
Abstract. Background/Aim: Angiogenesis is pivotal in
tumour development and progress, and targeted tumour
therapies, such as bevacizumab, have shown promising results.
However, in unselected patient populations, the treatment with
angiogenesis-targeted combination regimens is marred by a
variable response, non-negligible toxicity and questionable
economy. The present study summarizes research to identify
individual circulating angiogenic factors as markers for
disease severity and possibly treatment response. Patients and
Methods: A total of 125 patients with cervical cancer from the
ongoing cervical cancer monitoring database of the University
Hospital Charité, Berlin, Germany, were included.
Information obtained from the database included tumour
stage, malignancy grade, presence of nodal metastases, lymph
vessel invasion, patient age, HER2, HPV, smoking and
menopausal status, and serum concentrations of vascular
endothelial growth factor (VEGF), VEGF-D, VEGF-C,
endoglin, endostatin, angiogenin, basic fibroblast growth
factor (FGFb), vascular endothelial growth factor receptor
(VEGF-R1), VEGF-R2, soluble inter-cellular adhesion
molecule 1 (sICAM 1), soluble vascular adhesion molecule 1
(sVCAM 1), insulin-like growth factor 1 (IFG-1) and insulin
like growth factor binding protein 3 (IGF-BP3). Results: There

was a clear association of angiogenic factor concentrations
with stage of disease. Angiogenin showed an independent
discrimination for cervical intraepithelial neoplasia (CIN) and
invasive stages, and endoglin did so for invasive stages vs.
recurrent disease. However, none of the potential markers
under investigation was anywhere near selective enough to
allow for a clinically meaningful prediction of prognosis or
response. Conclusion: The association of circulating
angiogenic factors with disease progression in cervical cancer
is confirmed, but its utility for prognosis prediction and patient
stratification for targeted therapies is doubtful.

Despite substantial advances due to earlier diagnosis and
improved treatment methods, uterine cervical cancer remains
a globally leading cause of cancer death in females; there are
in excess of 500,000 new cases and more than 250,000
deaths per year (1, 2) (and probably many more due to
under-reporting in many countries (3)). In the European
Union, an estimated 60,000 new cases and 30,000 deaths
occur per year (4), and in Germany, the annual number of
fatal cases in recent years was around 1,500 (5, 6).

The clinical outcome of cervical cancer, albeit generally
favourable provided comprehensive screening treatment is
available (7), varies significantly and is difficult to predict
for individual patients. Moreover, the availability of novel,
angiogenesis-targeted treatment modalities has given rise to
the search for diagnostic markers allowing a response
prediction (8, 15), both in the interest of cost efficiency and
an improved effect toxicity balance. Diagnostic methods that
allow an accurate prognosis and response assessment would
be immensely valuable for the implementation of
individualised treatment modalities. 

Angiogenesis is a validated target for specific
therapeutic modalities currently under investigation, and
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agents against established and novel targets for a variety
of malignancies, including cervical cancer, are under
intense development (9, 14, 16). One of the most
promising targets for such treatments is angiogenesis,
which is crucially involved in tumour growth, invasion,
and metastasis (14, 16, 17) and has been shown to be
induced by cervical neoplasms (18, 19). The currently
most intensively investigated angiogenic-targeted agent is
the monoclonal antibody bevacizumab, which has evolved
as an established modality for several types of cancer,
including cervical cancer (8, 14, 20-23). 

However, response to novel targeted treatment modalities
is more variable than in conventional chemotherapy (24, 25),
and aggressive combinatorial treatment approaches are
associated with an increased risk of toxicity (26, 27). The
systematic implementation of anti-angiogenic therapy
requires a reliable identification of patients with a likely
benefit (28-30), and validated treatment protocols with a
proven efficacy and acceptable toxicity are not yet available.
First of all, the currently available agents (such as
bevacizumab (8, 14, 23) are too expensive to be incorporated
into treatment regimens for unselected populations (31).
Moreover, the long-term suppression of one angiogenic factor
may induce the expression of one or more others by a linked
alternative angiogenic pathway (so-called tolerance), which
is potentially hazardous in patients in whom the suppressed
factor was not a pivotal factor in the first place (9).

Therefore, a reliable identification of susceptible patients
is a prerequisite for the implementation of angiogenesis-
targeted treatment strategies. The present paper summarises
a research programme conducted in 125 patients at the
Charité, University Hospital Berlin, Germany. Its goal was
to assess the statistical significance and independence of
individual angiogenic factors that were associated with
advanced stages of disease (12, 13).

Patients and Methods

Patients. The study participants represent a sample of patients
from the ongoing cervical cancer monitoring database of the
Charité, University Hospital Berlin, Germany. Data acquisition,
storage and processing in this database required written informed
consent hence no specific ethical requirements were considered
for the present investigation. Patients who underwent diagnostic
or follow-up examinations for cervical uterine neoplasms between
October, 2002 and June, 2005 were enrolled into the study. A
total of 125 patients were included, and their serum samples were
obtained prior to therapy and stored at –80˚C immediately after
collection.

Data acquisition. Information obtained from the database included
tumour stage, histology, presence of nodal metastases, lymphatic
and venous vessel invasion as well as patient age, menopausal and
smoking status. The sample characteristics regarding the
aforementioned criteria are shown in Table I. 

The serum concentrations of angiogenic factors (vascular
endothelial growth factor (VEGF), -D, -C, -R1, -R2, angiogenin,
endoglin and endostatin), adhesion molecules (soluble inter-cellular
adhesion molecule 1 (sICAM 1), soluble vascular adhesion
molecule 1 (s-VCAM 1)) and growth factors (insuline like growth
factor 1 (IFG-1), insulin like growth factor binding protein 3 (IGF-
BP3) were determined by ELISA (R&D Systems, Minneapolis, MN,
USA) as part of the clinical routine, and the respective values were
obtained from the database.

Statistical data evaluation. Data was stored in a Microsoft Excel™
spreadsheet and analysed with the SPSS™15.0 software package
(SPSS™ Inc., Chicago, IL). Non-parametric methods were employed
for analysis, and correlations between prognostic factors and tumour
stage were assessed with one-factorial and multiple logistic
regression; variables with a p-value ≤0.10 in one-factorial testing
were included in the multiple regression. Odds ratios (adjusted odds
ratios in multiple regression) and 95% confidence intervals (95% CI)
were calculated, and independent statistical significance was
considered when p was <0.05 in multiple regression.
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Table I. Baseline characteristics of patients included in this study.

Criterion Number Percentage

Tumour stage
Non-invasive 50 40.0

CIN I 7 5.6
CIN II 8 6.4
CIN III 35 28.0

Invasive 51 40.8
FIGO I 22 17.6
FIGO II 13 10.4
FIGO III 13 10.4
FIGO IV 3 2.4

Recurrent disease 24 19.2
Tumour histology 
(only invasive tumours)
Squamous cell carcinoma 58 76.3
Adenocarcinoma 8 10.7
Adenosquamous carcinoma 5 6.7
Not classifiable 4 5.3

Prognostic criteria
Nodal metastasis 29 23.2
Lymph vessel invasion 20 16.0
Blood vessel invasion 8 6.4
Grading 

G 1 2 1.6
G 2 38 30.4
G 3 31 24.8
Non available 54 43.2

Age, years (average) 42.9±13.5
Menopausal status
Pre-menopausal 88 70.4
Menopausal 2 1.6
Post-menopausal 35 28.0

Smoking status
Smoker 45 36.0
Non-smoker 47 37.6
Not available 33 26.4



Results

The determined serum and plasma concentrations of the
examined factors are shown in Table II. When comparing
mean values between subgroups of CIN, FIGO and relapse, a
plausible dependency on the stage (i.e. CIN<FIGO<relapse or
vice versa) is apparent for the following variables: An increase
for VEGF (with a particularly marked difference between CIN
and FIGO stages), VEGF-C, endostatin, angiogenin and FGFb
(with a particularly marked difference between FIGO stages
and relapse), and sICAM-1; a decrease for VEGF-D and
endoglin, the latter with a particularly marked difference
between FIGO stages and relapse. Furthermore, the percentage
of post-menopausal patients increased over stages, whereas
those with high-risk HPV status decreased.

CIN vs. FIGO stages. When comparing pre-invasive (CIN I-
III) and invasive (FIGO I-IV) tumour stages (Table III), the
only significant prognostic criteria were age (about 10%
increasing chance for invasive stages per year) and serum
angiogenin concentration (1% per ng/ml). The
aforementioned, relatively marked difference in plasma
VEGF concentrations between CIN and FIGO stages led to a

modest correlation (1% per pg/ml) that was, however,
significant only in one-factorial but not in multiple testing.

FIGO stages vs. relapse. The aforementioned marked
difference in endoglin proved to be an independent indicator
for relapse: Per ng/ml endoglin decrease, the likelihood of a
relapse increased by almost 20% (Table IV). The IGF-BP3
concentration showed a significant positive correlation with
the chance of relapse, but had shown an inverse relation to
CIN/FIGO stages; therefore, its informative value as a
measure for tumour stage is limited.

Pre-invasive and invasive carcinoma subgroups. None of the
examined factors (descriptive data not shown) allowed for an
independent prediction of CIN III vs. CIN I/II or FIGO III/IV
vs. FIGO I/II, respectively. The only parameter with a
borderline significant discrimination between early and
advanced invasive stages was that of VEGF-C (p=0.056 in
multiple regression testing). Its concentration was substantially
lower in advanced stage disease (7,998±1,831 [FIGO III/IV]
and 11,909±4,943 [FIGO I/II] pg/ml serum); however, when
compared with concentrations in pre-invasive stages
(8,672±2,641 [CIN I/II] and 10,073±3,041 [CIN III] pg/ml
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Table II. Assessed prognostic factors (mean±std. dev. or frequency and percentage) according to tumour stage.

Variable Entire sample CIN stages FIGO stages Relapse
(n=25) (n=50) (n=50) (n=24)

Age (years) 43.2±13.4 36.8±11.6 47.8±13.9 47.0±10.8
VEGF, plasma (pg/ml) 118.4±117.1 81.4±56.3 138.7±146.7 152.3±123.9
VEGF-D, serum (pg/ml) 398.7±261.9 425.8±170.3 382.5±332.8 376.7±254.2
VEGF-C, serum (ng/ml) 10.314±3.858 9.653±2.971 10.682±4.581 10.910±3.771
Endoglin, serum (ng/ml) 4.2±1.1 4.5±1.0 4.2±1.2 3.4±0.8
Endostatin, serum (ng/ml) 120.6±47.5 102.8±17.3 115.7±51.1 168.2±52.2
Angiogenin, serum (ng/ml) 326.5±101.6 276.7±69.6 336.1±101.7 410.1±100.0
FGFb, serum (pg/ml) 5.5±8.6 4.2±5.1 4.6±5.8 10.1±15.7
VEGF-R1, serum (pg/ml) 75.3±28.3 73.1±19.7 79.7±34.2 70.2±29.5
VEGF-R2, serum (ng/ml) 10.653±2.056 10.606±2.202 10.243±1.974 11.622±1.628
sICAM 1, serum (ng/ml) 325.0±120.9 297.0±77.7 317.6±104.8 401.0±187.6
sVCAM 1, serum (ng/ml) 661.3±335.6 585.5±111.7 716.1±486.6 701.3±193.1
IFG-1, serum (ng/ml) 127.8±48.4 133.8±44.9 119.3±51.8 134.2±47.1
IGF-BP3, serum (ng/ml) 2,776±702 2,816±482 2,586±843 3,114±640
Menopausal status

Post-menopausal 35 (28.0%) 6 (12.0%) 19 (37.3%) 10 (41,7%)
Pre- or peri-menopausal 90 (72.0%) 44 (88.0%) 32 (62.7%) 14 (58.3%)

Smoking status†

Smoker 45 (48.9%) 16 (32.0%) 22 (47.8%) 7 (41.2%)
Non-smoker 47 (51.1%) 13 (26.0%) 24 (52.2%) 10 (58.8%)

HPV status†

High risk 28 (56.0%) 24 (64.9%) 4 (33.3%) -
Low risk/negative 22 (44.0%) 13 (35.1%) 8 (66.7%) 1 (100.0%)

Distant metastasis†

Yes 17 (14.0%) 0 (0.0%) 3 (6.1%) 14 (63.3%)
No 104 (86.0%) 50 (100.0%) 46 (93.9%) 8 (36.4%)

†Cases with missing values were excluded from analysis.



serum) and relapse (10,910±3773 pg/ml serum), the correlation
with disease severity is hardly convincing.

Discussion

According to the Gynecologic Oncology Group, the
development of novel treatment regimens is imperative, and
anti-angiogenic modalities are promising (14, 15).
Bevacizumab treatment is currently under investigation, albeit
only in women eligible for second- or third-line treatment (15).

The present study basically corroborates the well-known
fact that circulating concentrations of some angiogenic
factors indeed reflect the degree of biological aggressiveness
of uterine cervical cancer, and indicate a particular relevance
of endoglin (see also 13, 32, 33) in addition to the more
established VEGF (10, 12, 17, 19, 34, 35). However, it was
not possible to single out an individual factor or a
combination (and much less, a reasonably selective
threshold) that would allow for a rational stratification of
patients for novel targeted treatment modalities. 
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Table III. Odds ratio (OR), adjusted odds ratio (aOR) and significance for individual factors, FIGO vs. CIN stages.

Risk: FIGO stage OR (95% CI) p-value aOR (95 %CI) p-value

Age (years)*� 1.08 (1.03-1.12) 0.0003 1.09 (1.02-1.16) 0.008
Plasma VEGF (pg/ml) 1.01 (1.00-1.01) 0.017 1.01 (1.00-1.01) 0.13
Serum VEGF-D (pg/ml) 1.00 (1.00-1.00) 0.43
Serum VEGF-C (pg/ml) 1.00 (1.00-1.00) 0.19
Serum Endoglin (ng/ml) 0.76 (0.52-1.11) 0.16
Serum Endostatin (ng/ml) 1.01 (1.00-1.03) 0.12
Serum Angiogenin (ng/ml)*� 1.01 (1.00-1.01) 0.0021 1.01 (1.00-1.01) 0.012
Serum FGFb (pg/ml) 1.01 (0.94-1.09) 0.72
Serum VEGF-R1 (pg/ml) 1.01 (0.99-1.02) 0.25
Serum VEGF-R2 (pg/ml) 1.00 (1.00-1.00) 0.38
Serum sICAM 1 (ng/ml) 1.00 (1.00-1.01) 0.28
Serum sVCAM 1 (ng/ml) 1.00 (1.00-1.01) 0.067 1.00 (1.00-1.00) 0.22
Serum IFG-1 (ng/ml) 0.99 (0.98-1.00) 0.15
Serum IGF-BP3 (ng/ml) 1.00 (1.00-1.00) 0.11
Post-menopausal status 2.08 (1.25-3.45) 0.0049 0.37 (0.07–2.08) 0.26
Smoker 0.86 (0.54-1.37) 0.54
High risk HPV 0.52 (0.26-1.03) 0.063

*p<0.05 in multiple regression.

Table IV. Odds ratio (OR), adjusted odds ratio (aOR) and significance for individual factors, FIGO stages vs. relapse.

Risk: Relapse OR (95 %CI) p-value aOR (95%CI) p-value

Age (years) 1.00 (0.96-1.03) 0.80
Plasma VEGF (pg/ml) 1.00 (1.00-1.00) 0.69
Serum VEGF-D (pg/ml) 1.00 (1.00-1.00) 0.94
Serum VEGF-C (pg/ml) 1.00 (1.00-1.00) 0.83
Serum Endoglin (ng/ml)*� 0.38 (0.20-0.71) 0.0023 0.17 (0.04-0.70) 0.014
Serum Endostatin (ng/ml) 1.02 (1.01-1.04) 0.0019 1.00 (0.98-1.02) 0.82
Serum Angiogenin (ng/ml) 1.01 (1.00-1.01) 0.0071 1.00 (0.99-1.01) 0.72
Serum FGFb (pg/ml) 1.07 (0.99-1.15) 0.078 1.05 (0.89-1.24) 0.56
Serum VEGF-R1 (pg/ml) 0.99 (0.97-1.01) 0.26
Serum VEGF-R2 (pg/ml) 1.00 (1.00-1.00) 0.0072 1.00 (1.00-1.00) 0.26
Serum sICAM 1 (ng/ml) 1.00 (1.00-1.01) 0.046 1.01 (0.99-1.02) 0.25
Serum sVCAM 1 (ng/ml) 1.00 (1.00-1.00) 0.89
Serum IFG-1 (ng/ml) 1.01 (1.00-1.02) 0.25
Serum IGF-BP3 (ng/ml)*� 1.00 (1.00-1.00) 0.016 1.00 (1.00-1.00) 0.048
Post-menopausal status 0.91 (0.56-1.50) 0.71
Smoker 1.14 (0.65-2.01) 0.64
High risk HPV n/a (no high-risk HPV in group “relapse”)

*p<0.05 in multiple regression.



Circulating angiogenic factors have failed to reliably predict
response to bevacizumab as yet. For instance, a recently
published trial on bevacizumab treatment of colorectal cancer
(36) showed no correlation of VEGF expression with
treatment success. Most likely, bevacizumab acts by
scavenging the VEGF released by conventional chemotherapy,
and therefore a straightforward correlation would not
necessarily be plausible. Moreover, antiangiogenic therapy can
promote rather than diminish tumour progression and spread
in some cases (37, 38), rendering a reliable identification of
patients who will benefit from treatment crucial.

As a consequence of the hitherto futile search for a
reliable and sufficiently selective circulating marker –
corroborated in the present paper – biological assays have
been employed with the hope of more meaningful results.

The ability of a histoscore to predict tumour response to
antiangiogenic treatment, e.g. with bevacizumab, in this
respect appears questionable according to the findings of our
group (12). However, promising results were obtained with
vascular tube formation assessment as a closer biological
model: Vascular tube length showed a very pronounced and
selective dependency on in vitro bevacizumab response (11),
albeit in a very small sample of only 15 patients, all of whom
had recurrent disease.

Vascular tube formation has recently shown to be promoted
via Notch1 signalling pathways that mediate the epithelial to
mesenchymal transition (EMT) during cervical cancer
development (39), and its susceptibility to bevacizumab
treatment suggested by the aforementioned study of our group
was recently confirmed in ocular melanoma cells (40).

Other biological assays for development and spread of
cervical cancer are under investigation, e.g. apoptosis
induction in Jurkat cells (41), but none have been developed
to a point of clinical application, and therefore clinical
confirmation is notably absent.

Basically, the employment of biological models rather
than the analysis of certain factors can be seen as a
concession to the immense complexity of cervical cancer
development and progression involving several stages that
are meanwhile reasonably understood (42); this does not,
however, change the fact that a plethora of molecules and
pathways are involved in those stages, and that the biology of
treatment response is an equally complicated matter.

Therefore, for the time being, biological modelling appears
to be the most promising, albeit demanding, approach to
prognosis assessment and treatment selection in cervical
cancer. Apparently, the closer a biological model comes to the
actual process of tumour angiogenesis, the more accurately it
predicts bevacizumab treatment success. This concept, being
basically plausible, is rather speculative at the moment and
needs to be proven (or disproven) by further research.

Consequently, the development of a tool to identify the
subset of patients, who will benefit from antiangiogenic

treatment modalities, is in principle possible, but the
circulating angiogenic factors examined in the present study
most likely do not provide a sufficient basis for this. This
reflects the rather complicated biological basis of tumour
progression and regression under therapy, and the role of
angiogenic factors within those processes; concentrations of
circulating angiogenic factors before treatment are not
inevitably coupled to those under conventional chemotherapy.
Chemotherapy-induced tumour regression mobilises
endothelial precursor cells (EPC) and their progenitors, which
in turn can promote tumour neovascularisation (43), and this
process – in addition to the angiogenesis involved in the
primary growth of the tumour, which may or may not be
reflected by circulating factors – is the very target of
antiangiogenic modalities in combination with chemotherapy.

It is, therefore, unlikely that a single marker will turn out
to be the ‘magic wand’ for the accomplishment of this
undoubtedly crucial task. At the very least, a diagnostic
index including a certain number of variables would be
required; according to the research of our group, plasma
VEGF (12) and endoglin (13) concentrations are likely
candidates, especially since VEGF binding and subsequent
inactivation is the key mechanism of bevacizumab action
(14). However, despite the undisputable fact that these
factors show a correlation with tumour biology and
malignancy, our present appraisal of the selective potential
of circulating angiogenic factors is sceptical. The
involvement of an only partly understood multitude of
molecules in the different stages of tumour development,
progression and (treatment-induced) regression makes us
lean more towards biological assays such as vascular tube
formation (11) at present.

Clearly, the utility of this assay needs confirmation,
because our results were obtained in a very small sample.
However, considering the obvious demand for and the
present lack of a reliable stratification method, and the
particularly pronounced relationship between vascular tube
length and in vitro bevacizumab response (11), further
studies appear warranted. The required study design for a
promising trial is rather straightforward, albeit elaborate. The
most promising approach will be a randomized controlled
trial of adjuvant bevacizumab treatment with complete
assessment of relevant angiogenic factors and vascular tube
formation assay, but without previous stratification of
patients as a consequence. Such a study without the vascular
tube formation assay is currently underway (14, 15), and if
its results are conclusive, the involvement of vascular tube
formation may become redundant. However, if this is not the
case, vascular tube formation should be involved in a trial
allowing for an assessment of the global impact of adjuvant
antiangiogenic treatment modalities (regardless of their
economical practicability); a better understanding of the
independent prognostic role of individual angiogenic factors
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and biological assays; a sound basis for the development of
compound indices which might or might not allow the
selection of ‘patients at risk’ for a benefit of antiangiogenic
treatment; the mathematical modelling of the impact of the
aforementioned selection.

The consequences of such a trial may be breaking new
ground in the treatment of uterine cervix malignancies (20),
and the development of strategies for patient selection will
become all the more important.
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