Biomedical Chemistry: Research and Methods 2020, 3(3), e00133. DOI: 10.18097/bmcrm00133 1

CLINICAL STUDIES

ANEW FIELD OF APPLICATION OF SALIVA TESTS FOR PROGNOSTIC PURPOSE: FOCUS ON LUNG CANCER

L.V. Bel’skaya”™, V.K. Kosenok?

"Biochemistry Research Laboratory, Omsk State Pedagogical University,
14 Tukhachevsky str, Omsk, 644043 Russia, *e-mail: belskaya@omgpu.ru
2Department of Oncology, Omsk State Medical University, 12 Lenina str, Omsk, 644099 Russia

The aim of this work was to determine the potential prognostic role of the biochemical parameters of saliva in lung cancer. The study included
425 patients with lung cancer of various histological types. Saliva samples were collected before treatment and 34 biochemical parameters were
determined. Prognostic factors were analyzed by multivariate analysis using Cox’s proportional hazard model. Results have shown that for squamous
cell carcinoma, LDH activity below 1748 U/L was an independent prognostically unfavorable factor (HR=2.89; 95% CI 1.28—6.46; p=0.00330).
For adenocarcinoma, there was a combination of factors: the content of imidazole compounds above 0.311 mmol/L, seromucoids below 0.098
c.u. and uric acid less than 83 nmol/mL (HR=7.91; 95% CI 2.52—-24.11; p=0.00004). For neuroendocrine lung cancer, an unfavorable prognosis
was associated with the urea content below 8 mmol/L, NO below 24 nmol/mL and ALP activity below 74 E/L (HR=12.50; 95% CI 1.09—-138.7;
p=0.01184). For radical surgery, an unfavorable prognosis was associated with LDH activity below 545 U/L (HR = 7.20; 95% CI 2.13-23.70;
p=0.00968), for combined treatment, with the NO level below 15 nmol/mL (HR=5.64; 95% CI 1.89—-16.46; p=0.02797). The worst prognosis for
palliative treatment was observed at the NO level below 24 nmol/mL and the imidazole compound content above 0.311 mmol/L (HR=2.73; 95%
CI1.07-12.92; p=0.01827). The identified parameters can be used to predict lung cancer and personalized patient’s treatment.
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INTRODUCTION

Lung cancer is the most common malignant neoplasm in the
world population [1,2]. Traditional tumor characteristics, such
as differentiation, tumor invasion, lymph node metastasis, and
TNM stage classification, are not the only parameters used for
evaluation of disease prognosis [3-5]. For prognostic purposes,
the following groups of biomarkers are considered: genetic
(mutations, changes in gene copy number, mRNA expression),
epigenetic (changes in the DNA methylation profile), proteomics
(changes in the protein expression profile), and metabolic
(changes in the spectrum of low molecular weight metabolites),
synthesis profile and the level of miRNAs [6-9].

Currently, various hematological and biochemical markers
common in routine clinical practice have been increasingly used
for the prognostic prediction in lung cancer. For example, the
ratio of albumin and fibrinogen levels [ 10], lactate dehydrogenase
(LDH) activity [11,12], the ratio of albumin and alkaline
phosphatase activity [13], uric acid [14,15], and selenium [16] are
considered as prognostically important parameters. Parameters
associated with the processes of hypoxia (osteopontin, carbonic
anhydrase and LDH); inflammation (IL-6, IL-8, IL-10, C-reactive
protein), and tumor markers (CEA, CYFRA 21-1) are considered
as potential prognostic criteria [17-26]. Biomarkers associated
with the immunological response (e.g. alpha-2-macroglobulin,
serum IL-2 receptor, toll-like receptor 4, vascular endothelial

growth factor [27]) are also considered in the context of lung
cancer evaluation.

Along with blood biomarkers, saliva biomarkers are
becoming increasingly popular for diagnostics and prognosis
of various oncological diseases [28-31]. Nevertheless, in the
literature there are limited data on the study of the composition
of saliva in lung cancer [32-35]. We have previously shown
that saliva reflects metabolic changes that occur in lung cancer,
and can be used both for diagnostic and prognostic purposes
[36]. Prognostically unfavorable parameters include the level
of imidazole compounds in saliva above 0.478 mmol/L and
LDH activity below 545 U/L (HR=4.17; 95% CI 1.36—12.51;
p=0.00000) [36]. Our results suggest that the use of biochemical
markers of saliva can be used for prognostic purposes in lung
cancer.

In this paper, we consider the potential prognostic role of
biochemical saliva parameters in dependence of the histological
type of lung cancer, as well as the type of treatment.

MATERIALS AND METHODS
Participants
The work was based on the results of examination and

treatment of 425 patients cured at the Thoracic Department of
the Clinical Oncology Center of Omsk during 2014-2017. At
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Table 1. The structure of the study group

Feature Lung Cancer, n (%)**
ADC, n=189 SCC, n=135 NEC, n=68

Age, years* 61.0 [56.0; 65.0] 59.0 [55.0; 66.5] 55.0 [52.0; 60.0]
Gender

Male 129 (68.3) 128 (94.8) 50 (73.5)

Female 60 (31.7) 7(5.2) 18 (26.5)
Stage

St IA+IB 67 (35.4) 29 (21.5) 15 (22.1)

St ITA+IIB 22 (11.6) 18 (13.3) 6 (8.8)

St IITA 25(13.2) 34 (25.2) 10 (14.7)

St I1IB 19 (10.1) 24 (17.8) 17 (25.0)

StV 56 (29.7) 30 (22.2) 20 (29.4)
pT

T, 21 (11.1) 4 (3.0) 5(7.3)

T, 105 (55.6) 47 (34.8) 31 (45.6)

T, 30 (15.9) 53(39.3) 8 (11.8)

T, 33(17.4) 31(22.9) 24 (35.3)
pN

N, 82 (43.4) 51(37.8) 19 (27.9)

N, 34 (18.0) 34 (25.2) 13 (19.2)

N, 51(27.0) 45 (33.3) 24 (35.3)

N3 22 (11.6) 5@3.7) 12 (17.6)
pM

M, 133 (70.4) 108 (80.0) 48 (70.6)

M, 56 (29.6) 27 (20.0) 20 (29.4)

Note. ADC — adenocarcinoma, SCC — squamous cell carcinoma, NEC — neuroendocrine cancer * - the median and interquartile range are shown as the 25th and 75th
percentiles [LQ; UQ]J; ** - share of the total number of patients in this group, %

Figure 1. A — Overall survival of lung cancer patients; B - Overall survival depending on the histological type of lung cancer (1 — adenocarcinoma
ADC, 2 - squamous cell carcinoma SCC, 3 - mixed carcinoma (ADC + SCC), 4 - neuroendocrine cancer NEC (G1+G2), 5 - neuroendocrine cancer
NEC (G3), 6 - undifferentiated lung cancer).

the time of inclusion in the study, patients did not undergo any In all patients, lung cancer of various histological types
treatment, including surgery, chemotherapy, or radiation. In each  was confirmed, including: 189 — adenocarcinoma (ADC),
case, histological verification of the diagnosis was performed. 135 —squamous cell cancer (SCC), 8 — mixed (ADC+SCC),
The clinicopathological parameters such as age, gender, 68 —neuroendocrine cancer and 25 — undifferentiated lung
histologic subtype, lymphatic invasion, lymph node or distant cancer (Table 1). The neuroendocrine cancer group included 16
metastasis and pathologic stage were evaluated. patients with the diagnosis of typical and atypical carcinoid (low
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Table 2. Analysis of variables affecting overall survival rates for lung cancer patients

Indicators Categor, HR (95% CI) value Overall Survival
ndicator gory o P Months %
30-39 1 17.5 30.0
40-49 0.81(0.17-3.82) 16.5 30.7
Age, years 50-59 0.96 (0.24-3.83) 0.33350 21.7 9.4
60-69 0.99 (0.25-3.93) 18.0 21.9
70+ 1.77 (0.37-8.27) 114 -
Gender Female 1 26.5 27.0
0.00187
Male 1.38 (0.84-2.27) 16.6 8.6
St IA+IB 1 38.1 54.2
St IIA+IIB 2.28 (1.18-4.34)" 27.6 27.8
Stage - 0.00000
St IIIA+IIIB 12.67 (6.69-23.19) 11.9 5.8
StV 22.56 (10.19-48.03)" 7.8 39
T, 1 33.6 40.2
T, 1.85 (0.88-3.88) 27.2 25.0
pT " 0.00000
T, 5.43 (2.33-12.36) 11.7 15.2
T, 19.68 (6.61-56.24)" 9.6 1.1
N, 1 343 46.6
N 6.73 (3.53-12.54)" 17.8 9.6
pN L - 0.00000
N, 19.49 (9.11-40.05) 11.5 6.1
N, 5.41(2.21-12.93) 5.7 5.3
M 1 23.2 26.0
pM 0 " 0.00000
M, 7.45 (3.60-14.99) 7.8 1.4
ADC 1 23.2 24.6
. . SCC 1.81 (1.10-2.95) 15.2 14.5
gy‘if:sl"g‘cal ADC + SCC 1.69 (0.33-8.46) 0.00000 22.4 253
NEC (G1+G2) 0.08 (0.02-0.37)" 48.9 80.0
NEC (G3) 2.69 (1.23-5.77)" 11.1 8.3
Radical 1 37.0 45.1
Combined 3.65(2.11-6.21)° 26.2 24.3
Treatment On,l 1.ne ( ) " 0.00000
Palliative 22.97 (10.92-46.31) 11.1 0.78
No treatment 43.05 (9.76-180.4)" 2.9 -

Note. * - Statistically significant differences, p<0.05

grade G1+@G2) and 52 patients with small cell and large cell lung
cancer (high grade G3).

Radical surgery was performed in 230 (54.1%) patients,
including 198 patients with lobectomy/bilobectomy, and 32
patients with pneumonectomy. The combined treatment was
performed in 118 (27.8%) patients. The presence of metastases
in the intrathoracic lymph nodes (N, N,) was considered as
the indication for combination treatment (besides the radical
surgery). As the second stage of such treatment it included remote
radiation therapy with daily dose splitting up to a total focal dose
of 46 Gy. Radiation treatment as monotherapy was performed in
52 (12.2%) patients, chemotherapeutic treatment in 59 (13.9%)
patients, and combined (radiation + chemotherapy) in 35 (8.2%)
patients. Based on results of diagnostic tests, 49 (11.6%) patients
did not receive any special treatment.

Collection, Processing and Storage of Saliva Sample

All participants had saliva sampling (5 mL) before
treatment. Saliva samples were collected after overnight fast,

between 8 and 10 a.m., after rinsing the oral cavity with water
followed by saliva spit into sterile polypropylene tubes; the
salivation rate (mL/min) was calculated as described in [37].
Saliva samples were centrifuged (10000 g for 10 min) (CLb-16,
Russia) and biochemical analyses were performed immediately
without storage and freezing.

Biochemical Analysis of Saliva Samples

The biochemical composition of the samples was
established using the StatFax 3300 semi-automatic biochemical
analyzer («Awareness Technologys», USA) [38]. The pH,
mineral composition (calcium, phosphorus, sodium, potassium,
magnesium, chlorides, nitric oxide), the content of urea,
total protein, albumin, uric acid, a-amino acids, imidazole
compounds, seromucoids and sialic acids, the activity of enzymes
(aminotransferases; alkaline phosphatase; LDH; gamma-
glutamyl transpeptidase; a-amylase) were determined in all
samples. The content of lipoperoxidation products (conjugated
dienes, conjugated trienes, Schiff bases, malondialdehyde), the
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Figure 2. A — Overall survival of patients with squamous cell lung cancer; B-E — Overall survival of patients with lung adenocarcinoma, depending
on the content in saliva: Imidazole Compounds (IC), mmol/L (B); Seromucoids, c.u. (C); Uric acid, nmol/mL (D); combinations of parameters:
favorable prognosis (curve 1), unfavorable prognosis (curve 2) and other combinations (curve 3) (E).



Biomedical Chemistry: Research and Methods 2020, 3(3), e00133 DOI: 10.18097/bmcrm00133 5

Figure 2. F-I — Overall survival of patients with lung neuroendocrine cancer, depending on the content in saliva: Urea, mmol/L (F);
NO, nmol/mL (G); ALP, U/L(H); combinations of parameters: favorable prognosis (curve 1), unfavorable prognosis (curve 2) and other combinations

(curve 3) (D).

level of middle molecule toxins, and the activity of antioxidant
enzymes (catalase, superoxide dismutase, peroxidase, total
antioxidant activity) were as described in [35,39].

Statistical Analysis

The statistical analysis was performed by means of
Statistica 13.3 EN («StatSoft», USA). The total observation time
was 6 years, the median observation time was 42 months. The
overall survival (OS) of the patient was evaluated from the date
of hospitalization to the date of the last observation (censored)
or the date of death of the patient (complete). Survival data were
obtained until December 2019. Evaluation of OS was performed
using the Kaplan Mayer method with the presentation of survival
curves and the calculation of the significance of differences in
Log-rank. A univariate Cox proportional hazards regression
analysis was initially variables carried out to investigate the
relationships between salivary parameters and survival data.
Finally, variables with p<0.10 were chosen to formulate
multivariate Cox proportional hazards regression models and
determine the independent prognostic factors for OS. Hazard
ratio (HR) was obtained with 95% confidence interval (CI).

RESULTS
Analysis of the Overall Survival of Lung Cancer Patients

During the observation period, 297 people died. The median
overall survival was 18.0 months; 63% of patients lived more
than a year after the start of treatment, 31% of patients lived
more than 3 years, and 20.5% of patients lived more than 5 years
(Fig. 1A).

Due to the heterogeneity of the study group, it was necessary
to analyze the influence of individual factors on survival rates
(Table 2). Although the age and gender of patients did not have
statistically significant effects on survival rates a tendency
towards a decrease in the overall survival rate with disease
progression was clearly observed (Table 2). The comparison of
the histological type of lung cancer revealed that the maximum
survival rate was characteristic for adenocarcinoma (23.2
months); for squamous and neuroendocrine lung cancer with a
high degree of malignancy, the risk was higher (Fig. 1B). The
lowest overall survival rate was typical for the group of patients
with undifferentiated lung cancer (5.3 months). The survival
rates of patients with neuroendocrine cancer of low malignancy



Biomedical Chemistry: Research and Methods 2020, 3(3), e00133 DOI: 10.18097/bmcrm00133 6

Table 3. Analysis of biochemical saliva parameters affecting overall survival of patients with lung cancer

. Overall Survival
Indicators Category HR (95% CI) p-value
Months %
Adenocarcinoma
Imidazole compounds, | <0.311 1 29.1 33.4
" 0.00014
mmol/L >0.311 3.14 (1.59-6.09) 18.2 16.4
. >0.098 1 27.1 33.1
Seromucoids, c.u. " 0.02320
<0.098 2.34 (1.22-4.43) 16.5 9.9
o >83 1 27.1 40.1
Uric acid, nmol/mL " 0.00633
<83 227 (1.24-4.12) 17.9 20.6
) Favorable prognosis 1 0.00004 36.2 48.6
+ +
IC + Seromucoids Other combinations 2.92 (1.04-8.10)’ 213 21.8
Uric acid
Unfavorable prognosis 7.91 (2.52-24.11)" 14.2 7.0
Lung neuroendocrine tumors
>8 1 22.0 332
Urea, mmol/L 0.15670
<8 1.63 (0.59-4.43) 11.2 21.8
>24 1 21.1 32.7
NO, nmol/mL 0.08330
<24 2.71 (0.90-8.02) 11.2 18.3
>74 1 26.0 43.8
ALP, U/L " 0.00555
<74 4.93 (1.55-15.33) 9.7 -
Favorable prognosis 1 335 67.9
Urea + NO + ALP Other combinations 1.81 (0.19-16.62) 0.01184 13.1 19.4
Unfavorable prognosis 12.50 (1.09-138.71)" 6.5 -
Prognostic saliva values depending on the type of treatment
Radical treatment
>1748 1 38.5 68.2
LDH, U/L 545-1748 2.54 (0.83-7.71) 0.00968 36.7 41.7
<545 7.20 (2.13-23.70)" 28.7 20.8
Combined treatment
>42 1 31.1 56.9
NO, nmol/mL 15-42 3.97 (1.55-9.94)" 0.02797 24.8 21.0
<15 5.64 (1.89-16.46)" 23.8 14.2
Palliative treatment
Imidazole compounds, | <0.311 1 0.01114 14.8 4.8
mmol/L >0.311 1.08 (0.22-5.20) ' 10.1 0.26
<24 1 12.5 2.9
NO, nmol/mL 0.10560
>24 1.32 (0.37-4.67) 10.7 0.53
Favorable prognosis 1 16.6 6.8
IC+NO - - 0.01827
Unfavorable prognosis 2.73 (1.07-12.92) 11.0 -

Note. * - differences are statistically significant, p<0.05

G1 and G2 (typical and atypical carcinoids) should be considered
separately. The median overall survival rate of these patients was
48.9 months (Table 2). It was shown that the overall survival
of patients after radical surgery was 45.3%; this is significantly
higher than the corresponding values for combined (24.3%) and
palliative (0.78%) treatment (Table 2).

Prognostic Parameters Taking into Account the Histological
TBype of Lung Cancer

At the next stage, prognostic parameters were determined
taking into account the histological type of lung cancer. It

was found that LDH activity was the only selected parameter
prognostically important for squamous cell lung cancer (Fig.
2A). The level of saliva LDH below 1748 U/L before treatment
(HR=2.89;95% CI 1.28—6.46; p=0.00330) was a prognostically
unfavorable. The median overall survival with a favorable
prognosis was two times higher than the corresponding value
with an unfavorable prognosis (20.3 months vs 10.6 months).

In the case of lung adenocarcinoma, three parameters were
selected as prognostic signs: the content of IC, seromucoids,
and uric acid (Fig. 2B,C,D). The median concentrations of
these indicators in the saliva of lung cancer patients were used
as the threshold values: IC — 0.311 [0.197; 0.478] mmol/L,
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Figure 3. The overall survival of patients with lung cancer depending on the content in saliva of: A — LDH, U/L during radical treatment; B — NO,
nmoL/mL for combined treatment; C — Imidazole Compounds (IC), mmol/L and NO, nmol/mL for palliative treatment.

seromucoids — 0.098 [0.055; 0.154] c.u., uric acid — 83.33 [36.54;
166.67] nmol/ml (Supplementary Materials, Table S1). It was
shown that the levels of IC<0.311 mmol/L, seromucoids>0.098
c.u. and uric acid >83 nmol/L were prognostically favorable
(Table 3, Fig. 2B-D). The combination of these indicators allowed
us to identify groups with favorable and unfavorable prognoses
(Fig. 2E); for these groups the 1-year overall survival was 89.8%
and 51.4%, and the 3-year overall survival was 61.7% and 18.8%
and 5-year overall survival was 48.5% and 6.9%, respectively.
Several prognostically important parameters were also found
for neuroendocrine lung tumors: urea concentration, nitric oxide
(NO) and alkaline phosphatase (ALP) activity (Fig. 2F-H). The
median concentrations of these parameters in the saliva of patients
with lung cancer (urea — 8.00 [5.76; 11.86] mmol/L, NO — 24.0
[14.2; 42.3] nmol/mL, and alkaline phosphatase — 73.88 [49.98;
117.34] U/L) were used as threshold values (Supplementary
Materials, Table S1). In this case, only the concentration of uric
acid in saliva was an independent prognostic sign (Table 3). It
was shown that a favorable prediction corresponded to the values
of all parameters above the threshold level, while an unfavorable
prediction was associated with the values below the threshold
level (Table 3). It should be noted that in the group of patients
with an unfavorable prognosis, all patients died by the end of the

first year, while in the group with a favorable prognosis, 1-year
overall survival was 84.3%, 3- and S5-year-survival was 68.2%
(Fig. 20).

Prognostic Parameters Based on the Type of Treatment

For both radical and combined treatments, as prognostically
important parameters, only one of the saliva parameter was
selected: LDH for radical treatment, NO for combined treatment
(Fig. 3).

In both cases, to determine the prognosis, the concentration
variation interval was divided into tertiles in accordance with
the interquartile range: for LDH, 1133 [545.5; 1748.9] U/L, for
NO -24.0 [14.2; 42.3] nmol/mL (Table 3). It was shown that the
value of LDH activity exceeding 1748 U/L for radical treatment
(Fig. 3a) and the NO level exceeding 42 nmol/mL for combined
treatment (Fig. 3B) were prognostically favorable.

For palliative treatment the levels of IC and NO were
prognostically significant. In this case, the values of these
indicators below the threshold level were prognostically
favorable (Table 3). The combination of both indicators was
more informative (Fig. 3c). So, in the case of a favorable
prognosis, 1-, 3- and 5-year overall survival rates were 60.7%,
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11.8%, and 6.2%, respectively. In the case of an unfavorable
prognosis, the 1-year overall survival rate was 53.1%, while no
patients survived for 3 years after treatment.

DISCUSSION

Biochemical saliva markers can be used for prognostic
purposes in lung cancer. It should be noted that saliva biochemical
markers have not been considered yet for prognostic purposes,
not only for lung cancer, but also for other oncological diseases.

Previously, we found the level of imidazole compounds in
saliva and LDH activity was of high prognostic significance. This
result is logical, because the metabolic changes accompanying
lung cancer are characterized by a decrease in LDH activity,
which corresponds to a decrease in the intensity of anaerobic and
aerobic energy processes [40, 41]. It is also known that LDH
activity can affect the malignant potential of a tumor by increasing
proliferation, viability and invasive capacity of tumor cells, as
well as by decreasing apoptosis [42,43]. Our data showed that
increased LDH activity in saliva was a prognostically favorable
factor, whereas the opposite tendency was previously noted for
blood plasma [11,12,44]. However, for most biochemical saliva
markers, correlations with the composition of blood plasma
were weak or even absent; therefore, the values of biochemical
saliva markers should be considered as independent and criteria
for norm and pathology should be developed for them [45]. The
mean LDH activity in the group of lung cancer patients does not
practically differ from the corresponding values of the control
group (1133.0 U/L vs. 1127.5 U/L). However, with an increase
in the tumor size, LDH activity decreased significantly (-12.1%
from T M, to T,M,, -29.3% from T M, to T, ,M,). Similarly, with
an increase in the degree of lymph node damage, LDH activity in
saliva decreased (Supplementary Materials, Tables S3, S4). The
prognostic value of the level of imidazole compounds has not
been previously mentioned in the literature, while a decrease in
the level of imidazole compounds in saliva is favorable. Imidazole
compounds include the amino acid histidine and its metabolites
(histamine, urocanilic acid, etc.), which are actively involved
in malignant growth processes [46]. Tumor cells can secrete
histamine, which generally affects the change in the metabolism
of polyamines, and can lead to the formation of reactive oxygen
species involved in carcinogenesis [47-49]. We have shown that
with lung cancer, histamine levels are a parameter for monitoring
the disease [50]. The level of imidazole compounds in saliva of
lung cancer patient was higher than in the control group (0.311
mmol/L vs. 0.281 mmol/L); the maximum increase in this
indicator corresponded to the T,M, stage (+58.0%). The level of
imidazole compounds increases with the increase in the degree
of damage to the lymph node lesion (+17.4% for N M, +39.5%
for N\ M, +77.9% for N,M,). Thus, a combination of increased
LDH activity and a low content of imidazole compounds may
be used to distinguish a group of patients with a favorable
prognosis. In the case of a favorable prognosis the combination
of both parameters corresponds to a median of overall survival
of 22.4 months, whereas in the case of an unfavorable prognosis,
this parameter is two times less (11.7 months).

However, when the histological type of the tumor is taken
into account, the prognostic nature of salivary LDH is preserved
only for squamous cell lung cancer (Fig. 2A). We previously
found that squamous cell carcinoma of the lung was characterized
by a decrease in LDH activity (Supplementary Materials, Table
S2) [40]. This suggests more pronounced effects of hypoxia in

squamous cell carcinoma ofthe lung [51,52]. Inthe case of favorable
prognosis, the median overall survival was 20.3 months, while for
squamous lung cancer this value was 15.2 months (HR=0.53; 95%
CI 0.26-1.09; p=0.05870). For lung adenocarcinoma, in addition
to imidazole compounds, seromucoids and uric acid are selected
as prognostic signs (Fig. 2B-E, Table 3). The level of seromucoids
rises against lung cancer; however, as the disease progresses,
seromucoid content decreases; this is the most pronounced for the
common stages of the disease (Supplementary Materials, Table S3,
S4) [50]. Uric acid is the end product of the metabolic cleavage of
purine nucleotides. An increase in uric acid levels may result from
the rapid catabolism of purine nucleic acids from cancer cells, and
indicates a higher turnover of nucleic acids in cellular elements
[53, 54]. Uric acid can be a mediator of free radical reactions, and
act as an antioxidant [55]. It contributes to the total antioxidant
ability of plasma [56]. There is evidence that uric acid is able
to protect lipoproteins from oxidative stress [57]. This probably
explains, why increased levels of seromucoids and uric acid are a
prognostically favorable sign. An increase in the median overall
survival with a favorable prognosis is also statistically significant
as compared with the average values for lung adenocarcinoma
(36.2 months vs. 23.2 months; HR=0.40; 95% CI 0.20-0.79;
p=0.00150). For the group with the unfavorable prognosis,
statistically significant differences were also found (14.2 vs. 23.2
months; HR=3.15; 95% CI 1.16—8.41; p=0.00097).

Since the proportion of neuroendocrine tumors in the
total sample size is small (16%), it is not surprising that the
prognostically important parameters differ from those originally
selected for the combined lung cancer group. These include urea,
NO, and ALP (Table 3, Fig.2F-I). ALP activity was significantly
higher in patients with neuroendocrine lung tumors than in the
control group (Supplementary, Table S2). This is consistent with
published data [58,59]. Additionally, the difference in the ALP
level between tumors of different degrees of malignancy is shown,
namely: increased ALP activity for lung carcinoid tumors [60].
However, ALP activity decreases during disease progression. This
is explained by the fact that the local stages of the disease without
regional and distant metastases are mainly tumors of the G1 + G2
type, for which ALP activity is higher. The concentration of urea
in saliva, like NO, decreases with the progression of the disease,
the maximum values of these parameters are characteristic of
the early stages of the disease (Supplementary Materials, Tables
S3, S4). A decrease in the urea concentration with progression
of lung cancer correlates with a decrease in the total protein
concentration. Moreover, effective treatment and destruction of
the tumor are accompanied by increased protein breakdown and
so the level of urea will be higher. Good evidence exists that NO
is a universal regulator of cell and tissue metabolism in tumor
growth [61-63]. Importantly, NO effects at different disease stages
are spatially-, temporally regulated and concentration-dependent
[64]. High NO levels lead to nitrosative stress and activation of
various stress-related proteins [65]. Probably, an increase in the
NO level promotes the antitumor effect. Thus, for neuroendocrine
tumors, an increase in all three parameters above a threshold
value will be prognostically favorable. Comparison of the average
values for the overall survival of lung cancer patients with and the
neuroendocrine group with a favorable prognosis showed that the
risk of dying in the group reduced (HR=0.25; 95% C10.07-0.88;
p=0.00006). Moreover, the medians of overall survival were
11.1 months and 33.5 months, respectively. This also confirms
the good prospects for using these biochemical saliva markers to
predict lung cancer.
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Depending on the type of treatment, the same parameters that
were selected in other cases remain prognostically significant,
however their combinations differed. For radical surgery, which
is usually carried out at the early stages of the disease, salivary
LDH activity is significant (Table 3, Fig. 3). For combined
treatment, an elevated level of NO is prognostically favorable.
It can be assumed that with an increase in the NO level, the
content of active nitrosyl radicals increases; under conditions
of radiation therapy this contribute to the compensation of its
side effects. The manifestation of the antioxidant properties of
NO can contribute to a better treatment effect and an increase
in overall survival rates [66]. Moreover, the level of NO retains
its prognostic value also with palliative chemo- and radiation
therapy; however, it is not an independent prognostic sign. In
this case the level of imidazole compounds, which statistically
significantly increases at the advanced stages of the disease, is an
additional parameter (Supplementary Materials, Tables S3, S4).
These indicators can be used to predict the course of the disease
and personalized patient’s care.

Limitations of the study are associated with an insufficiently
large group of patients. This seriously limits evaluation of the
predictive power in subgroups of patients with different stages
of lung cancer, histological types of cancer and treatments. It is
also planned in the future to consider the prognostic value of
isoforms of LDH and alkaline phosphatase enzymes in saliva in
lung cancer.

CONCLUSIONS

For the first time, the possibility of using biochemical saliva
parameters to determine the prognosis of lung cancer has been
shown. The factors of favorable and unfavorable prognosis for
lung cancer of various histological types, as well as depending
on the type of treatment, which can be used in clinical practice
to select the optimal tactics for treating patients, are established.
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HOBAS OBJIACTb IPUMEHEHMUS CJIFOHBI B TIPOTHOCTHUYECKUX HEJAX HA IPUMEPE PAKA JIETKHUX
JI.B. Benvckaa’, B.K. Kocenox?

'Hay4Ho-uccienoBarenbckas taboparopust Onoxumun, OMCKH# TOCYIapCTBEHHBIN MTeIarorHueCKuil yHUBEPCHUTET,
644043, Omck, ya. Ha6. TyxadeBckoro, 14, *e-mail: belskaya@omgpu.ru
2Kadenpa onkonoruu, OMCKHUil TOCYAapCTBEHHBINA MEAUIIMHCKHI yHUBEpcUTeT, 644099, OMcK, yi. Jlenuna, 12

Ienbro 1aHHO# pabOTHI OBUIO ONIPE/IeNICHNE MOTEHIMAIBEHOM TPOrHOCTUYECKON POIM OMOXUMHUYECKUX II0Ka3aTelIei CITIOHBI IIPH PAKe JIETKOTO.
B uccnenoBanue BKitoueHb! 425 GONBHBIX PaKOM JIETKHX Pa3INYHbIX TUCTOJIOTHYECKUX TUIOB. Ilepen eyeHneM Obun coOpaHbl 00pa3ibl CIFOHBI
u onpeneneHsl 34 oGnoxumudeckux napamerpa. [IporHoctuueckue (akTophl ObUIM MTPOAHAIM3UPOBAHBI C MOMOLIBI0O MHOTOMEPHOIO aHajIM3a C
HCIIOJIb30BaHUEM MOJIEINH IIPOIOPIIMOHANBHEIX pHcKoB Kokca. [lomyueHHBIe pe3ynbTraThl CBUIETEIBCTBYIOT O TOM, YTO IS INTOCKOKJIETOYHOTO paKa
HE3aBUCHMBIM IIPOTHOCTUYECKH HEOIAaronpusTHEIM (PaKTOpOM SIBIISIETCS] aKTUBHOCTH JakTarneruaporenassl (JIAIN) menee 1748 E/n (otHOmEHUE
puckoB (OP)=2,89; 95% nosepurenbubiii untepsan (AMN) 1,28—6,46; p=0,00330). JIns ameHOKapIHHOMBI MOXXHO BBIJCIUTH COYCTAHHE
HECKOJIBKUX (haKTOPOB: COZEp)KaHHE MMHIA30JbHBIX coenuHeHnil 6onee 0,311 mmoins/i, cepomykongoB meHee 0,098 y.e. 1 MOYEBOW KUCIOTHI
Menee 83 umonb/mi (OP=7,91; 95% JIU 2,52—-24,11; p=0,00004). JI;1s1 HEHpOIHTOKPUHHOTO paKa JISTKOro HeOIaronpHUsITHBIN MPOrHO3 CBSI3aH C
coziep)KaHreM MOUYeBHHBI MeHee 8 MMoib /11, NO MeHee 24 HMOJB/MII M aKTUBHOCTBIO 11esiouHoH (ocdarassl menee 74 E/n (OP=12,50; 95% AU
1,09—-138,7; p=0,01184). [Ins paaukanbHOTO JIeUCHHs HEOIArONPHUsTHBIA MPOTHO3 cBsi3aH ¢ akTuBHOCTHIO JIJIT Menee 545 E/n (OP=7,20; 95%
J1 2,13-23,70; p=0,00968), 115t kKoMOHHHUpOBaHHOTO JieueHus ¢ ypoBHeM NO menee 15 amons/mit (OP=5,64; 95% 111 1,89—16,46; p =0,02797).
Hawuxyumii mporso3 Ajist MauIMaTUBHOTO JiedeHus Habmronaercst ipu ypoBHe NO MeHee 24 HMOIJB/MII ¥ COJIep)KaHUH UMHUIA30JIbHBIX COSTMHEHUIT
6oiee 0,311 mmons/n (OP=2,73; 95% I 1,07—12,92; p=0,01827). BeisiBicHHBIC TapaMETPbI MOTYT ObITh HCIIOIB30BAHBI ISl IPOTHO3UPOBAHUS
paka JIETKMX U KOPPEKTHPOBKHU TAKTUKH JICUCHUS ALIUSHTOB.

KnroueBble ciioBa: cCitoHa; OMOXMMHMYECKHH COCTaB; pak JIErKoro; o0mas BBDKMBAaeMOCTb; IIPOTHO3; aJeHOKApLUHOMA;
IJIOCKOKJIETOYHAsl KapLIMHOMAa; HEMPO3HIOKPUHHBIN paKk

OPUHAHACUPOBAHUE

PaGora BhImonHEeHa TpU (UHAHCOBOHM mozmepKke OMCKOr0 TOCYIApCTBEHHOTO MEIUIIMHCKOro yHHBepcutreta u OMCKOro
rOCyApCTBEHHOIO NEAArOru4ecKoro YHUBEPCUTETA.

IMocrymuna: 06.08.2020, nocie nopadotku: 10.09.2020, mpunsta k neyaru: 14.09.2020
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