Pazopanib 800 mg q.o.d. 19 NSCLC sVEGFR-2 ND ND ND DEC [15]

RR: response rate; PFS; progression-free survival; OS: overall survival; ABT-869: inhibitor of vascular endothelial growth factor receptors (VEGFR) 1–3 and platelet-

derived growth factor receptors (PDGFR); Bevacizumab: VEGF antibody, receptor tyrosine kinase inhibitors; E7080: receptor tyrosine kinase inhibitors of VEGFR-2,

PDGFRs, fibroblast growth factor receptors, c-kit; GC: gemcitabine and cisplatin; Vandetanib: antagonist of VEGFR-2, epidermal growth factor receptor, and inhibitor of

RET; PC: paclitaxel and carboplatin; pazopanib: VEGFR, PDGFR and c-kit inhibitor; INC: increased/superior; DEC: decreased/inferior; ND: not determined; NC: no

change; MM: malignant mesothelioma; NSCLC: nonsmall cell lung cancer. #: number of patients (or tumours) investigated/total number of patients.
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integrin has been evaluated as a target in preclinical and
clinical studies [70, 71] and is being elucidated for molecular
imaging of angiogenesis using avb3 targeted nanoparticles, its
use as a potential biomarker for anti-angiogenic therapy
remains speculative.

Circulating endothelial cells
Besides angiogenesis and co-option of pre-existing blood
vessels, vasculogenesis as the de novo synthesis of new blood
vessels by endothelial progenitor cells (EPCs) has been
postulated to play an important role beyond embryonic
development (fig. 1) [73]. Starting in 1997, various groups
reported on cultivation of CD34+ progenitor cells from adults
ex vivo [74, 75] that may contribute to re-endothelialisation of
grafts and vascular prostheses [75, 76]. While the incorporation
of EPCs has been demonstrated in tumour vascularisation [73],
the significance of this finding has been debated. In healthy
individuals, EPC numbers are low ([77] and unpublished
results), however, their numbers tend to increase following
vascular injury and myocardial infarction [78–80]. In various
studies, conflicting data have been reported on the quantifica-
tion of EPCs in tumour patients, including NSCLC, in
comparison to healthy controls [77, 81]. Still, the importance
of EPCs may be increased by the release of pro-angiogenic
factors such as VEGF and HGF with a possible prognostic
impact as demonstrated in a series of 53 NSCLC patients [81].

Furthermore, anti-vascular therapy may alter the numbers of
EPCs, which may hold predictive value for therapy response.
Treatment of tumour-bearing mice with vascular disrupting
agents led to an acute mobilisation of circulating EPCs as
determined by VEGFR-2, CD13 and CD117 positivity [82].
Conclusively, there has been interest in evaluating the role of
EPCs as markers for drug therapy monitoring [83].

In addition to EPCs, the presence of circulating endothelial
cells (CECs) in the peripheral blood that are shed off the vessel
wall have been considered to be a promising surrogate marker
for vascular damage. In healthy individuals, CECs are rarely
detected, while increased numbers have been documented in
various cancer and lymphoma patients [77, 84]. Breast cancer
studies suggested that CECs are a prognostic indicator for
patients receiving metronomic chemotherapy [85]. Moreover,
in vivo studies described a change in CEC levels upon anti-
angiogenic therapy. Lewis lung carcinoma-bearing mice had
an increase in CECs but not EPCs after 3 days of treatment
with the EGFR and VEGFR-2 inhibitor vandetanib that
preceded reduction in tumour volume [86].

However, controversy exists with respect to identification of
EPCs and CECs. Since marker profiles have been generated
from cultivated mononuclear cells ex vivo (fig. 2), the phenotype
of these cells may have changed due to culture conditions, as
indicated by several groups including preliminary data from
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FIGURE 1. Scheme of origin and differentiation of endothelial progenitor cells (EPC). Haematopoietic stem cell (HSC)-derived EPC and circulating endothelial cells

(CEC) can be found in vascular damage, repair and angiogenesis, and are characterised by different marker expression profiles. VEGF: vascular endothelial growth factor;

VEGFR-2: vascular endothelial growth factor receptor-2; VEGFR-2/KDR: kinase insert domain receptor. Adapted from [72] with permission from the publisher.
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our own laboratory ([80, 87] and unpublished results). Initially,
EPCs were defined as cells positive for both haematopoietic
stem cell markers such as CD34 and endothelial markers such as
VEGFR2 [75]. However, since CD34 is also expressed on mature
endothelial cells to a somewhat lower level, assessment of
additional markers, such as CD133 positivity, that seem to be
exclusively expressed on haematopoietic stem cells is manda-
tory [80]. To date, most authors coincide that CD133/VEGFR2
positive cells represent a population with endothelial progenitor
capacity [72, 80]. Similarly, different marker expression patterns
have been described for CECs. Most groups require detection of
endothelial cell markers, such as CD31 or CD34, in the absence
of CD133 expression [72, 85]. Also, results generated by flow
cytometry analyses used by most authors may be influenced by
several factors, such as separation of mononuclear cells,
washing and centrifugation steps, the panel of monoclonal
antibodies and the lack of standardisation of gating techniques.
Hence, various improvements have been attempted, including
specific and nonspecific antibody combinations [88] and
isolation by size using a defined filter for isolation of EPCs
instead of centrifugation of blood samples [89].

Conclusively, while many questions regarding the origin and
characterisation of circulating endothelial cells remain to be
addressed, these cells may be still promising predictive
markers for anti-angiogenic cancer therapy which have not
been addressed in large clinical studies.

FUTURE DIRECTIONS
As new therapeutic options emerge, it is desirable to use our
increasing knowledge of tumour molecular biology to optimise
and individualise cancer therapy. However, a careful design of
appropriate clinical trials for assessing the utility of markers is
mandatory and has been described elsewhere [21, 25, 90].
Besides the parameters described above, various other factors
may hold predictive value for anti-angiogenic therapy. For
example, a host of other angiogenic factors also contribute to
blood vessel formation in a tumour. Besides VEGF, which is
known as a key factor for regulating angiogenesis, other
growth factors, such as PDGF, basic fibroblast growth factor
and angiopoietins, as well as various CAMs, have also been
shown to be of importance in various tumour models. In a
preclinical study, a set of six genes were identified to be

selectively overexpressed in tumour-derived endothelial cells
[91]. Hence, it may be reasonable to screen tumour or blood
samples for several key regulating molecules to identify on
which angiogenic factor the tumour is most likely dependent.

Moreover, vascular remodelling that affects vascular stability
may be an important determinant for response of endothelial
cells to anti-vascular therapy. In this process, the cross talk of
endothelial cells with other stromal cells such as pericytes,
vascular smooth muscle cells and fibroblasts plays a funda-
mental role [92, 93]. The importance of pericytes has been
clearly demonstrated in PDGF-B deficient mice, leading to
defective blood vessel development [94]. Therefore, in addition
to being a prognostic marker [4], determination of perivascular
cell coverage may be a predictive marker for the vulnerability
of the vessels to anti-angiogenic and anti-vascular agents [95].

It is likely that a combination of markers or ‘‘signature’’ might
prove to be of greater prognostic and predictive value than a
single factor. Even though we may not be able to characterise
every patient in the future, the primary aim would be to define
subgroups with exceptionally improved or decreased response to
a selected agent. With the number of biomarker studies
increasing, hopefully, this will lead us to increasing numbers of
well characterised patient subgroups which may result in
improved therapeutic planning and an extended overall survival.
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