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ABSTRACT

Background. Implementation of immunotherapy in clinical oncological practice has significantly improved the
results of cancer treatment. It resulted in the need for seeking new markers to assess the effectiveness of therapy
and the disease prognosis.

Aim. To analyze the content of soluble forms of PD-1 and PD-L1 immune checkpoint proteins in the blood serum
of patients with non-small cell lung cancer and esophageal squamous cell carcinoma and their association with
clinical and morphological characteristics of the disease and the disease prognosis.

Materials and methods. The study included tumor samples obtained from 43 patients with non-small cell lung
cancer and 21 patients with esophageal squamous cell carcinoma. The concentration of sPD-L1 and sPD-1 in the
blood serum was determined using enzyme-linked immunosorbent assay (ELISA). The Mann — Whitney test was
used to determine statistically significant differences in independent groups. A correlation analysis was performed
using the Spearman’s rank correlation coefficient. Overall survival was analyzed by constructing survival curves
using the Kaplan — Meier method and a Cox proportional hazards model. The differences were considered
statistically significant at p <0.05.

Results. The study showed that sPD-1 and sPD-L1 were found in the blood serum of both cancer patients and
healthy donors, and their concentrations did not differ significantly. It was shown that the high concentration of
sPD-L1 in the blood serum of patients with non-small cell lung cancer was significantly associated with the late
stage of the disease and was an independent unfavorable prognostic factor. It should be noted that for patients
with esophageal cancer, an unfavorable prognostic marker was the high concentration of the soluble form of PD-1
protein, and not PD-L1 ligand, as in case of lung cancer.

Conclusion. The content of sPD-1 and sPD-L1 in the blood serum can have different prognostic significance for
various types of cancer, and further studies are required to confirm their clinical usability.
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PE3IOME

BBenenue. AKTUBHOE BHEAPCHUC UMMYHOTEPAIIMN B KIMHUYECKYHO OHKOJIOI'MYCCKYIO IPAKTUKY ITO3BOJIMJIO 3HA-
YUTCJIBHO YJIYUIIUTH PE3YyJIbTAThI JICKAPCTBEHHOI'O JICUCHUS or[yxoneﬁ. D10 IPUBEJIO K HeO6XO,Z[I/IMOCTI/I TIIOHCKa
HOBBLIX MAapKEPOB, C IOMOUIBIO KOTOPBIX MOKHO OLUECHUTDH 3(1)(1)8KTI/IBHOCTI) HpOBOZ[I/IMOﬁ TEparunu U NporHo3 3a00-
JICBaHU.

Hens nccnenoBaHus — aHAIN3 COAEPKAHMS PACTBOPHMBIX (JOpM OSITKOB KOHTPOIBHBIX TOUeK NMMyHHTeTa SPD-1
u PD-L1 B chIBOPOTKE KPOBH OOJIBHBIX HEMEIKOKJICTOYHBIM PAKOM JIETKOTO ¥ TIOCKOKJICTOYHBIM PAaKOM IIHIIE-
BOJIa, @ TAKXKE MX aCCOIHAINN C KIMHUKO-MOP(OIOTHIECKIMH XapaKTePUCTHKAMU 3a00JICBAHNS U IPOTHO30M.

MarepuaJjbl 1 MeTOAbl. B HccrneoBanne BKIIOYEHBI 00pa3Ibl OmyXxonel oT 43 ManueHTOB ¢ HEMENKOKIETOY-
HBIM PaKOM JIETKOro W 21 mamueHTa ¢ IIOCKOKJIETOYHBIM pakoM mumeBoaa. Konnenrpamuio sPD-L1 u sPD-1
OTIPEZIENISIN B CHIBOPOTKE KPOBH € MOMOIIBIO MMMYHO(DEPMEHTHOTO aHaiIu3a. JJjis ompeaeneHns: CTaTUCTUYECKH
3HAUMMBIX PA3JIMYUi B HE3aBUCHMBIX I'PyMIax UCIOIb30BaNU KpuTepuii Manna — Yutau. KoppensnuoHHslii ana-
JIU3 IPOBOJMIIN € TIOMOILBIO ONpeeneHus ko3 hureHTa pauroBoii koppemsiunu CimpMena. AHanu3 o01Ieid BbI-
JKHBAEMOCTH — ITyTEM TTOCTPOEHMUS KPUBBIX HOKHUTH 0 MeToay Kamnmana — Meiiepa 1 ¢ HCHONIB30BaHUEM MOJIEITH
MPOMOPIHOHATBHBIX pUCKOB Kokca. CTaTHCTHYECKH JOCTOBEPHBIMH CUUTAINCH pa3dnuuus npu p < 0,05.

Pe3syasTatsl. [Tokazano, uto sPD-1u sPD-L1 oOHapyXHBaIOTCsl B CBIBOPOTKE KPOBHU KaK y MAMEHTOB C OHKOJIO-
TMYECKUMH 3a00JIeBaHUSMH, TaK M 37J0POBBIX JOHOPOB, U X KOHIIEHTPALMK 3HAYUMO He oTiandatoTcs. [Tokasano,
4TO BbICOKas KOHUEeHTpalust sSPD-L1 B cbIBOpOTKe KpOBU OOJIBHBIX HEMEIKOKIETOUHBIM PAKOM JIETKOI0 3HAYHMMO
acCOLMMPOBAHA C MO3/IHEll cTagueil 3a00IeBaHus U SBIISETCS] He3aBUCUMBIM HEOJIaronpHsTHBIM MPOTrHOCTHYECKHM
¢axropom. HeoOXomMMo OTMETHTB, YTO JUISl HALMEHTOB C PAKOM ITHILEBO/Ia HEOIarONPHATHEIM MPOTrHOCTHIECKHM
MapKepOM SIBIISICTCSI BBICOKOE COJIEpIKaHUe pacTBOPUMOit popMbl perienitopa PD-1, a He ero muranma PD-L1, kak
JUIS paka JIETKoro.

BruiBoabl. Conepxanue B cbIBOpoTKe KpoBH sPD-1u sPD-L1 MoxkeT uMeTh pa3iudyHOe IPOrHOCTUYECKOE 3Hade-
HHE IS 37I0KaUYeCTBEHHBIX OIyXOJIeH pa3iIMYHbIX HO30JIOTHI, 1 HEOOXOANMOCTE €TI0 aHAIIN3a ISl KIMHAYECKOTO
HIpUMEHEHHs TpedyeT JaTbHEHIIero n3yIeHus.

Kurouessle cioBa: sPD-1, sPD-L1, ummyHoTepanus, HEMEIKOKIETOUHBIH PaK JIETKOro, pak MUILEBO/1a, IIPOTHO3
Kondaukt uHTepecoB. ABTOPHI ACKIAPUPYIOT OTCYTCTBUE SBHBIX U IMOTEHIHATBHBIX KOH(QIUKTOB HHTEPECOB,

CBSI3aHHBIX C MyOIUKaNueil HaCTOSIIEeH CTaThH.

Hcrounuk ¢punancupoBanmsi. Pabora BeinonHeHa npu ¢puHaHcoBoU noaaepxke rpanta POOU (mpoekt Ne 20-
015-004790).

CooTBeTcTBHE NPUHIUINAM THKH. Bce y4acTHUKH HCCiIemoBaHMs MOANUCAIN JOOPOBOIbHOE HH(POPMUPOBAH-
Hoe cornacue. MccnenoBanne o100peHo okanbHbIM dTrdeckuM komuteroM (HMUILL) onkonorun nm. H.H. bio-
XHHA.
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INTRODUCTION

Currently, immunohistochemistry is considered
to be a gold standard in molecular diagnosis, which
is used as the main method for making decisions on
immunotherapy. However, available methods for pre-
dicting a patient’s response to therapy or detection
of residual disease using molecular biology research
are insufficient. At the same time, the field of applica-
tion of immunotherapy is constantly expanding, and
there is an urgent need for new diagnostic markers or
methods of their use that will allow to improve the
results of cancer treatment.

According to their functional characteristics, im-
mune checkpoints, which are the targets of immuno-
therapy, can be divided into two groups: molecules
activating the immune response and those inhibiting
it. The most well-described checkpoint molecules are
PD-1/PD-L1 and CTLA-4 that belong to the second
group. The PD-1 / PD-L1 interaction promotes tu-
mor escape from immune surveillance by suppressing
T cell activity. High tissue expression of these pro-
teins may be associated with a poor prognosis for var-
ious types of tumors.

In recent years, a large number of new recep-
tors and their ligands involved in immune regula-
tion have been identified and described. In addition
to immune checkpoints on the cell surface, soluble
forms of these proteins have been identified in the
bloodstream. The presence of these proteins in bio-
logical fluids is due to proteolysis, alternative splic-
ing, and their presence on the surface of exosomes
[1-3]. It has been shown that as a result of proteo-
lysis or alternative splicing, soluble forms of PD-1
and PD-L1 (sPD-1 and sPD-L1, respectively) can
be generated [4]. sPD-L1 and sPD-1 can be detec-
ted and quantified in the bloodstream of patients
with various solid tumors [5—7], which opens pros-
pects for the development of methods for minimally
invasive diagnosis and therapy monitoring. Howe-
ver, the role of sPD-L1 and sPD-1 in the pathogene-
sis of malignant tumors has not been clearly defined.
In this regard, the aim of this study was to analyze
the content of sPD-1 and sPD-L1 in the blood serum
of patients with non-small cell lung cancer (NSCLC)
and esophageal squamous cell carcinoma (ESCC)

and their association with clinical and morpholo-
gical characteristics of the disease and the disease
prognosis.

MATERIALS AND METHODS

The study included 43 patients with NSCLC and
21 patients with ESCC, as well as 9 healthy donors
who were examined and treated at the N.N.Blokhin
National Medical Research Center of Oncology. All
procedures involving patients and healthy donors,
performed during the study, comply with the ethical
principles of the local Ethics Committee and the 1964
Declaration of Helsinki and its subsequent amend-
ments or comparable ethical standards. An informed
consent was obtained from each individual included
in the study. The clinical diagnosis in all patients was
confirmed by the data of the morphological study of
the tumor according to the WHO Classification of
Tumors of the Digestive System (2019) and Tumors
of the Lung (2021). The description of the studied
samples is presented in Tables 1 and 2.

Table 1

Clinical and morphological characteristics of NSCLC patients

Parameter Number of cases (%)

Age

<61 22 (51%)

>61 21 (49%)
Gender

Male 37 (86%)

Female 6 (14%)
Histology

Adenocarcinoma 18 (42%)

Squamous cell lung cancer 25 (58%)
Stage

I-11 25 (58%)

v 18 (42%)
Localization

Central 26 (60%)

Peripheral 17 (40%)
Tumor size (T)

T1-T2 28 (65%)

T3-T4 15 (35%)
Nodal status (N)

NO 17 (40%)

N+ 26 (60%)
Grade (G)

G1-G2 27 (63%)

G3 16 (37%)
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Table 2
Clinical and morphological characteristics of ESCC patients
Parameter Number of cases (%)

Age

<62 11 (52%)

>62 10 (48%)
Gender

Male 18 (86%)

Female 3 (14%)
Stage

I-1I 9 (43%)

-1V 12 (57%)
Tumor size (T)

T1-T2 6 (29%)

T3-T4 15 (71%)
Nodal status (N)

NO 10 (48%)

N+ 11 (52%)
Grade (G)

G1-G2 15 (24%)

G3 6 (76%)

The levels of sPD-L1 and sPD-1 were determined
in the blood serum obtained according to the standard
method before the initiation of specific treatment
using PD-L1 Human ELISA and PD-1 Human
ELISA kits (Affimetrix, eBioscience, USA) in accor-
dance with the manufacturer’s instructions. The mea-
surements were carried out on the automated ELISA
analyzer BEP 2000 Advance (Siemens Healthcare
Diagnostics, Germany). The concentrations of the
markers were expressed in picograms (pg) per 1 ml
of the blood serum.

The obtained data were processed using the Graph-
Pad Prizm 9.0 software. To compare the variables and
analyze their relationships, we used the nonparametric
Mann — Whitney test and the Spearman’s rank cor-
relation coefficient. To analyze the overall surviv-
al, patients were divided into 2 comparison groups

depending on the median content of sPD-1 and sPD-L1
in the blood serum. Overall survival was analyzed
by constructing survival curves using the Kaplan —
Meier method. Statistical significance of differences
was compared using the log rank test. To assess the
potential impact of various risk factors on survival, a
multivariate analysis was additionally performed us-
ing a nonparametric Cox proportional hazards mod-
el. The differences and correlations were considered
statistically significant at p < 0.05.

RESULTS

This study is devoted to the analysis of the con-
tent of soluble forms of sPD-1 and sPD-L1 check-
point proteins in the blood serum of patients with NS-
CLC and ESCC and their association with the clinical
and morphological characteristics of patients and
the prognostic value. At the first stage of the study,
the diagnostic potential of the studied proteins was
assessed. The median concentrations of sPD-1 and
sPD-L1 in the blood serum of healthy donors were
30.9 (28.2-42.8) pg / ml and 0.59 (0.40-1.5) pg / ml,
respectively, in the group of patients with NSCLC
—34.3 (27.4-45.4) pg / ml and 0.95 (0.33-2.08) pg
/ ml, respectively, and in the group of patients with
ESCC —30.9 (26.0-53.9) and 0.956 (0-2.45) pg / ml,
respectively. The statistical analysis showed that the
content of soluble forms of sPD-1 and sPD-L1 did
not differ significantly between healthy donors and
patients with cancer, therefore, it was concluded that
these proteins cannot be used as diagnostic markers.
Further, the association between the levels of sPD-1
and sPD-L1 in the blood serum of patients with NS-
CLC and ESCC and the clinical and morphological
characteristics of the diseases was analyzed. The re-
sults are presented in Tables 3 and 4.

Table 3

Association between serum sPD-L1 and sPD-1 levels and clinical and morphological characteristics of NSCLC patients

sPD-1, pg / ml sPD-L1, pg/ ml
Parameter Me ©0,-0) » Me ©,-0) »

Age

<61 33.81 27.22-51.69 0.965 0.401-1.835

>61 34.60 527.27738.63; 0.833 1.090 E04211724758§ 0-824
Gender

Male 34.19 (27.17-45.57) 0.458 0.965 (0.464-2.143) 0.738

Female 35.25 (31.85-54.65) 0.776 (0.062-4.252)
Histology

Adenocarcinoma 34.47 (27.05-47.58) 0.765 0.903 (0.464-2.481) 0.513

Squamous cell lung cancer 34.19 (27.88-42.22) 0.965 (0.106-2.020)
Stage

I-11 33.44 (27.71-41.97) 0.966 0.715 (0.000-1.649) 0.037*

1-1v 34.98 (26.56-47.18) 1.463 (0.652-3.067)
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Table 3 (continued)

P . sPD-1, pg / ml sPD-L1, pg/ ml
. Me ©-0) P Me ©,-0) »
Localization
Central 34.26 27.31-47.18 0.820 0.965 0.306-2.019 0.698
Peripheral 34.60 27.37-41.97 1.090 0.274-2.143
Tumor size (T)
T1-T2 33.88 (27.66-38.16) 0.701 0.965 (0.083-1.927) 0.372
T3-T4 35.63 (23.92-51.95) ' 1.214 (0.464-2.944)
Nodal status (N)
NO 35.56 (30.74-56.66) 0.153 0.715 (0.042-1.835) 0.419
N+ 30.57 (26.31-40.41) 1.028 (0.464-2.298)
Grade (G)
G1-G2 34.33 (27.65-51.60) 0.394 1.214 (0.211-2.575) 0.513
G3 32.96 (24.66-36.84) 0.840 (0.464-1.494)

The analysis showed that the increased concentra-
tion of sSPD-L1 in the blood serum of patients with NS-
CLC was significantly associated with the late stage of
the disease. No associations with other tumor charac-
teristics were found for NSCLC, although it should be
noted that there was a trend toward a decrease in the

sPD-1 concentration in the blood serum of patients in
the presence of regional metastasis.

For ESCC, it was found that in the group of patients
with T1-T2 tumors, the concentration of sPD-L1 was
significantly higher than in the group of patients with
T3—T4 tumors (Table 4).

Table 4

Association between serum concentrations of sSPD-L1 and sPD-1 and clinical and morphological
characteristics of ESCC patients

Parameter sPD-1, pg / ml sPD-L1, pg/ ml
Me ©-9) p Me ©Q-9) )4
Age
<62 30.98 (29.62-37.15) 0.545 0.965 (0.000-2.821) 0.685
>62 29.08 (24.27-59.24) 0.840 (0.000-2.174)
Gender
Male 30.98 (25.29-51.32) 0.406 0.778 (0.000-2.451) 0.836
Female 33.57 (30.23-72.88) 1.090 (0.000-2.944)
Stage
I-11 32.28 (29.92-53.90) 0.496 1.463 (0.295-2.698) 0.230
-1V 29.52 (24.92-63.95) 0.274 (0.000-2.111)
Tumor size (T)
T1-T2 53.90 (33.04-78.70) 0.010% 1.772 (0.818-2.852) 0.202
T3-T4 29.62 (24.73-32,28) ) 0.464 (0.000-2.451)
Nodal status (N)
NO 32.92 (29.23-59.24) 0.306 1.277 (0.443-2.574) 0.194
N+ 30.23 (24.73-37.15) 0.083 (0.000-2.451)
Grade (G)
G1-G2 30.98 (25.56-36.25) 0.436 1.028 (0.000-2.729) 0.473
G3 48.75 (26.09-80.21) 0.464 (0.000-1.772)

PROGNOSTIC VALUE OF SPD-L1/SPD-1IN
PATIENTS WITH NSCLC AND ESCC

Depending on the concentration of soluble forms of
the studied proteins, for the analysis of survival rates,
the patients were divided into 2 groups: with high and
low levels of sPD-1 / sPD-L1 relative to the median.
Patient survival graphs are shown in the Figure.

100

The results of the study showed that the increased
concentration of sPD-L1 in NSCLC was signifi-
cantly associated with a poor disease prognosis. For
sPD-L1 in ESCC, a similar pattern was observed,
but the data did not reach statistical significance.
The concentration of sPD-1 in the blood serum is
not a prognostic marker in patients with both NS-
CLC and ESCC. However, it should be noted that
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in patients with a high content of sPD-1 in the blood
serum, a trend toward an unfavorable prognosis
was noted.

Next, a univariate and multivariate statistical anal-
ysis of the prognostic value of the studied markers was
carried out. The results are presented in Table 5.

Table 5

Statistical analysis of the prognostic value of sPD-L1 / sPD-1 in patients with NSCLC and ESCC

Univariate analysis Multivariate analysis
Parameter
HR 95% CI p HR 95% CIL p
sPD-1 NSCLC (high / low) 0.885 (0.285-2.749) 0.831 1.020 (0.985-1.053) 0.253
sPD-L1 NSCLC (high / low) 3.937 (1.257-12.34) 0.026* 1.214 (0.983-1.464) 0.046*
sPD-1 ESCC (high / low) 2.199 (0.731-6.613) 0.139 1.045 (1.014-1.082) 0.006*
sPD-L1 ESCC (high / low) 1.998 (0.647-6.164) 0.199 1.269 (1.002-1.650) 0.051
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Figure. Analysis of the overall survival in NSCLC and ESCC patients depending on serum concentrations of sSPD-L1 and sPD-1

Cox’s regression analysis showed that high levels
of sPD-1 in ESCC and high levels of sPD-L1 in NS-
CLC were independent prognostic factors associated
with reduced survival. Thus, a high content of the sol-
uble form of the sPD-L1 ligand in the blood serum
of patients with NSCLC is an unfavorable prognostic
factor, while for patients with ESCC, a high content of
the soluble form of the sPD-1 receptor, rather than its
ligand, is an unfavorable prognostic marker.

At the final stage of the study, a correlation analy-
sis of the content of sPD-1 / sPD-L1 in the blood se-
rum of patients with NSCLC and ESCC was carried
out. The analysis did not reveal a correlation between
the content of the studied proteins in ESCC (»=0.119;
p = 0.609), however, in NSCLC, the content of sPD-
1 significantly correlated with the content of sPD-L1
r=10.331; p=0.03). It may indicate that the mechanisms
of interaction of these proteins may be tissue independent.
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DISCUSSION

Despite the rapid development of immunotherapy
in the treatment of cancer, the frequency of objec-
tive responses to drugs of this class for patients with
ESCC and NSCLC is insufficient. In this regard, the
identification and validation of new biomarkers of
the effectiveness of immunotherapy drugs is current-
ly extremely relevant. The results of modern studies
demonstrate that the assessment of PD-L1 expres-
sion is a key factor for evaluating the effectiveness of
treatment with immune checkpoint inhibitors in pa-
tients with malignant tumors of various localizations.
However, the analysis of tissue expression of PD-
L1 is not unified and differs depending on the drug
used. Thus, there is an evaluation scale that takes into
account only tumor cells, while another evaluation
method takes into account the expression of PD-LI
on the surface of both tumor and immune cells of the
stroma. In addition, currently, when methods for min-
imally invasive diagnosis and neoadjuvant chemothe-
rapy are being developed, it is of great importance
to have a possibility to evaluate the effectiveness of
prescribed drugs and the response to ongoing treat-
ment using soluble blood markers [8].

Currently, anti-PD-1/PD-L1 immunotherapy is the
preferred second-line, and in some cases, first-line
therapy for NSCLC [9]. From the literature data, it is
known that sPD-L1 in the blood can be considered as
a marker of the effectiveness of treating patients with
NSCLC with immune checkpoint inhibitors. It was
shown that a high level of sPD-L1 two months after
treatment with nivolumab was associated with a poor
response to ongoing therapy. It should be noted that,
according to the results of this study, the concentra-
tion of sPD-L1 did not correlate with the level of tis-
sue expression of this protein [10]. The PD-1/PD-L1
checkpoint inhibitors nivolumab and pembrolizumab
are both FDA and EMA approved for the treatment of
esophageal tumors, but the use and efficacy of these
drugs, similar to NSCLC, depend on PD-L1 expression
in the tumor. There is emerging evidence that sPD-L1
levels also have a predictive potential for evaluating
the effectiveness of anti-PD-1/PD-L1 monotherapy in
cases of ESCC [8], namely, a higher plasma concen-
tration of sSPD-L1 before treatment is a predictor of in-
creased effectiveness of this type of therapy.

The present study analyzed the concentrations of
soluble sPD-1 and sPD-L1 in the blood serum of pa-
tients with NSCLC and ESCC. The obtained results
showed that an increased level of sPD-L1 in the blood
serum of patients with NSCLC was associated with a

later stage of the disease and a poor disease prognosis.
The results obtained are consistent with the literature
data [11-13]. Moreover, D. Jovanovic et al. demon-
strated that a higher level of sPD-L1 in the blood is
typical of patients with NSCLC, compared with lung
tumors of other types [13]. It should be noted that the
study of the sPD-L1 content in the blood of patients
with lung cancer is relevant not only in the context of
immunotherapy, but also in the study of the effective-
ness of tyrosine kinase inhibitors [14]. In our study,
the level of sPD-1 in NSCLC was not prognostically
significant, although literature data show that an in-
crease in the concentration of this protein is associated
with a rise in overall and disease-free survival rates in
patients with advanced NSCLC with EGFR mutations
treated with erlotinib [15].

The analysis of the association of sPD-1 level with
clinical and morphological characteristics of esopha-
geal cancer showed that a higher concentration of this
protein is characteristic of T1-T2 tumors. At the same
time, it should be noted that our study showed for the
first time that sPD-1 is an independent statistically
significant marker of a poor ESCC prognosis. High
serum levels of PD-L1 in patients with esophageal tu-
mors were also associated with a poor prognosis, but
the data did not reach statistical significance. This is
consistent with a number of published studies [16, 17].
The obtained results together with the published data
indicate that additional studies with larger cohorts are
needed making it possible to use sPD-1 and sPD-L1 in
clinical practice.

CONCLUSION

The results of the study indicate that currently
there is no unequivocal opinion regarding the clini-
cal and prognostic value of both tissue expression of
the key immune checkpoints PD-1 / PD-L1 and their
soluble forms. It is also worth noting that most studies
have revealed the absence of a correlation between the
tissue expression of these proteins and their presence
in a soluble form in biological fluids, which certainly
indicates the need for further study of their interaction.
With further accumulation of data, their spread will
decrease, which will ultimately lead to the possibility
of their application in clinical practice.
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