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INTRODUCTION

Morbidity and mortality from oncological dis-
eases are increasing rapidly worldwide. Prog-
nosis for patients with such diseases remains 

poor and their 5-year survival rate is only 67% [1].

Ovarian carcinoma is one of the deadliest malignan-
cies in women. Worldwide, the incidence rate is 6.6 
cases per 100,000 people and the mortality rate is 
4.2 cases per 100,000 people [2]. Lack of screen-
ing, late diagnosis caused by unclear and nonspeci  c 
symptoms and high recurrence rate (70-80%) in  u-
ence its poor prognosis [3, 4] and its low  ve-year 
survival rate ~ 45% [5, 6].

Routinely used approaches for the diagnosis of ovar-
ian carcinoma are transvaginal ultrasonography and 

determination of the concentration of carcinoma an-
tigen 125 (CA 125) in the blood [7, 8]. They do not 
have high speci  city and sensitivity, which prevents 
the correct analysis of the obtained results and is as-
sociated with the low survival of patients [9].

In order to improve survival from this disease, it is 
necessary to identify both new markers for its early 
detection and new prognostic factors to improve risk 
strati  cation.

Many researchers prove that nutrition, in  ammation 
and coagulation play an important role in the progres-
sion of oncological diseases [10].

Numerous studies have con  rmed that serum albumin 
(Alb), prealbumin (preAlb) and plasma  brinogen (Fib) 
are involved in the regulation of the onset and devel-
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opment of various tumors. Their role in the coagulation 
cascade and in re  ecting the nutritional status of the 
person is recognized. They provide information about 
the presence of local and systemic in  ammation as-
sociated with the presence of a tumor [11-13].

More and more studies prove that the levels of albu-
min, prealbumin and  brinogen are closely related to 
the prognosis of tumors [14-16].

Albumin is the most abundant protein in human plas-
ma, accounting for more than 50% of total serum 
protein [17]. It is mainly synthesized by hepatocytes. 
It is involved in the maintenance of colloid osmotic 
pressure, the transport of nutrients and the metabo-
lism of toxic substances and plays a key role in acute 
and chronic in  ammation of the body [18]. Alb level 
is an important nutritional index for carcinoma pa-
tients [19]. In patients with advanced or metastatic 
malignant diseases, serum albumin concentrations 
decrease regardless of malnutrition [20].

Prealbumin is a negative acute phase protein. It is 
synthesized by the liver and has a short half-life of 
about two days and a smaller serum pool than al-
bumin. Its main functions are to bind and transport 
endogenous proteins and small molecules. It re-
 ects patients‘ recent dietary intake rather than their 
overall nutritional status [21]. It shows changes due 
to malnutrition in a signi  cantly short period of time 
and is therefore considered a major nutritional in-
dex for detecting high-risk patients [22]. Prealbumin 
is also known as transthyretin and is involved in the 
regulation of the synthesis and transport of vitamin 
A and thyroxine [23]. Its serum concentration can be 
a  ected by various factors, such as dietary intake, 
in  ammatory state, liver disease, endocrine disease. 
However, many studies have demonstrated that low 
preoperative preAlb levels are an independent poor 
prognostic factor for survival [24].

Fibrinogen is a plasma glycoprotein with a molecu-
lar mass of 340 kDa and consists of three pairs of 
polypeptide chains, -, - and -chains [25]. It is fac-
tor 1 in the coagulation cascade, is synthesized by 
the liver, and has a half-life of four to six days. Under 
the action of thrombin, Fib is transformed into  brin, 
which plays a central role in thrombosis [26, 27]. As 
a protein in the acute phase of in  ammation, Fib 
is increased in coagulation-related diseases, sur-
gery, infections, trauma, and tumors [28]. Numer-
ous studies have shown that it is related to the level 
of in  ammation, to the processes of proliferation of 
malignant tumor cells, metastases and formation 
of an in  ammatory microenvironment [29]. There 
is evidence that Fib levels are signi  cantly associ-
ated with the prognosis of various tumors [30]. Sev-

eral studies have reported that higher preoperative 
 brinogen level is associated with tumor develop-
ment and indicates poor prognosis [10] and low sur-
vival in carcinoma [29].

Role of coagulation in the progression of onco-
logical diseases
The appearance and development of various malig-
nant tumors are often accompanied by various co-
agulation disorders. Activation of factors by the co-
agulation system leads to hypercoagulability, which 
is associated with malignant tumor proliferation and 
metastasis [31]. Studies have shown that about 50% 
of patients with tumors that have not metastasized 
and 90% of patients with metastatic tumor have dis-
orders of coagulation function [32, 33].

There is ample evidence that the presence of malig-
nant tumors signi  cantly increases the level of Fib, 
which increases blood viscosity and leads to hyper-
coagulation [34]. Therefore, Fib can be considered 
as a key factor for tumor metastasis [35].

Role of nutrition in the progression of oncologi-
cal diseases
Patients with malignant tumors often su  er from mal-
nutrition and progressive weight loss. This creates 
a vicious circle in which the protective abilities of the 
immune system are weakened, the risk of infection in-
creases and the proliferation and development of tumor 
cells is accelerated. This causes deterioration of the 
patient‘s condition and quality of life [36]. Alb level is a 
sensitive nutritional index [37]. Tumor cell proliferation 
requires an increase in albumin uptake for cells to main-
tain their metabolic functions, leading to a decrease in 
Alb storage capacity and in turn hypoalbuminemia [38].

A large number of studies have shown that hypo-
albuminemia is closely related to the occurrence of 
various postoperative complications [39] and prolon-
gation of the time required for tissue repair. These 
complications lead to a poor prognosis [15, 40].

Prealbumin is more sensitive to changes in protein-
energy status than albumin, and its concentration 
re  ects recent dietary intake rather than overall nu-
tritional status [41]. Therefore, preAlb concentration 
can be considered primarily as a marker for patients 
who need nutritional monitoring [42]. Low preAlb con-
centration is an independent risk factor associated 
with poor postoperative survival [43].

Role of in  ammation in cancer progression
The in  ammatory response plays an important role in 
tumor progression. The tumor microenvironment in-
cludes stromal cells, cytokines, and tumor cells that 
are associated with in  ammation [44]. They stimulate 
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the appearance and development of tumors and in-
hibit the ability of the immune system to kill the tumor 
and ultimately a  ect the patient‘s survival rate [45-
47]. Increasing evidence suggests that markers of 
systemic in  ammatory response correlate with long-
term survival of various tumors [48, 49] and serve as a 
prognostic factor [50-53]. Multiple studies have shown 
that serum preAlb levels change when in  ammation 
and tissue damage occur [54]. The tumor induces the 
release of various pro-in  ammatory factors, inhibits 
the synthesis of Alb and reduces its amount. Thus, 
the change in Alb levels is directly proportional to the 
patient‘s level of in  ammation [55]. A decrease in Alb 
concentration enhances the tumor-associated in  am-
matory response and leads to the release of cytokines 
that contribute to tumor progression [56]. Therefore, 
serum levels of Alb and preAlb not only represent the 
nutritional status of the body, but also re  ect the de-
gree of in  ammation in the body. Fib increases with 
systemic in  ammation. The in  ltration of in  ammatory 
cells increases the secretion of interleukin-6 (IL-6), IL-
21 and IL-33. This secretion increases the intensity of 
the systemic in  ammatory response and a  ects the 
recovery and survival of patients [57, 58].

Although many studies have shown that Alb, preAlb, 
and Fib are related to the prognosis and treatment ef-
fect of cancer patients, some scientists question the 
accuracy and e  ectiveness of using them alone [59].

Increasing evidence suggests that preoperative  brin-
ogen-to-prealbumin (FPR) and albumin-to-  brinogen 
(AFR) ratios are markers that can simultaneously re-
 ect a patient‘s in  ammation, coagulation, and nutri-
tional status and have prognostic value in many solid 
tumors [60], such as ovarian carcinoma [61], esopha-
geal carcinoma [62], breast carcinoma [63], gastric 
carcinoma [36] and non-small cell lung carcinoma.

OBJECTIVE

The aim of our study was, by determining the AFR and 
FPR ratios in women with proven ovarian carcinoma, 
to assess to what extent they may be factors predicting 
the development and prognosis of ovarian carcinoma.

MATERIALS AND METHODS

Sixty women with histopathological biopsy-proven 
ovarian carcinoma participated in our study. The pa-
tients underwent surgery and were hospitalized in the 
Gynecology Clinic of the „Sv. Marina“ UMBAL Pleven 
in the period 01.2020-11.2020. The average age of the 
patients was 57.67 years (age range 29-83 years).

In all patients, we took venous blood from v. brachia-
lis in 2 Greiner Vacuette tubes – one without antico-

agulant to separate serum, the other with trisodium 
citrate anticoagulant (9:1) to separate citrate plasma. 
After centrifugation of the blood at 3500 rpm (revo-
lutions per minute) for 15 minutes, the separated 
serum was used to determine the concentrations of 
albumin and prealbumin, and the separated citrated 
plasma was used to determine the concentration 
of  brinogen. We did all the research in the Clinical 
Laboratory of the „Sveta Marina“ UMBAL Pleven. We 
determined the albumin concentration by a colorimet-
ric method with bromocresol green on a biochemical 
analyzer AU 480 Beckman Coulter. Prealbumin con-
centrations were determined by immunoturbidimetric 
method on the same biochemical analyzer AU 480 
Beckman Coulter. We measured the plasma concen-
tration of  brinogen with thrombin reagent of Dutch 
diagnostic according to the Claus method on an au-
tomatic coagulometer Coagulazer 100.

All patients in the study gave written informed 
consent.

The patients were staged according to the classi  ca-
tion of the International Federation of Obstetrics and 
Gynecology FIGO, which led to the formation of 3 
working groups:

1) group 1 – 19 patients with ovarian carcinoma in 
stage I according to FIGO (mean age 51.1 years and 
age range 29-72 years);

2) group 2 – 19 patients with ovarian carcinoma in 
stage II according to FIGO (average age 58.6 years 
and age range 40-77 years);

3) group 3 – 22 patients with ovarian carcinoma in 
stage III according to FIGO (average age 62.5 years 
and age range 42-83 years).

There were no FIGO stage IV patients among the pa-
tients in our study.

From the data in the patients‘ medical records, we 
obtained information about concomitant malignan-
cies, liver diseases leading to impaired liver function, 
autoimmune and hematological diseases. The pres-
ence of such diseases were the criteria for excluding 
patients from our study.

Fig. 1. Mean age of the patients in the three groups
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Fig. 4. Mean concentration of  brinogen in the three groups

Table 2. Mean values   of AFR and FPR.

Parameter
Mean ± SD

1 group – I 
stage

2nd group – II 
stage

3rd group – III 
stage

AFR 13.47 ± 2.00 10.19 ± 2.18 6.35 ± 1.26

FPR 12.78 ± 2.97 28.24 ± 20.49 47.97 ± 30.28

Fig. 5. Mean values   of AFR in the three groups of patients

Fig. 6. Mean values   of FPR in the three groups of patients

We used the statistical program ANOVA calculator to 
compare the AFR and FPR ratios in the three groups 
and to follow their statistical signi  cance.

RESULTS

We determined the concentrations of albumin, pre-
albumin and  brinogen in all (n = 60) patients. We 
adopted the reference values   for each of the studied 
parameters, according to the recommendations of 
the manufacturers of the reagents used:

For albumin 35-52 g/l; for prealbumin 0.2-0.4 g/l; for 
 brinogen 2.0-4.0 g/l

We calculated mean concentration and standard de-
viation (Mean ± SD) for each of the three parameters 
in the three groups.

We determined albumin-to-  brinogen (AFR) and  brin-
ogen-to-prealbumin (FPR) ratios in all patients (n = 60).

We calculated mean concentration and standard devia-
tion (Mean ± SD) for AFR and FPR in the three groups.

Table 1. Mean concentrations of albumin, prealbumin and 
 brinogen in the three groups.

Parameter
Mean ± SD

1st group – I 
stage

2nd group – II 
stage

3rd group – III 
stage

Albumin g/l 40.59  ±  4.05 37.05   ±  5.27 31.45  ±  4.51

Prealbumin g/l 0.25  ±   0.05 0.16   ±   0.06 0.14    ±  0.06

Fibrinogen g/l 3.07  ±   0.48 3.74   ±   0.68 5.14   ±  1.15

Fig. 2. Mean albumin concentration in the three groups

Fig. 3. Mean prealbumin concentration in the three groups
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Our results showed the presence of statistical signi  -
cance between carcinoma stage and the ratios:

The p-value comparing the AFR ratio in the three 
groups was < 0.00001. The result is statistically sig-
ni  cant at p < 0.05.

The p-value comparing the FPR ratio in the three 
groups was < 0.000011. The result is statistically sig-
ni  cant at p < 0.05.

We set out to determine which AFR and FPR values   
would predict ovarian carcinoma progression.

Based on our  nding that, as ovarian carcinoma pro-
gresses, albumin and prealbumin concentrations de-
crease below the lower reference limit, and  brinogen 
concentration increases above the upper reference 
limit, we determined:

 Value for AFR = 8.75, according to lower reference 
limit of albumin 35 g/l and upper reference limit of 
 brinogen 4 g/l.

 Value for FPR = 20, according to upper reference 
limit of  brinogen 4 g/l and lower reference limit of 
prealbumin 0.20 g/l.

According to our determined values   for AFR and 
FPR, we found that in patients with  rst-stage ovar-
ian carcinoma (n = 19) there was none with AFR < 
8.75 and FPR > 20. In patients with second-stage 
disease (n = 19) 4 had AFR < 8.75 and 14 of them 
had FPR > 20. In the patients in the third stage of the 
disease (n = 22), all had AFR < 8.75 and 20 of them 
had FPR > 20.

DISCUSSION

Many researchers have analyzed Fib, Alb and preAlb 
levels in cancer patients. Their studies proved that 
Fib levels in carcinoma patients were higher, while 
Alb and preAlb levels were lower than reference val-
ues   [29, 64].

Hu WH et al. found that hyper  brinogenemia and hy-
poalbuminemia were frequently observed in patients 
with carcinoma, especially in the presence of metas-
tases [65]. There is evidence that high level of Fib 
and low level of Alb and preAlb are important prog-
nostic factors in  uencing the progression of oncologi-
cal diseases [66-68].

Our results con  rm all these analyses.

In our study, we found that in the group of patients 
in stage I, the mean values   of the concentrations of 
the three proteins were within reference limits. In the 
stage II group of patients, the mean values   of Alb and 
Fib concentrations were within reference limits, but 
the mean preAlb concentration was below the lower 

reference limit. In the group of patients in stage III, 
the mean values   of all three proteins were outside the 
reference limits.

We found that as the stage of carcinoma progresses, 
the levels of Alb and preAlb decrease, and the con-
centration of Fib increases.

Alb, preAlb and Fib levels are closely related to FPR 
and AFR ratios. According to various studies, FPR 
and AFR are prognostic markers that have great 
prospects for clinical application. Many reports have 
demonstrated that low AFR values   and high FPR 
values   are associated with an increased risk of mor-
tality and recurrence of multiple malignancies [36, 
62-63, 69, 70].

We also con  rmed this evidence and found that 
low preoperative AFR values   and high preopera-
tive FPR values   correlated with advancing carci-
noma stage.

Determining FPR and AFR ratios has multiple ad-
vantages. Albumin, prealbumin, and  brinogen are 
available in the medical records of most patients 
with carcinoma. Moreover, the test method is easy 
to conduct, a  ordable and safe. Measurements are 
inexpensive and reproducible. The time for examina-
tion and obtaining the results is short, which allows a 
timely preliminary assessment of the patient‘s con-
dition and gives greater opportunities to adjust the 
treatment.

CONCLUSION

Ovarian carcinoma is a devastating disease and 
patients have a poor prognosis. Therefore, re-
search is needed to identify prognostic factors to 
help improve the risk and lifestyle strati  cation of 
these patients.

In our opinion, AFR and FPR are two cost-e  ective 
and e  ective biomarkers for monitoring the progres-
sion of ovarian carcinoma as well as guiding patients 
to receive an optimal therapeutic regimen.
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