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Abstract

The aim of the study was to identify differences in the immune system parameters between metastatic
melanoma patients who responded and did not respond to dendritic cell vaccination. Material and Methods.
The study group included 20 patients with stage IlI-IV metastatic melanoma, who received vaccine therapy
with dendritic cells (DC) in a prophylactic mode. The control groups included 13 patients who had symptoms
of disease progression at the time of starting vaccine therapy, and 5 healthy donors. The DC-vaccine was
prepared in the form of a suspension of the patient’s autologous dendritic cells loaded with tumor antigens in
vitro. A single dose had 2 million dendritic cells in 1 ml of phosphate buffer solution, which was administered
intradermally in the nearest site to the regional lymphatic collectors. The immune system status was assessed
before starting vaccination. The immune system status was evaluated according to the indices of 25 peripheral
blood cell populations using multicolor flow cytometry and integral characteristic in the form of the visual
image generated by the visualization method of multidimensional data (NovoSpark, Canada). Results.
The immune status in patients with metastatic melanoma at the start of DC-vaccination differed and was
associated with the effectiveness of subsequent vaccine therapy. The response to vaccination was observed
in patients whose immune system status was similar to that of healthy individuals. Low efficacy of DC-vaccine
therapy was shown in patients whose immune system status corresponded to that of patients with disease
progression. Alterations of the immune system in patients with metastatic melanoma were registered both at
the level of individual immunological parameters and at the level of visualized integral characteristics. The
integral characteristics of the immune system associated with the patient’s immunocompromised status can
be considered as a criterion for stratification of patients with metastatic melanoma for the effective DC-vaccine
therapy. Conclusion. The effectiveness of vaccine therapy with dendritic cells in patients with metastatic
melanoma is associated with the immune system state before starting this therapy.

Key words: immune system, melanoma, vaccine therapy, dendritic cells, method for visualizing
multidimensional data.
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AHHOTauuA

Llenbto nccnenoBaHuA SIBUNOCH BbISIBIEHWE Pa3fNyns COCTOSHUSE UMMYHHOW CUCTEMBI Y BOMbHBLIX MeTa-
CTaTU4eCcKON MenaHoOMOl C OTBETOM Ha nedeHue unu 6e3 Hero. MaTtepuan u metogbl. OCHOBHyO rpynny
uccnenoaHus coctaBunm 20 6onbHbIX MeTacTaTudeckon menanomoi IlI-1V ctagmm, nonyyaBLumnx BakumMHO-
Tepanuio 4eHAPUTHBIMU KNeTkamuy B NpodunakTnieckom pexume. pynnamm koHTpons ctanu 13 naumeHTos,
MMEBLLUNX NPU3HAKN NPOrpeccMpoBaHnsi HA MOMEHT Ha3Ha4YeHUsl BakUMHOTepanuun, 1 5 30opoBbIX JOHOPOB.
MpumeHsiemasn BakuuHa npeacTaensna cobol CycreH3nto ayToNOrMYHbIX AEHOPUTHBIX KNETOK naumneHTa,
Harpy>KeHHbIX OnyxorneBbIMU aHTUreHamu in vitro. PazoBasi fo3a npenapara cocTtaensna 2 MiH AeHOPUTHbIX
knetok B 1 Mn ¢pocchaTtHoro 6ycpepHoro pacteopa, KoTopasi BBOAMIACE BHYTPUKOXHO B HEMOCPEACTBEHHOM
6GnM30CTM OT pernoHapHbIX MMM aTUYECKUX KONnekTopoB. COCTOSIHUE MMMYHHON CUCTEMbI UCCIIEL0BANM 0
Hadana BakumHoTepanun. O COCTOSTHUM UMMYHHOW CUCTEMbI CyAMIN MO NOMNYNSLUOHHOW CTPYKTYPE KIETOK
neprdepryecKoin KpoBK, MOMy4YeHHOM METOAOM MHOTOLBETHOM MPOTOYHON LIUTOMETPUM, U MO BU3yanbHOMY 06-
pasy, NpeacTaBnsaoLLEMY MHTErparibHy XapakTepUCTUKY COCTOSIHUS UCCReayeMO CUCTEMbI 1 MOMYYEHHOMY
C MCMonb30BaHNeM MeToda Busyanusauumn mHoromepHbix gaHHbix NovoSpark (Kanaga). PesynbTaTbl. Co-
CTOSIHME UMMYHHOW CUCTEMBI Y BOMNbHBIX METAaCTaTUYECKO MENAaHOMOW Ha 3Tane HasHayYeHVs BakLMHOTEpanum
OEeHOPUTHBIMM KINeTKaMuy pasnuyanoch 1 6b1no cBs3aHo ¢ 3hEKTUBHOCTLIO NMOCNEAYIOLLEN BaKLIMHOTEPANUN.
MauneHThbl, OTBETMBLUME Ha BaKLMHOTEPANUIO, XapakTepu3oBanuck nokasaTensMmu, 6rmMskMMmn K TaKOBbIM Y
300poBbIX 1L, Huskas achdekTMBHOCTb Tepanum AeHAPUTHBIMU KNeTKaMn XxapakTepHa Anst 60nbHbIX, Co-
CTOSIHNE UMMYHHOW CUCTEMbI KOTOPbIX COBMaZaso C TaKoBbIM Yy B6OMbHbIX C MPOrpeccupyoLLMM NpoLeCcCoM
3aboneBaHus. Pasnnyunsi B UMMyHHO cucTeMe y O0MnbHbIX METAacTaTUYeCKO MenaHoMOow NPosiIBASNUCH Kak
Ha ypOBHE OTAEMbHbIX UMMYHOINOTMYECKUX NapaMeTpoB, Tak U Ha YPOBHE MHTErpanbHON XapakTepucTuKK,
oTpaxkaemow Bu3yarnbHbIM 0bpa3om. VHTerpaneHas xapakTepucTuka COCTOSIHUS UMMYHHOW CUCTEMBbI, OT-
paxatoLlasi CTeneHb ee KOMMPOMETUPOBAHHOCTU, MOXET CIYXWUTb KpUTeprem ctpatudurkaumm 6onbHbIX ¢
MeTacTaTM4YecKol MeraHoMon Ans HasHadeHust 3OEKTUBHON BakLUMHOTEpPaANUM Ha OCHOBE OEHAPUTHbIX
Knetok. 3aknoyeHune. APPEKTUBHOCTb BaKLMHOTEPANUM AEHOPUTHBIMU KneTkamu y 6onbHbIX MeTacTatu-
YecKoW MenaHoMol CBsi3aHa C COCTOSIHUEM MMMYHHOW CUCTEMbI 4O Havana AaHHOro Buaa fnevyeHust.

KnroyeBble cnoBa: WUMMYHHasi cuctema, merilaHomMma, BakuuMHoTepanusa, AeHAPUTHbIe KINeTKU, MeTon
Busyanusauymmn MHOroMmepHbIX 00BLEeKTOB.
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Introduction

Melanoma s a type of skin cancer of neuroectodermal
origin that develops from the pigment-producing cells
known as melanocytes. Melanoma is considered to be
an immunogenic tumor capable of eliciting an effective
immune response against antigens associated with the
tumor. The feasibility of inducing an immune response
is associated with a relatively frequent spontaneous
regression of the primary and metastatic disease [1].

The involvement of immunological mechanisms in
the pathogenesis of melanoma suggests the feasibility
of using various immunotherapeutic approaches. One
of the immunotherapeutic strategies used to treat
melanoma is the use of dendritic cell-based vaccines.
The ability of dendritic cells to induce specific CD4+
and CD8+ T cells in cancer patients is confirmed by
numerous in vivo experiments, as well as clinical
trials [2, 3]. Several vaccine trials have demonstrated
clinical efficacy in patients with advanced melanoma,
but overall efficacy remains low [1]. An increase in the
effectiveness of immunotherapy can be facilitated by
the identification of patient stratification criteria that
predict the expected result of the response to this type
of treatment.

R. Dronka et al. [4] suggested that the state of the
immune system is a significant factor determining
the effectiveness of immunotherapy in patients with
melanoma. Based on clinical and experimental data
that included 52 indicators of systemic immunity (29
cytokines and 23 cell populations), the authors showed
that the complex and dynamic interaction between the
tumor and the immune system of melanoma patients
consists of alternating the phase of tumor rejection by the
immune system and inhibition of the immune response
by the tumor. The authors believe that vaccine therapy
will be effective when administered in the phase when the
immune system realizes its antitumor potential [4—6].

We have previously shown that the immune
system contributes to the clinical course of malignant
neoplasms and the effectiveness of antitumor treatment
[7]. We substantiated an original approach for assessing
the integral state of the immune system in the form of a
visual image obtained on the basis of visualization of
multidimensional data characterizing different parts of
immunity (NovoSpark), and showed the significance
of the integral characteristic for predicting the clinical
course of malignant tumors [8].

The aim of the study was to identify the differences
in the immune system status between melanoma
patients who responded to dendritic cell-based vaccine
therapy and patients who did not respond to this
therapy

Material and Methods

The study included 33 patients with stage [II-IV
metastatic melanoma, who received standard systemic
drug treatment (chemotherapy/chemoimmunotherapy).
The study group consisted of 20 patients who had
no evidence of disease progression. They received
vaccine therapy with autologous dendritic cells in
a prophylactic mode. Patients in this group had a
satisfactory general condition (0—2 according to
the ECOG/WHO scale); adequate blood counts
and biochemical parameters reflecting the normal
functioning of organs and systems; had no need for
systemic glucocorticosteroids, had no other malignant
neoplasms. Clinical and morphological parameters of
patients of the study group are presented in Table 1.

The control group consisted of 13 patients who
had signs of progression at the time of starting
vaccine therapy. They received vaccine therapy with
dendritic cells in a therapeutic regimen. Clinical and
morphological parameters of the control group are
presented in Table 2. The study also included 5 healthy

Table 1/Tabnuua 1

Characteristics of patients in the prophylactic group (AJCC 2002)
XapakTepucTuka naumeHToB npodunakruyeckon rpynnsi (AJCC 2002)

Characteristics/XapakTepuCcTHKN Number/KonudectBo
Number of patients (estimated)/KonandecTBo nmanueHToB (OLEHEHO) 20
Gender/ITon
Male/Myx 11
Female/XKen 9
Age(years)/Bo3pacr, Tozbt 28-76
Tumor location/JIokanu3ariys IepPBUYHOM OITYXO0JIH

Trunk/TynoBumie 7
Extremities/Koneanoctu 10

Head and neck/T'ostoBa u wmest 2

Without identified primary tumor/be3 BBISIBICHHOTO IIEPBUYHOTO OYara 1

B 4

il C 7

Stage of the disease at the time of vaccination/ I, 2
Cranust 3a60/1eBaHusI HA MOMEHT BaKIIHHOTEPAITHN Mla 6
10% Mlb 1

Mlc 0
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Table 2/Ta6bnuua 2

Characteristics of patients in the therapeutic group (AJCC 2002)
XapakTepucTuKa naumeHToB TepaneBTuyeckon rpynnsi (AJCC 2002)

Disease stage/
Crajust 3a00/1€BaHIs

Prior therapy for metastatic
melanoma/
IMpeniiecTByromas
Tepanust o MOBOY MeTa-
CTAQTHYCCKOW MEIaHOMBI

Characteristics/ITpusnak Number/KonuuectBo (n=13)

Gender/ITon
Male/Myx 6
Female/XKen 7

Age, years/Bo3pact, romst 32-59

B 0
I C 0
Mla 2
1\Y Mlb 4
Mlc 7
CT 13
IT 9
>1 line of drug therapy/>1 nuHUM TeKapCTBEHHOW Teparuu 13
Did not receive drug treatment/He mosyuasnu 1ekapcTBEHHOTO JICYSHHSI 0
More than 1 surgery/boxnee 1 omepannu 13

Note: CT — chemotherapy; IT — immunotherapy.

IIpumeuanne: XT — xumnorepanust; UT — ummyHOoTepanus.

Population/ITomyssimst
CD3+cells
CD4+cells
CD8+cells

CD4+/CD8+ratio

CD4+CD8+ cells

CD3+CD4+ cells
CD3+CD8&+ cells
CD3-CD8+ cells

CD8+Perforin+ cells

CDS active cells
CD16+ cells

CD16+Perforin+ cells

CD16 active cells

CD8+CD16+ cells

CD3+CD16+CD56+ cells
CD3-CD16+CD56+ cells
CD3-CD19+ cells
CD25+ cells
CD4+CD25+ cells
HLA-DR+ cells
CD3+DR+ cells

CD28+ cells

CD8+CD28+ cells
CDI11b+ cells
CD8+CD11b+ cells

Perforin+ cells

46

Table 3/Tabnuua 3
The studied immunological parameters

MSyanMble WMMYHOJIOrn4eckue nokKasarenernu

Population characteristics/XapakTeprcTrKa NOMYJISIIIAH
Mature T-lymphocytes/3penbie T-numdounTst
Mature T-helpers/3pensie T-xennepst
Mature cytotoxic T-lymphocytes/3pernsie uTotokcnyeckue T-1umMbOHTH
Immunoregulatory index/MIMMyHOpETyIATOPHEII HHIEKC

Minor subpopulation of activated T-lymphocytes, with a double positive phenotype/
MuHOpHAasI CyOTIONYJISIHs AKTHBUPOBAHHBIX T-TUM(pOIUTOB, C JBOWHBIM TO3UTHBHBIM (hEHOTHIIOM

T-helpers/T-xenmepst
Cytotoxic T-lymphocytes/LlutoTokcnueckue T-TuMOOLUTHI
Subpopulation of natural killers/CyOmomysiitist HaTypaabHBIX KHILIEPOB

Subpopulation of effector T-lymphocytes containing perforin lytic granules in their cytoplasm/
Cyononynsiuust 3¢Gdextopubix T-TuMOIUTOB, COAEPKAINX B CBOCH IIUTOIIIA3ME JINTHUECKUE IPaHYIIbI ephoprHa

The proportion of functionally active effectors in the structure of CD8+ cells/
Jlomst hyHKIMOHATBEHO aKTHBHBIX 3¢ (dekTopoB B cTpykType CD8+ KieTok

Total population of natural killer cells/O6m1as nomyssiys HaTypaJIbHbIX KMIIJIEPHBIX KIETOK

Subpopulation of natural killer cells containing perforin lytic granules in their cytoplasm/
CyOmormy s HaTypaIbHBIX KHIUICPHBIX KJIETOK, COACPIKAIINX B CBOCH LUTOMIA3ME TUTHYCCKHAE
rpaHyIsl nephopuHa
The proportion of functionally active effectors in the structure of natural killer cells/[{omnst dhyHKIIHOHATEHO aKTHB-
HBIX 3 (YEKTOPOB B CTPYKTYpE HATYPAIIbHBIX KHIICPHBIX KICTOK

Natural killer cells, natural killer T-lymphocytes/
HarypasibHble KUIIEpHBIC KIETKU, HAaTypasibHble KHiLIepHble T-TuMbonnTs

Natural killer T lymphocytes/Harypanbubie kisuiepubie T-mum¢onutst
Natural killer cells/HarypasibHble KHILIEpHBIE KIIETKA
B-lymphocytes/B-mumdorutst
Activated cells/AKTHBHPOBaHHbIE KJICTKH
Activated helper T lymphocytes/AkTuBHpoBaHHBIe XeepHble T-TMM(pOIUTEI
Activated cells/AKTUBHpPOBaHHbBIE KIECTKH
Activated T-lymphocytes/AxtuBupoBannbie T-1uM(OLHTHI

Lymphocytes capable of interacting with antigen-presenting cells/
JIuMOLHTBI, CIIOCOOHBIE K B3aHMOICHCTBHIO C aHTUI€H-IIPE3EHTUPYIOLIMMHU KIIETKAMU

Naive T-lymphocytes/Hansusie T-mumdonnTst
Effector lymphocytes/9ddexropHbie muMdonuTs
Effector T-lymphocytes/D¢dpexropusie T-muMporuThI

Cells containing perforin lytic granules in their cytoplasm/
Kierkn, conepixariye B CBOEH UTOIIIA3ME TUTHISCKUE TPAHYIIbI TephopHHa
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KINMAHUYECKUE UCCNEOOBAHUA

donors. All patients signed a written informed consent
before participating in the study.

Vaccine therapy was carried out as part of a phase
I clinical trial with an assessment of the safety and
efficacy of a dendritic vaccine within the framework
of the Protocols approved by the Ministry of Health
and Social Development of the Russian Federation, in
the Department of Tumor Biotherapy of N.N. Blokhin
Russian Cancer Research Center in compliance with
GCP (Good clinical practice) standards (permission
dated 08/06/2008 No. 371 and 06/21/2010 No. 286
of the Ministry of Health and Social Development of
the Russian Federation).

The vaccine used is a suspension of the patient’s
autologous dendritic cells loaded with tumor antigens
in vitro and reintroduced back to the patient. The
vaccine for each patient participating in the study
was prepared individually according to a general
formalized protocol [9]. A single dose of the drug
was 2 million dendritic cells in 1 ml of phosphate
buffer solution, which was administered intradermally
in close proximity to regional lymphatic collectors
(shoulders, scapular region, thighs and abdomen).

Assessment of the status of the immune system

The immunological study was a multicolor
phenotyping of peripheral blood cells by flow
cytometry using monoclonal antibodies to CD3, CD4,
CDS, CDl16, CD56, CD19, CD25, CD28, CDl11b,
HLA-DR, and Perforin molecules. The studied
molecular markers made it possible to identify 25
populations among circulating peripheral blood
cells that differed in phenotypic and functional
characteristics (parameters are presented in Table 3).
The immunoregulatory index was calculated as
CD4+/CD8+ ratio. Quantitative cytometric analysis
was performed using a FACSCalibur flow cytometer

(BDBiosciences, USA). At least 5000 events in the
gate of CD45+/CD14- lymphocytes were accumulated
and analyzed in each sample. The number of cells with
the CD45+/CD14- phenotype was at least 95-97 %.
Dot plot analysis was used, the relative number of
positive cells (%) was taken into account. Appropriate
isotype controls were used to discriminate against
non-specific binding. Immunological parameters were
assessed prior to treatment.

Method for visualizing multidimensional data

In our study, the status of the immune system,
characterized by the phenotypic features of peripheral
blood cells (n=26), was considered in each individual
as a multidimensional dimension. For this, NovoSpark
Corporation (Canada), the multidimensional data
visualization method, was used. Visualization of a
biosystem status, as a whole, involves displaying the
totality of all parameters describing the state of the
system in one “integral” image [10]. This method
of visualization of multidimensional objects and
processes is based on the isometry of two spaces,
where objects of one space (data space) are considered
originals, while another space objects play the role
of images. The basis for identifying similarities or
differences in the original data is the visual proximity
of the images corresponding to these data, expressed
in the Mahalanobis distance [8].

Fig. 1 shows an example of the presentation of
three different cases, each of which is characterized
by a certain set of immunological parameters (table
at the bottom of the figure) and their corresponding
visual image. Due to differences in immunological
parameters, visual images have a different shape and
location in multidimensional space. By entering 26
studied immunological parameters of each patient
into the table of the NovoSpark Visualizer software,

Swn [(osxs B Oeewe Ofosy frums Coowe Qoo

Crosmms
Lns Qe @ e @HN - AlD- - - w3

Totn3 Cop 146 Cro 26 Hata3 Pasm 15

Fig. 1. An example of presenting the immune system status as a visual image using the NovoSpark Vizualizer software
Puc. 1. lNMpumep npeactaBneHns COCTOSHNA UMMYHHOW CUCTEMbI B BUAE BU3yanbHOro obpasa npv ncnonb30BaHnm nporpambl
NovoSpark Vizualizer

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2023; 22(2): 43-55
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we obtained individual curves having their own shape
and position in the multidimensional data space, which
are characteristics of the state of the immune system
of each patient.

Statistical analysis was carried out using the
standard Statistica 10 software package. To assess the
significance of sample differences, the nonparametric
Mann-Whitney test was used. P-values below 0.05
were considered statistically significant, and P-values
below 0.1 were used as a statistical trend. To classify
and describe the status of the immune system in patients
with metastatic melanoma with different responses
to vaccine therapy, the method of discriminant
analysis was used. The statistical significance of the
discriminatory power of the discriminant function was
assessed using the value of Wilks’ lambda [11].

Results

Survival rates in patients with melanoma

who received prophylactic vaccine therapy

Vaccine therapy was carried out between 2005 and
2009. The follow-up time exceeded 156 months from
the beginning of the study. The group of metastatic
melanoma patients who received prophylactic vaccine
therapy was heterogeneous in terms of the overall and
disease-free survival rates. Of 20 melanoma patients,
13 showed no signs of disease progression during the
entire follow-up period, all of them were alive at the
time of the last examination. The relapse-free survival
rates in the remaining 7 patients were significantly
lower: median relapse-free and overall survival
rates were 18 and 33 months, respectively (Fig. 2,
3, p<0.001 and p=0.006 for relapse-free and overall
survival, respectively). The identified differences in
survival were the basis for characterizing patients with
long-term survival as responders to vaccine therapy,
and patients with a short period of overall and disease-
free survival as non-responders to this therapy.

State of the immune system in melanoma patients

with different response to dendritic cell vaccine

The study revealed significant differences in the
immunological parameters in patients who received
prophylactic dendritic cell-based vaccine therapy
(Table 4). Patients who responded to vaccine therapy

Cumulative Proportion Surviving (Kaplan-Meier)
o Complete + Censored

Cumulative Proportion Surviving
o
S

— HeT
Time —— ecTb

had higher levels of CD3+, CD4+, CD3+4+, CD4+25+
lymphocytes, as well as higher levels of CD4/CD8 im-
munoregulatory index (p<0.05). However, populations
of specialized cytotoxic lymphocytes, such as CD8+,
CD3-8+, and PF+ (perforin secreting cells) were nu-
merically smaller in responders than in non-responders
at the level of statistical trend (p<0.1).

Visualization of the state of the immune system

in metastatic melanoma patients

with different responses to vaccine therapy

Visualization of the immune system state as a mul-
tidimensional observation makes it possible to dem-
onstrate a qualitative difference in the immunological
status in cancer patients [7, 12—14]. It is important that
this methodological approach allows identification of
immunological parameters that are statistically signifi-
cant for discrimination of the immune system state in
groups with various clinical manifestations.

Initially, when imaging the immune system in pa-
tients with metastatic melanoma, we used the entire
range of studied immunological parameters. As can be
seen in Fig. 4, visual images characterizing the immune
system state in patients with and without response to
vaccine therapy are located in overlaping regions of
the space of multidimensional features.

Using the method of removing variables [12], we
obtained the location of images of the immune system
state of patients from the compared groups in differ-
ent (non-overlapping) regions of the space of multi-
dimensional features (Fig. 5). Therefore, despite the
presence of common mechanisms for the involvement
of the immune system in response to the presence of
a tumor, there are marked differences in the immune
system state in patients with or without response to
dendritic cell-based vaccine therapy.

Discriminant model of the immune system status

in patients with metastatic melanoma with different

efficacy of dendritic cell vaccine therapy

For a formal description of the identified types of the
immune system state, immunological parameters, the
inclusion of which in the model provided a visual sepa-
ration of the images of the immune system in patients
with different responses to vaccine therapy, were used

Fig. 2. Relapse-free survival in patients with metastatic mela-
noma who received prophylactic vaccine therapy in relation to
the effectiveness of treatment.

Note: blue color — patients who did not respond to vaccine
therapy, red color — patients who responded to vaccine therapy
Puc. 2. Be3peunanBHasi BbIXXMBaAeMOCTb Y 60MbHbIX MeTacTa-
TUYeCcKoV MenaHoOMOW, NoNyYaBLUMX BaKLMHOTEPANWIo B Npo-
PUNaKTU4ECKOM pexnme, B 3aBUCUMOCTM OT 3PDEKTUBHOCTU
neyeHus.

MpumeyaHue: rony6oin LBeT — NauneHTbl, He OTBETVBLUME Ha
BaKLMHOTEPANMIO, KPacHbIN LiBET — NaLMeHTbl, OTBETUBLUME Ha
BaKLMHOTEPaNnuio
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Table 4/Tabnuua 4

Immunological parameters in patients with melanoma associated with the response to vaccine therapy,

Me (LQu-UpQu)

VlmmyHonoquecme nokKasartenuy 60JIbHbIX MeNTaHOMOW B 3aBUCUMOCTU OT OTBETA Ha BaKUuuWHOTepanuio,

Immunological parameters/

Iloxazarenu

CD3, %
CD4, %
CDS8, %
CD4/CD8
CD16, %
CD3-19+, %
CD3+4+, %
CD3+8+, %
CD3-8+, %
CD4+8+, %
CD8+16+, %
CD3+16+56+, %
CD3-16+56+, %
CD25+, %
CD4+25+, %
HLA-DR+, %
CD3+DR+, %
CD28+, %
CD8+CD28+, %
CD11b+, %
CD8+11b+, %
PF+, %
CD8+PF+, %
CD16+PF+, %
CD8active, %
CDl6active, %

Me (LQu-UpQu)

Patients who responded Patients who did not respond
to vaccine therapy/ to vaccine therapy/
TTaiieH I, OTBETHBIINE TarenTs! 6e3 oTBETA

Ha BaKIIMHOTECPAIIUIO

73.30 (68.90-77.40)
42.20 (35.40-45.90)
32.90 (28.90-36.80)
1.30 (1.10-1.40)
27.00 (22.80-30.20)
6.90 (5.40-9.70)
42.20 (35.40-45.50)
25.60 (24.00 — 29.00)
6.60 (5.00-7.50)
3.20 (1.70-3.70)
8.60 (7.00-9.70)
6.40 (4.20-8.90
20.60 (16.30-22.20)
19.20 (14.40-26.30)
9.40 (9.00-13.90)
16.00 (10.20-17.10)
7.20 (6.20-9.40)
41.10 (35.10-48.80)
17.50 (14.30 + 20.50)
51.30 (31.00-62.00)
12.10 (7.4-17.50)
27.60 (24.70-32.00)
12.30 (10.70-15.10)
18.00 (15.700-23.30)
40.30 (39.10-44.20)
65.80 (60.20-78.90)

Note: * — statistical trends (p<0.1); ** — statistical differences (p<0.05).

Ipumevanue: * — craructudeckue pazmuuus p<0,1; ** — paznuuus craructuyecky 3Ha4nMBI (p<0,05).

Cumulative Proportion Surviving (Kaplan-Meier)
o Complete

0,9

0,8

0,7

0,6

0,5

Cumulative Proportion Surviving

0,4

0,3

Ha BaKIIMHOTCPAIIUIO

59.95 (54.80—67.90)**
34.80 (28.20-37.50)**
38.60 (33.30-45.50)*
0.80 (0.70-0.90)*
31.20 (18.90-36.60)
9.20 (5.90-15.60)
34.55 (28.20-36.40)**
25.65 (17.80-30.10)
12.75 (5.20-18.00)*
4.90 (1.90-6.30)
10.90 (4.40-20.10)
5.15 (2.60-12.30)
21.25 (16.70-26.60)
13.70 (9.20-22.10)
6.95 (5.10-8.10)**
18.75 (10.30-36.90)
7.30 (3.10-18.10)
43.60 (42.30-57.70)
16.95 (10.80-30.00)
35.75 (30.20-49.60)
8.95 (6.40-21.40)
36.45 (30.00-42.50)*
13.35 (9.2-20.50)
24.05 (18.30-30.60)
39.65 (23.10-47.60)
78.45 (55.60-93.10)

0,2

Fig. 3. Overall survival in patients with metastatic melanoma
who received prophylactic vaccine therapy in relation to the
effectiveness of treatment. Note: blue color — patients who
did not respond to vaccine therapy, red color — patients who
responded to vaccine therapy

Puc. 3. Obwas BbbknBaeMocTb Y 60MbHbIX MeTacTaTuye-
CKOW MenaHOMOW, NMony4aBLUNX BakUMHOTEpanuo B Npodu-
NaKTUYECKOM PEeXume, B 3aBUCUMOCTM OT 3PPEKTUBHOCTM
nedvenus. MNMpumedaHue: ronybow LBET — NaLMEHTbI, HE OT-

0 20 40 60 80

0 2D __ BETUBLUNE Ha BAKLMHOTEPANWIO, KPACHbII LIBET — NALMEHTHI,

——L OTBETMBLUNE HA BaKLUMHOTEpanuio
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Fig. 4. Location of visual images representing the immune system state in patients with advanced melanoma without selection of signifi-
cant variables. Note: Immune system images are shown in orange in melanoma patients who responded to vaccine therapy, in blue —in
patients who did not respond to vaccine therapy
Pwuc. 4. PacnonoxeHue BuayanbHbix 06pa3os, OTpaXKatoLLMX COCTOSHUE UMMYHHOW CUCTEMbI Y B0MbHbIX MeTacTaTM4eCcKon MenaHoMom
6e3 oTbopa 3Ha4YMMbIX NepeMeHHbIX. [prMeYvaHme: opaHxXeBbIM LIBETOM NpeacTaBneHbl 06pa3bl UMMYHHON CUCTEMbI Y BOMbHbIX Mena-
HOMOW, OTBETUBLLMX Ha BaKLMHOTEpanwio, ronyobiM LiBETOM — Y nauneHToB 6e3 oTBeTa Ha BakLMHOTepanuio

Fig. 5. The location of visual images reprsenting the immune system state in patients with advanced melanoma after the selection of
significant variables. Note: Immune system images are shown in orange in melanoma patients who responded to vaccine therapy, in
blue — in patients who did not respond to vaccine therapy
Puc. 5. PacnonoxeHne Bu3yanbHbix 06pa3oB, OTpaxatoLLMX COCTOSIHUE MMMYHHOIN CUCTEMbI Y BOMNbHbBIX MeTacTaTuyeckor MenaHoMow
nocrne otbopa 3Ha4YMMbIX NepeMeHHbIX. MNprmedaHve: opaHxXeBbIM LIBETOM MpeacTaBrieHbl 06pasbl MIMMYHHOW CUCTEMBI Y GOMbHbBIX
MenaHOMOW, OTBETMBLLMX Ha BakLMHOTepanuio, ronybbiM LiIBETOM — y NauneHToB 6e3 oTBeTa Ha BakUMHOTEpanuo

Fig. 6. Visualization of the immune system status in patients who responded (orange) and did not respond (blue) to vaccine therapy in
relation to visual images of the immune system in healthy individuals (violet) and in patients with advanced melanoma (green)
Puc. 6. Budyanuaaumsi COCTOSIHUS UMMYHHOW CUCTEMBbI Y NaLMEHTOB, OTBETUBLLNX (OPaHXXEBbIV LIBET) U He OTBETUBLUVX (rony6omn LBeT)
Ha BaKLMHOTepanuio, OTHOCUTENbHO BU3yaslbHbIX 06Pa3oB MMMYHHOW CUCTEMBI Y 300POBbIX NN, ((PUONEToBbIN LBET) 1 Y BOMbHbIX
MenaHOMOW B COCTOSIHUMN NPOrpeccmMpoBaHuns (3eneHbIn LBET)

as variables for the classification discriminant functions.
The type of classification functions is shown in Table 5.
Wilks’ lambda was 0,022 (y*=43,79, p=0,001).
Variables excluded from the parameters when
achieving visual separation of the immune system
images in patients, depending on the response to

50

vaccine therapy during the discrimination pro-
cedure, were the following immunological pa-
rameters: CD3+CD4+, CD3+CD8+, CD3-CD&+,
CD&8+Perforin+, CD16+Perforin+ , CD8activ,
CD16activ peripheral blood cells.
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Table 5/Tabnuua 5

Immunological parameters and their corresponding coefficients included in the classification
discriminant functions of the immune system status in patients with advanced melanoma in relation
to the effectiveness of vaccine therapy
MMmyHonornyeckue nokasarenu u COOTBeTCTBYHOLMNE UM KO3 PULMEHTBI,

BXoAsLiue B KnaccugukauMoHHble SUCKPUMUHAHTHbIE (DYHKLMU COCTOSIHUA UMMYHHON CUCTEMbI
y 60nbHbIX C pacnpocTpaHeHHON MefaHOMOM B 3aBUCUMOCTU OT 3¢hheKTUBHOCTU BaKLIMHOTEpanum

Response to vaccine therapy/
OTBeT Ha BAKLIHOTEPAIIHIO

Parameters/I[TapameTpst -808.168
CD3 11.867
CD4 4.015
CD8 18.682
NPU 95.549
CD16 8.093
CD3-CD19+ -50.199
CD4+CD8+ -8.355
CD8+CD16+ -0.963
CD3+CD16+CD56+ -20.207
CD3-CD16+CD56+ -2.223
CD25+ 1.232
CD4+CD25+ -10.346
HLA-DR+ 57.587
CD3+DR+ -48.709
CD28+ -6.815
CD8+CD28+ 9.543
CDI11b+ -4.071
CD8+CDI11b+ 1.759
Perforint+ 8.205

Comparison of the immune system state

in melanoma patients with the health status

of individuals and in patients

with disease progression

We conducted a comparative analysis of the im-
mune system state in melanoma patients with differ-
ent responses to vaccine therapy with the immune
system state in healthy individuals with no history of
malignant neoplasms, and in patients with metastatic
melanoma who had signs of disease progression at
the time of vaccination appointment and receiving
vaccine therapy.

Imaging of the immune system state showed that
visual images in patients who responded to vac-
cine therapy were located in the area of the immune
system state in healthy individuals, while in patients
who did not respond to treatment, the location of the
images coincided with the area in melanoma patients
who had disease progression before starting vaccine
therapy (Fig. 6).

The classification discriminant function charac-
terizing the immune system status in patients who
responded to vaccine therapy was applicable in 100 %
of cases to describing the status of healthy individuals,
and the function describing the health status in patients
who did not respond to vaccine therapy classified pa-
tients with manifested metastasis in 80 % of cases.

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2023; 22(2): 43-55

No response to vaccine therapy/
OtcyTcTBHE OTBETA Ha BAKIIHHOTEPAITHIO
-1051.58
14.11
3.51
28.45
114.66
-8.27
-62.10
-9.18
7.01
-13.96
11.49
4.71
-22.19
65.53
-49.62
-10.79
11.17
-6.62
-2.37
12.48

Discussion

Melanoma is an immunogenic tumor, for which
an immune response to tumor-specific antigens has
been found [15]. A number of studies have shown the
correlation of various parameters characterizing the
immune response, both with the parameters of tumor
progression and with overall and relapse-free survival
in patients with melanoma [16, 17], on the basis of
which a number of authors make a conclusion about
the significance of immunological mechanisms in the
pathogenesis of this disease [16—19].

It is quite obvious that the effectiveness of
melanoma immunotherapy is closely related to
the functional state of the immune system. Thus,
in a study by T. Garcia-Salum et al. (2018), which
included 28 patients with advanced melanoma who
received vaccine therapy with dendritic cells loaded
with antigens from lysed melanoma cells, significant
differences in the immunological parameters between
patients who responded or did not respond to treatment
were found [20]. It is assumed that in malignant
neoplasms, effective immunotherapy and, in particular,
dendritic cell-based vaccine therapy, is hindered by
compromising the functional status of the immune
system by the present tumor [21].

S.M. Lluesma et al. (2018) showed that if the
immune system was competent against tumors,
including melanoma, then this status positively
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affected the therapeutic efficacy of dendritic cell-
based vaccines [3]. Therefore, the compromise of the
immune system under the influence of a tumor can be
a significant obstacle to successful immunotherapy
[3]. The compromise may be associated with the
induction of immunosuppression by the tumor [21],
inhibition of cytotoxic mechanisms against tumor
cells, blocking the recognition of tumor antigens, and
other effects associated with the escape of the tumor
from an effective immune response [3, 22-26].

The study revealed statistically significant
phenotypic differences in peripheral blood cells
in patients with melanoma, depending on the
effectiveness of vaccine therapy with dendritic cells.
In patients with a response to vaccine therapy, the
number of CD3+ T-lymphocytes as the main effectors
of cellular cytotoxicity before treatment was higher
than in patients without a response to therapy (72.61
+2.14% and 61.04 + 2.62%, respectively, p<0.050).
Paradoxically, the level of cytotoxic T-lymphocytes
(CD8+ lymphocytes) and cells producing perforin,
an effector molecule of cellular cytotoxicity (PF+
cells), was lower in melanoma patients who responded
to vaccine therapy than in non-responders at the
level of statistical trend. The revealed phenomenon
suggests the induction of antitumor cytotoxic clones
of lymphocytes in the process of vaccine therapy. The
activation or the presence of these populations before
treatment are unfavorable signs indicating the potential
induction of T-regulatory cells during dendritic cell
vaccination, which, in turn, leads to blocking of the
Th1 immune response [27].

Despite the fact that the significance of antitumor
defense mechanisms distorted by the presence of'a tumor
is actively discussed in the literature, there are very few
reports regarding the exact parameters reflecting the
fact that the immune system is compromised. R. Dronca
et al. have shown that the immune system responds
to the presence of metastatic melanoma systemically,
which is reflected in the synchronized changes in a
large number of immunological parameters, including
the level of cytokines, chemokines, and lymphocyte
subpopulations in peripheral blood [4]. This is
consistent with our results when we used the method
of visualizing the immune system state as an integrated
unite, allowing reflection of systemic relationships
that determine a single strategy for the response of the
immune system. This approach showed differences
in the immune system state in cancer patients with
different risks of progression and substantiated the
feasibility of using the integral characteristic of the
immune system as a prognostic criterion [7, 14, 28].
The method of visualization of the immune system
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state in patients with melanoma showed differences
depending on the response to vaccine therapy (Fig. 5).
Among the immunological parameters excluded from
the classification discriminant equations obtained
from visualization, there were parameters, such as
the number of cytotoxic lymphocytes (CD8+ cells)
and perforin-producing lymphocytes (PF+ cells).
In other words, these populations are not important
for discrimination of the immune system state as a
significant factor for effective vaccine therapy, but are
probably associated with the presence of a tumor.

The response to vaccination was observed in
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of healthy individuals. Visual images of the immune
system in patients with advanced melanoma matched
those in patients who did not respond to vaccine
therapy (Fig. 6). Since there was no compromise
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Conclusion

The immune system state in patients with metastatic
melanoma at the stage of dendritic cell-based vaccine
therapy appointment is represented by different types.
It was revealed that the type of the immune system
state is associated with the effectiveness of subsequent
vaccine therapy. The response to vaccine therapy was
observed in patients whose immune state is close
to that of healthy individuals. The low efficacy of
dendritic cell therapy is typical for patients whose
immune system state is similar to that of patients with
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in patients with metastatic melanoma are manifested
both at the level of individual immunological
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reflected visually. An integral characteristic of the
immune system state, reflecting the degree of its
compromise, can be a criterion for stratifying patients
with metastatic melanoma for administering effective
dendritic cells-based vaccine therapy.
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