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The content of lactoferrin (LF), C-reactive protein (CRP), albumin, lactate dehydrogenase (LDH), as well 
as Ca/Mg and CRP/albumin ratios in sera of patients with prostate cancer were analyzed in relation to the 
clinical and pathological features of the disease including the malignancy degree (Gleason score) and the 
presence of metastases to regional lymph nodes. In the serum of patients with stage III, LF content was lower 
(1.4 times) and CRP/albumin ratio <0.5 than in patients with stage II, while CRP content and Ca/Mg ratio 
increased (2.75 and 1.12 times, respectively). In addition, in patients with metastatic lesions of regional 
lymph nodes, a decrease in LF content (1.3-fold) and level of albumin (1.16-fold) and a simultaneous increase 
in CRP, Ca/Mg (2.84 and 1.1 times, respectively) and CRP/albumin ratios lower (<0.5) were evident. In 
serum of patients with tumors of high malignancy degree (8 and 9 points by Gleason score) and prostate-
specific antigen (PSA) level exceeding 4 ng/ml, LF content and CRP/albumin ratio decreased whereas CRP 
content and Ca/Mg ratio were increased, LDH activity in serum of these patients also increased significantly. 
Therefore, some differences in metabolic pathways in patients with prostate cancer of highly aggressive 
course have been elucidated. Comparative study of the content of extratumoral serum PC markers (LF, 
PSA, albumin, LDH, Ca/Mg, CRP/albumin), depending on the clinical manifestations of the tumor process 
showed that serum LF can be used as an extratumoral marker, which provides new additional information 
on the features of the clinical course of the disease.
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INTRODUCTION

During the last decade, there is observed a clear 
trend towards an increase in the incidence of 
prostate cancer (PC) among the population 
in most countries, including Ukraine [1, 2]. 
According to the latest data from the American 
Cancer Society (ACS), this pathology is 
ranked second among the causes of death from 
malignant neoplasms in men of different age 
categories [3]. The percentage of PC patients 
younger than 60 years increases as well [4, 5].

Despite the existence of modern informational 
biochemical markers for the identification of 
initial PC stages with high metastatic potential, 
the clinical practice still continues to focus on 

the determination of the serum level of prostate-
specific antigen (PSA), which, unfortunately, 
does not allow predicting the course of the 
tumor process [6]. The “golden standard” for 
determining the degree of malignancy of the 
prostate tumors remains their histological 
evaluation by the Gleason scale, which is based 
on the morphological picture of the two tumor 
regions with the most characteristic degree 
of anaplasia. It is believed that if the total 
Gleason scores higher than 7, then this indicate 
an unfavorable course of PC, which requires 
intensive treatment tactics [7].

It is known that the serum PSA values and the 
morphological score by the Gleason scale allow 
assessing the characteristics of the processes 
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occurring in the primary lesion, without taking 
into account the variety of metabolic alterations 
occurring at the level of the organism.

At present, the clinical significance of the serum 
marker – C-reactive protein (CPR) as a marker for 
the generalization of the process in PC patients 
has been proved; it serves as a highly informa-
tive index of acute and chronic inflammation and 
is simultaneously involved in the mechanisms of 
insulin resistance, cytokine disorders, and also in 
the development of endothelial dysfunction [8, 9]. 
Along with this, it was found that it is expedient to 
determine not only the content of PSA but also al-
bumin and their ratio in blood serum (BS) of the PC 
patients, since these biochemical parameters reflect 
the changes in the metabolism in the whole body, 
in particular, the functioning of transport protein of 
blood and the processes of inflammation associated 
with lymphogenous and hematogenous metastases 
and decreased life expectancy of patients [10, 11]. 
Other researchers have shown the activation of the 
process of aerobic glycolysis in the development 
and progression of aggressive forms of PC, which 
in turn affects the content of lactate dehydrogenase 
(LDH) [12]. Some researchers consider it equally 
important for diagnostic purposes to use Ca/Mg 
ratios in the BS of PC patients, especially for the 
detection of highly malignant forms, since these 
elements take part in the activation of the calcium-
dependent pathway of the epithelial-mesenchymal 
transition through the transient receptor potential-
melastatin-like (TRPM7), which is characteristic of 
this pathology [13]. However, the informativeness 
of some of the biochemical markers concerning the 
course of PC remains insufficiently highlighted and 
requires a more in-depth study [10–13].

A significant omission is the fact that there 
are no comprehensive data on the clinical sig-
nificance of lactoferrin (LF) – a protein with 
unique biological properties that participates in 
iron metabolism, immune response modeling, 
growth factor regulation in relation to patients 
with PC [14, 15].

It should be noted that the above biochemical 
parameters were not investigated simultaneously in 
each individual PC patient in relation to the clinical 

and pathological characteristics of the disease and 
the diagnostic and prognostic significance of each 
of them among the total number of investigated 
markers was not determined. Therefore it seems 
reasonable to assess the level of informativeness 
of each serum extratumoral marker, including 
LF, concerning the most commonly used clini-
cal indices of the course of the tumor process 
in patients with PC.

The aim of our work was to determine the 
informative and prognostic significance of ex-
tratumoral serum markers: the content of LF, 
PSA, albumin, LDH, also Ca/Mg and CRP/
albumin ratios, depending on the clinical and 
pathological characteristics of the tumor process 
in PC patients.

METHODS

The study involved 120 patients with PC of 
stages II-III diagnosed on the base of clinical 
examination, in particular: determination of 
PSA level, palpal rectal examination, сomputed 
tomography (CT) of pelvic organs and/or tran-
srectal ultrasound of the prostate gland with tis-
sue biopsy, osteoscintigraphy, radiography of the 
chest, ultrasound of the abdominal cavity. The 
stage of the tumor process in all PC patients is 
determined according to the International Clas-
sification (TNM, 2002, sixth edition).

In all patients, along with the histological 
diagnosis and assessment of malignancy degree 
by Gleason score, also age, tumor size and the 
presence of metastases in regional lymph nodes 
were taken into account. The lymph node me-
tastasis is detected in 70 patients with PC. All 
patients were treated at the Department of On-
courology of the National Cancer Institute dur-
ing 2015–2017. The patients were not prescribed 
to radiation and neoadjuvant polychemotherapy. 
All the patients provided an informed voluntary 
consent of the use of their materials for scien-
tific purposes. The control group consisted of 
20 conditionally healthy men, without clinical 
symptoms and manifestations of PC.

Morphological studies, including the verifi-
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cation of the histological diagnosis, according to 
the International Histological Classification of 
the WHO (2002), and the determination of the 
degree of tumor malignancy by Gleason, were 
performed on the samples of surgically resected 
tumors treated by standard techniques; the slides 
were stained with hematoxylin and eosin.

The content of serum LF was determined 
using a solid-phase ELISA assay using the test 
systems Max Human Lactoferrin Elisa Assay 
(USA). The determination of the serum PSA, 
albumin and LDH content in BS of the patients 
was carried out using biochemical methods and 
liquid stable reagents on the Chem Well 2990 
auto-biochemical and enzyme-linked analyzer. 
Along with this, for each patient the SRP/albu-
min ratio was calculated. The PSA level was 
determined on the same device using a set of 
reagents from the Prostate Specific Antigen 
ELISA KitDLDevelop (China). The content of 
Ca and Mg in BS of the patients was determined 
using the method of inductively coupled plasma 
atomic emission spectroscopy with (ICP-AES) on 
the Optima 2100 DV (“Perkin-Elmer”, USA) 
[16]. According to the procedure, 4.5 ml of 10% 
HNO3 (“Merck”) solution was added to 0.5 ml of 
the BS and centrifuged for 20 min at 5,000 rpm.

Statistical data was processed using STA-
TISTICA 6.0 software and the MS Excel 2010 
application package. The significance of the 
differences between the groups was evaluated 
using Student’s t-criterion. Differences were 
considered to be significant at P < 0.05. The 
Pearson correlation coefficient was calculated. 

RESULTS AND DISCUSSION

General characteristics of patients with prostate 
cancer. All 120 patients with PC were analyzed 
according to the main clinical and morphological 
characteristics. The average age of patients 
was 62.2 ± 9.011 years ranging from 45 to 85 
years. By stage of the tumor process (according 
to the TNM classification, category T), they 
were distributed as follows: II stage – 41.9%, 
III stage – 58.1%. Metastatic involvement of 

regional lymph nodes (category N) was detected 
in 70 patients (58.3%), in 50 patients (41.6%) 
no metastases were identified. The malignancy 
degree of PC by the Gleason score was 7 points 
in 56.6% patients, 6 points in 25% patients, 8 
points in 13.3% patients, and 9 points in 5% 
patients.

In the vast majority of PC patients (86.6%) 
serum PSA levels exceeded 4 ng/ml, only a small 
percentage of patients (13.3%) this index was 
lower than 4 ng/ml, which allowed distribution 
of all subjects to two conditional subgroups

 In the morphological study of the surgical 
material of PC patients, small and large-acinar 
types of adenocarcinoma (55 and 40 tumors, 
respectively) and their combination (25 tumors) 
were determined.

The analysis of the investigated serum 
parameters was carried out according to the 
above-mentioned clinical characteristics of 
patients with PC and morphological features of 
tumors. Since the main task of the study was to 
determine the content of LF in the blood serum 
of patients with PC, depending on the clinical 
and pathological characteristics, the comparison 
of the content of this protein in conditionally 
healthy men and PC patients was carried out.

The results showed that LF levels in patients 
with PC are 6 times lower (P < 0.05) for those 
in the group of conditionally healthy men. This 
became the reason for further studies of this 
index in terms of the possibility of using it as an 
extratumoral marker for diagnosing neoplasms 
of the prostate gland. The appropriateness of 
this direction in relation to the most common 
hormone-dependent malignant neoplasms is 
confirmed by the results of our previous studies, 
obtained on the clinical material of patients with 
breast cancer [15].

In order to evaluate the significance of LF as 
a marker of inflammation in patients with PC, 
along with the study of this protein, we used 
other biochemical parameters that are already 
used in clinical practice to diagnose and monitor 
the course of the tumor process.

At present, the most objective characteris-
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tics that reflect changes in various metabolic 
disturbances in the body of cancer patients are 
the following: albumin content  – a marker of 
a violation of the functioning of the transport 
system of blood proteins, C-reactive protein, and 
the SRP/albumin ratio – inflammation indices, 
Ca/Mg ratio – one of the characteristics of the 
epithelial-mesenchymal transition, LDH  – an 
indicator of the intensity of glycolysis. However, 
the informativeness of some of the biochemical 
markers on the course of the PC process remains 
insufficiently highlighted and requires a more 
in-depth study [10–13].

To determine the degree of informativeness 
of LF as an extratumoral marker, the content 
of this protein was compared with the above 
biochemical indices, as well as with the PSA 
level, taking into account the clinical and patho-
logical characteristics of patients with PC. The 
results of the studies showed that there was no 
significant difference between the content of 
LF, LDH, PSA, albumin, and LDH in the blood 
serum of patients with PC, depending on the 
age of patients. However, an individual analy-
sis showed that in the elderly patients (over 60 
years) with a high PSA level (above 4 ng/ml), 

there was a decrease in the ratios of CRP/albu-
min and Ca/Mg compared with those of younger 
patients (Table 1). The results obtained are in 
agreement with the literature data [10, 13] on 
the peculiarities of changes in the parameters of 
CRP/albumin and Ca/Mg, depending on the age 
of patients, and evidence that the disturbance 
of the transport function of albumin and the 
activation of the calcium-dependent pathway of 
the epithelial-mesenchymal transition through 
the TRPM7 channel is most often detected in 
younger patients with aggressive PC forms [13].

A somewhat different nature of the changes 
in these indices was observed in blood serum 
of patients with PC, depending on the stage of 
the disease by categories T and N. It was found 
that in BS of patients with PC of stage III in 
comparison with stage II there was a decrease 
of the content of LF (1.4 times) and the CRP/
albumin ratio (<0.5) on the background of a 
significant increase in CRP level, and Ca/Mg 
ratio (2.75 and 1.12 times, respectively). It is 
also shown that these features in individuals of 
this category are accompanied by high levels of 
PSA, which proves their informativeness with 
increasing the size of the tumor lesion.

Table 1. Content of LF, PSA, CRP, albumin, LDH, and ratios of CRP/albumin and Ca/Mg in blood serum of patients 
with PC, depending on clinical and morphological characteristics of patients (M ± SEM)

Index LF, 
ng/ml

PSA,
 ng/ml

CRP, 
mg/l 

Albumin, 
g/l

CRP/
albumin

LDH, 
U/l

Са/Mg

Age
<60 180.5 ± 21.5 <4 3.80 ± 3.23 42.58 ± 3.16 >0.5 258.47 ± 52.43 6.01 ± 0.12 
>60 139.8 ± 19.7 >4 7.15 ± 1.14 40.62 ± 4.16 <0.5 275.12 ± 63.31 5.42 ± 0.18*

PC stage by TNM (category Т) 
II 186.3 ± 15.3 <4 4.12 ± 2.16 41.72 ± 4.92 >0.5 262.63 ± 86.59 5.78 ± 0.12 
III 134.3 ± 10.1* >4 11.37 ± 4.12 * 40.01 ± 5.06 <0.5 264.01 ± 94.32 6.48 ± 0.24*

(category N)
N"-" 173.8 ± 9.5 <4 6.46 ± 5.12 41.13 ± 1.12 >0.5 252.21 ± 61.12 5.56 ± 0.09 
N"+" 133.1 ± 4.3* >4 18.40 ± 9.80 * 35.45 ± 1.06* <0.5 346.74 ± 95.16 6.14 ± 0.11 *

Gleason score (points)
6 175.8 ± 8.4 <4 3.4 ± 1.17  44.12 ± 0.11 >0.5 243.75 ± 22.54 5.37 ± 0.08 
7 168.8 ± 7.1 <4 4.01 ± 1.52 40.01 ± 0.18 >0.5 265.54 ± 12.47 5.29 ± 0.14 
8 160.1 ± 5.2 >4 10.4 ± 3.15 38.71 ± 1.64 >0.5 277.75 ± 49.62 6.40 ± 0.04 
9 148.8 ± 5.4** >4 18.4 ± 2.43 ** 32.41 ± 0.24** <0.5 290.05 ± 80.37  6.55 ± 0.12**

*P < 0.05 the difference is significant between the age groups; between the TNM stages (category T, N); 
**Р < 0.05 the difference is significant between 6 and 9 points by the Gleason score
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A similar pattern of the changes was found 
in patients with metastatic lesions in regional 
lymph nodes (category N) compared with those 
patients in whom these pathological signs were 
not determined. It was shown that upon the 
cancer progression in the blood serum of patients 
with PC there was observed 1.3 times decrease 
of the LF and albumin contents (1.16 times) 
and the simultaneous increase of CRP and Ca/
Mg (2.84 and 1.1 times, respectively), and CRP/
albumin ratios lower (<0.5). Along with this, 
in the blood serum of patients with metastases 
in regional lymph nodes, there was a tendency 
to increased LDH. It should be noted that 
more significant changes in these indices were 
associated with a high level of PSA (Table 1).

An analysis of the results of the morphologi
cal study of primary tumors of patients with PC 
with metastases in regional lymph nodes showed 
that in these patients, unlike individuals without 
advanced metastases, there are present the 
lesions of glandular structures with significant 
anaplasia. In particular, in some of these 
glands there was a significant proliferation 
of atypical tumor cells with substantially 
altered architectonics and orientation, there 
was a violation of the basement membrane and 
invasion of tumor cells in the adjacent connec

ting tissue (Fig. 1). Somewhere, solid and 
trabecular structures were found. Occasionally, 
actively proliferating cells actually lost the 
phenotype of the original epithelial cells. In 
some cases, near these glandular structures 
extensive lymphocytic infiltrates were identified 
(Fig. 2). 

It was in the blood serum of these patients 
that the highest values ​​of CRP content were 
observed against the backdrop of significantly 
reduced LF and albumin content.

In the available literature [10, 13, 15], there 
are only a few reports on the study of the content 
of CRP, albumin, LDH, also Ca/Mg and CRP/
albumin ratios in relation to the phenotypic 
and morphological features of PC. That is why, 
we focused on the nature of changes in BS of 
patients with PC, the content of LF and a number 
of other biochemical parameters, depending 
on the indices of the Gleason score, associated 
with the degree of PC malignancy. It was found 
that the values ​​of LF, CRP, albumin, Ca/Mg 
and CRP/albumin ratios in BS of patients with 
PC with a high degree of malignancy by the 
Gleason score (≥8 points) significantly differed 
from those in patients with a level ≤7 points. It 
was shown that in patients with high Gleason 
points, against a background of low serum LF 

Fig. 1. Small acinar adenocarcinoma with pronounced signs 
of anaplasia. The impairment of the basement membrane and 
the invasion of the atypically proliferating tumor cells into 
adjacent connective tissue. H&E, ×400

Fig. 2. Small acinar adenocarcinoma with proliferation and 
disorganization of growth of atypical tumor cells. Significant 
lymphocytic infiltration is observed in the connective tissue. 
H&E, ×400
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and albumin, a significant increase in the Ca/
Mg, CRP/albumin ratios and LDH content 
was observed. The obtained data testify that in 
patients with a high degree of PC malignancy (8 
and 9 points by the Gleason score and a level of 
PSA >4 ng/ml) there are significant violations of 
various parts of the metabolic pathways in the 
body, which is evidence of unfavorable course 
of the disease.

The morphology of tumors of patients with 
PC of a high malignancy degree by the Gleason 
score, as a rule, was characterized by a variety of 
architectonics, including cytoarchitectonics with 
pronounced signs of anaplasia of tumor cells in 
different tumor sites. Most of these tumors were 
dominated by atypical, large acinar glandular 
structures with different compaction in terms of 
location and form. There was observed an uneven 
multilayer proliferation of the prismatic or cubic 
epithelium with pronounced signs of atypia, both in 
the cells and nuclei, with the formation of multiple 
papules in the lumen of the gland. The basal cell 
layer was absent. Tumor cells in the glands were 
disarranged in relation to the basement membrane. 
The mitoses figures, including pathological ones, 
are quite common. In addition, in the same tumors, 
areas of small acinar glandular structures covered 
with dark cubic epithelium with varying degrees of 
proliferative activity were determined. Sometimes 
within the tumors, cancer cells with a different 
character of differentiation were observed (Fig. 3).

On the contrary, in the group of patients with 
tumors ≤7 points by Gleason score and the serum 
PSA levels below 4 ng/ml, less significant changes 
in the values of all serum biochemical markers, 
including LF, were observed. This is consistent with 
the results of morphological studies. Among tumors 
of low malignancy degree by Gleason predominated 
small acinar structures, which, by the features of 
atypia and polymorphism, had less mosaic character 
and more monomorphic manifestations (Fig. 4).

For a more objective determination of the 
informativeness of LF among other biochemical 
markers and its association with the clinical and 
morphological characteristics of patients with 
PC, correlations between these indices were 

Fig. 3. Adenocarcinoma of high malignancy degree (9 points 
by Gleason): a – the predominance of large acinar structures in 
combination with small acinar ones, H&E, ×200; b – tumor area 
with endometrioid differentiation, H&E, ×400; c – the region 
of low-differentiated adenocarcinoma, H&E, ×400

a

b

c
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analyzed (Table 2).
It was found that none of the studied serum 

markers (LF, CRP, albumin, LDH, and CRP/
albumin and Ca/Mg) in patients with PC was 
changed significantly with age, except a slight 
increase in PSA on a background of a gradual 
decrease in the Ca/Mg ratio and LF content. This 
agrees with the data of other authors regarding 
the slight fluctuations of these indicators in 
cancer patients of different age groups [8, 17, 
18].

In contrast, another type of correlation 
between the content of the above-mentioned 
serum markers of patients with PC and the stage 
of the process is established. In particular, the 
most significant inverse correlation was found 
between the stage of the process and the LF 
content, and the direct correlation – regarding 

Table 2. Correlation between the content of LF, CRP, LDH, albumin, CRP/albumin and Ca/Mg ratios and the main 
clinical-morphological characteristics of the PC patients

Index Pairs of correlations
Pearson correlation 

coefficient, r
P Correlation

Age LF 0.023 >0.05 None 
None
None
None
None

CRP 0.10 <0.05
LDH 0.15 <0.05

Са/Mg –0.18 <0.05
CRP/albumin –0.12 >0.05

Stage,
category Т

LF –0.51 <0.05 Negative 
CRP 0.32 <0.05 Positive 
LDH 0.12 >0.05 None

Са/Mg 0.35 <0.05 Positive 
Stage,
category N

LF –0.42 <0.05 Negative 
CRP 0.45 <0.05 Positive
LDH 0.27 <0.05 Positive  

Са/Mg 0.40 <0.05 Positive
CRP/albumin –0.14 >0.05 None

Albumin –0.21 >0.05 Negative
Gleason score LF –0.35 <0.05 Negative 

CRP 0.39 <0.05 Positive
CRP/albumin 0.24 >0.05 Negative 

LDH 0.18 <0.05 None
Са/Mg 0.52 <0.05 Positive 

Albumin –0.23 <0.05 Negative

Fig. 4. Combination of large and small acinar adeno
carcinomas with the predominance of the latter. The 
malignancy degree by the Gleason score 6 points. 
Monomorphic manifestations of anaplasia in the 
glandular structures. H&E, ×200
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the content of the CRP and the Ca/Mg ratio. It 
should be noted that there is found no significant 
correlation between the stage of the disease and 
the albumin and LDH content (see Table 2).

A similar type of correlation was established 
between the studied biochemical parameters of 
PC and such an important clinical criterion of 
tumor progression as the presence or absence of 
metastatic lesions in regional lymph nodes. It 
has been shown that in patients with metastases 
in lymph nodes there is a negative correlation 
between this index and the LF content, and a 
positive correlation – with the content of CRP 
and the Ca/Mg ratio. In addition, a weak link 
was found between regional metastasis and LDH 
and albumin content. The absence of a relation 
between lymph node metastasis lesions and the 
CRP/albumin ratio was noted (see Table 2).

We believe that we received interesting data 
on the multi directional nature of correlations 
between the degree of PC malignancy by the 
Gleason score and the content of LF, CRP, 
albumin, LDH, Ca/Mg and CRP/albumin ratios, 
namely, negative correlation with LF and 
albumin, and positive – with other investigated 
serum indices. It should be noted that our 
previous studies on the content of LF in BS of 
patients with breast cancer have revealed the 
opposing changes in LF content in relation to 
clinical and pathological characteristics [15]. 
In particular, it was found that high LF, CRP 
and lactate contents were observed in patients 
with breast cancer with basal subtype of tumors 
characterized by aggressive course of the 
disease. The obtained data at the tumor level are 
consistent with disorders of metabolic processes 
in the body. At the same time, in patients with PC 
of a high degree of malignancy by the Gleason 
score, the serum LF content was significantly 
lower than in patients with PC of lower 
malignancy. Consequently, when comparing 
the data obtained, we have established peculiar 
metabolic “scissors” regarding the content of 
serum LF in patients with the most common 
hormone-dependent malignant neoplasms – PC 
and breast cancer. In addition, we have proved 

that LF is a more informative serum marker than 
other biochemical markers.

Along with the mentioned aspects of the 
research, we considered it expedient to analyze 
the degree of correlation between the content of 
LF, CRP, albumin, LDH, ratios CRP/albumin, 
Ca/Mg and level of PSA, in order to find out the 
participation of each of the above biochemical 
parameters in the general mechanisms of the PC 
pathogenesis. 

The results of our studies have shown that the 
aggressiveness of PC is accompanied not only by 
the increase in the PSA content in BS but also by 
significant changes in the functioning of various 
parts of metabolic processes in the body. It was 
shown that the most significant direct correla
tion was determined between PSA and Ca/Mg  
(r = 0.46), less pronounced – between CRP level 
(r = 0.34) and CRP/albumin ratio (0.32). The 
data obtained do not contradict the literature data 
on possible disturbances in the redistribution of 
calcium and magnesium in the body of patients with 
PC of a high degree of malignancy [19]. It is also 
confirmed that the increase in the Ca/Mg ratio in 
BS of these patients is associated with a change in 
the transport, homeostatic and protective functions 
of albumin. There is evidence that functional 
impairment of albumin leads to the accumulation 
of active testosterone in the body of PC patients, 
which in turn initiates the further development of 
the neoplastic process. Recent clinical studies have 
shown that an increase in the CRP concentration 
and the ratio of CRP to albumin in BS evidence 
on acute or chronic inflammation, as well as a 
significant violation of the transport function of 
albumin, which is associated with low survival rates 
in patients [10, 20]. Therefore, according to some 
authors, in this category of patients, it is necessary 
to determine the level of PSA along with the content 
of CRP and the ratio of CRP/albumin, since it is 
possible to timely detect nosological forms of PC 
with high metastatic potential [10].

Among the studied biochemical parameters, 
LDH activity was less significant in comparison 
with PSA, which is evidence of a slight change in 
energy metabolism in patients with PC. However, 
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in patients with a high degree of malignancy of 
tumors (by the Gleason score and regional lymph 
nodes metastasis), the activity of this enzyme 
was increased, indicating increased anaerobic 
glycolysis in the body of patients. However, among 
biochemical markers, only albumin and LF showed 
a negative correlation with PSA (r = –0.18), with 
higher values of the coefficient for LF (r = –0.48). 
Probably, LF and PSA are involved in various 
mechanisms of pathophysiological processes in 
PC. In our opinion, such an association between 
LF and PSA can indicate a high sensitivity of this 
protein to a complex of metabolic alterations in 
the body of a cancer patient regarding hormonal-
receptor balance, immune response, violation of 
the exchange of endogenous iron. Thus, in relation 
to PSA, the most significant indices were the 
following biochemical parameters: LF content, 
Ca/Mg and CRP/albumin ratio, and level of CRP.

At the end of the study, we conducted a 
correlation analysis to determine which of the 
above biochemical markers is closest to the LF 
by the magnitude of the correlation. 

We have shown that the most pronounced 
negative correlation was observed between the 
content of LF and the Ca/Mg ratio (r = –0.46), 
less significant – with the ratio of CRP/albumin 
and level of LDH. The maximum values of the 
correlation coefficients (direct dependence) 
were found between the content of LF and CRP 
(r = 0.36).

In conclusion, the study showed that the 
analyzed biochemical markers (LF, CRP, 
albumin, LDH, also CRP/albumin and Ca/Mg 
ratios) are involved in various links of metabolic 
pathways in the body and have different degrees 
of manifestation and significance in PC patients 
with progression tumor process. Among all the 
analyzed serum biochemical markers, more 
informative indices (Ca/Mg and CRP/albumin 
ratio, LF level) and those that did not have 
significance in the course of the tumor process 
(LDH), were determined. The obtained data 
convincingly indicate that serum LF can be used 
as an extratumoral marker, which provides new 
additional information on the characteristics of 

the clinical course of PC.
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ВЗАИМОСВЯЗЬ АГРЕССИВНОСТИ РАКА 
ПРЕДСТАТЕЛЬНОЙ ЖЕЛЕЗЫ  
И ОПУХОЛЕАССОЦИИРОВАННЫХ  
МАРКЕРОВ  В СЫВОРОТКЕ КРОВИ 

У больных раком предстательной железы изучена зависи-
мость содержания сывороточных опухолеассоциирован-
ных маркеров: лактоферрин (ЛФ), С-реактивный протеин 
(СРП), альбумин, лактатдегидрогеназа (ЛДГ) и соотноше-
ний Ca/Mg и CPП/альбумин от клинико-патологических 
характеристик заболевания. А также изучена степень 
злокачественности новообразований по Глисону и наличие 
метастазов в регионарные лимфатические узлы. Показано, 
что в сыворотке крови больных III стадии по сравнению 
с II происходило снижение в 1,4 раза содержания ЛФ и 
соотношения СРП/альбумин на фоне достоверного уве-
личения содержания СРП и соотношения Са/Mg (в 2,75 
и 1,12 раза соответственно). Наряду с этим у больных с 
метастатическим поражением регионарных лимфатичес
ких узлов по сравнению с пациентами без этих признаков 
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выявлено снижение в 1,3 раза содержания ЛФ и альбумина 
в 1,16 раза при одновременном росте содержания СРП и 
соотношения Са/Mg (в 2,84 и 1,1 раза соответственно) на 
фоне снижения СРП/альбумин. Показано, что в сыворотке 
крови больных с высокой степенью злокачественности 
новообразований (8 и 9 баллов по шкале Глисона) и содер-
жанием простатспецифического антигена более 4 нг/мл, по 
сравнению с пациентами с менее выраженными призна-
ками опухолевой прогрессии, наблюдалось существенное 
снижение содержания сывороточного ЛФ и альбумина на 
фоне повышенного соотношений Са/Mg, СРП/альбумин 
и содержания ЛДГ. Указанные различия в разных звеньях 
метаболических путей в организме больных раком пред-
стательной железы с более агрессивным проявлением 
заболевания свидетельствуют о неблагоприятном течении 
опухолевого процесса. Полученные результаты дают 
основания полагать, что сывороточный ЛФ может быть 
использован как дополнительный внеопухолевый маркер 
для прогноза рака предстательной железы.
Ключевые слова: рак предстательной железы; ассоцииро-
ванные с опухолью биохимические маркеры; простатспе-
цифический антиген; шкала Глисона.
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ВЗАЄМОЗВ’ЯЗОК АГРЕСИВНОСТІ РАКУ 
ПЕРЕДМІХУРОВОЇ ЗАЛОЗИ І ПУХЛИНО­
АСОЦІЙОВАНИХ МАРКЕРІВ У СИРОВАТ-
ЦІ КРОВІ 

Досліджено вміст сироваткових пухлиноасоційованих 
маркерів: лактоферин (ЛФ), С-реактивний протеїн (СРП), 
альбумін, лактатдегідрогеназа (ЛДГ), співвідношення 
Ca/Mg та CPП/альбумін, у хворих на рак передміхурової 
залози залежно від клініко-патологічних характеристик 
захворювання. Крім того, визначено ступінь злоякісності 
новоутворень за Глісоном і наявність метастазів у регіо-
нарні лімфатичні вузли. Показано, що у сироватці крові 
хворих на рак III стадії порівняно із II знижувався у 1,4 
раза вміст ЛФ та зменшувалося співвідношення СРП/
альбумін на фоні достовірного збільшення вмісту СРП 
та співвідношення Са/Mg (у 2,75 та 1,12 раза відповід-
но). Водночас у хворих із метастатичним ураженням 
регіонарних лімфатичних вузлів  порівняно із пацієнта-
ми без цих ознак виявлено зменшення у 1,3 раза вмісту 
ЛФ та альбуміну у 1,16 раза при одночасному зростанні 
вмісту СРП та співвідношення Са/Mg (у 2,84 та 1,1 раза 
відповідно) та зниження СРП/альбумін. Показано, що у 
сироватці крові хворих із високим ступенем злоякісності 
новоутворень (8 та 9 балів за шкалою Глісона) та вмістом 
простатспецифічного антигена (ПСА) більш ніж 4 нг/мл, 
порівняно зі значеннями у пацієнтів з менш вираженими 
ознаками пухлинної прогресії, суттєво знижувався вміст 

сироваткового ЛФ та альбуміну на фоні  підвищеного 
співвідношення Са/Mg, СРП/альбумін і вмісту ЛДГ. За-
значені відмінності у різних ланках метаболічних шляхів 
в організмі хворих на рак передміхурової залози з більш 
агресивним проявом захворювання свідчать про неспри-
ятливий перебіг пухлинного процесу. Отримані результати 
дають підстави вважати, що сироватковий ЛФ може бути 
використаний як додатковий позапухлинний маркер для 
прогнозу цього захворювання.
Ключові слова: рак передміхурової залози; пухлиноасоці-
йовані біохімічні маркери; простатспецифічний антиген; 
шкала Глісона.
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