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Abstract

Immune targeted therapy (ITT) including pembrolizumab, an immune checkpoint inhibitor, and lenvatinib, 
a targeted drug that blocks receptor tyrosine kinases, is one of the main treatment strategies for advanced 
endometrial cancer (aEC) patients with proficient mismatch repair (pMMR) and microsatellite stable (MSS). 
Since immunological mechanisms are involved in the implementation of the therapeutic effects of pembrolizumab 
and lenvatinib, it is likely that the current state of the patients’ immune system affects the efficacy of ITT. The 
purpose of the study was to investigate changes in peripheral blood immune parameters depending on the 
response to therapy in aEC patients who received therapy with pembrolizumab and lenvatinib. Material and 
Methods. The study included 12 patients with stage II–IV (T2–4N0–2M0–1) aEC with pMMR and MSS, who 
received therapy with combination of pembrolizumab and lenvatinib. All patients were divided into 2 groups: 
1) with disease progression within 6 months of starting ITT (n=4), 2) without signs of progression for more 
than 6 months (n=8). The immune parameters (the number of VEGFR+ monocytes and VEGFR expression 
on monocytes, the number of PD-1+ cells in peripheral blood and PD-1 expression on them, the lymphocyte 
subsets) were evaluated by flow cytometry before starting ITT, 2 and 6 months after therapy. The control 
group consisted of 39 patients with newly diagnosed EC prior to anticancer therapy. Results. ITT resulted in 
significant changes in the number of VEGFR+ monocytes and VEGFR expression on monocytes, as well as 
in the number of PD-1+ cells in peripheral blood and PD-1 expression on them, along with alterations in the 
lymphocyte subsets. Changes in the immune parameters were related to the response to ITT. At the point of 
outcome (during disease progression or in the case of long-term response to therapy) the difference in the 
parameters reached the level of statistical significance. In the case of effective ITT, the immune parameters 
approached the values observed in control group patients with EC being newly diagnosed. Conclusion.
Changes in immune system parameters of aEC patients treated with pembrolizumab in combination with 
lenvatinib were found to be related to response to therapy.

Key words: endometrial cancer, immune targeted therapy, pembrolizumab, lenvatinib, immunologic 
parameters, antitumor treatment efficacy.
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Àííîòàöèÿ

Ââåäåíèå. Иммунотаргетная терапия (ИТТ), включающая ингибитор контрольных точек иммунного 
ответа пембролизумаб и таргетный препарат ленватиниб, блокирующий тирозинкиназы рецепторов, 
является одной из основных стратегий лечения прогрессирующего рака эндометрия (пРЭ) с профици-
том системы репарации (pMMR) и отсутствием микросателлитной нестабильности (MSS). Поскольку 
иммунологические механизмы вовлечены в реализацию терапевтических эффектов пембролизумаба и 
ленватиниба, то вероятно, что актуальное состояние иммунной системы пациенток оказывает влияние 
на эффективность ИТТ. Öåëü èññëåäîâàíèÿ – изучить изменение иммунологических показателей в 
периферической крови, ассоциированных с молекулярно-клеточными механизмами действия пембро-
лизумаба и ленватиниба, у больных пРЭ при проведении иммунотаргетной терапии в зависимости от 
эффективности данного вида лечения. Ìàòåðèàë è ìåòîäû. В исследование вошли 12 пациенток с пРЭ 
II–IV (T2–4N0–2M0–1) стадии, с профицитом системы репарации (pMMR) и отсутствием микросателлит-
ной нестабильности (MSS), получившие терапию в виде комбинации пембролизумаба и ленватиниба. 
В зависимости от эффективности ИТТ сформированы 2 группы: с прогрессированием ИТТ в течение 6 
мес от начала данной терапии (n=4) и без признаков прогрессирования более 6 мес (n=8). До начала 
ИТТ, через 2 мес и 6 мес терапии у пациенток методом проточной цитометрии оценивались следующие 
иммунологические показатели: количество VEGFR+ моноцитов и экспрессия VEGFR на моноцитах, 
количество PD-1+клеток периферической крови и экспрессия PD-1 на них, популяционная структура 
лимфоцитов. В качестве контрольной группы выступили 39 пациенток с впервые диагностированным 
РЭ до начала противоопухолевого лечения. Ðåçóëüòàòû. Проведение ИТТ сопровождалось значимым 
изменением количества VEGFR+ моноцитов и экспрессии VEGFR на моноцитах, количества PD-1+клеток 
периферической крови и экспрессии PD-1 на них, популяционной структуры лимфоцитов. Характер 
динамики иммунологических показателей связан с эффективностью ИТТ. В точке наступления исхода 
(момент прогрессирования или последнее наблюдение при длительном ответе на терапию) различие 
в показателях достигало уровня статистической значимости. При эффективной ИТТ исследуемые 
параметры приближались к значениям у пациенток с впервые диагностируемым РЭ. Çàêëþ÷åíèå.
Динамика показателей иммунной системы у больных пРЭ при проведении терапии пембролизумабом 
в комбинации с ленватинибом связана с характером ответа на лечение. 

Êëþ÷åâûå ñëîâà: ðàê ýíäîìåòðèÿ, èììóíîòàðãåòíàÿ òåðàïèÿ, ïåìáðîëèçóìàá, ëåíâàòèíèá, èììóíî-
ëîãè÷åñêèå ïîêàçàòåëè, ýôôåêòèâíîñòü ïðîòèâîîïóõîëåâîãî ëå÷åíèÿ.

Introduction
According to clinical practice guidelines since 

2019, immune targeted therapy (ITT) including pem-
brolizumab, an immune checkpoint inhibitor (ICI), and 
lenvatinib, a targeted drug that blocks receptor tyrosine 
kinases, has been one of the main treatment strategies 
for advanced and metastatic endometrial cancer (EC) 
in patients with proficient mismatch repair (pMMR) 
and microsatellite stable (MSS) [1].

Currently, the therapeutic effects of ITT are associ-
ated with the immune system activation. Thus, the use 
of anti-PD-1 drugs, including pembrolizumab, leads to 
the restoration of cytotoxic activity of CD8+cytotoxic 
T-lymphocytes [2], and induces M1-polarization 
of monocyte-macrophage cells [3, 4]. Blocking the 

functional activity of VEGFR+monocytes and mac-
rophages, lenvatinib cancels the suppressive effect of 
T-regulatory cells and their production of cytokines 
with immunosuppressive activity IL-10 and TGF-β 
[5]. In addition, there is evidence that lenvatinib 
increases tumor infiltration by CD8+ T-cells express-
ing granzyme B and IFN-γ [6], which suggests the 
activation of adaptive immunity and potentiation of 
the PD/PD-L-associated action of pembrolizumab. It 
has been suggested that the effect of immune check-
point inhibitors (ICI) depends largely on the func-
tional status of lymphocytes [7], in particular, on the 
presence of signs of exhaustion characterized by the 
expression of immune-inhibitory molecules, includ-
ing PD-1(CD279) [7–9]. It has been shown that signs 
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of exhaustion appear at the progenitor stage and then 
spread to antigen-committed populations – memory 
cells and effector cells [7, 10, 11].

Since the immune system contributes to therapeu-
tic effects of the combination of pembrolizumab and 
lenvatinib, it is obvious that the actual state of the 
immune system is crucial for effective ITT. However, 
despite numerous studies on the relationship between 
the parameters of local and systemic immunity and 
the response to ITT in EC patients [12], there is no 
information on the effect of a combination of pem-
brolizumab and lenvatinib on immune parameters as-
sessed in the blood circulation. Such knowledge will be 
important to more fully understand the mechanisms of 
action of the therapeutic strategy, determine the domi-
nant pathways of involvement of various effectors of 
adaptive and innate immunity, and identify criteria for 
stratification of patients for prescription and markers 
for monitoring effective ITT. 

The purpose of the study was to investigate the rela-
tionship between changes in peripheral blood immune 
parameters of aEC patients who received therapy with 
pembrolizumab and lenvatinib and response to ITT.

Material and Methods
The study group included 12 patients with stage 

II–IV (T2–4N0–2M0–1) endometrial cancer, who 
received immune targeted therapy at the Cancer Re-
search Institute, Tomsk National Research Medical 
Center of the Russian Academy of Sciences from 2022 
to 2024. The mean age of patients with advanced EC 
was 62.9 ± 15.9 years (standard deviation, ages from 
47 to 79 years). MSI and/or dMMR were not detected 
in all patients during genetic analysis. All patients 
had previously undergone treatment for endometrial 
cancer. Surgery was the main method of primary treat-
ment. The patients received adjuvant radiotherapy or 
chemotherapy depending on their risk factors. The 
diagnosis was verified morphologically. 

Patients received immune targeted therapy with 
pembrolizumab (BIOCAD, Russia): 200 mg intra-
venously once every 3 weeks + lenvatinib (EISAI, 
Japan): 20 mg orally once daily (21-day cycles).

The response to ITT was assessed using imaging 
techniques based on the absence of signs of progression 
according to the iRECIST scale. ITT was considered 
effective if the patient did not show signs of disease 
progression during treatment for 6 months or more. If 
progression occurred within 6 months of ITT, therapy 
was considered ineffective. Therefore, 2 subgroups were 
defined: effective (n=8) and ineffective (n=4) ITT. 

To evaluate the impact of EC progression and 
treatment on immune system parameters, 39 patients 
with newly diagnosed stage I-IV (T1-4N0-2M0-1) EC 
were used as a reference (control) group. The median 
age of these patients was 62.6 ± 23.6 years (standard 
deviation, ages from 39 to 86 years). 

The study was performed in accordance with the 
Declaration of Helsinki, 1964, and the permission of 

the local ethical committee of the institute. All patients 
signed informed consent before being included in the 
study.

Venous blood (20 ml) from patients was collected 
in the morning on an empty stomach and drawn into 
vacuum containers with heparin. The populations 
of interest were peripheral blood cells expressing 
PD-1(CD279); VEGFR(CD309)+ monocytes dis-
tributed among the main subpopulations of periph-
eral blood (classical, intermediate, non-classical); 
CD8+lymphocytes with signs of activation (CD69+); 
naive CD45RA+lymphocytes; CD45R0+lymphocytes 
with signs of commitment; CCR7 (CD197)+lymphocytes 
and CD62L+lymphocytes with migration activity to 
lymph nodes; lymphocytes expressing co-stimulatory 
molecules CD27 and CD28. The relative number of 
cell subsets as well as the expression level of surface 
molecules (median fluorescence intensity, MFI) was 
investigated using flow cytometry. The evaluated 
markers and antibodies used are presented in Table.

Samples with appropriate isotypic antibodies were 
used as negative controls. The phenotype of the studied 
subsets was evaluated using a BD FACS Canto II flow 
cytometer (BD, USA). The compensation procedure 
was performed using CompBeads kit (BD, USA).

Antibodies to the antigens shown in Table 1 were 
added to whole blood samples (100 μl) in volumes 
corresponding to the manufacturer’s recommenda-
tions. They were incubated for 20 minutes in the dark 
at a room temperature. Erythrocytes were lysed using 
Lysing Solution (BD, USA). Samples were incubated 
for 15 minutes in the dark, after which they were 
washed twice with Cell Wash Solution (BD, USA). 
Phenotypic features of the studied populations were 
evaluated using a flow cytometer. At least 50,000 
events were collected for each sample.

Data were visualized and analyzed using FAC-
SDiva Version 6.1.3 software. Monocyte, lympho-
cyte, and neutrophil subsets were selected from the 
CD45+leukocyte population using a gating strategy. 
The number of PD1(CD279)+cells in each subset was 
estimated. CD45+monocytes were further divided into 
subpopulations of CD14+CD16- classical monocytes, 
intermediate CD14+CD16+ monocytes, and non-
classical CD14-CD16+ monocytes, in each of which 
the number of CD309+cells and the expression of 
this marker were evaluated. CD8+lymphocytes and 
CD8+CD69+lymphocytes were sequentially identified 
in the CD45+lymphocyte population. The populations of 
CD45RA+CD45R0-CD27+CD28+naive lymphocytes, 
CD45RA+CD45R0-CCR7(CD197)- terminally differen-
tiated lymphocytes, CD45RA-CD45R0+CD62L+central 
memory cells and CD45RA-CD45R0+CD62L- effector 
memory cells were sequentially identified from the 
CD45+lymphocyte gait.

Immune parameters associated with molecular and 
cellular mechanisms of pembrolizumab and lenvatinib 
were assessed at the time of diagnosis in control (refer-
ence) patients, and before ITT, 2 and 6 months after 
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ITT, as well as during disease progression in patients 
with advanced endometrial cancer (aEC). Statistical 
analysis was performed using the program Statistica 
version 12 for Windows (StatSoft Inc). Nonparametric 
methods of visualization and analysis of the results 
were used due to the small size of the researched groups 
and the results were presented as median (Me) and in-
terquartile range (Q1;Q3). Comparison of the studied 
populations depending on the stage and effectiveness 
of ITT was performed using the Mann–Whitney crite-
rion for independent samples. If the p-value was less 
than 0.05, the difference in the groups was considered 
statistically significant. The data corresponding to the 
level of statistical trend (p<0.1) were also given.

Results
Before investigating changes in immune param-

eters associated with molecular and cellular mecha-
nisms of pembrolizumab and lenvatinib during ITT, 

we evaluated changes in the state of the immune 
system that were influenced by the tumor growth and 
disease progression, as well as the antitumor treatment 
performed. 

Compared to patients with newly diagnosed EС, pa-
tients with recurrent disease progression, who had re-
ceived two or more lines of anticancer therapy showed 
a decrease in the level of CD14+CD16- monocytes 
of the classical subpopulation expressing receptor for 
vascular endothelial growth factor VEGFR (CD309) 
(p=0.03, Fig. 1A).

The disease progression and anticancer treatment 
were accompanied by a decrease in the level of PD-
1-expressing neutrophils (CD279) in the peripheral 
blood as compared to that observed in the control 
group patients (p=0.02, Fig.1B). However, the PD-
1(CD279) expression level on lymphocytes and 
CD8+lymphocytes was higher in aEC patients than 
in controls (p=0.003 and p=0.02, Fig.1B).

Fig. 1. Differences in immune parameters between patients with newly diagnosed EC (1) and advanced EC (2). A – parameters related 
to VEGFR (CD309) expression on peripheral blood cells; B – parameters related to PD-1 (CD279) expression on peripheral blood cells; 

C – parameters related to lymphocyte differentiation. Note: created by the authors
Рис. 1. Отличия иммунологических показателей у пациенток с впервые диагностированным РЭ (1) и прогрессирующим РЭ 

(2): A – показатели, связанные с экспрессией VEGFR (CD309) на клетках периферической крови; B – показатели, связанные с 
экспрессией PD-1 (CD279) на клетках периферической крови; C – показатели, связанные с дифференцировкой лимфоцитов. 

Примечание: рисунок выполнен авторами
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Fig. 2. Differences in immune parameters in aEC patients depending on the effectiveness of ITT. 1  – effective ITT group; 2 – ineffective 
ITT group. A  – before ITT; B – during disease progression or the last progression-free follow-up. Note: created by the authors

Рис. 2. Отличия иммунологических показателей у больных с прогрессирующим РЭ в зависимости от эффективности ИТТ:
 1 – группа эффективной ИТТ; 2 – группа неэффективной ИТТ. A – до начала ИТТ; B – в момент прогрессирования или послед-

него наблюдения без прогрессирования. Примечание: рисунок выполнен авторами

Patients with recurrent progression and mul-
tiple lines of anticancer therapy demonstrated an 
increased count of CD45RA+CD62L- cells and 
CD45RA+CD27-CD28- cells (TEMRA). However, 
the count of CD45R0+CCR7+ central memory cells 
was lower almost in 2 times (p=0.05, Fig.1C).

The combination of pembrolizumab with lenvatinib 
in the treatment of aEC patients resulted in a decrease 
in the number of CD14-CD16+monocytes 2 months 
after therapy compared to that before therapy : 4.75 
[2.70–5.60] % and 9.75 [6.35–12.10] %, respectively 
(p=0.09). After 6 months of ITT, there was a 1.55-fold 
increase in surface CD14 expression on monocytes 
compared to the baseline level (p=0.09). 

Two months after therapy, the proportion of 
VEGFR+(CD309+) monocytes in the classical sub-
population and VEGFR(CD309) expression on them 
was estimated to be higher and remained elevated 
after 6 months (p=0.07, 0.05, respectively), while 
VEGFR(CD309) expression in the non-classical 
population was decreased by 1.6 times 6 months after 
ITT compared to the that observed before therapy 
(p=0.02).

Two months after ITT, the count of PD-1-
(CD279)+CD8+cytotoxic T-lymphocytes was lower 
by 5.3 times (p=0.02), and after 6 months it amounted 
to only 1 % of the initial number of cells of this popu-
lation (p=0.08). A 4.9-fold decrease in the count of 
PD-1+ cells in the total lymphocyte population was 

detected 6 months after ITT (p=0.04); however, the 
expression of this molecule on lymphocytes was 2-fold 
higher compared to that before ITT (p=0.04).

We compared immune parameters associated with 
molecular and cellular mechanisms of pembrolizumab 
and lenvatinib in patients with advanced EC depending 
on the effectiveness of ITT. 

Patients with aEC who had disease progression 
within 6 months from the start of ITT demonstrated 
higher number of CD14+CD16+monocytes in the 
peripheral blood compared to that observed in patients 
without progression (p=0.07, Fig. 2A). After 2 and 6 
months of therapy no differences in immune parameters 
between patients with effective and ineffective therapy 
were revealed. However, significant differences in the 
changes of these parameters during ITT between the 
groups of patients were found (Fig. 2B).

Ineffective ITT was accompanied by a lower 
number of CD14-CD16- non-polarized monocytes 
compared to that before ITT (p=0.08, Fig.3). However, 
the count of VEGFR(CD309) +CD14-CD16- non-
polarized monocytes, as well as the expression of 
this receptor both on the cells of this subpopulation 
and on CD14+CD16+monocytes of the intermediate 
subpopulation was increased (p=0.03, 0.05, 0.08, 
respectively, Fig.3).

Patients with effective ITT showed higher 
level of CD14 expression on monocytes compared 
to baseline (p=0.03, Fig. 4A). The number of 
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Fig. 4. Dynamics of immunologic parameters in patients with progressive EC during effective ITT (duration of response more than 
6 months). 1 – before ITT; 2 – moment of the last observation. A – parameters related to monocytes and VEGFR expression on them; 
B – parameters related to PD-1 expression on peripheral blood cells; C – parameters related to activation and differentiation of periph-

eral blood lymphocytes. Note: created by the authors
Рис. 4. Динамика иммунологических показателей у пациенток с прогрессирующим РЭ при проведении эффективной ИТТ (дли-

тельность ответа более 6 мес): 1 – до начала ИТТ; 2 – момент последнего наблюдения. A – показатели, связанные с моноцитами 
и экспрессией на них VEGFR; B – показатели, связанные с экспрессией PD-1 на клетках периферической крови; С – показатели, 
связанные с активацией и дифференцировкой лимфоцитов периферической крови. Примечание: рисунок выполнен авторами

Fig. 3. Dynamics of immunologic parameters in patients with progressive EC with ineffective ITT (duration of response 6 months 
and less): 1 – before ITT; 2 – moment of progression. Note: created by the authors

Рис. 3. Динамика иммунологических показателей у пациенток с прогрессирующим РЭ при неэффективной ИТТ (длительность 
ответа 6 мес и менее): 1 – до начала ИТТ; 2 – момент прогрессирования. Примечание: рисунок выполнен авторами

VEGFR(CD309)+CD14+CD16- monocytes in the 
classical subpopulation was increased compared to the 
pre-ITT baseline (p=0.01). The expression of VEGFR 
(CD309) on CD14-CD16+monocytes of non-classical 
subpopulation was decreased in comparison with the 
baseline parameters (p=0.002, Fig.4A).

Effective ITT was associated with changes in 
immunologic parameters related not only to the 

expression of receptor to vascular endothelial 
growth factor. Thus, the number of PD-1(CD279)+ 
lymphocytes, PD-1(CD279)+CD8+lymphocytes, 
PD-1(CD279)+CD45RA-CD45R0+ lymphocytes 
were decreased compared with the corresponding 
parameters before ITT (p=0.02, 0.02, 0.08, Fig.4B) 
but PD-1(CD279)+CD45RA+CD45R0- naive and 
terminally differentiated lymphocytes were higher 
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than pre-ITT ones (p=0.08, Fig.4B). In addition, an 
increased number of CD8+CD69+ activated lympho-
cytes and CCR7+CD45R0+ commited lymphocytes 
was observed in patients with effective ITT (p=0.06, 
Fig. 4C).

Changes in the parameters within ITT depending 
on the efficacy of this treatment led to significant 
differences in the endpoints – the point of EC pro-
gression for 6 months or the last follow-up in the 
absence of progression for more than 6 months. The 
relative level of monocytes was lower and the level of 
CD16+ monocytes was higher in patients with disease 
progression than in patients without disease progres-
sion (p=0.01, 0.08, respectively, Fig. 2B). The level 
of VEGFR(CD309) expression on CD14+CD16+ 
monocytes of the intermediate subpopulation and on 
non-polarized CD14-CD16- monocytes in patients 
with disease progression was higher than that in the 
comparison group (p=0.05, 0.08, respectively Fig. 2B). 
EC progression within ITT was associated with a lower 
number of CD8+ lymphocytes (p=0.03, Fig. 2B).

Discussion
Currently, immune targeted therapy including 

pembrolizumab, a PD-1 receptor inhibitor, and lenva-
tinib, a multikinase inhibitor, is the treatment strategy 
for patients with proficient mismatch repair (pMMR) 

and microsatellite stable (MSS), who experience 
disease progression during chemotherapy [13]. The 
therapeutic effects of both pembrolizumab and lenva-
tinib are known to be associated with the modulation 
of immunological mechanisms: recovery of CD8+ 
T-lymphocyte cytotoxicity against tumor cells [6], 
changes in the subpopulation structure of the total 
lymphocyte population [14, 15], blocking the angio-
genic activity of tumor-associated macrophages [5], 
and suppression of T-regulatory cells [5]. However, it 
is also well known that tumor progression and ongo-
ing antitumor treatment and, in particular, cytostatic 
agents have pronounced effects on the immune system 
[16, 17], which may determine the efficacy of further 
therapeutic strategies based on immunological mecha-
nisms [18]. Therefore, we compared the parameters 
associated with the main mechanisms of involvement 
of immune system effectors in the realization of the 
therapeutic effects of pembrolizumab and lenvatinib.

This study showed that the potential effectors of the 
therapeutic action of pembrolizumab and lenvatinib, 
are impacted by tumor progression and antitumor 
treatment in EC (Fig.1). Thus, there was a statisti-
cally significant decrease in VEGFR+CD14+CD16- 
monocytes of the classical subpopulation (Fig. 1A). 
Classic CD14+CD16- monocytes are precursors of 
M1-macrophages and, therefore, replenish the popu-

Table /Òàáëèöà 

Molecular markers of the main populations and antibodies for their identification used in the work

Ìîëåêóëÿðíûå ìàðêåðû îñíîâíûõ ïîïóëÿöèé è àíòèòåëà äëÿ èõ èäåíòèôèêàöèè, èñïîëüçîâàííûå â 
ðàáîòå

Antigen/
Антиген

Conjugated fluorochrome/
Конъюгированный флуорохром

Clone/
Клон Marker/Маркер Manufacturer/

Производитель

CD45 APC-Cy7 2D1 Total leukocyte marker/
Общий маркер лейкоцитов BD

CD309 PE 89106 VEGFR2 BD

CD14 FITC M5E2 Monocyte/macrophage marker/
Маркер моноцитов/макрофагов BD

CD16 APC 3G8 Monocyte/macrophage marker/
Маркер моноцитов/макрофагов BD

CD8 PE-Cy5 HIT8a Lymphocyte marker/
Маркер лимфоцитов BD

CD69 PE-Cy7 FN50
Marker of cytotoxic lymphocyte activation/

Маркер активации цитотоксических 
лимфоцитов

BD

CD197 FITC G043H7 CCR7 Elabscience

CD45R0 PE UCHL1 Marker of committed lymphocytes/
Маркер коммитированных лимфоцитов Elabscience

CD45RA PerCP HI10U Marker of naive cells/
Маркер наивных клеток Elabscience

CD279 FITC J116 PD-1 Elabscience
CD27 APC O323 TNF receptor/Рецептор к TNF Elabscience

CD28 FITC CD28.2 T-cell co-stimulatory molecule/
Ко-стимулирующая молекула Т-клеток Elabscience

CD62L APC MEL-14 L-selectin/L-селектин Elabscience
Note: created by the authors.

Примечание: таблица составлена авторами.
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lation of cytotoxic tumor-associated macrophages 
(TAM) capable of eliminating malignant cells [19]. A 
decrease in their number is unfavorable for the course 
of the tumor process.

The increased expression of PD-1(CD279) both 
on the surface of lymphocytes in the total pool and 
on CD8+ lymphocytes defines them as targets for 
attack by PD-L+ tumor cells, the consequence of 
which is the anergy or apoptosis of immune system 
cells (Fig. 1B) [20, 21]. The function of terminally 
differentiated effectors with CD45RA+CD26L- and 
CD45RA+CD27-CD28- phenotype is currently not 
fully defined. They are considered as the final stage 
of lymphocyte development [22]. The increase in 
the number of cells at the stage of termination of 
functioning and at the same time, the proportion of 
CD45R0+CCR7+cells of central memory was lower 
almost in 2 times, which determine the possibility of 
rapid induction of immune response, are probably 
unfavorable factors for antitumor protection.

Immune targeted therapy has been introduced into 
the practice of EC treatment only recently. Probably, 
due to this fact, there is no information in the literature 
about the state of the immune system during ITT. Our 
study has shown that ITT is associated with changes in 
immune parameters reflecting potential mechanisms of 
therapeutic action of pembrolizumab and lenvatinib. 
We found the increased expression of lipopolysac-
charides (LPS) receptor CD14 on the surface of 
monocytes. This fact should be regarded as a shift 
in the functional profile of monocytes towards M1-
polarization of monocyte-macrophage cells [19]. 

ITT resulted in an increase in the number of 
VEGFR+CD14+CD16- monocytes of the classical 
subpopulation and expression of VEGFR on the cell 
surface of this population. However the number of 
these receptors on CD14-CD16+ monocytes of the 
non-classical subpopulation decreased. The data ob-
tained detail the negative role of VEGFR+monocytes 
in tumor progression. Undoubtedly, this population of 
monocytes, transforming in situ into TAMs, promotes 
angiogenesis in tumors [23, 24]. It is known that one of 
the molecular targets of lenvatinib is tyrosine kinase of 
VEGFR(CD309) receptor [25]. Through inhibition of 
VEGF/VEGFR interaction, lenvatinib is able to block 
the tumor-stimulating effect of VEGFR+macrophages 
[5]. However, the obtained data suggest a possible 
selective action of lenvatinib on monocytes of a 
certain functional profile: the drug has a suppressive 
effect on CD14-CD16+ monocytes and stimulates 
CD14+CD16- monocytes. At the same time, the 
subpopulation of classical monocytes is a resource 
of proinflammatory M1-macrophages with cytotoxic 
potential, which may contribute to the elimination of 
tumor cells.

The decrease in the number of CD279(PD-1)+ 
lymphocytes, including CD279(PD-1)+CD8+ lym-
phocytes is apparently due to the binding of this 
molecular target to pembrolizumab. The clinical 

significance of this phenomenon is that ITT reduces 
the proportion of lymphocytes potentially exposed to 
the PD-L molecule expressed by tumor cells or TAM, 
which in general may be associated with the canceling 
of the immunosuppressive effect of the tumor and with 
an increase in the cytotoxic action of lymphocytes 
reflected in the ITT efficacy parameters.

The CD69 protein is an integral transmembrane 
protein that functions as a signal transduction recep-
tor in lymphocytes and is the earliest marker of lym-
phocyte proliferation/activation [26]. ITT resulted in a 
decrease in the expression of CD69 molecule on CD8+ 
cytotoxic lymphocytes 6 months after therapy, which 
indicates a decrease in the degree of their activation 
and, in general, can be regarded as an indicator of 
how well the immune system functions, i.e. eliminates 
tumor cells. 

An important aspect of this study was to compare 
the changes in immunologic parameters related to 
the mechanisms of action of pembrolizumab and 
lenvatinib in EC patients depending on the efficacy of 
ITT. Unfortunately, a small number of patients who 
underwent ITT during the study period did not allow 
us to perform analysis using the Wilcoxon criterion. 
Since before the start of ITT, only one significantly 
statistical difference in the immune parameters was 
revealed in patients with different responses to treat-
ment (higher number of CD14+CD16+ monocytes in 
the group of patients with disease progression, Fig. 
2A), we combined patients before ITT into one group 
and compared these parameters with those at the time 
of progression in patients with ineffective therapy or at 
the last follow-up in patients with effective therapy 

Changes in immune parameters during ITT in 
patients with duration of response of less than 6 
months affected only the monocyte population. In 
this group of patients, we observed an increase in 
VEGFR+CD14-CD16- monocytes and expression of 
this receptor on both non-polarized CD14-CD16- cells 
and CD14+CD16+ monocytes of the intermediate 
population by the time of progression (Fig. 3). These 
results are in accordance with the notion of negative 
contribution of VEGFR+ cells of monocyte-macro-
phage lineage to the pathogenesis of tumor growth 
[27]. In other words, the current treatment had little 
effect on the negative vector of events. The decrease 
in the number of unpolarized CD14-CD16- monocytes 
probably indicates the increased polarization of the 
monocyte population in the peripheral blood during 
the ongoing EC progression (Fig. 3).

Patients with effective ITT (progression-free sur-
vival time of more than 6 months) are characterized by 
a different dynamics of the parameters. It determined 
the changes in the state of the immune system, which 
we described above for the patients who received ITT: 
increased expression of CD14 on monocytes (Fig. 4A), 
increase in the number of VEGFR+CD14+CD16- 
monocytes of the classical subpopulation and decrease 
in the expression of this receptor on the surface of 
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CD14-CD16+ monocytes of the intermediate sub-
population in EC patients (Fig.4A), decrease in the 
proportion of PD-1(CD279)-expressing lymphocytes 
and PD-1(CD279)+CD8+ lymphocytes (Fig. 4B). 
Since these changes in parameters are associated with 
a prolonged response to treatment, it can obviously be 
considered as a marker of ITT efficacy.

Specific changes in immune parameters during ef-
fective ITT were also found. Thus, a decrease in the 
number of PD-1(CD279)+CD45R0+ lymphocytes and 
an increase in PD-1(CD279)+CD45RA+CD45R0-
naive lymphocytes were detected (Fig. 4B). These 
changes probably indicate that the effect of pembroli-
zumab is targeted to functionally mature effectors. 

Statistically significant increase in the number of 
CD8+CD69+ activated lymphocytes and increase in 
CCR7+CD45R0+committed lymphocytes indicate the 
induction of immune response, since lymphocytes are 
commited by antigen and are able to migrate to lym-
phoid organs for further differentiation and interaction 
with the target (Fig. 4B) [22]. The possibility of the 
immune response is indicated by the tendency towards 
a decrease in the population of CD45RA+CD27-
CD28-lymphocytes, which is considered as terminally 
differentiated effectors [28]. Decrease in their number 
is a sign of their function fulfillment and death.

Thus, before starting ITT in patients with effective 
and ineffective therapy, a statistically significant dif-
ference in only one immune parameter was observed; 
however, during ITT in patients with disease progres-
sion for 6 months or in patients without progression for 
more than 6 months, statistical differences in several 
immune parameters associated with the molecular-
cellular mechanisms of pembrolizumab and lenvatinib 
were observed (the number of CD16+ monocytes, 
VEGFR expression on CD14+CD16+ monocytes 
of the intermediate subpopulation and CD14-CD16- 
non-polarized monocytes, and the number of CD8+ 
lymphocytes) (Fig. 2B).

When evaluating changes in immune param-
eters in aEC patients treated with pembrolizu-
mab in combination with lenvatinib, it should be 

noted that effective ITT leads to changes in the 
number of VEGFR+CD14+CD16- monocytes and 
CCR7+CD45R0+committed lymphocytes, which 
correspond to values in patients with newly diagnosed 
disease (Fig. 1A, C in comparison with Fig. 4A, C). 
Apparently, effective ITT restores the quantitative and 
functional state of the immune system to a status that 
provides antitumor protection, compensating for the 
adverse effects of tumor progression and cytostatic 
treatment. Based on this observation, the feasibility 
of using ITT in patients with newly diagnosed EC, 
when the immune system still has its own resources 
for an effective response to the tumor, becomes promis-
ing. This assumption was confirmed by the results of 
phase 3 multicenter clinical trial (309/Keynote 775) 
that showed the advantage of using ITT in the first-
line therapy compared to chemotherapy [1]. Thus, the 
effectiveness of ITT in EC patients is related to the 
response of the immune system to treatment. However, 
the question remains open as to what factors determine 
the ability of the immune system to respond to ITT.

Conclusion
In patients with advanced EC, a combination ther-

apy with pembrolizumab and lenvatinib was shown to 
have a significant impact on the immune system param-
eters (the number of VEGFR+ monocytes and VEGFR 
expression on monocytes, the number of PD-1+ cells in 
peripheral blood and PD-1 expression on them, and the 
population structure of lymphocytes). The effectiveness 
of ITT is related to the treatment-dependent changes 
in immune parameters. In the case of effective ITT, 
the quantitative and functional state of the immune 
system becomes close to the status of patients with 
newly diagnosed EC. Changes in VEGFR+monocytes, 
PD-1-expressing peripheral blood populations, and 
lymphocyte population structure can be used to predict 
the duration of response to ITT. Further studies are re-
quired to confirm the value of CD14+CD16+ monocyte 
counts in the intermediate population as a marker for 
stratifying patients with EC for combination therapy 
with pembrolizumab and lenvatinib.
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