Terlikowska et al. BMC Cancer (2020) 20:921

https://doi.org/10.1186/512885-020-07415-x B M C C ancer

RESEARCH ARTICLE Open Access

Clinical value of selected markers of ®
angiogenesis, inflammation, insulin
resistance and obesity in type 1
endometrial cancer

Katarzyna M. Terlikowska'", Bozena Dobrzycka?', Robert Terlikowski®, Anna Sienkiewicz?, Maciej Kinalski* and
Slawomir J. Terlikowski® @

Check for
updates

Abstract

Background: [t is a well-known fact show that the risk of developing endometrial cancer (type 1 EC) is strongly
associated with obesity. In this study, selected markers, such as obesity, insulin resistance, angiogenesis and
inflammation markers related to EC type 1 progression and patients’ survival data were analyzed.

Methods: To measure levels of adiponectin, C-reactive protein (CRP), vascular endothelial growth factor-A (VEGF-A),
angiopoietin-2 (Ang-2), insulin-like growth factor-1 (IGF-1), insulin and C-peptide in 176 preoperative serum samples,
the immunoassay technique (EMIT) has been applied.

Results: Angiopoietin-2 levels increase with age (P =0.005), FIGO stage (p = 0.042), myometrial invasion (P = 0.009)
and LVSI (P <0.001). The CRP levels increase with age (P=10.01), as well as the advancement of the FIGO stage (P <
0.001), higher tumor grade (P=0.012), and myometrial invasion (P < 0.001). A positive correlation between serum
Ang-2 and CRP levels was demonstrated (r=0.44; p < 0.001). Kaplan-Meier survival analysis showed that patients
with high CRP levels in serum and Ang-2 presented a worse outcome (P=0.03 and P=0.015, respectively). Cox
regression analysis of individual predictors revealed that high serum levels of Ang-2, CRP, advanced clinical FIGO
stage (P < 0.001, respectively), old age (P=0.013) were all significant overall survival predictors. By means of
multivariate analysis, their predictive significance was confirmed.

Conclusion: Our study provides evidence that serum levels of Ang-2 and CRP may serve as predictors for
assessment of the clinical stage of type 1 EC and are significantly associated with poor prognosis. It is likely that
angiogenesis and inflammation associated with obesity have a significant impact on EC type 1 progression and
survival rate of patients.
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Background

Endometrial cancer (EC) is one of the most common
gynecological malignancy. According to 2018 Global
cancer statistics 382,069 women have been diagnosed
with endometrial cancer worldwide [1]. In Poland, the
age-adjusted incidence rate was 16,61 per 100,000
women in 2018 with 6243 new incidents and 1690
deaths [2].

The dualistic model for EC divides this malignancy
into two main categories: type 1 estrogen-dependent
endometrioid carcinoma (G1 and G2) and type 2 non-
endometrioid carcinoma (G3). Type 1 tumors account
for about 80-85% of all endometrial malignancies and
are most often linked to a good clinical outcome. Not
only the FIGO stage but also tumor grade, depth of
myometrial invasion, LVSI and lymph node status are
the most valuable clinicopathological prognostic vari-
ables [3, 4].

Obesity is correlated with a chronic, low-grade in-
flammation which is characterized by raised systemic
levels of inflammatory markers which also correlate
obesity with the risk of EC [5-9]. Increased adipose
tissue mass may be contributing to the development
of cancer by elevated production of pro-inflammatory
cytokines and chemokines. Several studies confirmed
that CRP may influence the secretion of inflammatory
cytokines, thus increase the risk of EC [9-11]. Im-
mune cells that secrete the proinflammatory cyto-
kines, such as tumor necrosis factor a (TNF-a) and
interleukin-6 (IL-6) can infiltrate adipose tissue. IL-6
triggers the production of CRP in the liver - this
acute phase protein is well-known for its pro-
inflammatory properties [11]. Circulating adipokines,
like adiponectin, have a systemic immunomodulatory
effect, also play an important role in the development
of selected types of cancer. Prospective studies have
shown that insulin, IGFBP2, leptin, adiponectin, and
C-peptide play an important role in the development
of EC [12]. Most cancer-related epidemiological stud-
ies have revealed that the risk for type 1 EC develop-
ment is strongly correlated with obesity. Such
correlations have been noticed in both pre- and post-
menopausal women as well as in cohort and case-
controlled trials. Postmenopausal obesity refers to
increased circulating estrogens which are attributable
to the aromatization of androgens in adipose tissue
[13]. Obesity is found to be associated with lower
levels of sex hormone-binding globulin (SHBG),
which leads both, to higher bioavailable levels of es-
trogen and higher insulin levels. That, in conse-
quence, may increase the risk of EC development [9].
The association of EC and diabetes have been shown
in three meta-analyses [14—16]. Several factors includ-
ing insulin resistance, higher leptin levels, lower
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adiponectin levels, and chronic inflammation are con-
sidered to be important factors in obesity-related
carcinogenesis.

Neoangiogenesis sustains the growth, advancement,
and metastasis of solid tumors. Vascular endothelial
growth factor (VEGF) and angiopoietin 2 (Ang-2) are
important regulators of neoangiogenesis in the endomet-
rium [17]. Angiopoietin-2, Tie2 ligand-receptor, and
VEGF-mediated pathway are found to be crucial for the
regulation of vascular maturation or stability, having
been implicated in the control of physiological angiogen-
esis [18, 19].

When the primary tumor volume grows, intratumoral
hypoxia increases Ang-2 expression to promote angio-
genesis for tumor metastasis. Hypoxic cancer cells medi-
ate functional interactions that promote angiogenesis,
lymphangiogenesis, and metastasis [20]. In lung cancer
patients it was shown that higher serum levels of Ang-2
were associated with a significantly poorer prognosis.
Thus, Ang-2 and Ang-2 mRNA in tissue or sera are
thought to be useful diagnostic biomarkers [19, 21].

In the present study, we examined a correlation of sev-
eral markers related to obesity, insulin resistance, neoan-
giogenesis and inflammation with type 1 EC
development and patients’ survival.

Methods

Patients

The current study was conducted on a cohort of 176
Caucasian women suffering from type 1 EC, treated in
the Gynecology and Obstetrics Department of the Inde-
pendent Public Healthcare Facility Regional Complex
Jan Sniadecki Hospital in Bialystok, Poland in 2006—
2012. The study protocol was approved by the Bioethics
Committee at the Medical University of Bialystok,
Poland (R-I-003/177/2004). Enrolled patients were in-
formed of the study’s purpose and gave their consent for
the study. All patients were treated surgically in accord-
ance with FIGO criteria. The standard blood tests, chest
radiographs, and abdominal ultrasound tests including
pelvis were performed. In several cases, CT or MRI was
performed too. Performed procedures included a hyster-
ectomy with bilateral salpingo-oophorectomy (= 83),
hysterectomy with bilateral salpingo-oophorectomy, and
bilateral pelvic/paraaortic lymphadenectomy (n =93).
Patients included in this study had not been given any
preoperative treatment.

Histopathological examination was performed accord-
ing to the WHO guidelines and classification. To con-
firm the clinical FIGO stage, the depth of myometrial
invasion, histopathological tumor type and grade, and
the absence or presence of LVSI and prepare for light
microscopy examination, all representative tissue sam-
ples were H&E stained. To avoid any misinterpretations,
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the surgical specimens were presented to two gyneco-
logic pathologists for an independent review.

Collection and storage of samples

Blood samples were collected into a serum separator
tube (Vacutainer, Becton-Dickinson, USA) and allowed
blood to clot at room temperature for 30 min. All sam-
ples were centrifuged at 3000g for 10 min then col-
lected; the supernatant was stored at —80°C until
examination.

Immunoassays

We used commercially available Quantikine human
ELISA kits (R&D systems, Minneapolis, MN, USA) for
adiponectin, high sensitivity-C-reactive protein (CRP),
VEGEF-A, Ang-2 and IGF-1 and human ELISA kit (Milli-
pore, Billerica, MA, USA) for insulin and C-peptide to
measure protein levels in the patients’ serum samples.
All ELISAs were carried out according to manufacturers’
instructions and samples were assayed in duplicate ac-
cording to proper control standards. Human Total Adi-
ponectin/Acrp30 Quantikine ELISA Kit DRP300
(sensitivity: 0.891 ng/ml, assay range: 3.9-250 ng/ml)
Human C-Reactive Protein/CRP Quantikine ELISA Kit
DCRPOO (sensitivity: 0.022 ng/ml, assay range: 0.8-50
ng/ml Human VEGF Quantikine ELISA Kit DVEOO (sen-
sitivity: 9 pg/ml, assay range: 31.3—2000 pg/ml) Human
Angiopoietin-2 Quantikine ELISA Kit DANG20 (sensi-
tivity: 21.3 pg/ml, assay range: 46.9—3000 pg/ml) Human
IGF-1 Quantikine ELISA Kit DG100 (sensitivity: 0.056
ng/ml, assay range: 0.1-6 ng/mL Human Insulin ELISA
EZHI-14 K Millipore (sensitivity: the lowest level of insu-
lin that can be detected by this assay is 0.85 pU/mL
when using a 20 ul sample size, specificity: 100%). Hu-
man C-Peptide ELISA EZHCP-20 K Millipore (sensitiv-
ity: the lowest level of Human C-Peptide that can be
detected by this assay is 0.05ng/ml, specificity: 100%).
Personnel running the assays was not informed of pa-
tients’ clinical status, and the results were disclosed to
the surgeons only after recording patients’ disease status.
The test precision for markers was performed in accord-
ance with the protocol guidelines of the Clinical and
Laboratory Standards Institute (CLSI) [22].

Data collection

Demographic and clinical data, as well as the pathology
report for every patient, have been prospectively stored
in the hospital database. Baseline height, weight, and
BMI have been acquired from medical records along
with the follow-up information. The BMI was estab-
lished in consideration of the World Health
Organization classification: < 18,5kg/m?* - underweight;
18,5-24.9 kg/m? - normal; 25-29.9 kg/m? - overweight;
>30 l(g/m2 - obese [23]. The BMI decreased with age >
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60 years. Only 1.1% of patients appeared to be under-
weight, 8.5% were normal, 52.3% - overweight and 38.1%
were obese, among them 5.4% morbidly obese. Twenty-
one patients (11.9%) were diagnosed with diabetes melli-
tus type 2. All follow-ups were concluded before 30 Sep-
tember 2018.

Statistical analysis

Statistical analysis was performed in Statistica software
package 13.3 PL (StatSoft, Inc. StatSoft Poland Ltd.). Fre-
quency and descriptive statistics were applied to
characterize the cohort. Independent-sample T-tests to
compare serum markers levels in patients with or with-
out LVSI, myometrial invasion, FIGO stage, grade, and
age were used (or Mann-Whitney-U test when appropri-
ate). Correlation between the selected markers of angio-
genesis, inflammation, insulin resistance and obesity was
assessed using Pearson’s correlation analysis. Biomarkers
that showed significant correlation were analyzed by lin-
ear regression to determine the working relationships
between the biomarkers. We successively conducted
both Kaplan-Meier and Cox regression analyses so that
we could analyze the overall survival of the patient. We
applied medians in order to divide continuous data into
groups for Kaplan-Meier analysis, with standard cut off
points for BMI. For the continuous variables, hazard ra-
tios were estimated using the following units: 100 units
of VEGF-A, 1000 units of Ang-2, 1 unit of CRP, insulin,
C-peptide, and BMI, 10 units of IGF-1 and per decade of
age. Predictors were entered either on their own or
jointly; stepwise procedures were not used. The Cox-
proportional hazard model was used to assess the prog-
nostic value of serums VEGF-A, Ang-2, Adiponectin,
Insulin, C-peptide, CRP, IGF-1 and BMI as log-
transformed continuous factors in univariate and Ang-2
and CRP in multivariate analyses. The base model con-
sisted of traditional prognostic factors such as FIGO
stage, age, tumor grade, myometrial invasion, and LVSIL.
Levels of VEGF-A, Ang-2, Adiponectin, Insulin, C-
peptide, CRP, IGF-1 and BMI were entered separately in
a second block. Points estimated were reported as haz-
ard ratios (HRs) and 95% confidence intervals (Cls). P <
0.05 was found to be statistically significant.

Results

The trial cohort consisted of 176 patients with type 1
EC. The clinical characteristics of study participants are
summarised in Table 1. Patients ranged in age from 54
to 87 years (median = 69) with 67.6% of patients <60 and
32.4% > 60 years of age. All tumors were clinically, surgi-
cally and histopathologically categorized as follows: 131
patients (74.4%) were FIGO first stage, 23 (13.1%) - sec-
ond stage, 18 (10.2%) - third stage and 4 (2.3%) - fourth
stage (= stage IVA only). Lymphatic vascular space
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Table 1 Patients characteristics

N (%)

Total 176 (100)
Age (years)

<60 119 (67.6)

>60 57 (324)
FIGO stage

| 131 (74.4)

1A 79 (44.9)

1B 52 (29.5)

Il 23 (13.1)

Il 18 (10.2)

\% 4 23)
Lymphatic vascular space invasion

Yes 62 (35.2)

No 114 (64.8)
Myometrial invasion

< 50% 79 44.9)

2> 50% 97 (55.1)
Histological grade

Gl 105 (59.7)

G2 71 (40.3)
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invasion (LVSI) was identified in 62 patients (35.2%).
Myometrial invasion >50% was recorded in 97 (55.1%)
out of 176 tumors. All samples were categorized accord-
ing to their histological grade: 105 (59.7%) were found to
be grade 1 and 71 (40.3%) were grade 2.

Serum levels of the angiogenic factors VEGF-A and
Ang-2 and the inflammatory factor CRP, with reference to
clinicopathological features are displayed in Table 2. The
VEGE-A levels were considerably elevated when LVSI and
myometrial invasion (>50%) was present (P=0.013 and
P =0.002; respectively). Angiopoietin-2 levels increased
with age (P=0.005), myometrial invasion (P =0.009),
LVSI (P<0.001) and FIGO stage (P=0.042). The CRP
levels increased with age (P =0.01), FIGO stage (P < 0.001)
and higher grade (P =0.012), and also with myometrial in-
vasion (P < 0.001).

Data for metabolic factors such as adiponectin, IGF-1,
insulin, C-peptide and BMI values are presented in
Table 3. Adiponectin levels increased with age (P = 0.001).
There were no statistical differences found in the levels of
IGF-1, insulin, C-peptide according to clinicopathological
features.

Pearson’s correlation analysis was performed to deter-
mine whether there were correlations between angiogenic,
inflammation and obesity-related factors in type 1 endo-
metrial cancer patients. There was a significant negative
correlation between adiponectin and IGF-1, insulin, C—
peptide and BMI (r= - 0.19; p < 0.001, r = - 017; p = 0.003,
r=-0.16; p=0.02 and r=-0.31; p <0.001, respectively).
A significant negative correlation was observed between
CRP levels and IGF-1 (r= - 0.17; p < 0.001). The measured

Table 2 Serum angiogenic and inflammatory factors according to clinicopathological features in type 1 endometrial cancer patients

N (%) VEGF-A (pg/ml) P-value Ang-2 (pg/ml) P-value CRP (ug/ml) P-value
Mean (£SD) Mean (£SD) Mean (£SD)

Total 176 (100)

Age (years)
<60 119 (67.6) 414 (398) 0632 2012 (891) 0.005 361 (268) 0.01
> 60 57 (324) 391 (370) 2948 (1246) 498 (3.29)

FIGO stage
-1l 154 (87.5) 347 (221) 0.061 2212 (1372) 0.042 346 (297) <0.001
-V 22 (12.5) 432 (443) 2968 (1314) 6.92 (3.17)

Lymphatic vascular space invasion
Yes 62 (35.2) 453 (312) 0.013 3102 (1652) <0.001 5.11 (3.09) 0.114
No 114 (64.8) 349 (305) 2451 (1232) 432 (3.39)

Myometrial invasion
<50% 79 (44.9) 316 (181) 0.002 2183 (1386) 0.009 3.09 (297) <0.001
2 50% 97 (55.1) 411 (371) 2953 (1216) 511 (3.28)

Histological grade
Gl 105 (59.7) 392 (402) 0.125 2562 (985) 0.135 254 (1.98) 0012
G2 71 (403) 375 (328) 2746 (1134) 4.16 (2.97)
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Table 3 Obesity-related factors according to clinicopathological features in type 1 endometrial cancers patients

N (%) Adiponectin (ng/ml) P-value IGF-1 (ng/ml) P-value Insulin (uU/ml) P-value C-peptide  P-value BMI P-value
(ng/ml)
Mean (£SD) Mean (£SD) Mean (£SD) Mean (£SD) Mean (+SD)
Total 176
(100)
Age (years)
< 119 6791 (4132) 0.001 9841 (26.84) 0.082 1843 (22.59) 0.132 419 (345) 0392 2942 (4.21) 0.001
60  (67.6)
> 57 8154 (5321) 95.35 (29.87) 14.98 (24.78) 493 (3.74) 27.14 (5.16)
60  (324)
FIGO stage
-1 154 8632 (6244) 0645 96.26 (35.84) 0458 1392 (17.92) 0.747 458 (3.64) 0.793  27.24 (5.26) 0.893
(87.5)
-V 22 8754 (5768) 87.82 (32.85) 14.12 (20.24) 4.78 (3.89) 2792 (4.92)
(12.5)
Lymphatic vascular space invasion
Yes 62 8132 (5948) 0821  91.21 (36.14) 0452 1682 (24.87) 0604 473 (3.68) 0894 2742 (561) 0.793
(35.2)
No 114 8241 (6005) 93.46 (33.86) 14.93(22.64) 4.81 (3.76) 2729 (5.11)
64.8)
Myometrial invasion
< 79 8642 (6391) 0729 94.18 (37.25) 0864 1256 (16.24) 0.151 445 (351) 0934  27.56 (7.29) 0.391
50% (44.9)
> 97 8294 (5943) 92.16 (34.91) 14.95 (24.62) 4.65 (3.14) 2698 (4.73)
50% (55.1)
Histological grade
G1 105 9134 (7424) 0693  91.16 (27.23) 0614 1248 (14.68) 0534 387 (232 0384 26.72 (5.72) 0.123
59.7)
G2 7 9251 (5842) 97.37 (37.51) 15.96 (19.44) 4.62 (3.64) 26.98 (4.49)
(40.3)

levels of VEGF-A were positively correlated with serum
levels of Ang-2 and CRP (r=0.18; p <0.001, r=0.25; p <
0.001, respectively). The Ang-2 levels showed a positive
correlation with CRP and C-peptide (r=0.44; p <0.001,
r=0.16; p=0.009, respectively). The C-peptide levels
showed a positive correlation with IGF-1, insulin and BMI
(r=0.16; p =0.01, r=0.66; p < 0.001, r = 0.24; p < 0.001, re-
spectively). A positive correlation was observed between
IGF-1 and insulin (r=0.17; p=0.02) and insulin with
BMI (r=0.19; p<0.001). No significant correlation was
found between any other serum level combinations of an-
alyzed markers (Table 4).

Within 5years of observation, 44 patients died of
various causes present in the cohort. Kaplan-Meier
survival analysis revealed that patients with high
serum levels of CRP (P=0.03) and Ang-2 (P =0.015)
had significantly worse outcomes (Fig. la and b).
Cox regression analysis of individual predictors re-
vealed that Ang-2, CRP, FIGO stage (P<0.001, re-
spectively), LVSI (P=0.009) and age (P=0.013)
appeared to be significant predictors of overall sur-
vival rate for the whole cohort. These predictors

were then analyzed together in a multivariate ana-
lysis in which the predictive significance of Ang-2
(P=0.006), CRP (P=0.015), FIGO stage (P<0.001)
and age (P =0.017) was confirmed (Table 5).

Discussion

The prevalence of EC is alarmingly high due to the in-
creasing number of older women in populations and fre-
quent cases of obesity. In fact, the 5kg/m2 increase in
BMI relates to a significant increase in EC [RR: 1.50
(1.42-1.59)] [24, 25]. Over 70% of women with type 1
EC are obese. For women with EC and BMI in the range
30-34.9, the RR of mortality was 2.53, and with BMI ex-
ceeding 40 the RR of mortality went up to 6.25. Women
with BMI over 40 are characterized by significantly
shorter survival rates and suffer from more endometrial
cancer unrelated deaths when compared with non-obese
women [8, 25-28]. Earlier studies suggest that BMI is
negatively correlated with EC survival rate, although this
association is questionable [29, 30]. In the current study,
just like in the research by Mauland et al. [31] BMI had
no independent prognostic impact on EC patients’
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Table 4 Pearson’s correlation coefficient between angiogenic, inflammation and obesity-related factors in type 1 endometrial

cancers patients

VEGF-A Ang-2 CRP Adiponectin IGF-1 Insulin C-peptide BMI
VEGF-A
cC 1
Significance
Ang-2
CcC 0.18 1
Significance <0.001
CRP
CcC 0.25 044 1
Significance <0.001 <0.001
Adiponectin
CcC 0.03 0.04 -0.03
Significance 0.521 0.299 0.748
IGF-1
CcC 0.12 -0.02 -0.17 -0.19 1
Significance 0.071 0.834 <0.001 <0.001
Insulin
CcC 0.04 0.03 -0.07 -0.17 0.17 1
Significance 0.548 0.692 0.163 0.003 0.02
C-peptide
CcC 0.03 0.16 -0.02 -0.16 0.16 0.66 1
Significance 0.782 0.009 0.701 0.02 0.01 <0.001
BMI
CcC 0.03 -0.02 0.06 -0.31 0.08 0.19 0.24 1
Significance 0421 0538 0292 <0.001 0.116 <0.001 <0.001

CC correlation coefficient

survival despite the fact that 90.4% of women with type
1 EC were overweight or obese. Our data demonstrate
that women with type 1 EC enrolled in our study had
their BMI associated with age and not with other clini-
copathological factors.

Obesity contributes to the progression of metabolic
syndrome, which can be identified by insulin resistance,
which in turn is a risk factor for EC [25, 32, 33]. Chronic
hyperinsulinemia causes the secretion of IGF-1 and
lowers the production of IGF binding proteins, which
consecutively heightens circulating levels of IGF. IGF-1
binding to the cognate receptor, IGF-1R, triggers a sig-
naling cascade leading to proliferative and anti-apoptotic
events [25, 34]. In our study pretreatment levels of adi-
ponectin, IGF-1, C-peptide and insulin in blood did not
correlate with clinicopathological variables and with pa-
tients’ cumulative survival. Similar results were obtained
by Volkova et al. [35] in patients with colorectal cancer.
Nevertheless, the individual contributions of these fac-
tors to obesity-related tumors, including type 1 EC, are
not fully understood. However, it does not seem that

any of the markers assessed here can be effectively used
to define EC type 1.

Obesity changes profiles of cytokines and thus influ-
ences the chronic inflammatory conditions. Adipose tis-
sue secretes leptin, VEGF, IL-1, IL-6, hepatocyte growth
factor (HGF) and TNF-a that could induce tumor
neoangiogenesis leading to the progression of solid tu-
mors [25, 36]. Increased levels of angiogenic markers
could be connected to poor outcomes and high grades
in type 1 EC [25, 37]. In our previous study we have
proved that preoperative serum VEGF levels could be a
beneficial marker to foresee 5-year illness-free survival
in type 2 EC [38].

It is a well-known fact that levels of Ang-2 are elevated
in serum of adult patients with metabolic syndrome
[39], as well as in some obese adults [40, 41], where
Ang-2 is evidently correlated with vascular disorders
[42]. A meta-analysis carried out by Xu et al. [21]
showed that elevated levels of Ang-2 in lung cancer are
associated with poor prognosis. Although the absolute
participation of Ang-2 in cancer development is not
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evident so far, it is possible that higher levels of Ang-2,
together with elevated levels of VEGF-A, have an add-
itional effect on neoangiogenesis, as well as on the in-
stability of new blood vessels [43]. Cullberg et al. [44]
observed decrease of VEGF and Ang-2 levels in blood
serum during weight loss that indicates their generally
reduced angiogenic activity. In addition, these results
indicate that VEGF-A and Ang-2 are associated with
obesity and possibly with the development of other
obesity-related diseases such as endometrial cancer.
Volkova et al. [35] claim that serum Ang-2 levels were a
stronger predictor of survival than serum VEGEF-A levels,
which are the main angiogenic factor associated with

poor colorectal cancer outcomes [45]. In our study we
found that in EC type 1 patients, serum levels of Ang-2
increased with the depth of myometrial infiltration,
LVSI, and age. Especially patients in stage III-IV (FIGO)
had the highest levels of Ang-2, which can suggest the
key role of Ang-2 in the development of tumor and me-
tastases. Moreover, much higher serum Ang-2 levels in
patients with LVSI might also reveal the fact that Ang-2
is a potential biomarker that can be used in the evalu-
ation of staging. Although some evidence suggests that
the expression of Ang-2 in tumor tissue indicates poor
prognosis, only a few studies evaluated the levels of
Ang-2 in circulation [46-50]. However, so far there has
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Table 5 Cox regression survival analyses
95% Cl for HR

Hazard ratio Total P-value

Univariate analysis

Base model

FIGO stage

-V vs -l 598 3.11-9.89 <0.001

Age (years)

>60 vs <60 231 1.24-4.58 0013

Grade

1vs?2 259 1.16-4.86 0.062

Myometrial invasion

> 50% vs <50% 3.28 1.83-5.92 <0.001

LVSI

yes vs no 263 1.24-4.76 0.009

Additions to model®

VEGF-A 1.02 0.25-3.64 0.74

Ang-2 129 1.09-1.59 <0.001

Adiponectin 1.01 0.99-1.06 0.923

Insulin 1.00 0.98-1.02 0914

C-peptide 1.02 0.97-1.06 0.689

CRP 1.37 1.03-1.61 <0.001

IGF-1 1.01 0.96-1.05 0.893

BMI 0.84 045-1.41 0472
Multivariate analysis

Base model

FIGO stage

-V vs -l 357 1.79-6.94 <0.001

Age (years)

>60 vs <60 221 1.19-4.32 0.017

Grade

1vs?2 1.52 1.18-2.96 0.683

Myometrial invasion

> 50% vs <50% 1.11 0.49-2.09 0.861

LVSI

yes vs no 1.16 0.53-2.36 0.734
Additions to model®

Ang-2 1.31 1.02-1.69 0.006

CRP 122 1.01-143 0.015

“The base model consisted of traditional prognostic factors, and we separately
entered the parameters in a second block

bAdditions to the used model (all continuous, log-transformed, and

separately entered)

been no uniform conclusion. According to our current
data, the level of serum Ang-2 might be a key prognostic
factor in type 1 EC. Our results suggest better prognosis
in patients with lower serum Ang-2 levels before
treatment.
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Excess adipose tissue is associated with elevated levels
of the pro-inflammatory CRP marker in the blood-
stream. Elevated levels of CRP and its IL-6 inducer
might also serve as a predictive factor of the develop-
ment of type 1 EC [11]. In a large population-based
case-control study, a statistically significant 1.25 higher
risk of EC type I development per unit of CRP growth
was observed. Not many clinical trials so far have inves-
tigated the relationship between inflammatory markers
and the risk of EC development. Research from the
European Investigation into Cancer cohort indicates sta-
tistically significant increased risks of EC for elevated
levels of prediagnostic, prospectively controlled CRP
levels (OR =1.58, 95% CI: 1.03-2.41) [5, 11]. In the clin-
ical study described by Gathirua-Mwangi et al. [51] fo-
cused on 10,014 women aged 18years and older who
participated in NHANES III (Third National Health and
Nutrition Examination Survey) a total of 400 cases of
cancer deaths were documented, with 140 cases of
deaths from obesity-related cancers (breast, colorectal,
pancreatic and endometrial). Cox proportional hazards
regression was used to estimate multivariable-adjusted
hazard ratios (HR) for cancer mortality. Metabolic syn-
drome and CRP were associated with increased total
cancer mortality [HR =1.33, 95% CI 1.04-1.70]. In our
study, this value was HR =1.37, 95% CI: 1.03-1.61 for
CRP, respectively. Our results correspond to previous re-
ports on CRP in EC, where elevated serum CRP levels
were associated with more aggressive tumor behavior,
higher tumor development stages, and poor prognosis.
Multivariable analysis showed that CRP is an independ-
ent prognostic factor in patients with type 1 EC with sig-
nificantly worse overall prognosis. Higher preoperative
levels of CRP were related to increased mortality. Mea-
surements of CRP in type 1 EC could be easily inte-
grated into routine diagnostic procedures. However, it is
known that CRP is not a specific tumor marker for EC,
therefore exclusion of other reasons for increased serum
CRP before suspecting EC is crucial. Only then, the in-
formation on CRP serum concentrations in type 1 EC
could be evaluated in relation to tumor stage or progno-
sis and could be used to support decisions about adju-
vant chemotherapy.

Conclusions

In conclusion, our research has shown that obesity-
related angiogenesis and inflammation are related to the
development of type 1 EC and survival. In our study, a
significant correlation was found between serum Ang-2
and CRP levels and outcome of the patients with type 1
EC. The obtained results suggest that the levels of Ang-2
and CRP in the blood could be used as prognostic fac-
tors both, in diagnosis and in the treatment of type 1
EC. Moreover, the correlation between these proteins
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and type 1 EC suggests that it might potentially serve as
a marker helping to predict the prognosis and to offer
the possibility of customizing the treatment regimen. It
is believed that the combined measurement of currently
used tumor markers will improve sensitivity and specifi-
city for type 1 EC management. However, the values of
longitudinal measurements of the used markers before
and after therapy have not yet been determined.
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