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@ The article discusses the features of the main modern prognostic models in patients with metastatic renal cell carcinoma.
The possibilities of using molecular biological markers associated with the activation or proliferation of tumor cells and the
microenvironment are highlighted. The possibility of integrating parameters that reflect the intensity of growth or decrease
in the volume of tumor mass into prognostic systems is shown. Data from our own research is presented. A model is present-
ed that, along with the components used earlier, includes immunological parameters (spontaneous production of IL-6 and
IL-8) and kinetic parameters of tumor growth or regression. These factors are associated with the degree of malignancy and
aggressiveness, and are independent predictors. The article presents literature data on the relationship of the studied compo-
nents of the immune system with invasiveness, proliferative activity and metastatic potential of the tumor. Future research
directions are outlined regarding the possibility of integrating biomarkers into predictive models for renal cell carcinoma.

® Keywords: renal cell carcinoma; prognostic models; immunotherapy; volumetry; biomarkers; tumor growth
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® B crarpe paccMOTpeHbI 0COOEHHOCTIE OCHOBHBIX COBPEMEHHBIX MOJ[e/Iell IIPOrHO3MPOBAHNS Y O0/IBHBIX MeTacTaTHde-
CKVIM II0Y€YHO-KJIETOYHBIM PaKOM. VI3y4eHbI BO3SMOXKHOCTH JMCIIO/Ib30BAH MOJIEKY/LAPHO-OMONTOIMYeCKIX MapKepoB,
CBSI3aHHBIX C aKTMBaLyell 1w npojideparnyeii KJIeTOK OIYXO/M ¥ MUKPOOKpY>KeHns. [lokazaHa BO3MOXKHOCTD VIHTe-
rpanuy IapaMeTpOB, OTPAKAIOIIMX NHTEHCBHOCTD POCTA M/IN YMEHbLIEHVsI 060 beMa OIyX0/IeBOIl MACChI B IIPOTHOCTI-
veckue cucteMsl. [IpuBefieHbI faHHbIE COOCTBEHHBIX MCCIefoBaHMIL. [IpeficTaBieHa MofieIb, KOTOpask HapsIiy ¢ KOMIIO-
HEHTaMU, JICII0/Ib30BAaHHBIMI paHee, BK/II0OYaeT MIMMYHO/IOTMYeCKye oKa3aTeny (CIoHTaHHaA nponykuys IL-6 n IL-8)
U KUHeTH4YecKue apaMeTpsl POCTa WINM perpecca onyxoan. DT (paKkTOpbl CBA3aHbI CO CTEIEHbIO 3/10Ka4eCTBEHHOCTH
M arpecCUBHOCTBIO ¥ SBIAIOTCS He3aBUCUMbBIMU IpefyKTOpaMi. B KpaTkoM 0630pe oTpaskeHa B3aMIMOCBS3b UCCIIENO-
BaHHbBIX KOMIIOHEHTOB IMMYHHOIT CHCTEMBI C MHBAa3MBHOCTBHIO, IPOMU(EPATUBHON aKTUBHOCTHIO ¥ METACTaTUIECKIM
HOTEHI[MAIOM omyxonu. HaMmedeHbl HalpaBaeHNst OYAYIINX MCCIE[OBAHNMIL, KAaCAIOLIeCs BO3SMOXKHOCTY MHTETPALN
6110MapKepOB B IPOTHOCTUYECKIE MO/ [l HOYeIHO-K/IETOYHOTO paKa.

@ Kniouesvie cnosa: mouevIHO-KIETOIHbLI PaK; IIPOTHOCTUYECKIIE MOJE/N; UMMYHOTEPAINs; BOLIOMETPIs1; GruoMap-
Kepbl; CKOPOCTh POCTA OIYXO/IN; MHTEP/IEKNH-6; NHTeP/IeNKNH-10; MPOBOCIAMNTE/IbHbIE [IUTOKIHBL; GEIKI OCTPOIt
¢daspl

INTRODUCTION 100,000 patients die from RCC. In the United States,

Renal cell carcinoma (RCC) accounts for 2%-4% 73,820 new RCC cases were detected in 2019, and
of all adult tumors. Approximately 300,000 new cas- 14,770 people died. In the Russian Federation, the
es are diagnosed worldwide each year, and more than incidence rate is growing steadily. Thus, from 2011
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to 2019, the prevalence increased from 78.5 to 128.2
per 100,000 population. The histological structure of
70%-85% of tumors is clear cell carcinoma. The ave-
rage age of initial detection is 64 years. In 30% of
patients, distant metastases are detected at the initial
visit. They develop in another 30% within one year
after radical surgery. Metastases cause death in 40%
of cases. In the general population of RCC patients,
the five-year survival rate with locally advanced
forms is 67% and 12% in the presence of distant me-
tastases. In specialized centers, where all the avail-
able options for surgical and drug treatment can be
used, and the intervals for instrumental assessment
of effectiveness are maintained very clearly, this in-
dicator reaches 23% [1, 2].

The study of prognostic factors and the creation
of models for RCC are associated with both the
emergence of new effective treatment methods and
the clarification of the role of several molecular bio-
logical factors in carcinogenesis. Clinical, anatomi-
cal, histological, immunohistochemical, humoral,
and immunological factors are used in the models
developed.

Predictive models of metastatic renal cell carcinoma

When creating prognostic scales, three stages are
traced, associated with the improvement of diagnos-
tics and new methods for treating RCC. At stage 1,
prognostic systems were created based on clinical
data, and at stage 2, biochemical parameters were
included. Stage 3 is characterized by the use of com-
ponents that reflect the degree of the tumor’s aggres-
siveness. Diagnostic systems can be represented by
predictive scales or mathematical models. Based on
the prediction object, they can be divided into those
used for local and locally advanced forms of RCC
and developed for disseminated forms.

Currently, the MSKCC (Memorial Sloan-Kette-
ring Cancer Center) scale, the French immunothera-
py group scale, the Cleveland clinic scale, the model
of the international working group for the study of
kidney cancer, the model of the International Meta-
static RCC Database Consortium, and a model cre-
ated when studying the efficacy and safety of Suni-
tinib in phase 3 clinical trials, and widely used for
metastatic RCC [3]. They differ in the set of parame-
ters used and the endpoints for evaluating treatment
effectiveness (Table 1).

Table 1/ Tabnuya 1

HPOI‘HOCTI/I'ICCKI/IC MOJEIN METACTATNYECKOI'0 IMOYCTHO-KI€TOYHOIO paKa

Parameters MSKCC Fiﬁrel::p;ng?s:;_ II{I;:;IH Eteix(r)lr;zlr Cleveland Clinic | IMDC Sunitinib,
(4] (5] Group [6] (7] (8] phase IIT [9]
Endpoints OSR OSR OSR PES OSR OSR
Karnofsky index + + + + + +
Period to treatment start + - + + + +
Number of metastases - + + - - -
Bone metastases - - - - - +
Time to progression - + - - - -
Signs of inflammation - + - - . -
Immunotherapy - - + — _ _
Alkaline phosphatase - - + - - -
Calcium + - + + + +
LDH + - + - _ +
Hemoglobin + + + - + +
Neutrophils _ _ _ + + _
Leukocytes - - + _ _ _
Platelets - - - + + -

Note. MSKCC - Memorial Sloan-Kettering Cancer Center; IMDC - International Metastatic Renal Cancer Database Consortium;
OSR - overall survival rate; PFS - progression-free survival; LDH - lactate dehydrogenase.
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Over the past 10 years, researchers have been
trying to integrate molecular biological parameters,
and tumor growth rate indicators into previously
developed prognostic scales. The emphasis is made
on genetic research and the study of RCC molecu-
lar subtypes. However, there are several problems
associated with the technical difficulties in intro-
ducing modern technologies into clinical practice.
For instance, they are associated with the com-
plexity of interpreting studies that use biomarkers.
At present, recommendations for the standardiza-
tion of biomarker studies have been developed and
are being implemented [10-12].

MATERIALS AND METHODS

For prognostic model development, the study
used data of 92 patients who were monitored at the
A.M. Granov Russian Research Center of Radiology
and Surgical Technologies of the Ministry of Health
of the Russian Federation from 2011 to 2020. These
included 52 (57%) women and 40 (43%) men, with
the female/male ratio of 1.3. The patients enrolled
in the study were 61 + 7.5 years (41 to 82 years).
Most patients (72 patients, 78.3%) belonged to 50 to
69 years old.

The model was validated using a group of patients
monitored from 1998 to 2010. Data on the study
of the efficiency of various chemoimmunotherapy
regimens and the studied prognostic factors in this
group were published earlier [13-20]. A total of
261 people participated in the study. They included
172 (66%) women and 89 (34%) men, with a female/
male ratio of 1.9. The patients’ ages included in the
study were 57 £ 9.5 years (35 to 84 years). Most of
them (182 patients, 69.7%) also belonged to the age
category of 50 to 69 years old. The clinical character-
istics of the study group and the validation group are
presented in Table 2.

Before the treatment onset, the patients under-
went a computed tomography study on a Somatom-
CR apparatus according to the standard technique
with 2 to 5 mm increments, with contrast enhance-
ment (Omnipaque and Ultravist). If computed to-
mography was impossible, magnetic resonance
imaging was performed using a Magneton Vision
apparatus to determine the lesion’s extent in the
abdominal cavity, small pelvis, bones, brain, and
spinal cord. Computed tomography and magnetic
resonance imaging were performed on an outpatient
basis.

The RECIST v. 1.1 criteria were used to assess the
treatment results [21]. Volumetry was performed
based on the assumption that the lesions were spher-
ical. The focus volume was calculated according to
the equation V = 4 1°, where Vis the focus volume,
and r is the focus radius. The calculation of the in-
crease or decrease in the volume was performed ac-

cording to the equation AV = % X 100‘, where
week

AV is the increase or decrease in the focus volume,
V., V, are the focus volumes in two consecutive stu-
dies, 1,.. is the number of weeks between studies.

The dynamics of changes in the tumor mass
were assessed by calculating three parameters:
a) AVicoreweex (%) as the rate of increase in vol-
ume per week before the start of treatment;
b) AVieaweek (%) as the rate of volume decrease per
week when a full or partial response to treatment is
achieved; ¢) AV, ogweex (%) as the rate of increase in
volume per week in the period between two stud-
ies, in one of which progression was stated, and the
other preceded it. When developing a predictive
model, the dynamics of the fastest-growing focus
was considered. In the first line of therapy, all three
parameters were calculated. In the second line, in
some cases, in the absence of a free period between
progression and the change in therapy, the values of
parameters 1 and 3 coincided.

Clinical blood count and biochemical param-
eter determination were performed on a Cytomics
analyzer using test systems and control materials
from Beckton Dickinson. The biochemical analysis
included evaluation of glucose, total protein, and
albumin; nitrogenous compounds, namely urea,
creatinine, uric acid; enzymes, such as alanine and
aspartic transaminases, acid and alkaline phospha-
tases, lactate dehydrogenase; electrolytes, namely
sodium, potassium, calcium, magnesium, chlorides;
acute phase proteins, namely C-reactive protein, ce-
ruloplasmin. Laboratory parameters were assessed
before treatment initiation and then once every
10 days.

In the patients enrolled in the study, the lympho-
cyte content, their subpopulations, and cytokines
were assessed in the blood:

1. Subpopulations of lymphocytes: CD3*CD16~
(mature T-lymphocytes, reference interval: 950-
1800 - 10°/1); CD3*CD8* (cytotoxic lymphocytes,
450-850 - 10°/1); CD3*CD4*
570-1100 - 10°/1);

reference interval:

(T-helpers, reference interval:
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Table 2 / Tabnuya 2
Clinical characteristics of groups of patients with metastatic renal cell carcinoma
Knuundeckast xapaKTepuCTHKA TPYIII MALMEHTOB C METACTATUYECKUM IOYeYHO-KIIEeTOYHBIM PAKOM

Parameter Stl(l;ly: ggrg))up Valizi:tio;lﬁf;oup
Gender men 40 (43%) 89 (34%)
women 52 (57%) 172 (66%)
Age <70 years 74 (80%) 233 (89%)
>70 years 18 (20%) 28 (11%)
Karnofsky index <80% 18 (20%) 38 (15%)
>80% 74 (80%) 223 (85%)
Histological type clear cell 80 (87%) 173 (66%)
non-clear cell 9 (10%) 12 (5%)
unknown 3 (3%) 76 (29%)
Cytoreduction yes 71 (77%) 167 (64%)
(nephrectomy, embolization) no 21 (23%) 94 (36%)
Radiation therapy in history yes 31 (34%) 47 (18%)
no 61 (66%) 214(82%)
Diagnostics to the treatment period <12 months 78 (85%) 132 (51%)
>12 months 14 (15%) 129 (49%)
MSKCC favorable 19 (21%) 76 (29%)
intermediate 61 (66%) 142 (54%)
poor 12 (11%) 43 (17%)
Period of detection of metastases synchronous 38 (41%) 112 (43%)
metachronous 54 (59%) 149 (57%)
Localization of metastases lungs 85 (92%) 132 (51%)
lever 16 (17%) 26 (10%)
bones 29 (32%) 71 (27%)
lymph nodes 68 (74%) 131 (50%)
Anemia yes 58 (63%) 168 (64%)
(hemoglobin <120 g/1) o 34 (47%) 93 (36%)
Leukocytopenia yes 28 (30%) 72 (28%)
(<4-10°) no 64 (70%) 189 (72%)
Hypercalcemia yes 6 (7%) 48 (18%)
(ionized calcium >1,4 mmol/l) o 86 (93%) 213 (82%)
Platelets 180-400-10%/1 13 (12%) 126 (48%)
>400-10%/1 67 (77%) 114 (44%)
<180-10°/1 12 (11%) 21 (8%)
LDH >230 U/l 31 (34%) 143 (55%)
130-230 U/1 61 (56%) 118 (45%)
Creatinine >115 umol/L 41 (45%) 132 (51%)
50-115 umol/L 51 (55%) 129 (49%)
Drug therapy 1 line 39 (42%) 212 (81%)
2 lines 46 (50%) 45 (17%)
3 lines and more 7 (8%) 4 (2%)

Note. MSKCC - Memorial Sloan-Kettering Cancer Center; LDH - lactate-dehydrogenase.
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CD4*CD8* (double-positive T-cells, reference in-
terval: 5-15-10°1); CD16*CD56*HLA DR* (ac-
tivated natural killer cells, reference interval:
18-150 - 10°/1); CD3*CD16'CD56* (TNK-cells, ref-
erence interval: 5-200 - 10°/1); CD4*CD25'FoxP3
(T-regulatory cells, reference interval: 0-110 - 10°/1);
CD3*HLA DR* (activated T-cells, reference interval:
0-120 - 10°/1); ap-T (alpha/beta-T-cells, reference
interval: 925-1625 - 10°/1); yd-T (gamma/delta-T-
cells, reference interval: 20-115 - 10°/1).

2. Cytokines (spontaneous production, SP; in-
duced production, IP; concentration, C): inter-
leukin 1P (IL 1, reference interval: SP 0-50 pg/ml;
IP 1000-5000 pg/ml; C 0-50 pg/ml); interleukin 2
(IL 2, reference interval: SP 0-5 pg/ml; IP 10-100 pg/ml);
interleukin 4 (IL 4, reference interval: SP 0-50 pg/ml;
IP 100-400 pg/ml; C 0-50 pg/ml); interleukin 6 (IL-6,
reference interval: SP 0-50 pg/ml; IP 1000-3000 pg/ml;
C 0-50 pg/ml); interleukin 8 (IL-8, reference interval:
SP 0-100 pg/ml; IP 1000-5000 pg/ml; C 0-50 pg/ml);
interleukin 10 (IL-10, reference interval: SP 0-50 pg/ml;
IP 100-400 pg/ml; C 0-50 pg/ml); interleu-
kin 12 (IL 12, reference interval: SP 0-50 pg/ml;
IP 100-600 pg/ml; C 0-50 pg/ml); interferon-a
(IFN-a, reference interval: SP 0-50 pg/ml; IP 100-
500 pg/ml; C 0-50 pg/ml); interferon-y (IFN-vy, re-
ference interval: SP 0-50 pg/ml; IP 1000-5000 pg/ml;
C 0-50 pg/ml); tumor necrosis factor-a (TNF-a, re-
ference interval: SP 0-50 pg/ml; IP 500-1500 pg/ml;
C 0-50 pg/ml).

Analyses were performed in the immunological
laboratory of the A.M. Nikiforov All-Russian Cen-
ter for Emergency and Radiation Medicine of the
Ministry of Emergency Management of Russia on
a Cytomics FC500 laser flow cytometer (Beckman
Coulter Inc., USA) using monoclonal antibodies
and consumables manufactured by Beckman Coul-
ter Inc., Immunotech S.A.S., Proteinovy Kontur, and
Cytokine. Immune status was assessed before treat-
ment and every 8-10 weeks during treatment.

On an outpatient basis, first-line study group pa-
tients received Sutent (sunitinib) 50 mg per day for
eight weeks with an interval of two weeks (38 pa-
tients, 41%), and various options for chemoimmu-
notherapy (54 patients, 59%). The main chemoim-
munotherapy options were two regimens: 1) Alfaron
(recombinant IFN-a) nine million IU intramuscu-
larly three times a week in combination with Avastin
(bevacizumab) at a dose of 10 mg/kg intravenously
once every 14 days; 2) Alfaron (recombinant IFN-a)

nine million IU intramuscularly three times a week
in combination with Refnot (recombinant TNF-a —
thymosin al) at a dose of 200,000 IU subcutaneously
twice a week and Endoxan (cyclophosphamide) at a
dose of 50 mg orally daily.

With progression during chemoimmunotherapy in
the second line, the patients received 1) tyrosine kinase
inhibitors (26 patients, 28%) in the form of Sutent 50 mg
per day for eight weeks with an interval of two weeks,
or Votrient (pazopanib) at a dose of 400-800 mg per
day, depending on tolerance; 2) blockers of co-inhibit-
ing molecules (11 patients, 12%) in the form of Opdivo
(Nivolumab) 240 mg by intravenous infusion once every
two weeks. With progression during the administration
of Sutent, patients received Opdivo (five people, 5%)
or other blockers of co-inhibiting molecules (four pa-
tients, 4%) as part of clinical trials.

In the validation group, the patients received var-
ious types of chemoimmunotherapy in the first and
second lines, including drugs of recombinant in-
terleukin 2, recombinant interferon-a, 5-fluoroura-
cil, capecitabine, and cyclophosphamide [13-20].
Ten patients (4%) in the second-line validation
group received Sutent (sunitinib) 50 mg per day for
eight weeks with an interval of two weeks.

Statistical processing of the research results was
performed using the Statistica version 10 software
packages. Compliance of the sample parameters
with the normal distribution criteria was assessed
by calculating the arithmetic mean, median, kurto-
sis, asymmetry, and the Shapiro-Wilk test. The dis-
tribution was considered normal if the arithmetic
mean value of the sample value was close to the
median, the absolute values of kurtosis and asym-
metry in modulus did not exceed 2, and the value
of the Shapiro-Wilk test was significant and greater
than 0.6. The influence of various parameters on the
long-term treatment results was assessed using the
logarithmic rank test and the Gehan-Wilcoxon test.
The Cox proportional intensity regression model
was used to identify the joint effect of several pa-
rameters on the lifetime indices.

RESULTS

At stage 1, a univariate analysis was performed to
identify the parameters that significantly affect the
long-term treatment results. At stage 2, multivariate
analysis was performed to exclude components that
act unidirectionally and equally. At stage 3, a predic-
tive model was created.
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The following parameters were chosen for uni-
variate analysis:

1. Nominal: Karnofsky index, metastatic foci lo-
calization, cytoreductive intervention (nephrectomy,
embolization), metastases detection period.

2. Continuous:

a) indicators of clinical and biochemical blood
tests: hemoglobin, lactate dehydrogenase, ionized
calcium, creatinine, leukocytes, platelets;

b) subpopulations of lymphocytes: CD3*CD16",
CD3*CD4*, CD3*CD8*, CD4*CD8*, CD3-CD16*CD56",
CD3*CD16*CD56*, CD16*CD56*HLA DR*, CD19%,
CD25*, CD95*, CD3*HLA DR, HLA DR', af-T,
CD4*CD25" Foxp3;

c) cytokines: IL-1, IL-2, IL-4, IL-6, IL-8, IL-10,
IFN-a, IFN-y, TNF-a;

d) indices of tumor growth rate: AVierenveck
A Vireat/weeks A Vprog/week;

e) the time from the moment of diagnosis to the
start of treatment.

The influence of various factors on long-term treat-
ment results was assessed using the logarithmic rank
test and the Gehan-Wilcoxon test.

As a result of univariate analysis, it was revealed
that the following parameters influence progression-
free survival rates:

1. Nominal: Karnofsky index (p = 0.0006), cytore-
ductive intervention (p = 0.003).

2. Continuous: hemoglobin (p =0.035), plate-
lets (p=0.027), CD3'HLA DR (p=0.0004),
CD4*CD25* Foxp3 (p = 0.038), IL-6 (SP, p = 0.007, IP,
p=0.032), IL-8 (SP, p = 0.008, IP, p = 0.042), IL-10
(SP, p = 0.0009), TNF-a (SP, p = 0.048, IP, p = 0.011),
AVietoremee (P < 0.0001), AViyeumeer (p < 0.0001), time
from the moment of diagnosis to the start of treatment
(p = 0.004).

A multivariate analysis was performed using
the Cox proportional intensity regression model.
This analysis enabled assessing the effect of a set of
parameters and their contribution to survival rates,
regardless of the nature of the sample’s distribution.
The multivariate analysis results are presented in
Table 3. The predictive model parameters based on
multivariate analysis are presented in Table 4.

The greatest contribution to the regression model is
made by the level of spontaneous production of IL-10
(17.1%), IL-6 (15.7%), and the tumor volume reduc-
tion rate per week with a partial or complete response
to treatment (A Ve eeko 15.6%). In contrast, the lowest
is made by the level of platelets (11.1%). The influence
of the regression model components on progression-
free survival rates is presented in Table 5.

Spontaneous production of IL-6, IL-10, and
AV eaweex have the greatest discriminant ability. Their
threshold values determine the maximum differences
in survival rates between the groups.

Table 3 / Tabnuuya 3

Results of multivariate analysis in the group of patients with renal cell carcinoma (progression-free survival)
PesynbpraThl MHOrOMEPHOIO aHAAN3a B IPYIIe MAIMEHTOB C MOYEYHO-KIETOYHBIM PAaKoM (BbDKMBaeMOCTh 0e3

MPOrpecCupOBaHsA)
Parameter | B | k, % M | Me | 95% CI | p
Clinical parameters

Karnofsky index, % 0.003 13.2 - 0.001

AV eatpecko %0 0.002 15.6 - 0.036

Diagnostics to the treatment period, months -0.001 14.4 6.4 8.5 5.4-11.2 0.027

Laboratory parameters

Hemoglobin, g/l 0.003 12.9 128 108 91-121 0.041
Platelets, x10'/1 -0.002 11.1 380 365 348-515 0.048
IL-10, spontaneous production, pg/ml 0.002 17.1 380 450 256-480 <0.001
IL 6, spontaneous production, pg/ml 0.004 15.7 786 820 667-945 <0.001

Note. p - coefficient of the regression equation; k — coefficient of the parameter influence; M - arithmetic mean; Me — median;
95% CI - 95% confidence interval; AV, e — rate of volume decrease per week when a full or partial response to treatment is

achieved.
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Table 4 / Tabnuya 4

Parameters of a predictive model based on multivariate analysis

ITapameTpbI MPOrHOCTUYECKOIT MOJIENH, CO3AHHOI HA OCHOBE MHOTOMEPHOTO aHA/IN3a

Parameter Risk determining interval RR 95% Cl p
Clinical parameters
Karnofsky index, % >80 (+); <80 (-) 1.9 1.7-3.1 0.0007
AV earecto % <15 (+); >15 (=) 1.6 1.03-2.1 0.0005
Diagnostics to the treatment period, months <8 (+); >8 (-) 1.42 1.09-1.84 0.006
Laboratory parameters

Hemoglobin, g/l >108 (+); <108 (=) 1.67 1.31-1.92 0.021
Platelets, x10'%/1 <350 (+); >350 (-) 1.42 1.19-2.01 0.012
IL-10, spontaneous production, pg/ml <400 (+); >400 (-) 2.1 1.82-3.21 0.0006
IL 6, spontaneous production, pg/ml <800 (+); >140 (-) 1.82 1.27-2.54 0.0004

Note. RR - risk ratio; 95% CI - 95% confidence interval; AV, — rate of volume decrease per week when a full or partial response

to treatment is achieved.

Table 5/ Tabnuua 5

Influence of the parameters of the prognostic model on the results of treatment of patients with renal cell

carcinoma in the study group

Bnusuume mapaMeTpoB ]IpOI‘HOCTI/l‘IeCKOiI MOJ€ENN HA pe3ynbTaThl I€YEHNA NNANVEHTOB € MOYE€YHO-KI€TOYHBIM

PAKOM B MCCIEeZyeMOIi rpyIe

Prognostic model Me (95 % Cl), p
parameters months
Karnofsky index, % >80% 9.2 (7.1-10.1) 0.043
<80% 6.8 (5.4-7.9)
AVieapseds % >15% 4 (3.1-5.3) 0.04
<15% 11.3 (9.8-12.1)
Diagnostics to treatment period >8 months 5.1 (4.4-6.8) 0.038
<8 months 9 (7.2-10.1)
Hemoglobin >108 g/l 10.8 (8.3-11.4) 0.03
<108 g/l 6.4 (5.8-7.8)
Platelets <350 - 10'¥/1 12.1 (11.4-13.1) 0.008
>350 - 10"/ 6.9 (5.9-7.7)
IL-10, spontaneous production >400 pg/ml 6.4 (5.2-8.6) <0.0001
<400 pg/ml 12.8 (10.9-14.1)
IL 6, spontaneous production >800 pg/ml 4.4 (2.2-5.8) <0.0001
<800 pg/ml 11.9 (9.6-12.9)

Note. Me — median progression-free survival; 95% CI - 95% confidence interval; AV e — rate of volume decrease per week

when a full or partial response to treatment is achieved.

Based on the model developed, 3 clinical groups were
formed with a different number of risk factors: a) fa-
vorable prognosis with no risk factors, b) intermediate
prognosis with 1-4 risk factors, c¢) poor prognosis with
5-7 risk factors. The progression-free survival rates in
the study group and the validation group compared with
the developed MSKCC model are presented in Table 6.

The developed model, compared with MSKCC,
has a better discriminant ability. When MSKCC is
used, in all studies, patients are in the intermediate
prognosis group, whereas in the developed system,
they are in groups with a favorable and poor prog-
nosis. This tendency can be traced to both lines of
treatment, both when using targeted and modern
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Table 6 / Tabnuya 6
Long-term results of treatment of patients with metastatic renal cell carcinoma in the study group and in the
validation group

OTJIZUIQHHI)IC PpE3ynbTaThbl NI€YE€HNA NMANMEHTOB ¢ METACTATUYECKUM IMOYE€YHO-KI€TOYHBIM PAKOM B MccnenyeMoﬁ
Tpynie u B Ipymnie Baangamnmn

Prognostic model Study group Validation group
I line 1I line I line II line
Group as a whole n 85 46 257 45
Me, months 11.6 49 6.3 3.5
95% Cl 10.5-12.1 4.2-6.1 4.8-8.6 2.2-54
MSKCC FP n 14 4 51 7
Me, months 12.2 6.2 8.2 4.8
95% Cl 10.9-13.2 5.5-7.1 7.5-9.6 3.1-6.2
1P n 63 34 161 27
Me, months 11.8 5.2 6.1 3.2
95% Cl 9.8-12.7 3.4-7.8 5.5-6.9 1.8-5.2
PP n 8 8 45 11
Me, months 6.1 2.8 42 2.6
95% Cl 4.3-8.2 1.5-4.2 3.5-4.8 1.2-4.8
A model with the inclusion | RF absents |n 24 11 73 11
of clinical, immunological Me, months 14.1 8.1 10.4 6.8
parameters and parameters
of the dynamics of the 95% Cl 13.1-15.2 6.5-10.1 9.8-10.9 48-73
tumor mass 1-4 RF n 45 23 103 18
Me, months 8.2 4.8 4.2 4.1
95% Cl 7.6-8.9 2.9-53 3.7-5.1 2.9-5.8
5-7 RF n 16 12 81 16
Me, months 48 2.1 2.3 2
95% Cl 4.2-5.1 1-3.6 1.5-2.8 1.2-4.7

Note. MSKCC - Memorial Sloan-Kettering Cancer Center; Me — median progression-free survival; CI - 95% confidence interval;

FP - favorable prognosis; IP - intermediate prognosis; PP - poor prognosis; RF - risk factor; n — number of patients.

immune drugs, and in the validation group where
cytokine therapy was performed, which indicates
the universality of the developed model. Similar pat-
terns are noted regarding treatment outcomes. In all
subgroups studied, the median progression-free sur-
vival rate is higher with a favorable prognosis when
using the developed model compared with MSKCC.

DISCUSSION

This study revealed that, in addition to tradition-
al factors (Karnofsky index, time from the diagnosis
to the start of treatment), cytokines (spontaneous
production of IL-6 and IL-10), and one of the kinetic
parameters, namely the rate of volume decrease per
week upon reaching a complete or partial response
to treatment also have prognostic potential.

Spontaneous cytokine production was studied in
cultured lymphocytes. It reflects the range and in-

tensity of production of low molecular weight regu-
lators without stimulation. In cancer patients, this
parameter indicates the degree of immune response
disorganization. IL-6 and IL-10 are involved in the
carcinogenesis processes and the immunosuppres-
sive network formation.

IL-10 is a critical antitumor immune response
regulator. The IL-10 family includes, in addition to
the cytokine itself, IL-19, IL-20, IL-22, IL-24, and
IL-26. It was isolated and characterized in 1989.
Initially, it was called the cytokine synthesis inhibi-
tory factor (CSIF). However, later it became appar-
ent that it also possesses immunostimulating prop-
erties. In humans, the primary producers of IL-10
are T-regulatory cells, monocytes, tumor-associated
macrophages, and tumor cells. The properties of
IL-10 depend on the phase of interaction between
the tumor and the immune system, the concentra-
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tion of the cytokine, and the localization of its target
cells. Its immunosuppressive effects are implement-
ed in the lymphoid organs, whereas its immunostim-
ulating ones are implemented in the tumor microen-
vironment. IL-10 inhibits dendritic cell maturation,
which can become a source of IL-10 while generating
T-regulatory cells in the tumor microenvironment.
IL-10 inhibits proliferative activity and cytokine
production by cytotoxic lymphocytes. Thus, IL-10
is involved in forming an immunosuppressive net-
work, thereby contributing to disease progression.
An increase in the IL-10 serum concentration, and
genetic polymorphism of this cytokine, is associated
with a poor prognosis of the disease [22, 23].

IL-6 is a cytokine with a wide range of biological
activities, integrating the immune and neuroendo-
crine systems. Its main sources are T-lymphocytes,
macrophages, myocytes, endotheliocytes, fibroblasts,
and tumor cells. Under physiological conditions, it
plays a central role in hematopoiesis and regulating
the growth and differentiation of endotheliocytes,
keratinocytes, osteoblasts, and neurons. In the im-
mune system, IL-6 activates antibody proliferation
and synthesis by B-lymphocytes, the proliferation of
cytotoxic lymphocytes, stimulates the hematopoietic
granulocytic lineage, and induces the expression of
acute-phase proteins in the liver. The role of IL-6 in
carcinogenesis has been intensively studied since the
1990s. It has been revealed experimentally that it
can act as a paracrine or autocrine growth factor for
many tumor types, including prostate cancer, kidney
cancer, colorectal, hepatocellular carcinoma, and
glioblastoma. Its high serum concentration contrib-
utes to the hyperactivation of the pituitary-adrenal
system and the formation of a complex of pathologi-
cal reactions, including depression that accompanies
cancer. In addition, IL-6 is a pro-angiogenic factor
and stimulates multidrug resistance gene expression
[24, 25].

In this study, the volumetry of the foci was per-
formed by calculation. A more accurate and modern
method is automatic volumetry. However, this meth-
od currently has several disadvantages. In particular,
due to the lack of a standardized methodology and
a wide variety of software, it is difficult to achieve
adequate reproducibility of studies. In addition, au-
tomatic volumetry limits the use of retrospective
data [26].

The immediate prospects for the development
of prognostic models of disseminated RCC are as-

sociated with the standardization of methods for as-
sessment and interpretation of biomarkers and with
the improvement of automatic volumetry of foci and
assessment of the rate of change in the tumor mass
volume [10, 12, 27-30].
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