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Abstract

Background and objectives: Despite efforts, tumor recurrence is diagnosed in 35-40% of patients with stage III squamous cell
lung carcinoma (SCLC) during the first year after treatment. The purpose of the present investigation was to determine the lev-
els of cytokeratin-fragment 19 (CYFRA 21-1) in blood serum, the percentages of lymphocytes containing chemokine receptor 1
(CXCRT1, %, lymphocytes), and the percentages of monocytes containing chemokine receptor 2 (CXCR2, %, monocytes), as well
as their combined model before and after treatment for the early detection of recurrence.

Methods: Forty-eight patients (29 men and 19 women) with newly diagnosed stage III SCLC were examined. Serum levels of
CYFRA 21-1, CXCR1, %, lymphocytes, and CXCR2, %, monocytes in peripheral blood were measured before treatment and
at three weeks, three months, and six months after treatment using a chemiluminescence immunoassay analyzer and a flow
cytometer, respectively.

Results: The levels of all determined indicators, which were elevated before treatment, decreased sharply three weeks after
treatment. Subsequently, three months and six months after treatment, the levels steadily increased in patients with diagnosed
tumor recurrence. The differences in these indicators in three weeks to three months, three months to six months, and three
weeks to six months after treatment, when included in a regression equation, corresponded to the presence of recurrence with
accuracies of 83.3%, 91.7%, and 95.8%, respectively.

Conclusions: Determining the combination of CYFRA 21-1 levels, CXCR1, %, lymphocytes, and CXCR2, %, monocytes in the
blood of patients with stage III SCLC is important for assessing the probability of recurrence after treatment.

of lung cancer, comprising 85% of cases, is non-small cell lung

Introduction

) . cancer (NSCLC), which can be classified into adenocarcinoma at
According to the World Health Organization, in 2023, lung can- 50%, squamous cell lung carcinoma (SCLC) at 47%, and large cell
cer was the second most common newly diagnosed cancer and cancer at 3%.2 These subtypes differ not only in their histological
the leading cause of cancer mortality." The most common type structure. For example, adenocarcinoma is often associated with

mutations in the epidermal growth factor receptor and anaplastic
lymphoma kinase (CD246) genes, while SCLC more often devel-
ops in smokers and is not typically associated with these muta-
tions.! Therefore, the study of the pathogenesis and diagnosis of
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stages). The remaining stage III SCLC patients undergo tumor re-
moval with RO surgery, which ensures complete tumor excision
along with lymph node dissection. Patients with tumor characteris-
tics TIN2MO, T2N2MO, T3N1MO, and T3N2MO undergo adjuvant
(postoperative) polychemotherapy to suppress remaining cancer
cells. Those with TANOMO, T4N1MO, and T4AN2MO receive neo-
adjuvant polychemotherapy before surgery.5 Despite these efforts,
the risk of relapse due to micrometastases after surgery remains
high. Tumor recurrence is diagnosed in 20% of stage I SCLC pa-
tients during the first year after treatment,’ and in 35-40% of stage
III patients.*

All patients undergo medical examinations every three months
for two years post-treatment.’ If the patient is asymptomatic, com-
puted tomography (CT) is performed at six and 12 months after
treatment. However, relapses may occur earlier and initially be
asymptomatic.

Circulating components of tumor metabolism could serve as in-
formative tools for additional diagnosis and prognosis of NSCLC
outcomes. The use of blood concentrations of cytokeratin fragment
19 (CYFRA 21-1), cancer embryonic antigen (CEA), squamous
cell carcinoma antigen, neuron-specific enolase, tissue polypep-
tide antigen, and others is being explored for this purpose.t-'4
Only CYFRA 21-1 and CEA have been associated with overall and
relapse-free survival, and only in early-stage (I-II) patients.®%12
However, these markers have low sensitivity and specificity, and
studies have only examined stage III SCLC patients in mixed
groups with early stages.!314

Based on previous studies, we selected three biochemical
markers in stage III SCLC patients: the levels of CYFRA 21-1,
the percentages of lymphocytes with CXCR1 receptors (CXCR1,
%, lymphocytes), the percentages of monocytes with CXCR?2 re-
ceptors (CXCR2, %, monocytes) in blood cell populations—for
relapse-free survival prediction.' Their combined determination
in a regression equation was shown to be the most informative as a
prognostic factor, suggesting a relationship with the likelihood of
tumor relapse after treatment.

Recently, we demonstrated the role of biomarkers in predicting
relapse in stage [-II SCLC after surgical treatment. We found that
the likelihood of relapse based on a difference in the concentrations
of SCC antigens, the percentages of lymphocytes with CXCR2,
and monocytes with CD44v6 receptors in the populations of cor-
responding blood cells during three weeks to three months, three to
six months, and three weeks to six months post-surgery can be pre-
dicted with accuracies ranging from 68.4% to 89.5%. Subsequent
regression analysis and the development of a combined model that
included these parameters increased the predictive value of tumor
recurrence to 96.5% (specificity — 95.6%, sensitivity — 100%).
These results indicated the usefulness of the combined model in
stage I-II SCLC patients as an additional marker for predicting
postoperative relapse.!17

Thus, surgical treatment of stage III SCLC is associated with
chemotherapy. Despite these efforts, some patients develop tumor
relapses, mostly within the first year after surgery, which are as-
sociated with high mortality. Early detection of relapse leads to
more effective anti-relapse treatment. Therefore, identifying effec-
tive criteria for predicting relapse remains crucial.®1* Although
biochemical criteria have not yet found practical application due to
their nonspecificity and insufficient sensitivity, numerous studies
continue to explore new biomarkers.

The purpose of the present investigation was to determine
the levels of CYFRA 21-1, the percentages of lymphocytes with
CXCRI1 receptors, and the percentages of monocytes with CXCR2
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receptors, as well as their combination after treatment to predict
relapse in stage III SCLC patients.

Materials and methods

Research object

The study involved 48 patients (29 men and 19 women) admitted
to the clinic of the N.N. Alexandrov National Cancer Center of
Belarus between 2021 and 2022. The inclusion criteria for patients
were as follows: newly diagnosed stage IIIA or IIIB SCLC. The
exclusion criteria were the presence of metachronous or secondary
cancer, and patient refusal to participate in the study. During the
first year of observation, there were no patient dropouts. Patients
with TIN2MO, T2N2MO, T3N1MO, or T3N2MO underwent surgi-
cal resection of the tumor (surgical volume — RO) followed by 4
courses of adjuvant polychemotherapy consisting of a combination
of vinorelbine (V) 25-30 mg/m? and cisplatin (C) 80 mg/m?. Pa-
tients with TANOMO, T4N1MO, or T4N2MO received two courses
of neoadjuvant chemotherapy consisting of V + C, followed by
surgical resection of the tumor and two additional courses of ad-
juvant polychemotherapy with V + C. The post-treatment moni-
toring algorithm for all patients included a physical examination
every three months for the first year after surgery. In the absence
of complaints and symptoms of the disease based on the results of
a physical examination, a CT scan was performed at six and 12
months after treatment. This schedule is critical for early relapse
detection. Information on the development of relapse in the exam-
ined patients after surgery was obtained based on CT data from
the Cancer Register of the Republic of Belarus (N.N. Alexandrov
National Cancer Center of Belarus).

Ethical approval and consent

The study received approval from the Biomedical Ethics Commit-
tee of Belarusian State Medical University (Committee meeting
No. 2 dated 10/04/2021). All patients provided written voluntary
consent to participate in the study in accordance with the Declara-
tion of Helsinki as revised in 2013.

Study design and sample collection

Before treatment and at three weeks, three months, and six months
after surgery, candidate biomarkers were measured in all patients.
Blood was collected from the cubital vein of patients on an empty
stomach into a vacutainer with EDTA-K2 as an anticoagulant. To
obtain serum, blood was collected into a tube with thrombin and
separating gel.

Analysis of samples

The concentration of CYFRA 21-1 antigen in blood serum was
determined using the electrochemiluminescent method on a Co-
bas e411 automated analyzer (Roche Diagnostics GmbH, Germa-
ny) using original Elecsys CYFRA 21-1 kits (Roche Diagnostics
GmbH, Germany). To assess the concentrations of CXCR1 and
CXCR?2 receptors in leukocyte cells, a Navios flow cytometer
(Beckman Coulter, USA) was used. For this, 100 puL of blood
and a solution containing a mixture of antibodies with fluores-
cent labels were placed in a test tube: CD181 (CXCR1)-PE-Cy5
(BioLegend, USA), CD182 (CXCR2)-PE (BioLegend, USA),
and CD45-Pacific Orange (Exbio, Czech Republic). After 15 m
of incubation in the dark with antibodies containing a fluores-
cent label, 1 ml of VersaLyse lysis solution (Beckman Coulter,
France) was added to the mixture. Antibodies were fixed on the
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Table 1. Comparison of general conditions between the relapse and nonrelapse patients

Characteristics Relapse group (n = 17) Nonrelapse group (n = 31) P-value
Age (M + o years) 55.3+19.3 58.1+18.5 0.215
Gender, n (%) 0.198
Males 10 (58.8) 19 (61.3)
Females 7 (41.2) 12 (38.7)
Smoking status 2/8/0 3/15/1
Males n (%) 0.107
former 2(20.0) 3(15.8)
current 8(80.0) 15 (78.9)
never 0(0.0) 1(5.2)
Females n (%) 0.125
former 1(14.3) 2 (16.7)
current 5(71.4) 8 (66.6)
never 1(14.3) 2 (16.7)

cell surface using IQTest 3 fixing solution (Beckman Coulter,
France).

Statistical analysis

The combined model for predicting relapse-free survival included
the result of a regression equation (Y) for determining three indica-
tors: the concentration of the CYFRA 21-1 antigen in blood serum
(X1); the relative amount (%) of CXCR1 receptor in lymphocytes
(X2); and the relative amount (%) of CXCR2 receptor in mono-
cytes (X3):15

_exp(=5,315+0,116* X1+1,901* X2+0,279* X3)
I+exp(-5,315+0,116* X1+1,901* X2+0,279* X3)

The relationship between changes in the levels of the deter-
mined indicators and disease-free survival was assessed using sin-
gle- and multivariate Cox proportional hazard models.

The integral diagnostic information content of the laboratory
tests was evaluated by constructing characteristic receiver operat-
ing characteristic (ROC) curves and calculating the area under the
ROC curve. The diagnostic value of the analyzed indicators was
determined by calculating the following diagnostic sensitivity: the
number of actual relapses in patients whose indicator values ex-
ceeded the threshold value (TV), diagnostic specificity (the num-
ber of patients without relapse, whose laboratory indicator levels
were below the TV, the predictive value of positive and negative
results, and the overall diagnostic accuracy among all examined
patients. For this purpose, these calculations utilized the true posi-
tive, true negative, false positive, and false negative results of the
diagnostic test, employing generally accepted formulas.!® The
threshold value was determined as the optimal combination of
sensitivity and specificity of the test by plotting the dependence of
sensitivity on the probability of false-positive results. For all types
of statistical analysis, the critical significance level was set at 5%.

Results

A comparison of the general situation between the patient groups
with relapse and without relapse during one year after treatment
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shows there was no statistically significant difference (P > 0.05)
between these two groups, suggesting comparability (Table 1).

Relapse developed in 17 out of 48 patients examined within
one year after treatment: one patient at 3.8 months, three patients
within a period of up to six months, and 13 patients within a period
of six months to one year (Table 2).

Three weeks after treatment, the levels of all determined indica-
tors sharply decreased (Table 2), nearing the threshold values (Ta-
ble 3). In 11 out of 17 patients who relapsed, the levels of CYFRA
21-1, despite decreasing, remained above the TV (Tables 2 and 3).
Similar changes were observed for other parameters. The percent-
ages of lymphocytes with CXCR1 receptors and monocytes with
CXCR2 receptors in the total population of these cells, as well
as the value of the combined model, were higher than the TV in
nine, 11, and 13 out of 17 patients with tumor relapse, respectively
(Tables 2 and 3).

Evidence of the relationship between the decrease in the levels
of indicators and relapse-free survival of patients three weeks after
treatment is demonstrated by Cox proportional hazard analysis. All
measured indicators are significantly associated with the develop-
ment of relapse (Table 3). This is evidenced, in particular, by the
confidence interval of the hazard ratio, whose values do not in-
clude 1, as well as by the value of the parameter P < 0.05 for all
measured indicators.

In patients without relapse, the median values at three and six
months did not differ from the levels at three weeks after treat-
ment (Table 4). In patients with relapse, the levels of these indica-
tors at three weeks, three months, and six months after treatment
steadily increased. The values of any of the determined indicators
after three months are significantly higher than after three weeks,
and after six months, they are higher compared to the value af-
ter three months. The value differences between three months and
three weeks, three months and six months, and three weeks and
six months in patients with identified relapse demonstrate the rise
even more clearly (Table 5). At the same time, in patients without
relapse, the difference is minimal and not significant in the speci-
fied periods after treatment.

Data from Cox proportional hazard analysis show a significant
relationship between the differences in the levels of determined
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Table 2. Levels of CYFRA 21-1 and percentages of lymphocytes with CXCR1, and percentages of monocytes with CXCR2 in patients with relapsed SCLC
before and after treatment

e Before After completion of treatment Time to re-
treatment Three weeks Three months Six months lapse, months
1 CYFRA 21-1, g/, x107® 6.64 5.29 6.41 8.07 3.8
CXCR1, %, lymphocytes 3.83 2.27 2.72 3.42
CXCR2, %, monocytes 2.19 1.2 1.46 1.91
Combined model® 0.738 0.249 0.325 0.454
2 CYFRA 21-1, g/I, x107® 7.94 3.59 4.75 6.23 4.3
CXCR1, %, lymphocytes 5.94 2.37 2.77 3.31
CXCR2, %, monocytes 1.83 1.01 1.24 1.71
Combined model® 0.639 0.261 0.337 0.464
3 CYFRA 21-1, g/I, x107® 5.99 3.14 4.30 5.82 5.1
CXCR1, %, lymphocytes 3.73 1.86 2.42 3.07
CXCR2, %, monocytes 1.7 1.41 1.63 2.12
Combined model® 0.639 0.231 0.315 0.448
4 CYFRA 21-1, g/I, x107® 7.32 3.64 4.72 6.16 5.4
CXCR1, %, lymphocytes 4.78 2.27 2.70 3.25
CXCR2, %, monocytes 1.62 1.29 1.52 1.98
Combined model? 0.627 0.240 0.313 0.439
5 CYFRA 21-1, g/I, x107® 6.56 4.21 5.23 6.67 6.1
CXCR1, %, lymphocytes 438 2.17 2.53 3.12
CXCR2, %, monocytes 1.42 1.25 1.48 1.93
Combined model? 0.623 0.251 0.314 0.438
6 CYFRA 21-1, g/, x107® 7.27 3.47 4.65 6.19 6.3
CXCR1, %, lymphocytes 4.28 2.17 2.81 4.14
CXCR2, %, monocytes 2.19 0.7 0.97 1.42
Combined model? 0.686 0.257 0.324 0.453
7 CYFRA 21-1, g/I, x107® 7.20 3.62 4.60 5.95 7.2
CXCR1, %, lymphocytes 3.63 1.76 2.11 2.67
CXCR2, %, monocytes 2.16 1.49 1.73 2.18
Combined model® 0.732 0.227 0.289 0.422
8 CYFRA 21-1, g/I, x107® 6.42 3.95 4.66 6.09 7.9
CXCR1, %, lymphocytes 4.18 2.27 2.52 3.07
CXCR2, %, monocytes 1.36 0.75 1.01 1.47
Combined model® 0.843 0.235 0.274 0.414
9 CYFRA 21-1, g/I, x107® 6.21 3.96 4.64 5.92 8.4
CXCR1, %, lymphocytes 4.13 2.06 2.40 2.98
CXCR2, %, monocytes 2.32 1.44 1.65 2.15
Combined model® 0.619 0.259 0.319 0.432
10 CYFRA 21-1, g/I, x107® 5.85 3.29 3.61 4.96 8.9
CXCR1, %, lymphocytes 3.68 2.37 2.52 3.26
CXCR2, %, monocytes 2.12 1.06 1.29 1.77
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Table 2. (continued)

. Before After completion of treatment Time to re-
treatment Three weeks Three months Six months lapse, months

Combined model® 0.567 0.241 0.280 0.390

11 CYFRA 21-1, g/I, x107® 6.03 3.29 4.24 5.80 9.3
CXCR1, %, lymphocytes 3.83 1.81 2.14 2.73
CXCR2, %, monocytes 1.5 1.1 1.33 1.81
Combined model® 0.607 0.237 0.295 0.430

12 CYFRA 21-1, g/I, x107® 6.29 3.92 4.37 6.30 10.1
CXCR1, %, lymphocytes 3.32 1.66 1.84 2.67
CXCR2, %, monocytes 2.54 1.2 1.48 1.91
Combined model? 0.418 0.229 0.248 0.402

13 CYFRA 21-1, g/I, x107® 7.84 3.24 3.54 4.86 10.6
CXCR1, %, lymphocytes 3.98 1.66 1.78 2.44
CXCR2, %, monocytes 2.33 _ 1.37 1.61 2.09
Combined model? 0.707 0.253 0.289 0.437

14 CYFRA 21-1, g/I, x107® 4.14 3.09 4.06 5.67 10.8
CXCR1, %, lymphocytes 2.47 1.61 1.93 2.69
CXCR2, %, monocytes 1.69 1.16 1.42 1.85
Combined model? 0.537 0.225 0.285 0.421

15 CYFRA 21-1, g/I, x107® 4.57 3.57 4.43 5.93 11.0
CXCR1, %, lymphocytes 3.70 1.80 2.15 2.70
CXCR2, %, monocytes 1.99 1.02 1.28 1.73
Combined model? 0.411 0.201 0.258 0.392

16 CYFRA 21-1, g/I, x107® 6.58 3.29 4.15 5.64 11.2
CXCR1, %, lymphocytes 4.25 1.85 2.20 2.75
CXCR2, %, monocytes 1.96 1.32 1.55 2.01
Combined model® 0.403 0.195 0.253 0.382

17 CYFRA 21-1, g/I, x107® 5.12 3.68 4.54 6.03 11.7
CXCR1, %, lymphocytes 3.55 1.95 2.30 2.85
CXCR2, %, monocytes 1.92 1.13 1.39 1.84
Combined model® 0.392 0.190 0.248 0.380

2Combined model, the result of a regression equation; CXCR1, C-X-C motif chemokine receptor 1; CXCR2, C-X-C motif chemokine receptor 2; CYFRA 21-1, cytokeratin 19 fragment
antigen 21-1; SCLC, squamous cell lung carcinoma.

Table 3. Threshold values and relationship of the levels of CYFRA 21-1, lymphocytes with CXCR1, and monocytes with CXCR2 in patients with relapsed
SCLC three weeks after treatment with relapse-free survival in stage Il SCLC (according to the Cox proportional hazard model)

Univariate model Multivariate model
Index TV
HR (95% ClI) P-value HR (95% CI) P-value
CYFRA 21-1, g/I, x107® 3.30 1.069 (1.005-1.133) 0.035 1.062 (1.003-1.121) 0.039
CXCR1, %, lymphocytes 1.90 1.059 (1.008-1.110) 0.037 1.055 (1.005-1.105) 0.041
CXCR2, %, monocytes 1.10 1.032 (1.009-1.055) 0.038 1.027 (1.006-1.048) 0.043
Combined model® 0.225 1.197 (1.027-1.167) 0.027 1.091 (1.018-1.164) 0.031

2Combined model, the result of a regression equation; Cl, confidence interval; CXCR1, C-X-C motif chemokine receptor 1; CXCR2, C-X-C motif chemokine receptor 2; CYFRA 21-1,
cytokeratin 19 fragment antigen 21-1; HR, hazard ratio; SCLC, squamous cell lung carcinoma; TV, threshold value.
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Table 4. Levels of CYFRA 21-1, lymphocytes with CXCR1, and monocytes with CXCR2 in groups of patients with and without SCLC relapse

Index Relapse Before treatment After treatment
Three weeks Three months Six months

CYFRA 21-1, g/I, x10°® No 4.19[3.51;5.13] 2.96 [0.90; 3.79] 2.97[1.01; 3.81] 2.99 [1.03; 3.86]

Yes 6.42 [5.99;7.20] 3.59" [3.29; 3.92] 4.54* [4.24; 4.66] 5.95%[5.80; 6.19]
CXCR1, %, lymphocytes No 2.45[1.75;3.20] 1.70 [0.95;2.00] 1.75 [1.00; 2.10] 1.80 [1.05;2.20]

Yes 3.83 [3.68;4.25] 1.95" [1.80; 2.27] 2.40%[2.14; 2.53] 2.98%[2.70; 3.25]
CXCR2, %, monocytes No 1.50 [0.55;2.45] 0.90 [0.30;1.40] 0.95 [0.35;1.65] 1.00 [0.50;1.95]

Yes 1.92 [1.62;2.16] 1.20" [1.06; 1.32] 1.46% [1.29; 1.55] 1.91% [1.77; 2.01]
Combined model® No 0.290 [0.221;0.296] 0.193 [0.159;0.237] 0.199 [0.161; 0.241] 0.201 [0.164;0.245]

Yes 0.623[0.537;0.686]  0.237°[0.227;0.251]  0.290% [0.274; 0.315] 0.430"% [0.402;0.439]

aCombined model, the result of a regression equation; “significant differences in patients with relapse compared to patients without relapse; *significant differences after three
and 6 months compared to three weeks after treatment; CXCR1, C-X-C motif chemokine receptor 1; CXCR2, C-X-C motif chemokine receptor 2; CYFRA 21-1, cytokeratin 19 frag-

ment antigen 21-1; SCLC, squamous cell lung carcinoma.

indicators presented in Table 5 and the development of tumor re-
lapse. This is evidenced by hazard ratios in both univariate and
multivariate Cox models for each of the indicators in the compared
time intervals after treatment of patients (Table 6). The highest
hazard ratio is observed for the interval from 3 weeks to 6 months.
This indicates that the strength of the relationship between changes
in the levels of any of the indicators during this time interval and
relapse is the greatest.

The established relationship between the differences in the
studied parameters at selected time intervals after treatment forms
the basis for assessing the likelihood of relapse in patients with
SCLC. A generally accepted argument and objective criterion for
such an assessment is to determine the diagnostic value or accu-
racy of the selected parameter. A necessary requirement for such
an assessment is information about the threshold value for the time
interval difference. Such data can be obtained from the results of
ROC analysis (Fig. 1). TV for each of the indicators is presented
in Table 7.

Based on the results of determining the level difference dur-
ing the period from three weeks to three months after treatment,
the diagnostic accuracy of relapse probability ranged from 70.8%

(CXCR2, %, monocytes) to 75.0% (CYFRA 21-1). Using the re-
sults of the combined model calculation within the specified pe-
riod, the accuracy increases to 83.3%.

Based on the level difference three months and six months after
treatment, the determination of CXCR2, %, monocytes, CXCRI1,
%, lymphocytes, and CYFRA 21-1 demonstrates higher accuracy
for predicting relapse (72.9%, 75.0%, and 81.3%, respectively)
(Table 7). For the combined model, accuracy increased to 91.7%.
The predictive values of a positive result and a negative result were
84.2% and 96.6%, respectively.

The greatest efficiency was demonstrated by determining the
level difference between three weeks and six months after treat-
ment. This approach makes it possible to predict the presence
of relapse after treatment with an accuracy ranging from 83.3%
(CXCR2, %, monocytes) to 89.6% (CYFRA 21-1) (Table 7). Using
the combined model calculation increases the accuracy to 95.8%.

Discussion

Our study focused on three biochemical parameters in the blood:

Table 5. Differences in the levels of studied indicators in patients with stage Ill SCLC between three weeks and three months, three and six months, and

three weeks and six months after treatment

After treatment

Index Relapse Before treatment Three weeks — Three months — Three weeks —
three months six months six months

CYFRA21-1, /I, x106  No 1.27[0.91; 2.03] 0.02 [0.03; 0.68] 0.03 [0.02; 1.19] 0.04 [0.01; 1.29]

Yes 2.56 [2.25; 3.58] 0.95"[0.71; 1.08] 1.49%[1.43; 1.54] 2.38#[2.33; 2.58]
CXCR1, %, lymphocytes  No 1.25 [1.00; 1.85] 0.03 [0.01;0.35] 0.03 [0.01; 0.45] 0.05 [0.01;0.70]

Yes 1.91[1.66; 2.21] 0.35"[0.32; 0.40] 0.59% [0.55; 0.70] 0.92#[0.90; 1.01]
CXCR2, %, monocytes No 0.55 [0.35; 0.75] 0.02 [0.01;0.19] 0.03 [0.01; 0.37] 0.05 [0.01;0.60]

Yes 0.79 [0.53; 0.97] 0.247[0.23;0.26] 0.46" [0.45; 0.48] 0.71%[0.69; 0.71]
Combined model No 0.209[0.107;0.271]  0.002 [0.001;0.031]  0.003 [0.001;0.119]  0.005 [0.001;0.153]

Yes 0.372 [0.312; 0.429] 0.060" [0.057; 0.067]  0.132%[0.127;0.135]  0.191% [0.184; 0.196]

aCombined model, the result of a regression equation; “significant difference in patients with and without relapse; *significant difference during the period of three months — six
months and three weeks — six months in comparison to three weeks — three months after treatment; CXCR1, C-X-C motif chemokine receptor 1; CXCR2, C-X-C motif chemokine
receptor 2; CYFRA 21-1, cytokeratin 19 fragment antigen 21-1; SCLC, squamous cell lung carcinoma.
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Table 6. Association of relapse-free survival of patients with lung SCLC with differences of the levels of CYFRA 21-1, CXCR1, %, lymphocytes and CXCR2,
%, monocytes at selected time intervals after treatment (according to the Cox proportional hazard model)

Index

Time interval

Univariate model

Multivariate model

HR (95% ClI) P-value HR (95% ClI) P-value
CYFRA 21-1, g/I, x10°6 Three weeks to three months 1.123(1.013-1.233) 0.041 1.114 (1.008-1.220) 0.038
Three months to six months 1.219 (1.095-1.343) 0.037 1.203 (1.011-1.395) 0.035
Three weeks to six months 1.375(1.117-1.633) 0.023 1.314 (1.035-1.593) 0.021
CXCR1, %, lymphocytes Three weeks to three months 1.023 (1.003-1.043) 0.033 1.023 (1.001-1.045) 0.031
Three months to six months 1.051 (1.005-1.197) 0.026 1.051 (1.002-1.100) 0.024
Three weeks to six months 1.096 (1.006-1.186) 0.017 1.091 (1.004-1.178) 0.016
CXCR2, %, monocytes Three weeks to three months 1.036 (1.004-1.068) 0.031 1.031 (1.002-1.060) 0.028
Three months to six months 1.041 (1.005-1.077) 0.028 1.040 (1.003-1.077) 0.027
Three weeks to six months 1.055 (1.007-1.103) 0.024 1.054 (1.006-1.102) 0.022
Combined model? Three weeks to three months 1.219 (1.098-1.340) 0.018 1.207 (1.093-1.321) 0.016
Three months to six months 1.262 (1.108-1.416) 0.014 1.224 (1.095-1.353) 0.013
Three weeks to six months 1.334 (1.133-1.535) 0.013 1.315(1.111-1.519) 0.011

2Combined model, the result of a regression equation; Cl, confidence interval; CXCR1, C-X-C motif chemokine receptor 1; CXCR2, C-X-C motif chemokine receptor 2; CYFRA 21-1,
cytokeratin 19 fragment antigen 21-1; HR, hazard ratio; SCLC, squamous cell lung carcinoma.
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Fig. 1. ROC curves for the level difference between three weeks and three months after treatment. (a) CYFRA 21-1; (b) CXCR1, %, lymphocytes; (c) CXCR2,
%, monocytes; (d) combined model- the result of a regression equation. CXCR1, C-X-C motif chemokine receptor 1; CXCR2, C-X-C motif chemokine receptor
2; CYFRA 21-1, cytokeratin 19 fragment antigen 21-1; ROC, receiver operating characteristic.
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Table 7. Diagnostic efficiency of the level difference after treatment to predict the development of SCLC relapse

Index TV SE SP PPV NPV AUC ACC
From three weeks to three months
CYFRA 21-1, g/I, x107® 0.95 76.5 74.2 61.9 85.2 0.726 75.0
CXCR1, %, lymphocytes 0.35 64.7 77.4 61.1 80.0 0.698 72.9
CXCR2, %, monocytes 0.24 70.6 71.0 57.1 81.5 0.681 70.8
Combined model® 0.060 82.4 83.9 73.7 89.7 0.811 83.3
From three to six months
CYFRA 21-1, g/I, x10°® 1.49 82.4 80.6 70.0 89.3 0.787 81.3
CXCR1, %, lymphocytes 0.58 70.6 77.4 63.2 82.8 0.729 75.0
CXCR2, %, monocytes 0.47 70.6 74.2 60.0 82.1 0.693 72.9
Combined model? 0.132 94.1 90.3 84.2 96.6 0.892 91.7
From three weeks to six months
CYFRA 21-1, g/I, x10°6 2.38 94.1 87.1 80.0 96.4 0.865 89.6
CXCR1, %, lymphocytes 0.90 94.1 80.6 72.7 96.2 0.831 85.4
CXCR2, %, monocytes 0.70 88.2 80.6 71.4 92.6 0.829 83.3
Combined model® 0.190 100.0 93.5 89.5 100.0 0.933 95.8

2Combined model, the result of a regression equation; ACC, accuracy; AUC, area under ROC-curve; CXCR1, C-X-C motif chemokine receptor 1; CXCR2, C-X-C motif chemokine recep-
tor 2; CYFRA 21-1, cytokeratin 19 fragment antigen 21-1; NPV, predictive value of a negative result; PPV, predictive value of a positive result; SCLC, squamous cell lung carcinoma;

SE, sensitivity; SP, specificity; TV, threshold value.

the concentrations of CYFRA 21-1, the percentages of lympho-
cytes with the CXCRI1 receptor in the total lymphocyte population,
and the percentages of monocytes with the CXCR2 receptor in the
total monocyte population. Their ability to diagnose and predict
disease-free survival based on preoperative assessment was previ-
ously proven, as was the advantage of using a combined model
that included these parameters.!5 Based on the comparison of the
results obtained in this work with the calculated TV, it was found
that 16 patients were included in the group with low relapse-free
survival. Fourteen of them actually developed tumor recurrence
within one year after treatment, as confirmed by CT data. This
amounts to 87.5%, which is in good accordance with the predictive
value of a positive result of regression equation calculation (90%).
Thirty-two patients were included in the group with high relapse-
free survival. Relapse developed in three of them. This indicates
that the remaining 29 out of 32 patients were correctly predicted to
have a low risk of relapse, representing 90.6%, with a calculated
negative predictive value of 85.0%. Thus, the data obtained con-
firmed the performance of the previously proposed multivariate
prognostic model.

In our current investigation, while tracking the dynamics of
changes in the determined parameters within one year after treat-
ment, several trends attracted attention. The first is that within
three weeks after surgical resection of the tumor, the values of all
indicators in all patients decreased to values comparable to the TV.
However, in some patients, the amplitude of the decrease did not
reach the TV, remaining above this value. The majority of those
patients (76.5%) subsequently developed tumor relapse during the
year of observation.

Other researchers have also observed a decrease in blood con-
centrations of CYFRA 21-1 and CEA, although to different de-
grees. In some patients, it decreased compared to the levels before
treatment but did not reach the threshold values.” In these stud-
ies, patients had early stages of NSCLC and underwent only surgi-
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cal treatment, so the phenomenon of a sharp decrease in the levels
of these indicators after surgery was due to the resection of tumor
tissue. In our study, patients received neoadjuvant and adjuvant
therapy in addition to surgical treatment, which also aimed at de-
stroying tumor cells and reducing their metabolites.

The next observed event was a subsequent increase in the lev-
els of measured parameters in some patients after a decrease. The
majority of these patients (89.5%) subsequently developed a re-
lapse. Other researchers have also noted that serum concentrations
of CYFRA 21-1 and CEA in patients with NSCLC and resected
tumors often increase further after a decrease. Moreover, such dy-
namics are associated with the development of relapse.'>-14 Based
on these data, the researchers concluded that monitoring serum
CEA concentrations in patients with NSCLC predicts relapse with
a sensitivity of 74.7% and specificity of 69.8%.!> Comparable re-
sults were obtained for CYFRA 21-1, where the sensitivity and
specificity of measuring this marker for response to treatment were
79.1% and 60.6%, respectively.!* Moreover, according to another
study, of five serum tumor markers (CYFRA 21-1, CEA, neuron-
specific enolase, and carbohydrate antigen 125 and 19-9), only
CYFRA 21-1 was the most sensitive for predicting response to
chemotherapy, and an increase in its level after an initial decrease
correlates with a high likelihood of tumor relapse.!* Another study
reported an observed increase in the concentrations of CYFRA
21-1 in the blood serum of patients with SCLC who developed
tumor recurrence within one year.!'*?" Studies of cytokine recep-
tors in blood cells in SCLC have not been carried out before our
studies, but it was known that their concentrations were increased
in the tumor microenvironment of patients with NSCLC.2!-23

During the study, we concluded that the level differences of
the determined indicators in time intervals of three weeks to three
months, three to six months, and three weeks to six months char-
acterized the dynamics of changes and provided valuable insights.
This technique did not bring fundamentally new information, but
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it clearly demonstrated an increase in the values of indicators over
the observation period, which was characteristic only for patients
with a diagnosed relapse. The results of the Cox proportional
hazard analysis showed a relationship between the increase in
the levels of the analyzed indicators in each time interval and the
development of relapse after treatment. Therefore, the increase in
the indicator with the prolongation of time after treatment was in-
volved in assessing the diagnostic efficiency of the studied param-
eters for detecting the probability of tumor relapse.

The accuracy of the determination of selected indicators ob-
tained in our investigation significantly exceeded the accuracy of
the prediction based on CYFRA 21-1 and CEA determinations ob-
served by other investigators. During the time interval from three
weeks to three months, the sensitivity and specificity of the deter-
mination of CYFRA 21-1 were the highest (76.5% and 74.2%, re-
spectively) compared to CXCR1, %, lymphocytes and CXCR2, %,
monocytes, while they were 82.4% and 83.9% for the combined
model assessment. The sensitivity and specificity of CYFRA 21-1
determination in the time interval from three to six months were
82.4% and 80.6%, respectively, and for the combined model, they
were 94.1% and 90.3%. This is significantly higher than the di-
agnostic characteristics of CYFRA 21-1 determination for relapse
prognosis obtained by other researchers. Not surprisingly, the de-
termination of CYFRA 21-1 was even more informative over the
period from three weeks to six months because of the broader time
interval (sensitivity and specificity — 94.1% and 87.1%). However,
the combined model showed the most prominent diagnostic char-
acteristics in this time interval, —with 100% and 93.5%, respec-
tively.

Conclusions

The study showed that, in addition to CYFRA 21-1, the determi-
nation of the percentages of lymphocytes with CXCR1 and the
percentages of monocytes with CXCR2 in the blood population of
those cells undergo significant changes after treatment. Soon after
tumor resection, these percentages decrease, but due to remaining
micrometastases or resistance to chemotherapy drugs, they exceed
the TV. Subsequently, as the relapse progresses, the values of these
indicators increase. Determining the increase and comparing it
with the TV has diagnostic value.

Without complaints, the patient can be examined after three
months, and CT can be carried out only six months after treatment.
Therefore, determining the levels of CYFRA 21-1, the percentages
of lymphocytes with CXCR1 receptors in the total population of
lymphocytes, and the percentages of monocytes with CXCR?2 re-
ceptors in the total population of monocytes in the blood at stage
III SCLC seems to be important to carry out at three weeks, three
months, and six months after the end of treatment. If the difference
in the estimated values of the combined model at the specified time
intervals exceeds the TV, the standard treatment regimen should be
adjusted due to the high probability of tumor recurrence.

It should be noted that the study included 48 patients. In the fu-
ture, to validate the proposed model, it is necessary to increase the
number of examined patients and test it on an examination sample.
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