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Aim of the study: This retrospective study
attempts to evaluate the influence of
serum vascular endothelial growth
factor C (VEGF-C), microvessel density
(MVD) and lymphatic vessel density
(LMVD) on the result of tumour treat-
ment in women with cervical cancer.
Material and methods: The research
was carried out in a group of 58 patients
scheduled for brachytherapy for cervical
cancer. All women were patients of the
Department and University Hospital of
Oncology and Brachytherapy, Collegium
Medicum in Bydgoszcz of Nicolaus
Copernicus University in Toruf. VEGF-C
was determined by means of a quanti-
tative sandwich enzyme immunoassay
using a human antibody VEGF-C ELISA
produced by Bender MedSystem, en-
zyme-linked immunosorbent detecting
the activity of human VEGF-C in body flu-
ids. The measure for the intensity of an-
giogenesis and lymphangiogenesis in
immunohistochemical reactions is the
number of blood vessels within the tu-
mour. Statistical analysis was done us-
ing Statistica 6.0 software (StatSoft, Inc.
2001). The Cox proportional hazards mo-
del was used for univariate and multi-
variate analyses. Univariate analysis of
overall survival was performed as out-
lined by Kaplan and Meier. In all statis-
tical analyses p < 0.05 (marked red) was
taken as significant.

Results: In 51 patients who showed up
for follow-up examination, the influence
of the factors of angiogenesis, lym-
phangiogenesis, patients’ age and the
level of haemoglobin at the end of
treatment were assessed. Selected vari-
ables, such as patients’ age, lymph ves-
sel density (LMVD), microvessel densi-
ty (MVD) and the level of haemoglobin
(Hb) before treatment were analysed by
means of Cox logical regression as po-
tential prognostic factors for lymph
node invasion. The observed differences
were statistically significant for haemo-
globin level before treatment and the
platelet number after treatment. The
study revealed the following prognostic
factors: lymph node status, FIGO stage,
and kind of treatment. No statistically
significant influence of angiogenic and
lymphangiogenic factors on the prog-
nosis was found.

Conclusion: Angiogenic and lymphan-
giogenic factors have no value in pre-
dicting response to radiotherapy in cer-
vical cancer patients.

Key words: cervical cancer, angiogene-
sis, lymphangiogenesis, VEGF-C.
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Introduction

Poland is among European countries with the highest levels of cervical can-
cer, with as many as 3345 new incidents and 1819 deaths in 2006 alone [1].
It affects young women, and the incident rate increases with age, the high-
est risk age group being 45-55 years. The basic methods of treatment are surgery,
radiation and chemotherapy. All of these are applied in different combinations.
The choice of treatment is mainly based on clinical evaluation of tumour stage
according to the International Federation of Gynecology and Obstetrics (FIGO
staging system).

The choice of treatment is dependent on prognostic factors such as tumour
size, patient’s age and general condition, type and grade score of tumour dif-
ferentiation (numerical: G1 up to G4), invasion of lymph vessels or blood ves-
sels, lymph node status and the level of haemoglobin before treatment. But most
authors still search for a new predictive factor which would help determine the
patients with high risk of metastasis to lymph nodes and/or relapse [1-10].

Angiogenesis is the process of formation of a new blood vessel from the
existing vascular network. It is essential for tumour growth, progression and
metastasis. It plays a crucial role in many phenomena, both physiological and
pathological, and it consists of many stages [11, 12].

Numerous data indicate that the induction of angiogenesis can proceed
in two ways: either through mutations activating oncogenes or mutations in-
hibiting the functions of tumour suppressor genes [11]. In the case of larger
tumours, blood supply is compromised. It is believed that cellular hypoxia is
a major, though not the only, factor initiating the mechanism of angiogene-
sis. Low oxygen concentration induces the synthesis of larger amounts of tran-
scription factors, including HIF (hypoxia-inducible factor), in the cell [13]. It is
associated with an increase in the expression and activity of the gene encoding
vascular endothelial growth factor (VEGF), which is considered the strongest
and a key promoter of angiogenesis [14].

The lymphatic system is the most common way of spreading cancer cells,
starting in the very early stages of the disease. Lymphatic capillaries can sprout
from pre-existing lymphatic vessels, in the same way as blood vessels. There
is a hypothesis that the new vessels are formed in the process called lym-
phangiogenesis. Until recently it was assumed that the lymph system is
“anatomically” absent in the tumour and that the formation of lymphatic ves-



Angiogenesis and lymphangiogenesis as prognostic factors after therapy in patients with cervical cancer

sels is secondary to the process of angiogenesis, although
simultaneous growth of blood and lymph vessels is also pos-
sible [15]. Currently, more and more facts speak in favour of
the assumption that the process of lymphangiogenesis is pre-
sent from the very beginning of the development of cancer
and coexists with the process of angiogenesis, resulting from,
among other things, stimulation of VEGF-C, which en-
hances the process of angiogenesis through VEGFR-2 receptor
and/or stimulates the process of lymphangiogenesis through
VEGFR-3 receptor [16].

Material and methods

The research was carried out in a group of 58 patients
scheduled for brachytherapy for cervical cancer. Allwomen
were patients of the Department and University Hospital of
Oncology and Brachytherapy, Collegium Medicum in Byd-
goszcz of Nicolaus Copernicus University in Torun, be-
tween 2005 and 2006. In these patients, an analysis of sur-
vival was conducted 5 years after treatment.

Each patient was treated in accordance with the standard
procedures for cervical cancer treatment. In stage 1-2A pa-
tients preoperative brachytherapy was applied. Two methods
of brachytherapy were used: HDR (high dose rate), where
30 Gy were administered in 4 fractions, and LDR (low dose
rate), where the rate of dose delivery is 45-50 Gy in 2 frac-
tions. Five weeks after the radiation therapy, patients un-
derwent wide hysterectomy with or without adnexa and with
bilateral removal of the lymph nodes of the true pelvis. Ad-
juvant radiotherapy or chemotherapy was necessary in case
of metastasis to lymph nodes, deep infiltration, infiltration of
lymphovascular spaces, grade score G2, G3. In patients with
indications for chematherapy, 4-5 cycles of cisplatin, dosed
50-100 mg/m2, were administered intravenously every 7 days.
Teletherapy consisted of radiation to the pelvis in a total dose
of 44-50.4 Gy, in a fraction dose of 1.8-2.0 Gy. In patients in
stages 2B —4 and those disqualified from surgical treatment,
radiotherapy (brachytherapy + teletherapy) or radiochemothera-
py (teletherapy with chemotherapy + brachytherapy at the

same time) was applied as basic treatment. In patients qual-
ified for brachytherapy alone, it was administered by means
of HDR, at the rate of dose delivery of 36 Gy in 6 fractions.
2 ml of blood was collected from the basilic vein on an emp-
ty stomach, once, at seven o’clock in the morning, before the
start of the treatment. Tumour samples from the cervix uteri
affected by cancer were taken during the first brachythera-
py under a short general anaesthesia.

VEGF-C was determined by means of a quantitative sand-
wich enzyme immunoassay ELISA using a human antibody
VEGF-C ELISA produced by Bender MedSystem, enzyme-linked
immunosorbent detecting the activity of human VEGF-Cin
body fluids. The measure for the intensity of angiogenesis
and lymphangiogenesis in immunohistochemical reactions
is the number of visible blood vessels within the tumour. The
staining is based on the reaction of the antigen localised on
vessel intraepithelial cells, with the appropriate monoclon-
al antibody (human Podoplanin. Mouse monoclonal antibody;
clone 4D5aE5E6BMS 1105 Bender Medsystem) and (human
CD-31 DAKO-CD31, code M0823).

Methods of statistical analysis

Statistical analysis was performed using the computer
software Statistica 6.0 (StatSoft, Inc. 2001). The influence of
selected parameters on progression-free survival was as-
sessed by the Cox proportional hazards model. The variables
which in Cox regression analysis gained statistical significance
were included in the initial model. Analysis of survival in each
group of patients was conducted by means of the Kaplan-
Meier method. In all statistical analyses p < 0.05 (marked red)
was taken as significant.

Results

The research was carried out in a group of 58 cervical can-
cer patients. Detailed characteristics are given in Table 1a, b.
51 out of 58 analysed patients came back for a follow-up vis-
it and in the remaining 7 women the course of the disease
was unknown, so they were excluded from the analysis of

Table 1a. General characteristics of the group of cervical cancer patients

Before treatment
FIGO stage N =58 (%)
Stage | 23 (39.7)
Stage Il 18 (31)
Stage IlI 13 (22.4)
Stage IV 4 (6.9)
Grade score of tumour differentiation N =31 (%)
Gl 2(6)
G2 21 (68)
G3 8 (26)
Kind of planning treatment N =58 (%)
Brachytherapy + surgery 33 (56.8)
Brachytherapy + teletherapy 17 (29.3)
Brachytherapy 8 (13.7)

CR — complete response; PR — partial response; PD — progression of disease

6 weeks after treatment

CR PR PD
N =37 (%) N=14(%) N =10 (%)
18 (78.2) 0(0) 1(43)
13 (72.2) 1(5.5) 3 (16.6)
6 (46.1) 3(23) 3(23)
0(0) 0(0) 3(75)
N=19 (%) N=2 (%) N=5 (%)
2 (100) 0(0) 0(0)
13 (619) 2(9.5) 4(19)
4 (50) 0(0) 1(12.5)
N =36 (%) N =14 (%) N=11(%)
24 (72,7) 0(0) 3(9)
9 (52.9) 3(17.6) 5(29.4)
3(37.5) 1(12.5) 3(37.5)
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Table 1b. Lymph node status in operated patients

Patients’ characteristics

Before treatment

N =33 (%)
NO-19 19 (57.7)
N(+) - 12 12 (36.3)
Nx -2 2 (6.)

NO without the involvement of lymph nodes
N (+) metastasis to the lymph system
Nx unknown status of the lymph nodes

the response to treatment. The total follow-up observation
period of the 58 patients ranged between 2 and 31 months
(mean follow-up observation period was 9.7 months). Out
of 51 women 20 (39.2%) had a relapse of the cancer, 16 (80%)
had a local relapse, and 4 (20%) had metastases, including
2 with another cancer diagnosed. The mean time of relapse
was 8.2 months (ranging between 1 and 23 months). Detailed
data concerning age, VEGF-C concentration in blood serum,
microvessel density (MVD), and lymphatic vessel density
(LMVD) are presented in Table 2.

Fifty-one patients were analysed for the impact of selected
parameters on survival without disease progression assessed
by univariate analysis of Cox proportional hazards regression.
The analysis showed a statistically significant influence of
haemoglobin concentration before treatment (p = 0.008),
and platelet count after treatment (p = 0.000170) on survival.
The other clinicopathological parameters such as age,
concentration of VEGF-C serum, lymph vessel density in the
tumour (LMVD), and microvessel density in the tumour (MVD)
had no impact on survival of patients with cervical cancer
(Table 3).

In order to select the independent prognostic factors a mul-
tivariate Cox backward stepwise analysis was conducted. For
the initial model we included factors whose impact on time
to progression in univariate analysis was statistically signif-
icant, and it was found that the only independent prognos-
tic factor was the number of platelets (PLT) after treatment.

6 weeks after treatment

CR PR PD
N =23 (%) N=0 (%) N =3 (%)
13 (68.4) 0(0) 0 (0)
9 (75) 0(0) 3(25)
1(50) 0(0) 0(0)

In the next stage of the study the survival probability for
each group was estimated by means of the Kaplan-Meier
method. The study confirmed that lymph node status has
a significant impact on survival: in women with lymphatic
metastasis, survival time was shorter compared to women
free of metastases (test statistic —2.88695, p = 0.00389)
(Fig. 1). According to research by other authors, FIGO stage
has an impact on survival; indeed, FIGO I-Il patients lived sig-
nificantly longer compared to those with advanced disease,
and the result was statistically significant (test statistic —
2.03536, p = 0.04181) (Fig. 2). On analysing the probability
of survival in patients with the degree of tumour differen-
tiation G1-G2 vs. G3, the differences observed between the
groups did not reach statistical significance (test statistic —
0.143718, p = 0.88572), as was the case with teletherapy,
which was not shown to affect survival (test statistic
0.5869814, p = 0.55722). The study confirmed a statistical-
ly significant effect of genital tract surgery on survival. Women
who had surgery performed had longer survival time (test
statistic 2.371850, p = 0.01770) (Fig. 3). Unfortunately, de-
spite studies by other authors indicating a relationship be-
tween angiogenic and lymphangiogenic parameters, we did
not manage to demonstrate an impact of VEGF-C concen-
tration in serum (test statistic 0.2309617, p = 0.81734) and
microvessel density (LMVD) (test statistic —-0.036349,
p =0.97100) on the survival of women with cervical cancer
(Figs. 4, 5).

Table 2. Results of univariate Cox proportional hazards model in patients with cervical cancer

N = death + live death
Age 53 26
Serum VEGF-C 42 22
Lymphatic vessel density LMVD 31 17
Leucocyte WBC 52 25
Haemoglobin before treatment Hb 52 25
Haemoglobin after treatment Hb 53 26
Platelet count PLT 53 26
Platelet count after treatment PLT 51 24
Microvessel density MVD 13 7

In statistical analyses p < 0.05 (marked red) was taken as significant.

live Index 3 § p
27 0.0082 1.0083 0.5756
20 0.000444 1.0004 0.7442
14 -0.033726 0,966836 0.364187
27 0.091573 1.095896 0.227157
27 -0.263270 0.768534 0.008832
27 —0.211829 0.809103 0.057166
27 0.002308 1.002311 0.187118
27 0.004488 1.004498 0.000170
6 0.030219 1.030680 0.631832
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Fig. 1. Estimated overall survival probablities in group of patients
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Discussion

Many authors have suggested that higher lymphatic
vessel density (LMVD) and overexpression of VEGF-C in tu-
mour correlates with metastasis to the lymph nodes and bad
prognosis [21-23]. Such a relationship is confirmed in oe-
sophageal, stomach, thyroid and pancreatic cancer. It makes
it possible to assume that the concentration of VEGF-C cir-
culating in the organism should be higher, although the re-
sults obtained by different authors are different [13, 17-21, 24].

Many data from the published literature indicate that lym-
phatic vessel density (LMVD) in tumours may correlate with
overall survival and disease-free survival rate. It is assumed
that intensification of lymphangiogenic processes may lead
to tumour progression and worse prognosis. The correlation
between lymphatic vessel density (LMVD) and worse prog-
nosis was confirmed in breast cancer, in melanoma and in
head and neck cancers, but it was not confirmed in oral and
ovarian cancer [13, 17-21]. In the study by Broll et al. [25] the

Kaplan-Meier probability of survival
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Fig. 2. Estimated overall survival probablities in group of patients
FIGO stage I-Il vs. patients with advanced disease
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Fig. 4. Estimated overall survival probablities in group of patients
< 145.7 pg/ml VEGF-C in serum vs. women with > 145.7 pg/ml
VEGF-C in serum
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influence of serum VEGF-C concentration on overall survival
in colorectal cancer was confirmed and the result was sta-
tistically significant. Obermair et al. [2] analysed 166 cervi-
cal cancer patients in FIGO stage 1B. The investigation included
102 women with microvessel density < 20 in the field of view
vs. 64 patients with microvessel density > 20 in the field of
view. The author estimated 5-year survival rate as 89, 7% and
63% respectively. Gasinska et al. [26] obtained similar results.
She investigated cervical uteri patients and demonstrated
that microvessel density (MVD) in tumour is a significant prog-
nostic factor, and the obtained result reached the level of sta-
tistical significance. Li et al. [27] analysed 147 colon cancer
patients and transforming growth factor 1 (TGF-B1)-Smad
and vascular endothelial growth factor C (VEGF-C)/VEGF re-
ceptors for exploring changes in pathway members and their
influence on lymphangiogenesis and clinicopathological fea-
tures. Lymphatic vessel density in colon cancer tissues was
significantly higher than in normal colonic tissues. VEGF-C
expression positively correlated with lymphatic vessel
count. Analysis using the Kaplan-Meier method indicated that
patients with VEGF-C-positive tumours had significantly short-
er overall survival and tumour-free survival time than those
with VEGF-C-negative tumours. Similar results were obtained
by Osinsky et al.[28] in one 105 resected gastric cancer spec-
imens. In other studies no such relationship was con-
firmed, for instance Fujimoto et al. [29] in his study on pan-
creatic cancer did not confirm that microvessel density (MVD)
in tumour is of prognostic significance. The interpretation
of the present study poses some difficulties. The small num-
ber of patients in groups with complete response (CR), par-
tial response (PR) and progression of the disease (PD) was
the probable reason for no influence of pro-angiogenic and
lymphangiogenic factors on the response to treatment, al-
though other reasons also cannot be excluded. In the pub-
lished literature an explanation of this situation has been
sought. It is emphasised that the key role is played by the
ignorance of different mechanisms at a molecular level, the
small number of patients taking part in studies, and, most-
ly, no established methodological standards influencing the
results of the conducted tests [30-32].

Many authors have demonstrated that haemoglobin con-
centration is a prognostic factor in cervical cancer, which has
also been confirmed in our study, where in univariate Cox
analysis the pretreatment haemoglobin level was a statis-
tically significant factor (r =—0.263270, p = 0.008832). As for
haemoglobin concentration after treatment, a trend has also
been observed, but it did not reach statistical significance
(r =—-0.0211829; p = 0.057166) [5, 9, 10].

In the published sources there have been few authors
investigating the relationship between the level of haemo-
globin and the processes of angiogenesis and lymphan-
giogenesis. Ferrero et al. [9] analysed 72 ovarian cancer pa-
tients. He demonstrated an inverse correlation between the
level of haemoglobin and microvessel density (MVD) in tu-
mour. Such a relationship was not confirmed by other au-
thors dealing with this subject, such as Gasifiska or Kay Akin
[26, 33, 34].

Low haemoglobin level affects the increase in hypoxia in
tumour. It is common knowledge that hypoxia is the
strongest promoter of the processes of angiogenesis, and

owing to it we observe an increase in the produced pro-an-
giogenic factors. Therefore, the level of haemoglobin should
correlate with the processes of new vessel formation. The
lack of such observations may result from the fact that this
process is more complex and probably dependent on a mul-
titude of parameters. High vessel density in tumour allows
for better nourishment and quicker growth of cancerous cells.
On the other hand, it has an influence on better penetration
of chemotherapeutic agents inside the tumour and greater
efficiency of radiotherapy [26, 33, 34].

Dunst [33] analysed the level of haemoglobin before treat-
ment in 87 cervical uteri patients. He demonstrated that af-
ter 3 years the percentage of local control was 85% with the
values of haemoglobin above 13 g/d|, and it dropped to 60%
with the values of haemoglobin below 11 g/dl. Haemoglo-
bin concentration had a crucial influence on overall survival
rate: 79% vs. 32%. The author found that haemoglobin con-
centration below 11 g/dl before treatment is the strongest
prognostic factor.

Cancer can occur with thrombocythaemia, which is con-
nected with cancer stage, as it can quite frequently be ob-
served in women with cervical cancer [35-37]. Thus, the re-
lationship between platelet counts before treatment and after
treatment may correlate with the processes of angiogene-
sis and lymphangiogenesis. In our study it has been demon-
strated that the number of platelets after treatment was an
independent prognostic factor.

Haensgen et al. [35] studied 41 patients with cervical can-
cerin FIGO stage IB-IVA, qualified for primary radiotherapy.
The author demonstrated a relationship between VEGF serum
levels and platelet count (p < 0.01). In women with a response
to treatment, platelet count was lower compared to the group
with disease progression.

Advances in the understanding of molecular biology have
initiated a lot of scientific research. Yet, it still remains a chal-
lenge to translate the information that has been acquired
into the clinical data in order to bring tangible benefits in dai-
ly work with patients. Research tools and the new tech-
nologies that have been described in this study can certainly
bring us closer to the goal.

Conclusions

On the basis of the performed study and the analysis of
the results the following conclusions were drawn: Angiogenic
and pro-angiogenic factors have no value in predicting re-
sponse to radiotherapy in cervical cancer patients. Hopefully,
carrying out further research on a larger number of patients
will enable us to understand the mechanisms of angiogenesis
and lymphangiogenesis better.
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