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Intravenous radionuclide therapy with radium chloride [223Ra] in 
patients with bone metastases from castration-resistant prostate cancer
O. I. Kit, N. A. Maksimova, M. A. Gusareva, A. N. Shevchenko, M. S. Zinkovich, M. G. Ilchenko�, 
K. P. Boyko, A. V. Faenson, S. N. Dimitriadi, L. Ya. Rozenko 

National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
� maria_ilchenko80@mail.ru

ABSTRACT

Purpose of the study. Assessment of clinical safety and effectiveness of radium-223 in patients with bone metastases from 
castration- resistant prostate cancer.
Patients and methods. The study involved materials on 15 patients with bone metastases from castration- resistant prostate 
cancer aged 58–81 years, with the mean age of 67.2 ± 6.5 years, who were examined and received full treatment with 6 
intravenous injections of radium-223 chloride [223Ra] at the National Medical Research Centre for Oncology. Most patients 
(73.3 %) showed ECOG 1 performance status. Pain syndrome before the treatment was registered in 12 (80 %) patients.
Results. Evaluation of the tolerability of radium chloride did not show hematological reactions such as anemia and thrombo-
cytopenia. One patient had grade II intestinal toxicity after the 3rd injection managed with medication. Assessment of indirect 
signs of the treatment effectiveness demonstrated that 6 people showed an increase in PSA during treatment, while alkaline 
phosphatase levels were within normal range indicating no bone destruction. 8 of 12 patients with pain syndrome showed 
its relief during the therapy. The following results were obtained during a follow-up examination after 3 months in 15 patients 
who received the full treatment course: stabilization in 8 patients; improvement in 4 patients with decreased metabolic activity 
and lower numbers of metastatic foci; progression with the appearance of new metastatic foci in the bones in 3 patients.
Conclusion. Radium chloride showed good results in the treatment of patients with bone metastases from castration- resistant 
prostate cancer. Low toxicity and improvement in the quality of life by pain relief make this treatment technique promising.

Keywords: castration-resistant prostate cancer, bone metastases, radium chloride [223Ra], quality of life
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Применение внутривенной радионуклидной терапии радия хлоридом [223Ra] 
у пациентов с костными метастазами кастрационно-резистентного рака  
предстательной железы
О. И. Кит, Н. А. Максимова, М. А. Гусарева, А. Н. Шевченко, М. С. Зинькович, М. Г. Ильченко�, К. П. Бойко,  
А. В. Фаенсон, С. Н. Димитриади, Л. Я. Розенко 

ФГБУ «Национальный медицинский исследовательский центр онкологии» Министерства здравоохранения Российской Федерации, 
г. Ростов-на-Дону, Российская Федерация
� maria_ilchenko80@mail.ru

РЕЗЮМЕ

Цель исследования. Оценка клинической безопасности и эффективности применения радия-223 у пациентов с кост-
ными метастазами кастрационно- резистентного рака предстательной железы (РПЖ).
Материалы и методы. В исследование включены сведения о 15 пациентах с костными метастазами кастрационно- 
резистентного РПЖ в возрасте от 58 до 81 года, средний возраст 67,2 ± 6,5 года, обследованных и получивших полный 
курс лечения из 6 внутривенных радиотерапий препаратом радия хлорида [223Ra] на базе ФГБУ «Национальный 
медицинский исследовательский центр онкологии» Министерства здравоохранения Российской Федерации. Функ-
циональное состояние большей части пациентов (73,3 %) соответствовало 1 по шкале ECOG. Перед началом лечения 
болевой синдром отмечался у 12 (80 %) пациентов.
Результаты. При оценке переносимости радия хлорида было отмечено отсутствие гематологических реакций, 
таких как анемия и тромбоцитопения. У одного пациента была отмечена кишечная токсичность II степени, которая 
появилась после 3-го введения и была медикаментозно купирована. Оценка косвенных признаков эффективности 
проведенного лечения: у 6 человек за время лечения был отмечен рост простатического специфического антигена 
(ПСА), при этом показатели уровня щелочной фосфатазы находились в пределах нормы, что может говорить об 
отсутствии костной деструкции. У 8 из 12 человек с болевым синдромом наблюдалось его снижение уже на этапе 
терапии. У 15 пациентов, получивших полный курс лечения, при контрольном обследовании через 3 месяца были 
получены следующие результаты: у 8 человек – стабилизация процесса, у 4 человек – улучшение в виде снижения 
уровня метаболической активности и уменьшение количества метастатических очагов, у 3 пациентов отмечено 
прогрессирование заболевания с появлением новых метастатических очагов в костях скелета.
Заключение. Радия хлорид показал хорошие результаты в терапии пациентов с костными метастазами кастрационно- 
резистентного рака предстательной железы. Низкие уровни токсичности и возможность улучшить качество жизни за 
счет снижения выраженности болевого синдрома позволяют говорить о перспективности данной лечебной методики.

Ключевые слова: кaстрaционнo-резистентный рaк предстaтельной желeзы, метaстазы в кoсти, радия хлорида 
[223Ra], качество жизни
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INTRODUCTION

Prostate cancer (prostate cancer) ranks second 
in the structure of cancer incidence in the male pop-
ulation and is one of the leading causes of cancer 
mortality in the world [1, 2]. Its share is 15.1 % in the 
structure of the incidence of malignant neoplasms in 
the male population in Russia [1]. Over 10 years, the 
increase in Russia amounted to 41.69 %, so in 2021, 
the incidence of prostate cancer almost doubled 
compared to 2011 and reached 59.24 per 100,000 
population  [1]. The mortality rate in Russia from 
prostate cancer remains high, in 2021 it is 19.03 
per 100,000 population, an increase of 23.87 % over 
10 years [1]. In Russia, up to 50 % of patients suf-
fering from prostate cancer are already treated with 
advanced stages III–IV of the disease, metastatic 
cancer accounts for up to 18.1 % of patients [3, 4]. 
It is generally accepted for patients with prostate 
cancer to undergo hormonal treatment in the form of 
maximum androgenic blockade, including pharmaco-
logical castration. The development of resistance to 
the therapy leads to the progression of the disease 
with a fatal outcome. According to literature data, 
castration- resistant prostate cancer (CRPC) develops 
within 5 years of treatment in 10–20 % of patients. 
Currently, the issue of finding methods to overcome 
castration resistance remains relevant, since the ap-
pearance of bone metastases, the generalization of 
the process is accompanied by a significant deterio-
ration in the quality of life of patients and an increase 
in overall mortality rates from prostate cancer [2, 5].

The property of radium chloride [223Ra] to com-
petitively bind to bone hydroxyapatites makes it pos-
sible to use it as an osteotropic radiopharmaceuti-
cal therapy (RPT) in the presence of metastatic foci 
in skeletal bones associated with increased bone 
mineralization [6]. Radium chloride [223Ra] is an ap-
proved drug for the treatment of CRPC with direct ef-
fects on foci in metastatic bone lesions. Radium-223 
is recognized as the drug of choice in patients with 
CRPC in the presence of bone metastases of the 1st 
and subsequent lines of therapy according to the 
recommendations of the European Association of 
Urologists (high degree of recommendation) [6, 7] 
and the National Cancer Control Network (1st level 
of evidence) in 2020. Since radium chloride thera-
py [223Ra] the presence of visceral metastases is 
a contraindication to its use, it should be used as 

early as possible before their appearance. When ra-
dium chloride [223Ra] is prescribed for the diagnosis 
of bone metastases, the results of osteoscintigraphy 
are of fundamental importance, which does not re-
quire the use of additional research methods such 
as CT or MRI [6, 8].

The purpose of the study was to evaluate the clini-
cal safety and efficacy of radium-223 in patients with 
bone metastases of castration- resistant prostate 
cancer.

MATERIALS AND METHODS

The study included 15 patients who received ther-
apy with the drug "Xofigo" radium chloride [223Ra] 
at the National Medical Research Centre for Oncol-
ogy. The average age of the patients was 67.2 years 
(ranged from 58–81 years). The objective status of 
the majority of patients on the ECOG scale corre-
sponded to 1 (73.3 %) [9]. Patients were assessed 
for pain intensity before treatment and before each 
course of radiotherapy using a visual analog pain 
scale (VAS) [6]. VAS is a straight-line segment 10 cm 
long. Its beginning corresponds to the absence of 
pain – "there is no pain", and the end point reflects ex-
cruciating unbearable pain – "unbearable pain". The 
line can be either horizontal or vertical. The patient 
was asked to make a mark on it corresponding to 
the intensity of the pain he was experiencing at the 
moment. The distance between the beginning of the 
segment ("there is no pain") and the mark made is 
measured in centimeters and rounded to the whole. 
Each centimeter on the line corresponds to 1 point. 
At a mark of up to 2 cm, the pain is classified as mild, 
from 2 to 4 cm – moderate, from 4 to 6 cm – severe, 
from 6 to 8 cm – the strongest and up to 10 cm – 
unbearable. At the time of initiation of therapy, pain 
syndrome of varying severity was noted in 12 pa-
tients (80 %). Radium-223 was received as 1st-line 
therapy by 4 patients (26.7 %), 2nd-line – 7 people 
(46.6 %), 3rd-line – 4 patients (26.7 %). All patients 
received a full course of radiotherapy – monthly in-
travenous injections of radiopharmaceutical radium 
chloride [223Ra] for 6 months in the required vol-
ume [9]. In total, 90 patients underwent intravenous 
radiotherapy with radium chloride [223Ra].

Radium chloride solution [223Ra] is a radium solu-
tion in ionic form with an activity of 1100 kBq/ml. 
The specific activity of radium-223 is 1.9 MBq/ng. 
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The half-life of radium is 223 11.4 days. At the stag-
es of the decay of radium-223 to stable lead, alpha, 
beta and gamma particles are emitted with an al-
pha radiation energy value of 95.3 % (energy range 
5.0–7.5 MeV), 3.6 % beta radiation (energy range 
0.45–0.49 MeV) and 1.1 % gamma radiation (energy 
range 0.01–1.27 MeV) [10] Being a competitor of cal-
cium, radium-223 selectively affects bone metasta-
ses in prostate cancer, forming a complex compound 
with the bone mineral hydroxyapatite. The therapeu-
tic effect is because of alpha particles, which have 
a cytotoxic effect on tumor cells and microenviron-
ments (osteoclasts, osteoblasts). The high energy 
of radium chloride alpha particles (80 keV/µm) and 
the low range of action – less than 100 µm (less than 
10 cell diameters) make treatment safe with minimal 
damage to healthy tissues [10, 11].

Due to its good tolerability and minimal side ef-
fects, the treatment of bone metastases with radium 
isotope does not require special preparations. The 
main amount is excreted through the intestines and 
about 5 % of the drug is excreted by the kidneys. 
For these reasons, on the day of administration, we 
recommended using products that do not have an 
irritating effect on the intestinal mucosa and im-
mediately before administration, we recommended 
drinking about 1 liter of water to reduce the load 
on the urinary system. And, a few days before the 
introduction of the isotope, it was recommended 
to stop taking drugs containing calcium or vitamin 
D because of the possibility of its interaction with 
calcium and phosphates [10, 12].

The method of therapy: a full course of radium 
chloride treatment [223Ra], consisting of 6 injec-
tions of the isotope with an interval of 28 days, is 
designed for six months. Before each course of 
treatment, we monitored blood counts [10, 13]. The 
drug was administered intravenously slowly, at the 
rate of 55 kBq / kg, through a peripheral or central 
venous catheter.

We calculated the required dose of activity us-
ing the formula: the patient's body weight (kg) 
× 55 (kBq / kg) = activity (kBq), then the required 
volume of RPT was determined by the formula: ac-
tivity (kBq)/ (1100 kBq/ml × radioactive decay co-
efficient) = volume of the drug (ml). The activity in 
the vial at the date of administration was calculated 
using the formula: 6600 kBq × decay factor = ac-
tivity in the vial on the day of administration (kBq), 

then the activity in the unopened vial was measured 
and the required volume of the drug was collected 
into a syringe. The activity in the syringe was mea-
sured and the drug was administered intravenously 
slowly. After administration, the dose rate of photon 
radiation was determined at 1.0 meters from the 
patient's body with the injected RPT activity at the 
exit from the unit, which should not exceed 3 mSv/h 
(NRB-99). The measured doses of photon radiation 
in all patients were within the acceptable standard 
parameters, on average 0.83 mSv/h.

After intravenous radiotherapy of radium chlo-
ride  [223Ra], the patient was provided with the 
necessary protocols and medical documents with 
recommendations on the peculiarities of behavior, 
considering radiation safety standards.

STUDY RESULTS

A full course of treatment (6 injections of radi-
um-223) was performed in 15 patients. Radium-223 
showed low levels of toxicity, so hematological reac-
tions (anemia, thrombocytopenia) were not observed 
in any patient. The level of alkaline phosphatase was 
within the normal range before and during treatment. 
In 6 patients (40 %), an increase in PSA levels by more 
than 100 % was noted during treatment, which, ac-
cording to the literature, is not a reliable indicator of 
progression and does not require a change in the line 
of therapy [10]. One patient (6.6 %) had grade 2 intes-
tinal toxicity after the 3rd administration, which was 
medically stopped and did not recur. Of the 12 patients 
with pain syndrome, 8 (66.6 %) had a decrease after 
3–4 intravenous radiotherapy sessions with radium 
chloride [223Ra]. So, before the start of radiothera-
py, 2 patients (16.6 %) noted pain by 8 on the scale, 
4 people (33.3 %) gave 7 points, 3 patients (25 %) gave 
6 points, 2 (16.6 %) – 5 points and 1 (8.3 %) – 4 points. 
After completing 6 courses, all patients assessed a de-
crease in pain intensity by almost two times (Fig. 1).

In patients who received a full course of treat-
ment, the following results were obtained during 
a control examination after 3 months: stabilization 
of the process in 8 people (53.3 %), improvement 
in 4 people (26.6 %) in the form of a decrease in 
metabolic activity and a decrease in the number of 
metastatic foci, and only 3 patients (20 %) revealed 
the progression of the disease in the form of the 
appearance of new foci.
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A clinical example
Patient R., born in 1962, presented with castration- 

resistant prostate cancer sT2cN1M0, st.IV, after 
hormonal and radiation therapy, progression (bone 
metastases), bisphosphonate therapy and 6 courses 
of systemic radionuclide therapy (Ra 223), cl. gr. 2.

From the anamnesis: during a routine examination, 
an increase in PSA to 75 ng/ml was noted in June 
2019. Prostate biopsy of G. A. No. 7243–7254 mod-
erately differentiated adenocarcinoma, Gleason index 
7 (4 + 3) was concluded on 06/20/2019. In magnetic 
resonance computed tomography from 07/04/2019: 
lesion of both lobes of the prostate gland without 
the tumor leaving the capsule, internal iliac lymph 

nodes on the right side up to 3 cm. Osteoscintig-
raphy dated 07/15/2019 showed no scintigraphic 
signs of osteodestructive changes in the bones of 
the skeleton. Hormonal therapy in the amount of 
maximum androgenic blockade for 12 months was 
administered. PSA on 07/12/20 was 0.230 ng/ml. 
From 08/10/2020 to 09/04/2020, the course of con-
formal remote radiation therapy to a total focal dose 
(TFD) of 75 Gy per area of the prostate gland and 
seminal vesicles, up to TFD 50 Gy per pelvic area. 
MRI from 04/22/2021 showed MR-signs of hyper-
plasia of the prostate gland transitional zone. The 
presence of index foci was not revealed. The focus 
in S1 of the sacrum (possibly mts) requires dynamic 
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Fig. 1. Results of pain intensity assessment before and after 6 courses of intravenous radiotherapy with radium chloride [223Ra]

Fig. 2. Bone scintigraphy before the treatment Fig. 3. Bone scintigraphy after the treatment
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control. Osteoscintigraphy (05/07/2021): there is 
a pronounced uneven distribution of radiopharma-
ceutical (RPT) with signs of focal lesion: 7 ribs on 
the right – 45 %, 9 ribs on the left – 55 %, iliac root 
70 %. Hormonal therapy and bisphosphonates were 
prescribed. SCT (06/02/2022) showed lung tissue 
without foci. The intrathoracic lymph nodes were not 
enlarged. There is no data for visceral metastases. 
There is no ascites. Retroperitoneal lymph nodes 
are not enlarged. Metastatic lesion of the 7th rib on 
the right. Osteoscintigraphy (06/07/2022) revealed 
signs of local osteodestructive changes in the pro-
jection of 7 ribs on the right – 48 %, 9 ribs on the 
left – 35 %, right iliac bone – 64 % (Fig. 2.). There 
was a complaint of pain in the pelvic bones. From 
07/28/2022 to 12/13/2022, at the National Medical 
Research Centre for Oncology, the patient underwent 
6 courses of systemic radionuclide therapy sessions 
with radium chloride [223Ra]. The patient tolerated 
treatment adequately, no toxic reactions from the 
treatment were observed. According to laboratory 
studies, there was an increase in PSA throughout 
the course.

Total PSA on 07/25/2022 was 2.07 ng/ml; 
on 08/23/2022–3.65 ng/ml; on 09/19/2022–
6.55  ng/ ml; on 10/14/2022–8.03 ng/ml; on 
11/11/2022–8.5 ng/ml; on 12/9/2022–9.54 ng/ml. 

After the third administration, there was a signifi-
cant decrease in the severity of the pain syndrome, 
after the sixth administration, only minor discomfort 
was noted. Osteoscintigraphy dated 01/26/2023 
showed scintigraphic signs of local osteodestruc-
tive changes in the bones of the skeleton, in projec-
tion of the 7th rib on the right (18 %), and the right 
ilium (16 %) (Fig. 3).

As we can clearly see there is a pronounced pos-
itive shift.

CONCLUSION

Even though it is too early to talk about statisti-
cally significant conclusions, a number of positive 
aspects related to radium chloride 223Ra therapy 
can already be noted. First, a decrease in the severity 
of pain syndrome and, as a result, an improvement 
in the quality of life in patients with bone metasta-
ses of castration- resistant prostate cancer. A low 
degree of severity of adverse and toxic reactions 
was noted, which is important, since most patients 
are elderly people with severe concomitant pathol-
ogy. The results obtained using objective research 
methods are comparable with the data of domestic 
and foreign authors and indicate the prospects of 
this therapeutic technique.
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Research on the expression of E-cadherin in lung cancer tumors with 
different histological structures
E. N. Kolesnikov, O. N. Stateshny, D. A. Kharagezov, E. A. Mirzoyan�, T. G. Ayrapetova, 
A. G. Milakin, K. D. Iozefi 

National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
� ellada.mirzoyan@yandex.ru 

ABSTRACT

Purpose of the study. To conduct a comparative analysis of E-cadherin expression in inoperable patients with non-small cell 
lung cancer (NSCLC) cells and with different survival rates.
Materials and methods. The study included 96 patients with inoperable NSCLC: 84 (87.5 %) men and 12 (12.5 %) women, 
whose average age was 62.4 ± 0.68 years. Squamous cell carcinoma (SCC) was diagnosed in 78 (81.25 %) patients, and 
adenocarcinoma (AC) with a tumor differentiation grade of G2-G3 in 18 (18.75 %). The patients were treated and monitored 
at the National Medical Research Centre for Oncology. The expression of cadherins was determined in the tumor cells of the 
biopsy specimens. The obtained data have been processed using the Statistica 13.0 program (StatSoftInc., USA). The studied 
data have been checked for compliance with the normal distribution using the Shapiro- Wilk criterion.
Results. The following distribution of patients with NSCLC was noted: IIA – 2 (2.1 %), IIB – 14 (14.6 %), IIIA – 51 (53.1 %), 
IIIB – 29 (30.2 %), i. e. the frequency of stage III is higher than stage II (83.3 % (n = 80) versus 16.7 % (n = 16), p < 0.001). Fatal 
outcome occurred in the SCC group within 1 year in 28 patients, within 1 to 2 years – in 30, 20 patients survived for 3 years or 
more. For AC, these figures were 6, 5 and 7 respectively.
The analysis revealed that E-cadherin expression was noted in both squamous cell carcinoma and lung adenocarcinoma: Me 
55 [LQ 37; UQ 65] and Me 50 [LQ 40; UQ 70], respectively.
Conclusions. 1. The analysis revealed that E-cadherin expression was observed in both squamous cell carcinoma and lung 
adenocarcinomas without statistically significant differences between the compared groups (p = 0.25).
2. Statistically significant differences in the levels of E-cadherin expression were noted in the biopsy samples of the 2 groups 
only with survival up to 1 year and up to 3 years or more (p < 0.05).

Keywords: non-small cell lung cancer, chemoradiation therapy, E-cadherin
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Изучение экспрессии E-кадгерина при немелкоклеточном раке легкого с различным 
гистологическим строением
Е. Н. Колесников, О. Н. Статешный, Д. А. Харагезов, Э. А. Мирзоян�, Т. Г. Айрапетова, А. Г. Милакин, К. Д. Иозефи

ФГБУ «Национальный медицинский исследовательский центр онкологии» Министерства здравоохранения Российской Федерации, 
г. Ростов-на-Дону, Российская Федерация
� ellada.mirzoyan@yandex.ru 

РЕЗЮМЕ

Цель исследования. Провести сравнительный анализ экспрессии E-кадгерина в клетках немелкоклеточного рака 
легкого (НМРЛ) неоперабельных больных с разной выживаемостью.
Материалы и методы. В исследование было включено 96 больных НМРЛ: 84 (87,5 %) мужчин и 12 (12,5 %) женщин, 
средний возраст которых составил 62,4 ± 0,68 года. У 78 (81,25 %) пациентов диагностирован плоскоклеточный рак 
(ПКР), а у 18 (18,75 %) – аденокарцинома (АК) со степенью дифференцировки опухолей G2–G3. Пациенты получали 
лечение и находились под наблюдением в ФГБУ «Национальный медицинский исследовательский центр онкологии» 
Министерства здравоохранения Российской Федерации. В опухолевых клетках биоптатов определяли экспрессию 
кадгеринов. Полученные данные обрабатывали при помощи программы Statistica 13,0 (StatSoftInc., США). Изучаемые 
данные проверяли на соответствие нормальному распределению по критерию Шапиро- Уилка.
Результаты. Было отмечено следующее распределение больных НМРЛ: IIА – 2 (2,1 %), IIВ – 14 (14,6 %), IIIА – 51 (53,1 %), 
IIIВ – 29 (30,2 %), т. е. частота III стадии выше, чем II стадии (83,3 % (n = 80) против 16,7 % (n = 16), p < 0,001). Летальный 
исход наступил в группе ПКР в течение 1 года у 28 больных, в период от 1 до 2 лет – у 30, от 2 до 3 лет и более дожили 
20 больных. Для АК эти показатели составили 6, 5 и 7 больных соответственно.
При проведении анализа выявлено, что экспрессия Е-кадгерина отмечена как в плоскоклеточном раке, так и в аде-
нокарциномах легкого: Ме 55 [LQ 37; UQ 65] и Me 50 [LQ 40; UQ 70] соответственно.
Заключение. В ходе проведенного анализа выявлено, что экспрессия Е-кадгерина отмечена как в плоскоклеточном 
раке, так и в аденокарциномах легкого без статистически значимых различий между сравниваемыми группами 
(p = 0,25). Статистически значимые различия по уровням экспрессии Е-кадгерина отмечены в образцах биоптатов 
2 групп только с выживаемостью до 1 года и до 3 лет и более (p < 0,05).

Ключевые слова: немелкоклеточный рак легкого, химиолучевое лечение, E-кадгерин
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INTRODUCTION

Lung cancer takes the leading 1st place in the 
structure of general oncological morbidity in the 
male population [1–3]. Non-small cell lung cancer 
(NSCLC) accounts for more than 85 % of cases of 
malignant lung tumors. According to statistics, about 
40 % of NSCLC cases are diagnosed in stage IV, and 
25 % in stage III [4].

The main method of treating NSCLC is surgical [5]. 
Chemoradiotherapy is usually prescribed due to the 
inability to resect the tumor or inoperable patients, 
and its effectiveness is assessed by the overall and 
event-free survival of patients [6].

Recently, research based on the study of genetic 
characteristics, expression of various receptors has 
become widespread. These can potentially be the 
targets for targeted drugs and checkpoint inhibitors. 
These targets may have prognostic significance in 
the application of various treatment methods [7]. 
It is known that the process of metastasis begins 
with a violation of epithelial integrity, which leads to 
the fact that tumor cells begin to penetrate into the 
surrounding stroma, blood and lymph vessels, and 
infiltrate other organs.

E-cadherin is a transmembrane glycoprotein that is 
closely associated with the occurrence, invasion and 
metastasis of cancer [8]. It can promote adhesion be-
tween epithelial cells and maintain the integrity of the 
tissue structure, which is a deterrent to tumor metas-
tasis. A decrease or loss of its expression weakens the 
adhesion between tumor cells, which leads to tumor 
metastasis [9]. Today, there are a number of studies 
devoted to the clinical and pathological features and 
prognosis of E-cadherin and non-small cell lung cancer, 
but the results are uneven. According to some authors, 
low expression of E-cadherin does not contribute to 
prognosis in patients with NSCLC [10], while others 
believe that the expression of E-cadherin is not associ-
ated with the prognosis of the clinical course [11, 12].

The purpose of the study was to conduct a com-
parative analysis of the expression of E-cadherin in 
the lung NSCLC cells of patients, depending on the 
histological type of tumor and clinical course.

MATERIALS AND METHODS

The study included 96 patients with inoperable 
NSCLC: 84 (87.5 %) men and 12 (12.5 %) wom-

en, with the average age of 62.4 ± 0.68 years. 78 
(81.25 %) patients were diagnosed with squamous 
cell carcinoma (SCC), and 18 (18.75 %) – adenocar-
cinoma (AC) with a tissue differentiation grade of 
G2–G3. The following distribution of patients with 
NSCLC was noted: IIA – 2 (2.1 %), IIB – 14 (14.6 %), 
IIIA – 51 (53.1 %), IIIB – 29 (30.2 %), i. e. the frequency 
of stage III is higher than stage II (83.3 % (n = 80) vs. 
16.7 % (n = 16), p < 0.001). Patients underwent si-
multaneous chemoradiotherapy at doses of 60 Gy 
in combination with drugs (paclitaxel + carboplatin, 
pemetrexed + carbolatin) in accordance with stan-
dards and clinical recommendations for the treat-
ment of lung cancer [5].

The expression of cadherins was being deter-
mined in tumor cells of biopsy tissue samples.

To determine the expression of molecular markers 
by NSCLC tumor cells, the IHC method was used with 
primary monoclonal and polyclonal antibodies, the 
characteristics of which are shown in the Table 1.

The UltraVision Quanto Detection System HRP 
DAB was used to visualize the results. The results 
of the immunohistochemical reaction were evalu-
ated using an AxioLab.A1 light microscope (Ger-
many) with lens magnification of ×200, ×400. The 
data obtained were processed using the Statistica 
13.0 program (StatSoftInc., USA). The studied data 
were checked for compliance with the normal dis-
tribution according to the Shapiro- Wilk criterion. 
Since the primary data did not obey the law of 
normal distribution, the comparison of groups was 
carried out using the nonparametric Mann- Whitney 
criterion (U-criterion): The median (Me), lower and 
upper quartiles (Q1–Q3) were calculated. The dif-
ferences were considered statistically significant 
at p < 0.05.

STUDY RESULTS AND DISCUSSION

The fatal outcome occurred in the SCC group with-
in 1 year in 28 patients, within 1 to 2 years in 30, and 
20 patients lived to 3 or more years. For AC patients, 
these figures were 6, 5 and 7, respectively.

The analysis revealed that the expression of 
E-cadherin was noted in both squamous cell car-
cinoma and lung adenocarcinomas: Me 55 [LQ 37; 
UQ 65] and Me 50 [LQ 40; UQ 70], respectively. There 
were no statistically significant differences between 
the compared groups (p = 0.25) (Fig. 1).
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Table 1 and Figure 2A, B reflect the features of 
E-cadherin expression in squamous cell carcinomas 
and adenocarcinomas in patients with different sur-
vival rates.

Analyzing the obtained data, it was found that 
statistically significant differences in the expression 
levels of E-cadherin were observed in biopsy samples 
of 2 groups only with a survival rate of up to 1 year 
and up to 3 years or more.

In the paperwork of Gkogkou P. et al. the expres-
sion levels of E-cadherin and syndecan-1 (SDC1) 
were determined in tissue samples of 64 patients 
with stage III disease at the time of treatment.

Thus, the negative expression of SDC1 correlated 
with squamous cell histology (p = 0.002). Positive 
expression of E-cadherin was significantly associat-
ed with an increase in overall survival rate (OS) over 
2 years (p = 0.032). E-cadherin expression was an 

Table 1. Comparative characteristics of E-cadherin expression in squamous cell carcinomas and adenocarcinomas in patients 
with different survival rates

Expression levels %

Survival rate

Up to 1 year (I) 1 to 2 years (II) 2 to 3 years (III)
p-value

Me Q1–Q3 Me Q1–Q3 Me Q1–Q3

Squamous cell 
carcinoma 43 40–62.5 55 30–65 65 45–67.5

  (I–II) = 0.089
*(I–III) = 0.04
  (II–III) = 0.134

Adenocarcinoma 48 32–61 61 48–67 85 52–91.5
  (I–II) = 0.158
*(I–III) = 0.0126
  (II–III) = 0.084

Note: * – statistically significant differences between the parameters of the subgroups (p < 0.05)

Fig. 1. Expression of E-cadherin in tumor samples taken from 
NSCLC patients 
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Fig. 2. Expression of E-cadherin in patients with NSCLC with varying survival rates. A – SCC; B – AC
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independent predictor of overall survival (p = 0.007) 
and progression-free survival (p = 0.029). The results 
obtained by the authors show that positive expres-
sion of E-cadherin was associated with an increase 
in overall survival, as well as progression-free sur-
vival [13].

L.-Y. He and the authors studied the relationship 
between E-cadherin and Ki-67 and their clinical sig-
nificance in NSCLC. The correlation analysis revealed 
an inverse relationship between the expression of 
E-cadherin and Ki-67 (r = 0.524, p = 0.000). Clinical 
and pathological characteristics (grade, TNM stage, 
lymph node metastases and pleural invasion) were 
significantly associated with the expression of E-cad 
and Ki-67 (p < 0.05). The authors concluded that 
E-cadherin and Ki-67 together play a key role in the 
development, invasion and metastasis of NSCLC, and 
their joint detection serves as a potential marker for 
clinical diagnosis in addition to use as a therapeutic 
target [14].

CONCLUSIONS

1. During the carried out analysis, it was revealed 
that increased expression of E-cadherin was noted in 
both squamous cell carcinomas and lung adenocar-
cinomas without statistically significant differences 
between the compared groups (p = 0.25).

2. Statistically significant differences in E-cadherin 
expression levels were noted in biopsy samples of 
the compared groups only with survival range up to 1 
year and up to 3 years or more (p < 0.05). According 
to other criteria, there were no statistically significant 
differences.

SUMMARY

Therefore, E-cadherin may be a prognostic factor 
for overall survival and progression-free survival in 
patients with NSCLC, and its combination with Ki-67 
may be used as a potential therapeutic target.
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Improvement of long-term treatment results in oligometastatic 
colorectal cancer patients by using a combined approach
E. O. Kalmykova1�, R. V. Ishchenko1,2, O. Yu. Stukalova3, D. A. Filimonov2 

1 Lomonosov Moscow State University, Moscow, Russian Federation
2 V. K. Gusak institute of emergency and reconstructive surgery, Donetsk, Russian Federation
3 ALLORO Medical Center, Fryazino, Russian Federation
� elja479@mail.ru

ABSTRACT

Purpose of the study. To improve the treatment results of patients suffering from CRC with oligometastatic lesion by deter-
mining the most effective combination of treatment methods.
Patients and methods. The results of treatment of 71 patients with oligometastases of colorectal cancer were analyzed. 
All patients were divided into 2 groups depending on the treatment methods. The first group included 35 patients who un-
derwent simultaneous removal of the primary tumor and metastatic foci at the first stage of complex treatment. The second 
group includes clinical data on 36 patients who underwent primary lesion removal at the first stage of complex treatment 
followed by drug antitumor therapy.
Results. In the primary tumor removal group, the response was received in 3 (8.3 %) cases, stabilization was achieved in 
14 (38.9 %) cases, and progression of the tumor process was detected in 19 (52.8 %) cases. The median disease-free sur-
vival was 9.2 ± 3.2 months. One-year, two- and three-year survival rates in the group of simultaneous removal of the primary 
tumor and oligometastases and in the group of primary tumor removal were 97.1 %, 88.6 %, 77.1 % and 100 %, 80.5 %, 72.2 %, 
respectively. The overall survival rate in the group of simultaneous removal of the primary tumor and oligometastases was 
63 ± 3.9 months, in the group of primary tumor removal – 58 ± 3.8 months.
Conclusion. In the presented clinical study, a comparative assessment of the effectiveness of the treatment of patients with 
colorectal cancer with oligometastases was carried out, depending on the option of an integrated approach. The results 
obtained turned out to be multidirectional – the response to treatment and progression were obtained in 54.3 % and 45.7 % 
of cases in the group of simultaneous removal of the primary tumor and oligometastases versus 47.2 % and 52.8 % of cases 
in the group of removal of the primary tumor without oligometastases, respectively. The median recurrence-free survival was 
shorter in the group of primary tumor removal without metastases. Complete removal of the primary tumor and oligometas-
tases can significantly increase the overall survival rates of patients.

Keywords: colorectal cancer, oligometastases, chemotherapy, lung metastases, liver metastases
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Улучшение отдаленных результатов лечения больных олигометастатическим 
колоректальным раком путем применения комбинированного подхода
Э. О. Калмыкова1�, Р. В. Ищенко1,2, О. Ю. Стукалова3, Д. А. Филимонов2

1 Московский государственный университет имени М. В. Ломоносова, г. Москва, Российская Федерация
2 ФГБУ «Институт неотложной и восстановительной хирургии имени В. К. Гусака» Министерства здравоохранения Российской Федерации, 
г. Донецк, Российская Федерация
3 Медицинский центр «АЛЛОРО», г. Фрязино, Российская Федерация
� elja479@mail.ru

РЕЗЮМЕ

Цель исследования. Улучшить результаты лечения больных, страдающих колоректальным раком (КРР) с олигоме-
тастатическим поражением, за счет определения наиболее эффективной комбинации методов лечения.
Пациенты и методы. Проведен анализ результатов лечения 71 пациента с олигометастазами КРР. Все больные 
были разделены на 2 группы в зависимости от методов лечения. В первую группу включены 35 больных, которым 
на первом этапе комплексного лечения проводилось одномоментное удаление первичной опухоли и метастатиче-
ских очагов, с последующим проведением химиотерапии. Во вторую группу включены клинические данные о 36 
больных, которым на первом этапе комплексного лечения проводилось удаление первичного очага с последующим 
проведением лекарственной противоопухолевой терапии.
Результаты. В группе удаления первичной опухоли ответ получен в 3 (8,3 %) случаях, стабилизация достигнута 
в 14 (38,9 %) случаях, в 19 (52,8 %) случаях выявлено прогрессирование опухолевого процесса. Медиана безрецидив-
ной выживаемости составила 9,2 ± 3,2 мес. Годичная, двух- и трехлетняя выживаемость в группе одномоментного 
удаления первичной опухоли и олигометастазов и в группе удаления первичной опухоли составила 97,1, 88,6, 77,1 
и 100, 80,5, 72,2 % соответственно. Общая выживаемость в группе одномоментного удаления первичной опухоли 
и олигометастазов составила 63 ± 3,9 мес., в группе удаления первичной опухоли – 58 ± 3,8 мес.
Заключение. В представленном клиническом исследовании проводилась сравнительная оценка эффективности 
проводимого лечения больных КРР с олигометастазами в зависимости от варианта комплексного подхода. Полу-
ченные результаты оказались разнонаправленными – ответ на лечение и прогрессирование получены в 54,3 и 45,7 % 
случаях в группе одномоментного удаления первичной опухоли и олигометастазов против 47,2 и 52,8 % случаев 
в группе удаления первичной опухоли без олигометастазов соответственно. Медиана безрецидивной выживаемости 
оказалась короче в группе удаления первичной опухоли без метастазов. Удаление олигометастазов увеличивает 
общую выживаемость, но результаты не достигают статистической значимости.

Ключевые слова: колоректальный рак, олигометастазы, химиотерапия, метастазы в легком, метастазы в печени
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BACKGROUND

Colon cancer (CC) is one of the leading oncolog-
ical diseases not only in the Russian Federation but 
in worldwide as well. According to GLOBOCAN 2020 
data, colorectal cancer ranks third among the male 
and second among the female population in terms 
of the number of cases [1]. Of the 100 new cases of 
colon cancer, more than 70 % of deaths from this dis-
ease are recorded, mainly due to the late treatment 
of patients to a doctor. Since the tumor is located in 
a hollow organ, the formation should be of significant 
size before the first symptoms appear. This occurs 
mainly when the tumor grows deeply into the sur-
rounding tissues [2].

The most common localization of oligometasta-
ses of colorectal cancer are liver, lung, abdominal 
lymph nodes, ovaries, peritoneum. According to the 
literature, there are isolated cases of metastasis to 
the spleen, adrenal glands and thyroid gland [3–8]. 
Metachronous metastases in distant organs are 
found in 50 % of patients who underwent surgery for 
locally advanced CRC, and synchronous secondary 
lesions are noted in 25 % of patients [9].

More than 40 years ago, the diagnosis of stage 
IV colorectal cancer, even in the presence of single 
metastatic foci, served as a reason for patients to 
refuse specialized treatment, and the median life 
expectancy was no more than 12.5 months [10].

However, advances in chemotherapy, surgical 
techniques, and assistive surgery have significant-
ly expanded treatment options and improved out-
comes. The division of metastatic lesions of dis-
tant organs into oligo- and poly-metastases is of 
great importance in achieving positive results in the 
treatment of colorectal cancer. Since 2020, oligome-
tastases should be understood as the presence of 
a secondary lesion in the amount from 1 to 5 in one 
or more organs [11]. Analyzing the literature data, it 
is possible to trace the paradigm shift in the treat-
ment of oligometastatic cancer.

Considering that surgical interventions in patients 
with metastatic colorectal cancer were performed 
only for vital indications and, as a rule, were limit-
ed only to the formation of unloading colostomies 
or bypass anastomoses, the main and only treat-
ment of these patients for a long time was pallia-
tive chemotherapy. The five-year survival rate did 
not exceed 10 % [12]. In this connection, in recent 

years, a surgical treatment method has been actively 
introduced, thanks to which the 5-year survival rate 
has increased to 58 % [13].

For a long time, specialists have been faced with 
the question of whether to remove the primary tu-
mor in the presence of distant metastases or to lim-
it themselves only to chemotherapeutic treatment. 
M.Karoui noted in his work that the removal of the 
primary focus is very important, since this leads to 
an improvement in the quality of life of patients, pre-
venting possible complications such as intestinal 
obstruction, bleeding, peritonitis. Subsequent che-
motherapy courses are more targeted [14]. However, 
according to a study that compared patients who 
underwent first-line primary tumor resection followed 
by chemotherapy (144 patients, resection group) 
or those who underwent first-line chemotherapy 
(83 patients, chemotherapy group). In the resection 
group, the incidence of intestinal obstruction, perito-
nitis, fistula and intestinal bleeding was 14.6 %, 0 %, 
0.7 % and 4.8 %, respectively. In the chemotherapy 
group, these cases were 15.2 %, 1.2 %, 0 % and 3.5 %, 
respectively. There were no significant differences 
between the two groups regarding intestinal com-
plications [15].

Equally important in the treatment of patients 
with CRC oligometastases is the question of simul-
taneous or phased removal of the primary focus and 
secondary changes. Some surgeons believe that si-
multaneous removal of the primary lesion and me-
tastases allows to increase the proportion of radical 
operations, contribute to a more guaranteed con-
tinuous adjuvant chemotherapy. Others advocate 
gradual removal, which in turn leads to a decrease in 
postoperative complications and mortality [16–18].

In recent years, there have been more and more 
works describing the algorithm of treatment of these 
patients, which includes preoperative CT followed 
by liver resection, adjuvant CT and resection of the 
primary tumor, explaining this by the fact that the 
most common cause of death of these patients is 
precisely a focus in the liver, and not the primary 
focus [19].

Studies were conducted in which FOLFOX and 
FOLFIRI schemes were compared with each other, 
the analysis of the study showed the same effec-
tiveness. These regimens can be used both in the 
first and in the second line of chemotherapy for the 
treatment of mCRC. It is also worth noting that the 
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best survival rates were achieved in patients who 
received all three chemotherapy drugs, i. e. infusion 
of 5-FU in combination with irinotecan and oxaliplatin 
in the first and second lines [20].

The addition of targeted drugs to chemotherapeu-
tic treatment significantly increased the life expec-
tancy of patients with metastatic colon cancer up to 
22–25 months [21, 22].

The combination of chemoembolization of the he-
patic artery with systemic treatment of patients with 
unresectable liver metastases leads to an increase 
in average survival [23, 24]. Taking into account the 
results of a randomized study, the median survival 
with systemic chemotherapy alone was 17.5, and in 
combination with chemoembolization – 28.4 months, 
and in 30 % of patients metastasis resectability was 
achieved [25].

In addition to surgical methods, ablation ther-
apy [such as radiofrequency ablation (RFA), cryo-
surgery, or microwave ablation] can be used as 
potentially curative treatments for liver and lung 
metastases. In several studies, the 5-year OS ranged 
from 20–30 % in patients with progressive CRC who 
had undergone RFA [26, 27].

Thus, metastatic CRC is one of the most common 
causes of death in patients from cancer, however, 
the presence of oligometastatic lesions is a posi-
tive prognostic factor. Advances in the treatment of 
oligometastatic CRC are crucial for increasing life 
expectancy, therefore, treatment strategies for these 
patients should be discussed by a multidisciplinary 
team of experts in this field, taking into account 
various oncological factors. It should be noted that 

despite all the variety of options that have appeared 
in the treatment of these patients, there are no clear 
recommendations and algorithms for the treatment 
of patients with CRC oligometastases.

The study purpose is to improve the treatment 
results of patients suffering from CRC with oligo-
metastatic lesion by determining the most effective 
combination of treatment methods for this cohort 
of patients.

PATIENTS AND METHODS

A retrospective analysis of the medical histories 
of 71 patients with synchronous and metachronous 
oligometastases of CRC, who were treated in the 
conditions of the department of antitumor drug ther-
apy of the PHI "ССН "RZD-Medicine" from December 
2001 to March 2023, the total median follow-up was 
38.2 ± 8.7 months.

There were 36 (50.7 %) male and 35 (49.3 %) fe-
male patients with a morphologically verified diag-
nosis of colon cancer (Table 1). The study included 
patients with initial stages II and III, due to the ap-
pearance of metachronous metastases.

The main criterion for inclusion in the study was 
the presence of no more than 5 secondary foci of 
CRC in one or more organs.

Taking into account the retrospective design of 
the study, the mutational status of the primary tumor 
was excluded from the list of studied indicators due 
to the lack of data on a number of observations.

Depending on the treatment methods, the pa-
tients are divided into 2 groups. The first group 

Table 1. Characteristics of the studied patients

Parameter Patients’ count

Stage of the disease n (%)

II 16 (22.5 %)

III 15 (21.1 %)

IV 40 (56.4 %)

Grade of tumor differentiation

G1 21 (29.6 %)

G2 38 (53.5 %)

G3 12 (16.9 %)
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included 35 patients who, at the first stage of com-
plex treatment, underwent simultaneous removal of 
the primary tumor and metastatic foci followed by 
chemotherapy. The second group includes clinical 
data on 36 patients who underwent primary lesion 
removal at the first stage of complex treatment fol-
lowed by drug antitumor therapy. Patients in this 
group underwent surgery for urgent indications due 
to the threat of massive bleeding from the primary 
tumor, as well as in conditions of developing intes-
tinal obstruction.

The first group included clinical data on 35 pa-
tients with colorectal cancer with oligometastases, 
of which 15 (42.9 %) men and 20 (57.1 %) wom-
en. The average age of the patients was 58 ± 3.4 
years. Primary colorectal carcinoma was located in 
the rectum – in 15 (42.8 %) patients, in the sigmoid 
colon – in 13 (37.1 %) patients, in the rectosigmoid 
department – in 4 (11.4 %) patients and in the trans-
verse colon – in 2 (5.7 %) patients, in the caecum – in 
1 (2.6 %) of the patient.

The location of oligometastases in the liver was 
diagnosed in 18 (45 %) cases, lungs were detected 
in 7 (13.8 %) cases, simultaneous lung and liver dam-
age – in 6 (11.6 %) cases, damage to the right iliac 
region – in 1 (2 %) case, metastasis of the anterior 
abdominal wall – in 1 (2 % in the ovary – in 2 (11.6 %) 
cases. The number of metastatic nodes in each pa-
tient varied from 1 to 5 and averaged 3.4 ± 1.2 foci. 
The average sum of the diameters of metastatic 
nodes in the largest dimension was 4.1 ± 1.2 cm.

In the second group, clinical data included 36 pa-
tients with colorectal cancer with oligometastatic 
lesion, of whom 15 were women and 21 were men. 
The average age of the patients was 59.3 ± 2.1 years.

The primary tumor was located in the rectum – 
in 15 (41.2 %) patients, in the sigmoid colon – in 
10 (33.3 %) patients, in the rectosigmoid section – 
in 5 (9.8 %) patients and in the transverse colon – in 
4 (13.7 %) patients, in the caecum – in 2 (2 %) of the 
patient.

The location of oligometastases in the liver was 
diagnosed in 16 (45 %) cases, lungs were detected in 
9 (13.8 %) cases, simultaneous damage to the lungs 
and liver – in 8 (11.6 %) cases, simultaneous damage 
to the ovary and rectovaginal septum – in 1 (2 %) 
case, in the lymph node of the left axillary region – in 
1 (2 %) of cases, simultaneous lesion of the inguinal 
l/a on the left, adrenal gland and lungs – in 1 (2 %) of 

cases. The number of metastatic nodes in each pa-
tient varied from 1 to 5 and averaged 3.7 ± 1.1 foci. 
The average sum of the diameters of metastatic 
nodes in the largest dimension was 4.4 ± 0.9 cm. 
A comparative analysis of the studied groups of pa-
tients revealed no statistically significant differences 
in gender, age, number of metastatic foci and the 
prevalence of the tumor process.

As a result of the analysis of the data obtained 
in the group of patients with simultaneous surgical 
treatment, it was revealed that at the first stage of 
complex treatment, abdominal perineal extirpation of 
the rectum (APER) + liver resection was performed in 
4 (11.4 %) cases, in 1 (2.8 %) case – APER + removal 
of metastasis of the right iliac region, in 4 (11.4 %) 
cases – anterior rectal resection + lung resection + 
liver resection, in 3 (8.6 %) cases – anterior rectal 
resection + lung resection, anterior rectal resection 
+ liver resection was performed in 5 (14.3 %) cases. 
Sigmoid colon resection + liver resection + lung re-
section was performed in 2 (5.7 %) cases, sigmoid 
colon resection + lung resection – in 4 (11.4 %) cas-
es, sigmoid colon resection + ovarian resection – in 
1 (2.8 %) case, sigmoid colon resection + liver resec-
tion – in 2 (5.7 %) cases. Hartmann type surgery + 
anterior abdominal wall metastasectomy was per-
formed in 1 (2.8 %) cases, in 5 (14.3 %) cases, Hart-
mann type surgery + liver resection was performed. 
Surgical intervention in the volume of right–sided 
hemicolectomy + liver resection was performed in 
1 (2.8 %) case, right- sided hemicolectomy + ovarian 
resection – in 1 (2.8 %) case. Left-sided hemicolecto-
my + liver resection was performed in 1 (2.8 %) case.

At the second stage of complex treatment, the 
patient of the first group underwent systemic che-
motherapy according to the following regimens: XE-
LOX – in 13 (37.1 %) cases, FOLFOX-6 – in 11 (31.4 %) 
cases, XELIRI – in 3 (8.6 %) cases, capecitabine in 
monorode – in 5 (14.3 %) cases, Mayo – in 2 (5.7 %) 
cases, FOLFIRI – in 1 (2.8 %) case.

In the group of surgical treatment of the primary 
focus followed by chemotherapy at the first stage of 
complex treatment, APER was performed in 6 (16.7 %) 
cases, anterior rectal resection in 13 (36.1 %) cases, 
Hartmann–type surgery in 5 (13.9 %) cases, sigmoid 
colon resection in 6 (16.7 %) cases, in 2 (5.5 %) cas-
es – resection of the transverse colon, in 3 (8.3 %) 
cases – right- sided hemicolectomy, in 1  (2.8 %) 
case – left-sided hemicolectomy.
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At the second stage of complex treatment, the 
patient of the second group underwent systemic 
chemotherapy according to the following regi-
mens: XELOX – in 12 (33.3 %) cases, FOLFOX-6 – 
in 10 (27.8 %) cases, XELIRI – in 2 (5.5 %) cases, 
capecitabine in mono-mode – in 3 (8.3 %) cases, 
Mayo – in 5 (13.9 %) cases, FOLFIRI – 3 (8.3 %) cas-
es, irinotecan in mono mode – in 1 (2.8 %) case.

STUDY RESULTS

As a result of an objective assessment of the ef-
fectiveness of the treatment based on a compre-
hensive examination, it was revealed in the group 
of simultaneous surgical treatment of patients that 
the response was achieved in 19 (54.3 %) cases, 
progression was diagnosed in 16 (45.7 %) cases. The 
median disease-free survival was 17.8 ± 6.3 months.

In the primary tumor removal group, the response 
was received in 3 (8.3 %) cases, stabilization was 
achieved in 14 (38.9 %) cases, and progression of 
the tumor process was detected in 19 (52.8 %) cas-
es. The median disease-free survival was 9.2 ± 3.2 
months.

One-year, two- and three-year survival rates in the 
group of simultaneous removal of the primary tumor 
and oligometastases and in the group of primary tu-
mor removal were 97.1 %, 88.6 %, 77.1 % and 100 %, 
80.5 %, 72.2 %, respectively.

The overall survival rate in the group of simultane-
ous removal of the primary tumor and oligometas-

tases was 63 ± 3.9 months, in the group of primary 
tumor removal – 58 ± 3.8 months, p > 0.05 (Fig. 1).

High CEA, the presence of stage IIIC (at the time 
of diagnosis), and group (simultaneous removal of 
the primary tumor and metastatic foci followed by 
chemotherapy or removal of the primary tumor + CT) 
were independent predictors affecting survival in the 
Cox regression model (Table 2).

DISCUSSION

Despite significant progress in modern oncology, 
surgical management remains the main method of 
treating patients with oligometastases of colorectal 
cancer. The most favorable option for synchronous 
metastases is simultaneous surgery, i. e. simulta-
neous removal of the primary focus and oligome-
tastases. Patyutko Yu. I. et al. conducted a study in 
which they compared the results of simultaneous 
removal of the primary tumor and oligometasta-
ses, and sequential removals. The 3-year and 5-year 
survival rates for simultaneous operations were 
48 % and 35 %, with phased operations – 55 % and 
38 % [28].

When oligometastases are localized in the lungs, 
simultaneous interventions are preferred in the 
choice of surgical tactics [29].

Systemic treatment of patients with CRC oli-
gometastases includes chemotherapy based on 
fluoropyrimidines, oxaliplatin, irinotecan, as well 
as treatment with targeted drugs. Combined 
fluorouracil- based schemes with oxaliplatin (FOLF-
OX, XELOX, FLOX) or irinotecan (FOLFIRI, XELIRI) 
are used as the 1st line in unresectable metastatic 
CRC [30], as well as a triple combination of oxalipla-
tin, fluoropyrimidines, calcium folinate and irinote-
can (FOLFOXIRI).

In the presented clinical study, a comparative as-
sessment of the effectiveness of the treatment of 
patients with colorectal cancer with oligometastases 
was carried out, depending on the option of an inte-
grated approach. The results obtained turned out to 
be multidirectional – the response to treatment and 
progression were obtained in 54.3 % and 45.7 % of 
cases in the group of simultaneous removal of the 
primary tumor and oligometastases versus 47.2 % 
and 52.8 % of cases in the group of removal of the 
primary tumor without oligometastases, respectively. 
The median recurrence-free survival was shorter in 

Fig. 1. Overall survival of patients of both groups (1 – group 
of simultaneous surgical removal of the primary focus and 
oligometastases, 2 – group of surgical removal of the primary focus 
followed by chemotherapy)
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the group of primary tumor removal without metas-
tases (Table 2). The total annual survival of patients 
was achieved by 100 % in the group of primary tu-
mor removal without metastases, compared with 
97.1 % in the group of simultaneous surgical treat-
ment. Such a result is associated with a high risk of 
mortality during the first year against the background 
of postoperative complications during extensive 
surgical interventions in the group of simultaneous 
removal of the primary tumor and oligometastases.

The three-year survival rate is higher in the group 
of simultaneous surgical treatment – 77.1 % versus 
72.2 % in the group of surgical removal of the pri-
mary tumor.

Thus, when choosing the treatment of patients 
with oligometastatic CRC lesion, it is important to 
correctly assess all the risks of complications and 
adopt the only treatment option for a particular pa-
tient, with the participation of oncologists, surgeons, 
radiologists and chemotherapists.

CONCLUSION

In recent years, significant changes have occurred in 
the treatment of patients with CRC oligometastases. It 
should be noted that the final management tactics for 
these patients has not been determined even today. 
The choice of treatment tactics depends primarily on 
the localization and prevalence of the tumor process, 
the number of metastases and the organs affected by 
them, and therefore the approach to the treatment of 
patients with CRC oligometastases should be individ-
ual. Removal of oligometastases was associated with 
a slight increase in overall survival, although the differ-
ence did not reach statistical significance. High CEA, 
the presence of stage IIIC (at the time of diagnosis), 
and group of chemotherapy (simultaneous removal of 
the primary tumor and metastatic foci followed by or 
removal of the primary tumor + CT) were independent 
predictors affecting survival in the Cox model. Further 
research is needed to increase the sample size.

Table 2. Factors affecting patient survival (Cox regression model)

Predictors Coeff. CI p

Groups (main, control) 2.49 1.02 – 6.06 0.045

Max. metastasis diameter 1.24 1.01 – 1.51 0.040

The sum of metastases 
diameters 1.03 0.96 – 1.11 0.417

Age 0.98 0.94 – 1.02 0.388

Stage IIA 1.88 0.18 – 19.11 0.595

Stage IIB 0.00 0.00 – Inf 0.998

Stage IIIB 0.30 0.02 – 4.10 0.364

Stage IIIC 13.81 1.13 – 168.96 0.040

Stage IIIА 4.54 0.18 – 115.29 0.359

Stage IIIВ 0.30 0.01 – 6.84 0.450

Stage IIВ 16.64 0.83 – 332.56 0.066

Stage IV 1.55 0.16 – 15.16 0.708

Stage IVa 0.00 0.00 – Inf 0.998

High APA 0.89 0.10 – 7.78 0.917

High CEA 2.75 1.13 – 6.67 0.025

High Са19-9 1.27 0.41 – 3.93 0.679

Number of observations 71

R2 Nagelkerke 0.493
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Main aspects of personalized approach to the treatment of patients with 
chemotherapy resistant metastatic colorectal cancer
O. Yu. Stukalova1�, R. V. Ishchenko2,3, A. A. Polikarpov4, A. I. Farmonkulova3 

1 ALLORO Medical Center, Fryazino, Russian Federation
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3 Lomonosov Moscow State University, Moscow, Russian Federation
4 Russian Scientific Center of Radiology and Surgical Technologies named after Academician A. M. Granov, St. Petersburg, Russian Federation
� docstukalova@mail.ru

ABSTRACT

Purpose of the study. To improve the results of treatment of patients with unresectable metastases of colorectal cancer in 
the liver that are not controlled by systemic chemotherapy.
Materials and methods. The study includes clinical data on the treatment of 76 patients with metachronous metastases of 
colorectal cancer in the liver that are not controlled by systemic chemotherapy. Patients underwent removal of the primary 
tumor according to urgent indications at the first stage of complex treatment, followed by systemic chemotherapy in an 
adjuvant mode. After 24.5 ± 0.2 months, patients were diagnosed with metastatic liver damage, and therefore systemic che-
motherapy was initiated. After changing two lines of drug therapy with a registered progression of the oncological process, 
liver metastases were recognized as uncontrolled by systemic chemotherapy. After that patients were included in the given 
study and divided into two groups. The study group included 40 patients who underwent regional chemotherapy. The control 
group included 36 patients who continued systemic chemotherapy with subsequent line changes. The effectiveness was 
evaluated according to the RECIST 1.1 and mRECIST scales, as well as the overall one-year, two- and three-year survival rates.
Results. The median overall survival of patients in the control and study groups was 30.0 ± 0.8 and 41.5 ± 0.5 months, respec-
tively, p < 0.05. The total one-year, two- and three-year survival of patients in the control and study groups was 94.4 %, 69.4 %, 
33.3 % and 100 %, 82.5 %, 57.5 %, respectively, p < 0.05. The median life expectancy of deceased patients in the control and 
study groups was 22.5 ± 0.4 and 27.0 ± 0.4 months.
Conclusions. As a result of a comparative analysis of the detection of adverse events and complications of the treatment, 
patients of the study group underwent treatment much easier than patients of the control group – in patients in the group of 
systemic chemotherapy, moderate and severe complications were detected in 44.4 % of cases, in the study group – in 2.5 % 
of cases. According to the results of a clinical study, regional chemotherapy is an effective method of treating patients with 
colon cancer metastases in the liver that are not controlled by systemic chemotherapy and is associated with a statistically 
significant increase in overall survival (p < 0.05). For a more detailed study of the benefits of regional chemotherapy in this 
category of patients, further prospective clinical studies are necessary.

Keywords: colorectal cancer, liver metastases, hepatic artery chemoembolization, chemotherapy resistant metastases 
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3.1.6. Онкология, лучевая терапия
ОРИГИНАЛЬНАЯ СТАТЬЯ

Роль регионарной химиотерапии в лечении больных с метахронными метастазами 
колоректального рака в печени, не контролируемыми системной химиотерапией
О. Ю. Стукалова1�, Р. В. Ищенко2,3, А. А. Поликарпов4, А. И. Фармонкулова3 

1 Медицинский центр «АЛЛОРО», г. Фрязино, Российская Федерация
2 ФГБУ «Институт неотложной и восстановительной хирургии имени В. К. Гусака» Министерства здравоохранения Российской Федерации, 
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� docstukalova@mail.ru

РЕЗЮМЕ

Цель исследования. Улучшить результаты лечения больных с нерезектабельными метастазами колоректального 
рака в печени, не контролируемыми системной химиотерапией.
Пациенты и методы. В настоящее исследование включены клинические данные о лечении 76 пациентов с метахрон-
ными метастазами колоректального рака в печени, не контролируемыми системной химиотерапией. На первом этапе 
комплексного лечения пациентам проведено удаление первичной опухоли по срочным показаниям с последующим 
проведением системной химиотерапии в адъювантном режиме. Через 24,5 ± 0,2 месяцев у пациентов диагности-
ровано метастатическое поражение печени, в связи с чем начата системная химиотерапия. После смены двух 
линий лекарственной терапии с зарегистрированной прогрессией онкологического процесса, метастазы в печени 
были признаны не контролируемыми системной химиотерапией, после чего больные были включены в настоящее 
исследование и разделены на две группы. В исследуемую группу включены 40 пациентов, которым проводилась 
регионарная химиотерапия. В контрольную группы включены 36 пациентов, которым продолжена системная химио-
терапия с последующей сменой линий. Оценка эффективности проводилась согласно шкалам RECIST 1.1 и mRECIST, 
а также оценивалась общая годичная, двух- и трехлетняя выживаемость.
Результаты. Медиана общей выживаемости больных контрольной и исследуемой групп составила 30,0 ± 0,8 
и 41,5 ± 0,5 месяцев соответственно, p < 0,05. Общая годичная, двух- и трехлетняя выживаемость больных контрольной 
и исследуемой групп составила 94,4, 69,4, 33,3 и 100, 82,5, 57,5 % соответственно, p < 0,05. Медиана продолжительности 
жизни умерших больных контрольной и исследуемой группы составила 22,5 ± 0,4 и 27,0 ± 0,4 месяцев.
Заключение. В результате сравнительного анализа выявления нежелательных явлений и осложнений проводимого 
лечения выяснили, что больные исследуемой группы перенесли лечение значительно легче, нежели больные кон-
трольной группы – у больных в группе системной химиотерапии осложнения средней и тяжелой степени выявлены 
в 44,4 % случаях, в исследуемой группе – в 2,5 % случаях. По результатам проведенного клинического исследования, 
регионарная химиотерапия является эффективным методом лечения больных с метастазами рака толстой кишки 
в печени, не контролируемыми системной химиотерапией и ассоциирована со статистически значимым увеличением 
общей выживаемости (p < 0,05). Для более детального изучения преимуществ регионарной химиотерапии в данной 
категории больных необходимо дальнейшее проведение проспективных клинических исследований.

Ключевые слова: колоректальный рак, метастазы в печень, химиоэмболизация печеночной артерии, химиорези-
стентные метастазы 
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INTRODUCTION

Currently, colon cancer occupies one of the lead-
ing positions among all oncological diseases [1–3]. 
One of the main causes of death in patients with 
malignant tumors of the colon is the prevalence of 
the oncological process, which in 20–60 % of pa-
tients manifests itself in the form of metastatic liver 
damage [4–6]. Without special antitumor treatment 
of patients with metastatic liver damage, life expec-
tancy does not exceed one year [3].

The progressive development of oncology led to 
a deep understanding of the biology of colon tumors 
and determined the need for immunohistochemical 
and molecular genetic studies, which made it possible 
to apply a personalized therapeutic approach [7, 8]. 
However, systemic chemotherapy (SCT) remains the 
main method of treating patients with advanced forms 
of colorectal cancer (CRC) today [9–11].

There is an extensive group of patients with bilo-
bar metastatic liver damage who need to stop CT due 
to the development of chemoresistance or adverse 
events [12, 13]. The question of possible treatment 
options for these patients remains open today.

The study purpose was to improve the results 
of treatment of patients with unresectable metas-
tases of colorectal cancer in the liver that are not 
controlled by systemic chemotherapy

PATIENTS AND METHODS

The study included 76 patients aged 40 to 81 
years with a morphologically confirmed diagnosis 
of colon cancer. The average age was 63.6 ± 8.7 
years. The primary tumor is represented by adeno-
carcinoma of various degrees of malignancy – in 23 
(30.3 %) cases, highly differentiated adenocarcinoma 
(G1) was diagnosed, in 48 (63.1 %) cases and in 5 
(6.6 %) cases, moderate (G2) and low-differentiated 
(G3) adenocarcinoma, respectively.

All patients at the first stage of complex treatment 
underwent surgical treatment for urgent indications 
due to the development of intestinal obstruction 
(88.2 %) and the threat of massive bleeding (11,8 %), 
aimed at removing the primary tumor of the colon. 
Right-sided hemicolectomy was performed in 25 
(32.9 %) cases, sigmoid colon resection was per-
formed in 17 (22.4 %) cases, anterior rectal resec-
tion was performed in 19 (25.0 %) cases, left-sided 
hemicolectomy was performed in 6 (7.9 %) cases and 
transverse colon resection was performed in 9 (11.8 %) 
cases. After the surgical intervention, a histological 
examination of the surgical material was performed, 
followed by the determination of the final stage ac-
cording to the TNM classification (8th edition).

Stage T1 was detected in 11 (14.5 %) cases, stage 
T2 was diagnosed in 29 (38.2 %) cases, stages T3 
and T4 were detected in 27 (35.5 %) and 9 (11.8 %) 
cases, respectively. When assessing regional metas-
tasis, stage N0 was established in 32 (42.1) cases, 
N1 in 29 (38.2 %) cases, and N2 in 15 (19.7 %) cases 
(Table 1). No distant metastasis was detected in 
any patient.

As can be seen from Table 1, stage I was diag-
nosed in 19 (25 %) patients, stage II was diagnosed 
in 11 (14.5 %) patients, and stage III in 46 (60.5 %) 
patients (Fig. 1).

In all cases, patients underwent radical resection 
of the primary tumor R0.

It was mandatory for all patients to undergo a mo-
lecular genetic study determining mutations in the 
KRAS, NRAS, and BRAF genes. KRAS mutations were 
detected in 19 (25.0 %) patients. Wild types of KRAS 
and NRAS were diagnosed in 57 (75.0 %) patients. 
Given the unfavorable prognosis and the need for 
more aggressive treatment of patients with muta-
tions in the BRAF gene, the latter were not included 
in this study.

In 51 (67.1 %) cases, patients underwent system-
ic chemotherapy in adjuvant mode – in 48 (63.1 %) 

Table 1. Distribution of patients according to T and N categories

Category N0 N1 N2

T1 8 (10.5 %) 3 (3.9 %) 0

T2 11 (14.5 %) 13 (17.1 %) 5 (6.6 %)

T3 9 (11.8 %) 11 (14.5 %) 7 (9.2 %)

T4 2 (2.6 %) 4 (5.3 %) 3 (3.9 %)
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cases in patients with the spread of the pT1–4N+ 
tumor process and in 3 (3.9 %) cases in patients with 
pT3N0M0 who had negative prognosis factors (high 
degree of malignancy of the primary tumor, perineu-
ral and lymphovascular invasion). In 39 (51.3 %) cas-
es, patients underwent drug therapy in the XELOX 
mode, in 37 (48.7 %) cases the FOLFOX mode was 
used. On average, each patient underwent 6.4 ± 1.4 
courses of CT (Fig. 2).

As can be seen from Figure 2, in two cases, sys-
temic chemotherapy is limited to one and two cours-
es. The treatment of patients was interrupted due 
to the development of adverse events. In one case, 
on the 7th day after the first course of drug therapy 
in XELOX mode, a myocardial infarction was diag-
nosed. In the second case, after the second course 
of CT in FOLFOX mode, an acute stomach ulcer was 
detected.

All patients whose clinical data are included in 
this study underwent regular follow-up examinations 
according to clinical recommendations. The median 
before the progression of the tumor process was 
24.5 ± 0.2 months. All patients were diagnosed with 
bilobar metastatic liver disease. On average, 5.1 ± 1.4 
metastatic foci were diagnosed in each patient. The 
average sum of the diameters in the largest mea-
surement of liver formations in each patient was 
49.9 ± 12.7 mm (Fig. 3).

After the liver formations were detected, accord-
ing to computed tomography with intravenous con-

trast, a percutaneous transhepatic trepan biopsy was 
performed under ultrasound guidance. In all cases, 
the morphological picture of metastatic foci corre-
sponded to the primary tumor.

After receiving histological confirmation of sec-
ondary liver foci, a collegial discussion of further 
therapeutic tactics was conducted with the partic-
ipation of an oncologist, surgeon, chemotherapist, 
radiologist. As a result, patients were prescribed che-
motherapy in the following regimens: modified FOLF-
OX6 – in 22 (28.9 %) cases, XELOX – in 14 (18.4 %) 
cases, FOLFIRI – in 24 (31.6 %) cases, XELIRI – in 
11 (14.5 %) cases, capecitabine in monotherapy in 5 
(6.6 %) cases. Chemotherapy courses were conduct-
ed against the background of biotherapy. Taking into 
account the data of the molecular genetic study, bev-
acizumab was prescribed to patients in 19 (25.0 %) 
cases, and erbitux was prescribed in 57 (75.0 %) 
cases. The effectiveness of the drug treatment was 
evaluated after the fourth course.

When performing a control examination after the 
fourth course of PCT, 66 (86.8 %) patients showed 
progression of the tumor process, in 10 (13.2 %) 
cases, adverse events were detected, and therefore 
chemotherapeutic treatment was interrupted. In pa-
tients with the progression of the tumor process, 
an increase in targeted foci was diagnosed in 46 
(60.5 %) cases, the appearance of new foci was reg-
istered in 17 (22.4 %) cases, and in 28 (36.8 %) cas-
es, an increase in blood cancer markers (CA 19–9, 

� I Stage 25 %
� II Stage 15 %
� III Stage 61 %

Fig. 1. Distribution of patients by tumor process stages according to 
TNM classification
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Fig. 2. Distribution of patients by the number of SCT courses 
performed
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cancer- embryonic antigen, alpha- fetoprotein) was 
revealed in comparison with the baseline level. The 
patients underwent a change of the chemothera-
py line. FOLFIRI CT was prescribed in 26 (34.2 %) 
cases, FOLFOXIRI in 27 (35.5 %) cases, irinotecan 
monotherapy was performed in 12 (15.8 %) cases, 
and XELIRI in 11 (14.5 %) cases. After the control ex-
amination, further progression of the tumor process 
was revealed in 59 (77.6 %) patients, in 17 (22.4 %) 
cases, adverse events were diagnosed. Given the 
ineffectiveness of two lines of systemic chemo-
therapy, metastatic foci are recognized as chemo 
resistant. Considering the chemo resistant nature 
of metastatic liver damage, a molecular genetic 
study of biopsies of liver foci was performed. As 
a result, 5 (6.6 %) patients showed heterogeneity of 
metastatic foci in comparison with the primary tu-
mor, which consisted in the detection of the mutant 
KRAS gene in the wild type of KRAS primary tumor. 
In this regard, the patients underwent correction of 
biotherapy.

In patients with a pronounced degree of toxic 
manifestations of drug therapy, metastatic foci are 
recognized as uncontrolled by systemic chemother-
apy. All the patients presented above are included in 
this study and divided into two groups.

The first study group included 40 patients with 
chemo resistant liver metastases, including 17 pa-
tients with moderate and severe toxicity on the back-
ground of CT. The second, control group included 
36 patients with chemo resistant liver metastases.

Patients of the study group underwent regional 
chemotherapy of secondary foci of the liver, i. e. the 
hepatic artery chemoembolization (HACE) using Bio-
sphere microspheres 50–100 µm. Irinotecan was 
used as a cytostatic agent in the first line of RCT, 
with the ineffectiveness of the latter, doxorubicin 
was used as a line 2 drug.

HACE was performed in the following mode for 
all patients – the first two cycles were performed 
at intervals of 3 weeks, then 1 month after the sec-
ond cycle, a control computed tomography was per-
formed to assess the effectiveness of the treatment 
and then decide whether it was advisable to continue 
the RCT cycles when stabilization/response was ob-
tained or a cytostatic change was detected with the 
progression of the tumor process (Fig. 4).

Patients in the control group underwent a change 
of systemic chemotherapy lines. The effectiveness 
of treatment was evaluated after the fourth course 
of SCT. The following regimens were used as 3 SCT 
lines: FOLFIRI, XELIRI, irinotecan in monotherapy, 
capecitabine in monotherapy. Irinotecan in mo-
norode, capecitabine in monorode and FOLFOXIRI 
were used as the 4th line of SCT.

The obtained results of the study in both groups 
were subjected to a comparative analysis. The ef-
fectiveness of treatment in the study group was 
assessed using the response evaluation criteria in 
solid tumors (RECIST 1.1, 2009) and modified RE-
CIST (mRECIST) scales, in the control group – on the 
RECIST 1. 1 scale.

Fig. 3. 3D reconstruction of the liver in patients with CRC metastatic lesions 
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When simultaneous progression on the RECIST 
1.1 scale and stabilization or response on the recist 
scale were detected, that is, with local extrahepatic 
metastasis was diagnosed in the response, patients 
continued to undergo HACE against the background 
of resumption of systemic chemotherapy.

STUDY RESULTS

A year after the start of RCT in patients of the 
study group, a partial response on the RECIST 1.1 
scale was detected in 8 (20.0 %) patients, stabiliza-
tion of the tumor process in the liver in patients was 
diagnosed in 18 (45.0 %) patients, progression of the 
metastatic process was detected in 8 (20.0 %) pa-
tients. In 6 (15.0 %) cases, the appearance of a new 

metastatic lesion in the liver was registered, despite 
the local response of the observed foci, and therefore 
the result was regarded as progression according to 
the RECIST 1.1 scale and stabilization according to 
the mRECIST scale. There were no deaths within 
12 months after the HACE.

In the control group, one year after inclusion in the 
present study, stabilization was noted in 16 (44.4 %) 
patients after CT on the RECIST 1.1 scale, and 20 
(56.6 %) patients were diagnosed with progression of 
the tumor process, including extrahepatic metastasis.

It is worth noting that 5 (13.9 %) patients included 
in the control group with heterogeneous mutation-
al KRAS status of primary and metastatic tumors 
showed stabilization of the tumor process against 
the background of a change in targeted therapy.
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Progression
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Fig. 4. Algorithm of regional chemotherapy in patients of the research group
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The median overall survival of patients in the con-
trol and study groups was 30.0 ± 0.8 and 41.5 ± 0.5 
months, respectively, p < 0.05 (Fig. 5).

The total one-year, two- and three-year survival of 
patients in the control and study groups was 94.4 %, 
69.4 %, 33.3 % and 100 %, 82.5 %, 57.5 %, respective-
ly, p < 0.05.

The median life expectancy of deceased patients 
in the control and study groups was 22.5 ± 0.4 and 
27.0 ± 0.4 months (Fig. 6).

The indicators of cancer markers were monitored: 
in the case of HACE, there was a decrease in the indi-
cators of cancer markers in 57.5 % of cases, and an 
increase in their level was noted in 42.5 % of cases.

In the case of CT, 72.2 % of the subjects had an 
increase in cancer markers and only 27.8 % had sta-
bilization. There were no pronounced phenomena of 
systemic toxicity, liver and kidney failure after HACE: 
6 (15.0 %) patients had a  change in Child- Pugh 
scores (an increase of maximum 1 point from the 
initial 3–5 points). Postembolization hepatotoxicity 
(increased activity of gamma- glutamyltraspeptidase 
(GGTP), alkaline phosphatase, aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT)) was 
noted in 9 (22.5 %) patients.

In the control group, toxic reactions and compli-
cations of varying severity were detected after sys-
temic chemotherapy. Hepatotoxicity was detected in 
22 (61.1 %) patients, 8 (22.2 %) of whom had a dete-
rioration in the functional state of the liver according 
to the Child- Pugh scale. Neurotoxicity was detect-
ed in 10 (27.8 %) cases, which manifested itself in 
the form of the development of peripheral polyneu-
ropathy. The development of acute cardiovascular 
insufficiency against the background of systemic 
chemotherapy was detected in one patient (2.8 %), 
this complication led to a fatal outcome.

In the study group, an assessment and analysis of 
the developed complications were also carried out. 
All patients had a manifestation of postembolization 
syndrome (PES), which manifested itself as a mod-
erate intensity pain syndrome and hyperthermia up 
to 37.4 °C for three days after HACE was performed. 
The pain syndrome was completely stopped by a sin-
gle intramuscular injection with NSAID drugs. One 
patient treated by us had a case of extrahepatic em-
bolizate injection into the cystic artery. In this regard, 
the patient was treated conservatively with a positive 
effect. No surgical intervention was required.

DISCUSSION

A common form of colorectal cancer is one of 
the leading causes of death among patients with 
malignant tumors worldwide. The main organ of CRC 
metastasis is the liver [14].

Currently, methods of a personalized therapeutic 
approach have been developed and introduced into 
clinical practice, developed based on an understand-
ing of carcinogenesis and tumor biology. According 
to clinical recommendations, surgical intervention is 
the main method of choosing treatment for patients 
with metastatic colorectal liver cancer. However, liver 
resection is possible in no more than 30 % of cases 
due to the prevalence of the tumor process, tech-
nical features or the burdened comorbid status of 
patients. Therefore, chemotherapy remains the main 
method of treatment for patients of the presented 
cohort [15].

Systemic chemotherapy is associated with a high 
risk of toxicity and chemoresistance, which requires 
discontinuation of drug treatment in the first case 
or a change of the SCT session in the second case. 
Thus, the treatment of colon cancer patients with 
chemoresistant or uncontrolled chemotherapy liver 
metastases is an urgent topic of discussion [15–17].

In the presented clinical study, a comparative 
analysis was carried out between treatment with 
systemic and regional chemotherapy in patients with 
multiple unresectable chemoresistant liver metasta-
ses. Before inclusion in the present study, patients 
underwent at least two lines of CT. As a result of the 
conducted clinical study, HACE showed high effec-
tiveness – in 26 (65.0 %) cases, a result was achieved 
according to the RECIST 1.1 scale and in 32 (80.0 %) 
cases according to the mRECIST scale, compared 
with 16 (44.4 %) cases of positive results in patients 
of the control group. It is worth noting that the eval-
uation of the results of regional chemotherapy sep-
arately on the RECIST 1.1 scale or on the mRECIST 
scale does not reliably reflect the effectiveness of 
the treatment. Thus, the appearance of new extra-
hepatic metastases (progression according to the 
RECIST 1.1 scale) does not correlate with the inef-
fectiveness of HACE due to the limited local effect of 
the latter, which may be accompanied by a response 
according to the mRECIST scale, which was record-
ed in 6 cases in patients of the study group. In this 
regard, the presented patients need to undergo both 
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systemic chemotherapy and influence extrahepatic 
foci and continue regional chemotherapy.

As a result of a comparative analysis of the de-
tection of adverse events and complications of the 
treatment, patients of the study group underwent 
treatment much easier than patients of the control 
group – in patients in the group of systemic chemo-
therapy, moderate and severe complications were 
detected in 44.4 % of cases, in the study group – in 
2.5 % of cases.

CONCLUSION

Thanks to a personalized approach, which in-
cludes an assessment of the prevalence of the 
tumor process, the degree of malignancy of the 
primary tumor, the results of histological and mo-

lecular genetic research methods, as well as the 
severity of adverse events of chemotoxicity and 
individual reactions, it is possible to develop an 
individual treatment plan that will increase the 
overall and relapse-free survival of patients with 
uncontrolled systemic chemotherapy metastases 
of colorectal cancer in the liver. According to the 
results of a clinical study, regional chemotherapy 
is an effective method of treating patients with 
chemo resistant metastases of colon cancer in 
the liver and is associated with a statistically sig-
nificant increase in the overall survival of patients 
compared with systemic chemotherapy (p < 0.05). 
For a more detailed study of the benefits of region-
al chemotherapy in this category of patients, it is 
necessary to further conduct prospective clinical 
studies.
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A case of a fifteen-year-old patient suffering from rare adenocystic lung 
carcinoma bronchoplastic surgery
D. A. Kharagezov, E. A. Mirzoyan�, Yu. Yu. Kozel, G. A. Mkrtchyan, A. A. Antonyan, T. G. Ayrapetova, 
I. A. Leyman, A. G. Milakin, O. N. Stateshny

National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
� ellada.mirzoyan@yandex.ru

ABSTRACT

Adenoid cystic carcinoma of the lung is a relatively rare malignant tumor, accounting for 0.04–0.2 % of all primary malignant 
tumors of the respiratory system. This carcinoma can occur at any age, but it is more common in the 40–60 age group and 
usually in women. The main treatment method for adenoid cystic carcinoma is surgical. Since tumors of this histological form 
are often centrally located, options for bronchoplastic operations are considered. In childhood, adenoid cystic carcinoma 
is extremely rare, and performing bronchoplastic lobectomies in children is associated with several difficulties, such as the 
smaller diameter of the bronchi compared to adult patients, complicating surgical intervention and subsequent rehabilitation.
This clinical case demonstrates the experience of performing a bronchoplastic operation on a 15-year-old patient at the De-
partment of Thoracic Oncology of the National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation. 
The patient was hospitalized complaining of prolonged cough, shortness of breath, and chest pain. Adenoid cystic carcino-
ma of the central type was identified during diagnostics, which included bronchoscopy, computed tomography, and biopsy.
The surgical intervention involved performing a bronchoplastic lobectomy, during which the affected lobe of the lung was re-
moved with resection and reconstruction of the bronchus. The operation was performed taking into account the anatomical 
features of the child's body, which required high precision and surgical skills. The postoperative period proceeded without 
significant complications, and the patient was under the supervision of a multidisciplinary team of specialists.
This clinical case provides a detailed description of the results of preoperative diagnostic measures, the stages of the oper-
ation, and the postoperative follow-up results. Special attention was paid to the difficulties associated with the small diam-
eter of the bronchi in children, which required the use of specialized instruments and techniques. The importance of using 
modern diagnostic and treatment methods, as well as close interdisciplinary interaction, is emphasized for a successful 
treatment outcome.
The experience of performing such operations in childhood is extremely important for improving the quality and safety of surgi-
cal treatment of adenoid cystic carcinoma and other rare tumors in children. Further observations will be described in stages.

Keywords: lung cancer, adenocystic carcinoma, bronchoplastic lobectomy in children
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Случай выполнения бронхопластической операции пациентке пятнадцати лет с редкой 
аденокистозной карциномой легкого
Д. А. Харагезов, Э. А. Мирзоян�, Ю. Ю. Козель, Г. А. Мкртчян, А. А. Антонян, Т. Г. Айрапетова, И. А. Лейман, 
А. Г. Милакин, О. Н. Статешный 

ФГБУ «Национальный медицинский исследовательский центр онкологии» Министерства здравоохранения Российской Федерации, 
г. Ростов-на-Дону, Российская Федерация
� ellada.mirzoyan@yandex.ru

РЕЗЮМЕ

Аденокистозная карцинома легкого является относительно редкой злокачественной опухолью, на долю которой 
приходится 0,04–0,2 % всех первичных злокачественных опухолей органов дыхательной системы. Эта карцинома 
может возникнуть в любом возрасте, однако чаще встречается в возрастной группе 40–60 лет и, как правило, 
у женщин. Основным методом лечения аденокистозной карциномы является хирургический. Поскольку опухоль 
данной гистологической формы часто располагается центрально, рассматриваются варианты выполнения брон-
хопластических операций. В детском возрасте аденокистозная карцинома встречается очень редко, а выполнение 
бронхопластических лобэктомий у детей сопровождается рядом трудностей, таких как меньший диаметр бронхов по 
сравнению со взрослыми пациентами, что усложняет оперативное вмешательство и последующую реабилитацию.
Настоящий клинический случай демонстрирует опыт выполнения бронхопластической операции 15-летней пациентке 
на базе отделения торакальной онкологии ФГБУ «Национальный медицинский исследовательский центр онкологии» 
Министерства здравоохранения Российской Федерации, г. Ростова-на- Дону. Пациентка была госпитализирована 
с жалобами на длительный кашель, одышку и боли в грудной клетке. В ходе диагностики, включающей бронхоскопию, 
компьютерную томографию и биопсию, была выявлена аденокистозная карцинома центрального типа.
Хирургическое вмешательство включало проведение бронхопластической лобэктомии, при которой была удалена 
пораженная доля легкого с резекцией и восстановлением бронха. Операция была выполнена с учетом анатомиче-
ских особенностей детского организма, что требовало высокой точности и навыков хирурга. Послеоперационный 
период протекал без значительных осложнений, пациентка находилась под наблюдением мультидисциплинарной 
команды специалистов.
В данном клиническом случае были подробно описаны результаты предоперационных диагностических мероприя-
тий, этапы проведения операции, а также результаты послеоперационного наблюдения. Отдельное внимание было 
уделено сложностям, связанным с малым диаметром бронхов у детей, что требовало использования специализи-
рованных инструментов и техники. Подчеркивается важность использования современных методов диагностики 
и лечения, а также тесного междисциплинарного взаимодействия для успешного исхода лечения.
Опыт проведения подобных операций в детском возрасте крайне важен для повышения качества и безопасности 
хирургического лечения аденокистозной карциномы и других редких опухолей у детей.

Ключевые слова: рак легкого, аденокистозная карцинома, бронхопластическая лобэктомия у детей
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INTRODUCTION

Lung cancers occupy the first place in the struc-
ture of morbidity and mortality from cancer among 
the male population [1–3].

Adenocystic carcinoma (ACC) of the lung is a rel-
atively rare malignant tumor, which accounts for 
0.04– 0.2 % of all primary malignant tumors of the 
respiratory system [4]. ACC can occur at any age, but 
it is more common in the age group of 40–60 years 
and is usually found in women  [5–6]. The main 
method of treatment of ACC is surgical, and since 
the tumor of this histological form is often centrally 
located, options for performing bronchoplastic op-
erations are being considered [7, 8].

Bronchoplastic lobectomy with systematic me-
diastinal lymphodissection is a good choice for the 
treatment of endobronchial tumors in both children 
and adult patients in order to preserve lung paren-
chyma [9]. Primary lung tumors in childhood are very 
rare, and performing bronchoplastic lobectomies in 
children is accompanied by a number of difficulties, 
in particular, the diameter of the bronchi is much 
smaller than in adults [10].

The purpose of the study was to present a clinical 
case of a 15-year-old patient with rare adenocystic 
lung carcinoma who underwent bronchoplastic sur-
gery with a good long-term treatment result.

Clinical observation report
A patient born in 2006 applied to the National 

Medical Research Center for Oncology, Rostov-on- 
Don in February 2022 with complaints of periodic 

cough, shortness of breath, feeling of lack of air, 
hemoptysis. According to him, he has been ill since 
2021, with a history of repeatedly suffering from 
pneumonia.

Since June, after suffering a new coronavirus in-
fection, there have been frequent attacks of short-
ness of breath. In November, the condition has 
worsened, followed by hemoptysis, increased short-
ness of breath, feeling of lack of air. He went to the 
doctor at the place of residence. SCT performed on 
12/02/2021 showed: a volumetric formation of an 
irregular shape of 1.3 × 0.7 × 1.2 cm of a heteroge-
neous structure is determined in the lumen of the 
left main bronchus.

12/28/22 SCT in the lumen of the main bron-
chus on the left showed a multi-node formation of 
1.3 × 1.2 cm narrows its lumen, the remaining bronchi 
are passable in the visible extent (bronchial lumen 
of the 3rd-4th order is visualized), their walls are not 
thickened, without signs of bronchiectasis, on the left 
in the lower lobe there are areas of pneumosclero-
sis, on the right along the interlobular pleura a single 
dense focus requiring dynamic observation (Fig. 1).

SCT scan with angiography from 01/24/2022. The 
CT picture is more consistent with the endobronchial 
formation (carcinoid) of the left main bronchus.

FBS dated 12/28/2021: the larynx is mobile, the 
trachea, carina and bronchi of the right lung are with-
out features. On the left: the main bronchus is 3/4 
encircled by a tuberous exophyte about 1.5 × 1.2 cm 
in size. The exophyte originates from the interlobular 
spur and is located on a narrowed base. The spur at 
the exophyte outlet was expanded due to the sub-

Fig. 1. Chest CT scan of the patient G.: A – frontal section; B – sagittal section

А B

South Russian Journal of Cancer 2024. Vol. 5, No. 4. P. 38-45
Kharagezov D. A., Mirzoyan E. A.�, Kozel Yu. Yu., Mkrtchyan G. A., Antonyan A. A., Airapetova T. G., Leyman I. A., Milakin A. G., Stateshny O. N. A case of a fifteen-year-
old patient suffering from rare adenocystic lung carcinoma bronchoplastic surgery 



41

mucosal component of the tumor, and a biopsy was 
taken. Conclusion: exophytic tumor of the upper lobe 
spur of the left lung with signs of invasion of the 
interlobular spur. Subcompensated stenosis of the 
left main bronchus (carcinoid?) (Fig. 2).

Histological analysis 145380–81 /21 dated 
01/13/2022: The morphological picture in the volume 
of biopsies is more typical for a typical carcinoid/
neuroendocrine tumor. To clarify the immunopheno-
type of tumor cells, an IHC study is recommended.

IHC dated 01/21/2022: morphological picture and 
immunophenotype of tumor cells in the volume of 
biopsies (PanCK+, CK7+, CD117+, p63+ in the myo-
epithelial layer) are characteristic of adenocystic 
carcinoma.

Upon admission to the Department of Pediatric 
Oncology No. 1 02.02.2022, the PCR test for SARS-
CoV-2 is negative, PS ECOG (Eastern Cooperative 
Oncology Group scale, designed to assess the gen-
eral condition of cancer patients) 1 point. The su-
perficial lymph nodes are not enlarged. The chest is 
not deformed, both halves of it are evenly involved 
in the act of breathing. The breathing rate is 15 per 
1 minute at rest. Percussive clear pulmonary sound, 
the same on the right and on the left. Auscultatively 
vesicular breathing on the right, and weakened on the 
left. Spirometric parameters are normal. On the ECG: 
Sinus rhythm with a heart rate of 68 beats /min, an 
ECG variant of the age norm. The clinical diagnosis 
was made: (C34.1) Adenocystic carcinoma of the 
left upper lobe bronchus T1bNxM0, stage IA, cl. gr. 2.

The patient was taken to the operating room on 
02/07/2022. The patient was positioned lying on 
her right flank. An anterolateral thoracotomy was 
performed in the 5th intercostal space on the left. 
According to a comprehensive examination, the pa-
tient has a central malignant tumor of the distal part 
of the left main bronchus of 1.3 × 1.0 cm, spread-
ing to the upper lobe bronchus. It was decided to 
perform an upper bronchoplastic lobectomy on the 
left with wedge- shaped resection of the main, lower 
lobar bronchus, mediastinal lymphadenectomy. The 
pulmonary ligament is excised. A posterior medi-
astinotomy was performed. Bifurcation lymphod-
issection was performed using an electrosurgical 
instrument. Anterior mediastinotomy was performed, 
the diaphragmatic nerve was visualized, isolated, and 
placed on a turnstile. With the help of Thunderbeat, 
the superior pulmonary vein is mobilized and crossed 

by a suturing device. The anterior mediastinal fiber 
and a group of 4L-6 lymph nodes were removed in 
a single block. Hemostasis was performed. The vis-
ceral pleura was dissected in the projection of the 
interstitial fissure. A2, A1–3, A4–5 were isolated, 
sequentially ligated and crossed. The lower lobe is 
mobilized from the upper lobe by a linear stitching 
device. Using the Thunderbeat electrosurgical in-
strument, the lymph nodes of the lung root were re-
moved with the removal of the l/nodes of the root of 
the lower lobe with the exposure of the upper lobe, 
lower lobe bronchus, interlobular spur, distal part of 
the left main bronchus, where a tumor formation up 
to 1.5 cm in diameter is contoured. Wedge-shaped 
resection of the distal part of the main, interlobular 
spur, and proximal part of the inferior lobe bronchus 
was performed, with suturing of the defect with sep-
arate nodular sutures with atraumatic monofilament 
thread. The drug has been removed. The line of tan-
talum sutures on the lung parenchyma is additionally 
coagulated with bipolar tweezers. Hemostasis was 
performed. Control of pneumostasis by underwater 
breakdown: pneumostasis was stable. Drainage of 
the left pleural cavity at 7 and 9 i/c 2. Layered sutur-
ing of a thoracotomy wound.

The result of a planned histological examination: 
11136–37/22: The morphological picture (taking into 
account IHCNo.83/22) is characteristic of bronchial 
adenocystic carcinoma (salivary gland-type tumor), 
with an exophytic growth pattern, invasion of the 
submucosal layer, the presence of foci of carcino-
ma in the adventitial layer. There were no signs of 

Fig. 2. FBS from 28/12/2021

Южно-Российский онкологический журнал 2024. Т. 5, № 4. С. 38-45
Харагезов Д. А., Мирзоян Э. А.�, Козель Ю. Ю., Мкртчян Г. А., Антонян А. А., Айрапетова Т. Г., Лейман И. А., Милакин А. Г., Статешный О. Н. Случай выполнения 

бронхопластической операции пациентке пятнадцати лет с редкой аденокистозной карциномой легкого 



42

perineural and lymphovascular invasion. No tumor 
cell resection lines were found in the adjacent bron-
chopulmonary 4L-7, 10–14 lymph nodes.

The postoperative period was uneventful. On 
the control fibrobronchoscopy from 02/14/2022: 
a wide interbronchial suture was determined. The 
seam line was consistent. Its mucous membrane 
was edematous, hyperemic, and there was a fibrin 
plaque on the anterior and posterior walls. The 
bronchi of the lower lobe were not deformed, free-
ly passable. The mucous membrane was smooth, 
pale, shiny (Fig. 3).

The FBS dated 02/21/2022 showed: on the left, 
an anastomosis of the main and lower lobe bronchi 
in the form of an annular roller narrowing the lumen 
by 1/3, with suture ligatures, four red spots and one 
spot of fibrin. Bronchi of the lower lobe of the usu-
al type. The anastomosis is in the resolution stage 
(Fig. 4.).

On the 15th day after surgery, the patient was dis-
charged from the hospital in a satisfactory condition 
with the diagnosis: C34.1 Adenocystic carcinoma of 
the left upper lobe bronchus pT1bN0M0, stage IA, 
condition after thoracotomy, combined upper bron-

Fig. 3. FBS patient G. from 02/14/2022 on the 7th day after surgery Fig. 4. FBS patient G. dated 02/21/2022 on the 14th day after 
surgery

Fig. 5. Chest CT scan of patient G. from 28/11/2023, 1 year 9 
months after surgery: frontal section

Fig. 6. FBS patient G. from 11.28.2023, 1 year 9 months after 
surgery
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choplastic lobectomy on the left with wedge- shaped 
resection of the main, lower lobe bronchus, medias-
tinal lymphadenectomy from 02/07/2022, cl. gr. 3.

At the control visit on 11/28/2023, 1 year and 
9 months after the operation, the patient does not 
complain, feels healthy, and leads an active lifestyle. 
PS ECOG 0 points, no pathology was detected during 
physical examination. On CT of the chest organs 
and FBS without signs of progression of the process 
(Fig. 5, 6).

DISCUSSION

Improvements in surgical techniques and anes-
thetic aids have led to the introduction of broncho- 
and angioplasty operations, which demonstrate 
better immediate and long-term treatment results 
compared to the pneumonectomies [11–14].

In the paperwork of E. V. Levchenko et al. A com-
parative analysis of the long-term results of surgical 
treatment of 198 patients with stage I–III non-small 
cell LC was carried out: bronchoplastic operations 
were performed in 99 patients, pneumonectomies – 
99. The median overall and recurrence-free survival 
was 51.4 and 55.2 months after bronchoplastic lo-
bectomies, and in patients after pneumonectomies 
46.2 and 41.0 months, respectively. One-year, 3- and 
5-year recurrence-free survival in the group of bron-
choplastic resections was 87.9 %, 64.2 % and 52.3 %, 
respectively, versus 88.1 %, 61.6 % and 37.9 % in the 
group after pneumonectomies [15].

The results of bronchoplastic surgeries and pneu-
monectomies are considered in detail in the me-
ta-analysis of Z. Li with co-authors, which presents 
the results of treatment of 14194 patients: 4145 per-
formed bronchoplastic operations, 10049 – pneumo-
nectomies. Overall survival was higher in the group 
of patients who underwent bronchoplastic lobec-
tomies (OR: 1.53; 95 % CI: 1.31–1.80; p < 0.00001), 
and in the group of patients after pneumonectomies, 
there was a higher level of postoperative and 30-day 
mortality, as well as the frequency of distant metas-
tases (5.86 % and 2.78 %, respectively) [16].

Various variants of bronchoplastic surgeries have 
also been used in pediatric practice, where the pres-
ervation of maximum lung tissue is also an important 
aspect [17]. Yu et al. presented the largest study eval-
uating the effectiveness of bronchoplastic interven-
tions in children and adults. The authors found that 
this technique has a good prognosis in the pediatric 
population [18]. However, there are few reports in the 
literature about performed bronchoplastic surgeries 
for lung cancer in children [19].

CONCLUSION

A clinical case of a 15-year-old patient with a rath-
er rare adenocystic lung carcinoma who underwent 
bronchoplastic lobectomy has been presented in 
this article. There is no data for the progression and 
recurrence of the process, the patient is currently 
under dynamic observation.

References

1. Kit OI, Kharagezov DA, Lazutin YuN, Mirzoyan EA, Leyman IA, Tikhonova SN. Sequential bronchoplastic lobectomies in 
complex treatment for synchronous bilateral multiple primary non-small cell lung cancer: a rare clinical case. South Rus-
sian Journal of Cancer. 2022;3(4):67–73. (In Russ.). https://doi.org/10.37748/2686-9039-2022-3-4-7, EDN: NIGIFS

2. Kharagezov DA, Lazutin YuN, Mirzoyan EA, Milakin AG, Stateshny ON, Leiman IA, et al. Клинический случай легочной 
формы мукормикоза у ребенка с острым лимфобластным лейкозом. South Russian Journal of Cancer. 2021;2(4):38–
47. (In Russ.). https://doi.org/10.37748/2686-9039-2021-2-4-5, EDN: PLFQUY

3. Kharagezov DA, Lazutin YuN, Mirzoyan EA, Milakin AG, Stateshny ON, Leyman IA. Neoadjuvant and adjuvant immunother-
apy of non-small cell lung cancer (literature review). Environmental issues. 2022;68(2):159–168. (In Russ.). 

 https://doi.org/10.37469/0507-3758-2022-68-2-159-168, EDN: VYYGNS
4. Krifa M, Bdioui A, Lajmi Z, Missaoui N, Hmissa S, Mokni M. Primary adenoid cystic carcinoma of the lung: A case report 

and literature review. Heliyon. 2021 Feb;7(2):e06206. https://doi.org/10.1016/j.heliyon.2021.e06206
5. Li M, Zhao BR, Liu SQ, An J, Deng PB, Han-Zhang H, et al. Mutational landscape and clonal diversity of pulmonary adenoid 

cystic carcinoma. Cancer Biol Ther. 2018;19(10):898–903. https://doi.org/10.1080/15384047.2018.1480296

Южно-Российский онкологический журнал 2024. Т. 5, № 4. С. 38-45
Харагезов Д. А., Мирзоян Э. А.�, Козель Ю. Ю., Мкртчян Г. А., Антонян А. А., Айрапетова Т. Г., Лейман И. А., Милакин А. Г., Статешный О. Н. Случай выполнения 

бронхопластической операции пациентке пятнадцати лет с редкой аденокистозной карциномой легкого 



44

6. Elnayal A, Moran CA, Fox PS, Mawlawi O, Swisher SG, Marom EM. Primary salivary gland-type lung cancer: imaging and 
clinical predictors of outcome. AJR Am J Roentgenol. 2013 Jul;201(1):W57–63. https://doi.org/10.2214/AJR.12.9579

7. Yokouchi H, Otsuka Y, Otoguro Y, Takemoto N, Ito K, Uchida Y, et al. Primary peripheral adenoid cystic carcinoma of the lung 
and literature comparison of features. Intern Med. 2007;46(21):1799–1803. 

 https://doi.org/10.2169/internalmedicine.46.0331
8. Grillo HC, Mathisen DJ. Primary tracheal tumors: treatment and results. Ann Thorac Surg. 1990 Jan;49(1):69–77. 
 https://doi.org/10.1016/0003-4975(90)90358-D
9. Tang J, Cao M, Qian L, Fu Y, Tang J, Zhao X. The pure distal left main bronchial sleeve resection with total lung parenchymal 

preservation: report of two cases and literature review. J Thorac Dis. 2014 Dec;6(12):E294–298. 
 https://doi.org/10.3978/j.issn.2072-1439.2014.12.14
10. Gaissert HA, Mathisen DJ, Grillo HC, Vacanti JP, Wain JC. Tracheobronchial sleeve resection in children and adolescents. 

J Pediatr Surg. 1994 Feb;29(2):192–197. https://doi.org/10.1016/0022-3468(94)90316-6
11. Kharagezov DA, Mirzoyan EA, Turkin IN, Lazutin YuN, Milakin AG, Stateshny ON, et al. Comparative analysis of the re-

sults of bronchoplastic surgical interventions and pneumonectomies. The journal Chief physician of the South of Russia. 
2022;(1(82)):10–13. (In Russ.). EDN: HQJKHD

12. Presley CJ, Gross CP, Lilenbaum RC. Optimizing Treatment Risk and Benefit for Elderly Patients With Advanced Non-Small-
Cell Lung Cancer: The Right Treatment for the Right Patient. J Clin Oncol. 2016 May 1;34(13):1438–1442. 

 https://doi.org/10.1200/JCO.2015.65.9599
13. Tikhonova SN, Rozenko DA, Ushakova ND, Popova NN, Skopintsev AM, Shulga AV, et al. Optimization of anesthetic tactics 

in the surgical treatment of multiple primary non-small cell lung cancer. South Russian Journal of Cancer. 2021;2(2):42–49. 
https://doi.org/10.37748/2686-9039-2021-2-2-5, EDN: MGRWDV

14. Reshetov AV, Elkin AV, Nikolaev GV, Stepanov SS. Broncho- and angioplasty lobectomy as an alternative to pneumonectomy 
in treatment of non-small-cell lung cancer. Grekov's Bulletin of Surgery. 2018;177(3):19–24. (In Russ.). 

 https://doi.org/10.24884/0042-4625-2018-177-3-19-24, EDN: XRSVVB
15. Levchenko EV, Levchenko NE, Yurin RI, Mikhnin AE, Ergnian SM, Barchuk AS. Long-term results of bronchoplastic surgical 

interventions compared with pneumonectomies in lung cancer. Questions of Oncology. 2017;63(2):234–239. (In Russ.). 
https://doi.org/10.37469/0507-3758-2017-63-2-234-239, EDN: YNCXYX

16. Li Z, Chen W, Xia M, Liu H, Liu Y, Inci I, et al. Sleeve lobectomy compared with pneumonectomy for operable centrally locat-
ed non-small cell lung cancer: a meta-analysis. Transl Lung Cancer Res. 2019 Dec;8(6):775–786. 

 https://doi.org/10.21037/tlcr.2019.10.11
17. Gaissert HA, Mathisen DJ, Grillo HC, Vacanti JP, Wain JC. Tracheobronchial sleeve resection in children and adolescents. 

J Pediatr Surg. 1994 Feb;29(2):192–197. https://doi.org/10.1016/0022-3468(94)90316-6
18. Yu Y, Song Z, Chen Z, Jian H, Lu S. Chinese pediatric and adolescent primary tracheobronchial tumors: a hospital-based 

study. Pediatr Surg Int. 2011 Jul;27(7):721–726. https://doi.org/10.1007/s00383-011-2858-8
19. Toker A, Bayrak Y, Dilege S, Kalayci G. Bronchial sleeve resections for carcinoid tumor in the first decade of life. Interact 

Cardiovasc Thorac Surg. 2004 Jun;3(2):280–282. https://doi.org/10.1016/j.icvts.2003.12.006

Information about authors:

Dmitrii A. Kharagezov – Cand. Sci. (Med.), MD, Head of the Department of Thoracic Oncology, National Medical Research Centre for Oncology, 
Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0003-0640-2994, SPIN: 5120-0561, AuthorID: 733789, ResearcherID: AAZ-3638-2021, Scopus Author ID: 56626499300

Ellada A. Mirzoyan � – Cand. Sci. (Med.), MD, oncologist, researcher at the Department of Thoracic Oncology, of National Medical Research Centre 
for Oncology, Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0002-0328-9714, SPIN: 2506-8605, AuthorID: 1002948, ResearcherID: AAZ-2780-2021, Scopus Author ID: 57221118516

Yulia Yu. Kozel – Dr. Sci. (Med.), MD, Head of the Department of Pediatric Oncology, National Medical Research Centre for Oncology, Rostov-on-Don, 
Russian Federation
ORCID: https://orcid.org/0000-0002-6681-3253, SPIN: 6923-7360, AuthorID: 732882, ResearcherID: AAZ-2780-2021, Scopus Author ID: 57221118516

South Russian Journal of Cancer 2024. Vol. 5, No. 4. P. 38-45
Kharagezov D. A., Mirzoyan E. A.�, Kozel Yu. Yu., Mkrtchyan G. A., Antonyan A. A., Airapetova T. G., Leyman I. A., Milakin A. G., Stateshny O. N. A case of a fifteen-year-
old patient suffering from rare adenocystic lung carcinoma bronchoplastic surgery 

https://doi.org/10.1016/0003-4975(90)90358-D
https://doi.org/10.1016/0022-3468(94)90316-6
https://doi.org/10.1016/0022-3468(94)90316-6


45

Gulnara A. Mkrtchyan – MD, pediatric surgeon at the Department of Pediatric Oncology No. 2, National Medical Research Centre for Oncology, 
Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0002-5202-7681, SPIN: 1861-5165, AuthorID: 794720

Artur A. Antonyan – PhD student, National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0001-6449-7026, ResearcherID: JWQ-0734-2024

Tamara G. Ayrapetova – Cand. Sci. (Med.), MD, Oncologist at the Department of Thoracic Oncology, National Medical Research Centre for Oncology, 
Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0001-5287-5800, SPIN: 8121-4039, AuthorID: 794672

Igor A. Leyman – Cand. Sci. (Med.), MD, Oncologist at the Department of Thoracic Oncology, National Medical Research Centre for Oncology, 
Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0003-2572-1624, SPIN: 2551-0999, AuthorID: 735699

Anton G. Milakin – MD, oncologist at the Department of Thoracic Oncology, National Medical Research Centre for Oncology, Rostov-on-Don, Russian 
Federation
ORCID: https://orcid.org/0000-0002-2589-7606, SPIN: 7737-4737, AuthorID: 794734, Scopus Author ID: 57192109933

Oleg N. Stateshny – MD, oncologist at the Department of Thoracic Oncology, National Medical Research Centre for Oncology, Rostov-on-Don, 
Russian Federation
ORCID: https://orcid.org/0000-0003-4513-7548, SPIN: 9917-1975, AuthorID: 1067071

Contribution of the authors:

Kharagezov D. A., Kozel Yu.Yu. – scientific editing.
Mirzoyan E. A., Antonyan A. A. – writing the draft; data processing.
Mkrtchyan G. A., Ayrapetova T. G., Leyman I. A., Milakin A. G., Stateshny O. N. – data collection, analysis, technical editing, reference list arrangement.

Южно-Российский онкологический журнал 2024. Т. 5, № 4. С. 38-45
Харагезов Д. А., Мирзоян Э. А.�, Козель Ю. Ю., Мкртчян Г. А., Антонян А. А., Айрапетова Т. Г., Лейман И. А., Милакин А. Г., Статешный О. Н. Случай выполнения 

бронхопластической операции пациентке пятнадцати лет с редкой аденокистозной карциномой легкого 



46

4.0

46

Южно-Российский 
онкологический журнал 

South Russian 
Journal of Cancer

Vol. 5
No. 4, 2024

For citation:  Gubareva E. A., Semenov A. L. Prospects for the use of flavonoid substances in pulmonary fibrosis (review of experimental studies). South 
Russian Journal of Cancer. 2024; 5(4): 46-57. https://doi.org/10.37748/2686-9039-2024-5-4-6, https://elibrary.ru/hfikew

For correspondence:  Ekaterina A. Gubareva – Cand. Sci. (Biol.), senior researcher, N. N. Petrov National Medicine Research Center for Oncology, 
St. Petersburg, Russian Federation 
Address: 68 Leningradskaya str., Pesochny settlement, Saint Petersburg 197758, Russian Federation
E-mail: gubareva1984@gmail.com
ORCID: https://orcid.org/ 0000-0002-9212-6086
SPIN: 5556-8242, AuthorID: 895429
ResearcherID: AAD-2072-2020
Scopus Author ID: 56909987000

Funding:  the project was supported by RSF grant No. 22-25-20177 and RSF (St. Petersburg Science Foundation) grant No. 50/2022

Conflict of interest:  the authors declare that there are no obvious and potential conflicts of interest associated with the publication of this article

The article was submitted 07.11.2023; approved after reviewing 20.07.2024; accepted for publication 28.10.2024

© Gubareva E. A., Semenov A. L., 2024

Prospects for the use of flavonoid substances in pulmonary fibrosis 
(review of experimental studies)
E. A. Gubareva�, A. L. Semenov

N. N. Petrov National Medicine Research Center of Oncology, St. Petersburg, Russian Federation
� gubareva1984@gmail.com

ABSTRACT

Pulmonary fibrosis develops both spontaneously and as a result of lung damage by radiotherapy and chemotherapy, infectious 
diseases, and inhalation of harmful substances and particulate matter. In this case, normal tissue repair is disturbed: instead 
of regeneration of normal lung cells, the damaged tissue is replaced by fibrotic one consisting of dense collagen fibers. This 
leads to loss of lung tissue elasticity and impairment of its function, which significantly reduces the quality of patients’ lives. 
The search for drugs for interstitial fibrotic lung diseases remains an urgent task, since the existing antifibrotic drugs only 
slow down disease progression and have side effects that significantly reduce the patients’ quality of life. It is believed that 
natural polyphenolic substances, in particular flavonoids, can be used for the treatment of pulmonary fibrosis. Flavonoids 
present in various fruits, vegetables, tea and wine show a wide range of biological activities. They have antioxidant, anti-in-
flammatory and immunomodulatory properties, making them promising for the treatment of various diseases, including 
pulmonary fibrosis. Some studies have shown that flavonoids can inhibit myofibroblast activation and collagen production, 
which is directly related to the fibrotic process. Flavonoids are safe and can influence the hallmarks of fibrosis: oxidative stress, 
inflammation, cell proliferation and differentiation. To date, a large amount of experimental data confirming the antifibrotic 
effect of flavonoids has been accumulated. In recent years, clinical studies have been conducted to investigate the efficacy 
and safety of flavonoids in patients with pulmonary fibrosis. For example, quercetin and curcumin are being explored and 
have shown encouraging results in reducing markers of inflammation and fibrosis in the lung. However, the main obstacle 
to the widespread introduction of flavonoid substances into clinical practice remains their low oral bioavailability and rapid 
metabolism. The experimental data on the effect of flavonoids on the development of pulmonary fibrosis is analyzed in this 
review. The perspectives for improving their bioavailability using modern delivery systems (nanoparticles, liposomes, etc.), 
as well as dosage forms for topical application, are discussed in this paperwork.
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РЕЗЮМЕ

Фиброз легкого развивается как спонтанно, так и вследствие воздействия повреждающих факторов, включая лучевую 
и химиотерапию, инфекционные заболевания, вдыхание вредных веществ и твердых частиц. При этом происходит 
нарушение нормальной репарации тканей: вместо регенерации нормальных клеток легкого происходит замещение 
поврежденной ткани фиброзной, состоящей из плотных коллагеновых волокон. Этот процесс ведет к утрате эла-
стичности легочной ткани и нарушению ее функции, что существенно снижает качество жизни пациентов. Поиск 
средств для лечения интерстициальных фиброзирующих заболеваний легкого остается актуальной задачей, т. к. 
существующие антифибротические препараты лишь замедляют их прогрессирование и обладают побочными эф-
фектами, существенно снижающими качество жизни пациентов. Считается, что природные вещества полифенольной 
природы, в частности, флавоноиды, могут применяться для лечения фиброза легкого. Флавоноиды, присутствующие 
в различных фруктах, овощах, чае и вине, демонстрируют широкий спектр биологических активностей. Они обладают 
антиоксидантными, противовоспалительными и иммуномодулирующими свой ствами, что делает их перспективными 
для лечения различных заболеваний, включая фиброз легкого. Некоторые исследования показали, что флавоноиды 
могут ингибировать активацию миофибробластов и продукцию коллагена, что непосредственно связано с процессом 
фиброзирования. Флавоноиды нетоксичны и способны регулировать процессы, связанные с развитием фиброза: 
окислительный стресс, воспаление, пролиферацию и дифференцировку клеток. На сегодняшний день накоплено 
большое количество экспериментальных данных, подтверждающих антифибротическое действие флавоноидов. 
В последние годы проводятся клинические исследования, направленные на изучение эффективности и безопасности 
флавоноидов у пациентов с фиброзом легкого. Например, исследуются кверцетин и куркумин, которые показали 
обнадеживающие результаты в снижении маркеров воспаления и фиброза в легких. Однако основным препятствием 
для широкого внедрения флавоноидных веществ в клиническую практику остается их низкая биодоступность при 
пероральном применении и быстрый метаболизм. В данной работе проанализированы данные литературы о вли-
янии флавоноидов на развитие фиброза легкого в экспериментах и в клинических исследованиях, обсуждаются 
перспективы улучшения их биодоступности с помощью современных систем доставки (наночастицы, липосомы 
и др.), или использования лекарственных форм для местного применения.
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INTRODUCTION

The spectrum of interstitial fibrotic lung diseas-
es is quite wide, but all of them lead to a gradual 
decrease in respiratory function, a significant de-
crease in the quality of patients’ life and prema-
ture death [1]. Life expectancy after diagnosis in 
idiopathic pulmonary fibrosis (IPF) is on average 
3–5 years [2], and the average five-year survival rate 
for this disease is 45.6 % [3]. Existing treatment 
methods and registered antifibrotic drugs some-
what slow down the progression of the disease and 
reduce the mortality rate, but have contraindications 
and side effects, so their long-term use is not al-
ways possible [4, 5]. Since the disease can occur 
for several years, finding drugs that can slow down 
or stop the progression of pulmonary fibrosis (PF) 
and are safe with long-term use, is an urgent task. 
In recent years, much attention has been paid in this 
regard to natural substances of polyphenolic nature, 
in particular, flavonoids.

These substances are found in various parts of 
plants and are an important component of tradition-
al medicine and functional nutrition [6]. Flavonoids 
are nontoxic and are able to regulate the processes 
involved in the development of fibrosis: oxidative 
stress, inflammation, cell proliferation and differen-
tiation (in particular, epithelial- mesenchymal tran-
sition), intercellular interactions [7, 8]. To the date, 
a substantial experimental evidence base has been 
accumulated justifying the use of flavonoids as anti-
fibrotic agents. In addition, several pilot clinical trials 
have been conducted on patients with IPF [9, 10]. 
However, their low bioavailability prevents the wide-
spread introduction of flavonoid substances into clin-
ical practice. In this regard, the prospects of using 
dosage forms for topical use are being considered.

The purpose of the study was to analyze the liter-
ature data on the effect of flavonoid substances on 
the development of lung fibrosis in experiments with 
laboratory animals and in clinical studies, to identify 
prospects for increasing their bioavailability using 
modern delivery systems.

Pulmonary fibrosis: risk factors, occurrence, 
main mechanisms of pathogenesis
PF can occur as a manifestation of certain sys-

temic diseases (systemic sclerosis, rheumatoid ar-
thritis, etc.), interstitial lung diseases (nonspecific 

interstitial pneumonia, chronic pneumonitis on the 
background of hypersensitivity), because of viral and 
bacterial infections. These diseases are designat-
ed as chronic interstitial fibrotic lung diseases with 
a progressive course [11]. IPF, interstitial pneumonia, 
is isolated as a separate disease without clarified 
etiological factors [1]. Risk factors for the develop-
ment of IPF include smoking, inhalation of particu-
late substances, viral infections, gastroesophageal 
reflux syndrome, genetic predisposition, the use of 
certain medications, ionizing radiation [2, 12].

In this paperwork, we will use the term "pulmonary 
fibrosis" in relation to all progressive fibrotic intersti-
tial lung diseases, with clarifications if necessary.

The incidence of diseases in which PF occurs 
is relatively low. According to a 2021 study, the in-
cidence of IPF (per 100,000 population per year) 
ranged from 3.5 to 13 in the Asia- Pacific region, from 
0.9 to 4.9 in Europe and from 7.5 to 9.3 in North 
America [11]. In Russia, during 2018, an average of 
7 new cases of IPF per 100,000 people per year were 
registered in women and 11 in men [2].

The incidence of other fibrosing interstitial lung 
diseases in the United States is about 52 patients 
per 100,000 people per year, of which 33 cases are 
with a progressive phenotype [14]. It is assumed that 
after the SARS-CoV19 epidemic, these figures may 
increase: after the coronavirus infection is cured, 
some patients experience a decrease in respirato-
ry function and changes in the X-ray picture of the 
lungs, similar to that of PF [15].

Normally, epithelial damage is repaired by type 
II alveolocytes, capable of proliferating and dif-
ferentiating into type I alveolocytes, which line 
most of the surface of the alveoli and carry out 
gas exchange. At the same time, in the places of 
damage, epithelial cells secrete profibrotic factors 
that cause the activation of resident fibroblasts 
and their differentiation into myofibroblasts [16]. 
Myofibroblasts are also formed from circulating 
bone marrow precursors, epithelial and endothe-
lial cells [17]. The main function of these cells is 
the synthesis of the intercellular matrix, which is 
necessary for tissue repair at the site of injury, af-
ter which they normally undergo apoptosis, and 
the excess extracellular matrix is cleaved [18]. The 
literature describes several mechanisms that can 
interfere with the normal resolution of the repara-
tive process.
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Many authors consider excessive activation of the 
immune system and chronic inflammation to be the 
main factors in the development of PF [2, 19]. It has 
been shown that various cells of the immune system, 
e. g. neutrophils, macrophages, lymphocytes, contrib-
ute to the development of PF due to the activation
of oxidative stress and the production of profibrotic
growth factors, cytokines and chemokines [2, 20]. It
is assumed that activation of the immune response
makes a significant contribution to the development
of PF associated with COVID-19 [15].

The mechanism of PF development is also de-
scribed, in which the main role is given to the chronic 
epithelial damage, leading to an increase in the level 
of reactive oxygen species, apoptosis, activation of 
cellular aging, depletion of the stem cell pool and the 
so-called "phenotypic reprogramming" of the type 
II alveolocytes [16, 21], i. e. aberrant activation of 
normal repair pathways and the release of mediators 
activating fibroblasts [22, 23].

Another mechanism of tissue fibrotization is be-
ing considered due to positive feedback from the 
extracellular matrix [24]. It has been shown that 
with excessive deposition of the matrix, its densi-
fication occurs, which leads to tissue hypoxia and 
epithelial damage; the compacted matrix creates 
a profibrotic environment and promotes cellular 
aging [25, 26]. Thus, a so-called "fibrogenic niche" 
is created, and the fibrotic process is self-sus-
taining [24]. Shochet et al. [27] showed that while 
culturing normal fibroblasts on a "fibrotic" matrix 
obtained after culturing fibroblasts of patients with 
IPF (IPF), the expression of genes associated with 
the HIF1 signaling pathway is activated, which con-
tributes to the differentiation of myofibroblasts and 
the progression of fibrosis.

Pulmonary fibrosis treatment
Medicinal and non-medicinal methods are used to 

treat PF. The latest ones include lung transplantation 
and the use of palliative methods (oxygen therapy, 
physical exercises, etc.) [28].

Initially, anti-inflammatory drugs, corticosteroids 
and immunosuppressive drugs were used to treat 
IPF, based on the hypothesis that chronic inflam-
mation is the main mechanism of development of 
this disease. These drugs did not improve surviv-
al and pulmonary function, and combined therapy 
with prednisone, azathioprine and N-acetylcysteine 

increased mortality and hospitalization rates [4]. 
Two drugs have been registered for the treatment 
of IPF – nintedanib, an oral inhibitor of intracellu-
lar tyrosine kinases, and pirfenidone, a pyridone 
compound with anti-inflammatory, antifibrotic and 
antioxidant properties [4]. Both drugs reduce the 
risk of mortality by almost 2 times, and quintedanib 
also significantly reduces the risk of acute compli-
cations compared with patients who do not take 
drugs [29]. Nintedanib and pirfenidone have been 
recognized as effective for other fibrotizing lung 
diseases [1, 11]. Nevertheless, the long-term use of 
these drugs often becomes impossible due to the 
refusal of treatment due to the lack of effect and/
or side effects [4, 5, 28].

To date, antibodies to the connective tissue 
growth factor (CTGF), pentraxin-2, an endothelin 
receptor antagonist, new small molecules (inhibi-
tors of autotaxin phosphodiesterase, integrins, etc.), 
and others are being studied as potential antifibrotic 
drugs (check reviews [4, 30] for details).

The prospects for the use of substances of natural 
origin, in particular, flavonoids, are discussed, since 
such compounds have anti-inflammatory, antiprolif-
erative and immunomodulatory effects, as well as 
low toxicity and can be used long-term. In addition, 
flavonoids (and polyphenols in general) reduce the 
toxicity of cytostatics, for example, cyclophospha-
mide, which is used in patients with PF as an immu-
nosuppressant.

In a pilot study carried out on patients with IPF, 
it was shown that after 14 days of EGCG 
(epigallocatechin gallate, the most common catechin 
found in tea), the content of two biomarkers pro-
duced by fibroblasts, cartilage oligomeric matrixpro-
tein (COMP) and periostin, was reduced in serum, as 
well as collagen I in lung biopsies, SNAI1, phosphory-
lated SMAD3 [9]. The same team of authors showed 
that in ex vivo lung tissue obtained from patients 
undergoing lung transplantation, EGCG suppresses 
the TGF-β1 signaling cascade and collagen accu-
mulation, as well as activates its MMP-dependent 
decay [31].

In pilot trials on patients with IPF, it was shown 
that physical performance improved in the group 
of people taking a combination of dasatinib and 
quercitin. In addition, a decrease in the level of 
some markers of cellular aging in the blood was 
noted [10].
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The use of flavonoids in experiments on 
laboratory animals
To study PF using laboratory animals, a wide 

range of models are used that reproduce the ef-
fect of the main etiological factors of disease de-
velopment, i. e. genetic predisposition, drug use, 
radiation, inhalation of solid particles [19, 32]. If 
experiments with genetically modified or immuno-
deficient mice help to better understand the molec-
ular genetic mechanisms of PF development, then 
cheaper and more convenient models of fibrosis 
induction using tissue- damaging light chemical 
agents, solid particles or irradiation are most of-
ten chosen for screening potential antifibrotic 
drugs [32]. The most commonly used well–char-
acterized PF model using bleomycin, systemic ad-
ministration of which leads to damage to the lung 
endothelium, inflammation, apoptosis of epithelial 
cells and the launch of reparative processes, and 
local – directly into the respiratory tract causes 
direct damage to the alveolar and bronchial epi-
thelium, followed by pronounced inflammation and 
tissue fibrosing [33].

The relevance of these models is being discussed, 
however, they reproduce the main aspects of fibrotiz-
ing lung diseases in humans at the tissue (excessive 
deposition of extracellular matrix, decrease in respi-
ratory volume), cellular (epithelial damage, fibroblast 
proliferation, epithelial- mesenchymal transition) and 
molecular (oxidative stress, secretion of profibrotic 
factors) levels.

Table 1 shows studies over the past 5 years that 
studied the effect of individual flavonoid compounds 
on the development of experimental lung fibrosis in 
mice and rats. In almost all the analyzed studies, it 
was shown that the use of flavonoid-type substanc-
es reduces the severity of PF at the morphological 
level; in two studies, no statistically significant de-
crease in the histopathological index [34] and rel-
ative lung mass [35] was revealed when quercetin 
was used, however, the drug influenced other stud-
ied indicators.

Compared with untreated animals, the use of 
flavonoids in the lungs reduces the synthesis of 
extracellular matrix proteins such as collagen and 
fibronectin [34, 36–38], the content of the myofibro-
blast marker α- SMA and markers of the epithelial- 
mesenchymal transition [37, 39, 40]. It was also re-
vealed in experiments that flavonoid preparations 

contribute to a decrease in the production of profi-
brotic cytokines in the lung: TGF-β [41–43] and proin-
flammatory cytokines [35, 39, 42, 44]. The positive 
effect of the studied substances on the activity of 
enzymes of the antioxidant defense system and a de-
crease in markers of oxidative stress were found [35, 
36, 43, 44]. Despite the fact that the antifibrotic effect 
of flavonoids has been studied in several experimen-
tal models, and the range of techniques used and the 
estimated indicators differed, the results of these 
studies show that flavonoids are able to affect the 
main mechanisms/aspects of fibrogenesis in vivo. 
The results of animal experiments are supported 
by data obtained in experiments using flavonoids 
in vitro. Thus, baicalin has been shown to reduce the 
proliferation of rat pulmonary fibroblasts induced by 
bleomycin [45].

Flavonoids also have a protective effect on mod-
els of chronic obstructive pulmonary disease in-
duced by cigarette smoke or its components. The 
observed effects of flavonoids are consistent with 
the results obtained in lung fibrosis models: these 
substances reduce inflammation, activate antioxi-
dant defense mechanisms, and prevent cellular aging 
and cell death of the alveolar epithelium [46].

Nevertheless, such experimental studies have 
been conducted for more than 10 years, and clinical 
studies remain isolated.

Thus, there is a significant gap between the stages 
of preclinical development and clinical trials for this 
class of compounds.

Prospects for the use of flavonoids for the 
treatment of lung fibrosis
The probable reason for the slow introduction of 

flavonoid preparations into clinical practice, in addi-
tion to the difficulties of standardization and com-
mercial component, may be the limited bioavailability 
of flavonoids.

Unlike other molecules included in the compo-
sition of drugs, flavonoids in unchanged form do 
not reach target organs when administered orally. 
When ingested in the form of aglycones, flavonoids 
undergo metabolic transformation in the intestine 
(including with the participation of microorgan-
isms) and the liver; the initial forms are practically 
not detected in blood plasma [54]. The antioxidant 
activity of conjugated products entering the sys-
temic circulation after methylation, sulfation and 
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Table 1. Flavonoid-type substances with proven in vivo antifibrotic activity

Substance formula Substance Model Reference

Quercetin

C57BL/6 mice; IT bleomycin [34]

Mice, SiO2 [47]

Wistar rats; IT bleomycin [35]

Dihydroquercetin C57BL/6 rats;  IT SiO2 [48]

Cyanidine C57BL/6 mice; IT SiO2 [49]

Calicosin C57BL/6 mice, IT bleomycin [36]

Hesperidin Sprague-Dawley Rats; IP bleomycin [42]

Hesperidin Wistar rats; IT SiO2 [44]

Epicatechin NMRI mice; IT bleomycin [43]

Epigallocatechin gallate

C57BL/6 mice; 
solid particles intranasally [50]

Wistar rats; IT SiO2 [51]
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Table 1. Flavonoid-type substances with proven in vivo antifibrotic activity

Substance formula Substance Model Reference

Isoramnetin C57BL/6 mice; IP bleomycin [37]

Baikal Wistar rats; IT bleomycin [45]

Yuglanin C57BL/6 mice; IT bleomycin [40]

Galangin C57BL/6 mice; IT bleomycin [52]

Dihydromyricetin C57BL/6 mice; IT bleomycin [39]

Naringenin Balb/c mice; Mycoplasma infection [53]

Biochanin А Wistar rats; IT bleomycin [38]

Notes: IT stands for intratracheal, IP stands for intraperitoneal 
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glucuronidation is significantly reduced compared 
to that of the corresponding aglycones [7]; metab-
olites are rapidly excreted from the body. It is more 
likely that flavonoids, more precisely, the products 
of their metabolism, are able to activate the anti-
oxidant defense system through the KEAP1-NRF2 
pathway, which regulates the adaptive response to 
cellular stress [8].

Obviously, in order to increase the activity of fla-
vonoids, it is necessary to provide ways and forms 
of administration that will avoid or minimize meta-
bolic transformation in the intestine and liver. For the 
treatment of PF, these may be options for inhalation 
use or taking flavonoids in complexes with carriers. 
Such delivery systems include phytosomes (com-
plexes of plant substances with phospholipids), lipid 
nanoparticles, polymer nanoparticles, and inorganic 
nanoparticles [7].

In particular, after administration of quercetin 
to mice as part of cationic lipid carriers, its higher 
content was observed in the lung, liver and kidneys 
compared with the control group that received free 
quercetin [55]. It was shown that apigenin more ef-
fectively inhibited the development of bleomycin- 
induced lung fibrosis in rats when it was adminis-
tered to animals as part of polymer nanoparticles, 
compared with the substance in free form [56]

The use of dosage forms for inhalation has a num-
ber of advantages, such as the delivery of active sub-
stances directly to the lung, a relatively low content 
of substances in the systemic circulation, and ease 
of use [57]. In rats with induced PF, inhalation of pir-
fenidone or quintedanib gave the same therapeutic 
effect as oral administration, while the dose with 
topical application and, accordingly, the manifesta-
tions of side effects were significantly lower Rasooli 
et al. 2018; Surber et al. 2020, cit. according to [57]).

The bioavailability of naringenin complexes with 
hydroxypropyl-β-cyclodextrin was studied in vivo. It 
was found that the solubility of the flavonoid in the 
complex increases, and with intratracheal applica-
tion, naringenin accumulates mainly in the lung [58]. 
It has also been shown that the bioavailability of 
naringenin in solid lipid particles is 2.5 times higher 
than in free form when administered intratrache-
al [59]. The effectiveness of naringenin- loaded phyto-
ses based on the surfactant component dipalmitoyl 
phosphatidylcholine was demonstrated in a model 
of acute lung injury in rats [60].

Thus, the use of flavonoids in the composition of 
nanoparticles, liposomes and other carriers, includ-
ing in the form of inhaled dosage forms, makes it 
possible to improve their bioavailability, as well as 
ensure the delivery of starting substances to the 
lung, rather than products of their metabolism.

CONCLUSION

Treatment of PF remains an urgent problem, 
because existing drugs only slow down the pro-
gression of this deadly disease, and their long-term 
use is often associated with serious side effects. 
In recent years, natural substances, in particular, 
flavonoids, have been studied as an alternative or 
accompanying therapy. Numerous animal and in 
vitro studies prove that flavonoids have antifibrotic 
properties. At the same time, due to the peculiari-
ties of the metabolism of these substances in the 
mammalian body, with oral administration of flavo-
noids, they enter the lung only in small amounts in 
the form of secondary metabolites. The solution 
to this problem may be the development of deliv-
ery systems such as liposomes, as well as dosage 
forms for topical use.
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ABSTRACT

Despite significant advances in the treatment of malignant neoplasms, the issue of therapy resistance mediated by cancer 
stem cells (CSCs) necessitates the development of new treatment strategies. Studying the role of CSCs and the immune mi-
croenvironment in the pathogenesis of cancer, particularly non-small cell lung cancer (NSCLC), is a pressing issue in modern 
oncology. This paper is based on an extensive analysis of recent research and aims to study the mechanisms underlying the 
development of NSCLC.
The origin of CSCs, their markers, and the main signaling pathways involved in regulating their activity are considered. Special 
attention is paid to the influence of CSCs on the progression of lung cancer and the mechanisms underlying their therapy- 
mediated resistance. Various approaches to treating lung cancer targeting CSCs, focusing on targeted therapy aimed at 
specific molecular targets, are highlighted.
The important role of the tumor immune microenvironment in the pathogenesis of lung cancer and its impact on CSCs is 
emphasized. Mechanisms of immune response regulation in tumors and the potential use of immunotherapy to improve lung 
cancer treatment outcomes are discussed. The article also reviews modern diagnostic and treatment methods, including 
molecular- genetic and immunohistochemical approaches.
This paper work represents a review of current knowledge on the mechanisms of lung cancer development and is significant 
for understanding tumor biology and developing new treatment methods. The need for an interdisciplinary approach and com-
prehensive use of modern diagnostic and therapeutic methods to improve the prognosis and survival rates of NSCLC patients 
is emphasized. Special attention is given to the prospects of using combined therapeutic approaches, including targeted drugs 
and immunotherapy, aimed at suppressing CSC activity and modifying the tumor microenvironment.
In conclusion, a deep understanding of the molecular mechanisms regulating CSC activity and their interaction with the tumor 
microenvironment opens new opportunities for developing effective treatment strategies. This review underscores the need 
for further research in this area to ensure more successful treatment and improved quality of life for lung cancer patients.

Keywords: cancer stem cells, immune microenvironment, lung cancer, non-small cell lung cancer, therapy resistance, 
targeted therapy, immunotherapy
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РЕЗЮМЕ

Несмотря на значительные успехи в лечении злокачественных новообразований, проблема резистентности к терапии, 
опосредованной опухолевыми стволовыми клетками (ОСК), диктует необходимость разработки новых стратегий 
лечения. Изучение роли ОСК и иммунного микроокружения в патогенезе рака, особенно немелкоклеточного рака 
легкого (НМРЛ), является актуальным вопросом современной онкологии. Настоящая работа основана на обшир-
ном анализе последних исследований и направлена на изучение механизмов, лежащих в основе развития НМРЛ.
Рассматривается происхождение ОСК, их маркеры и основные сигнальные пути, участвующие в регуляции активности 
данного пула клеток. Особое внимание уделяется влиянию ОСК на прогрессирование рака легкого и механизмам, 
обусловливающим устойчивость к терапии. Освещаются различные подходы к лечению рака легкого, ориентиро-
ванные на ОСК, с акцентом на таргетную терапию, направленную на специфические молекулярные мишени.
Отмечается важная роль иммунного микроокружения опухоли в патогенезе рака легкого и его влияния на ОСК. 
Обсуждаются механизмы регуляции иммунных реакций в опухоли и потенциал использования иммунотерапии для 
улучшения результатов лечения рака легкого. В статье также рассматриваются современные методы диагностики 
и лечения, включающие молекулярно- генетические и иммуногистохимические подходы.
Работа представляет собой обзор современных знаний о механизмах развития рака легкого и имеет важное зна-
чение для понимания биологии опухолей и разработки новых методов лечения. Подчеркивается необходимость 
междисциплинарного подхода и комплексного использования современных диагностических и терапевтических 
методов для улучшения прогнозов и выживаемости пациентов с НМРЛ. Особое внимание уделено перспективам 
использования комбинированных терапевтических подходов, включающих таргетные препараты и иммунотерапию, 
направленные на подавление активности ОСК и модификацию опухолевого микроокружения.
В заключение, глубокое понимание молекулярных механизмов, регулирующих деятельность ОСК, и их взаимодей-
ствие с микроокружением опухоли открывает новые возможности для разработки эффективных стратегий лечения. 
Данный обзор подчеркивает необходимость дальнейших исследований в этой области, чтобы обеспечить более 
успешное лечение и повышение качества жизни пациентов с раком легкого.

Ключевые слова: опухолевые стволовые клетки, иммунное микроокружение, рак легкого, немелкоклеточный рак 
легкого, резистентность к терапии, таргетная терапия, иммунотерапия
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INTRODUCTION

Lung cancer is one of the main problems of 
modern oncology, and it is hoped that progress in 
treatment can be achieved by improving our under-
standing of the molecular basis and biology of the 
tumor, especially at the level of cells that initiate 
the tumor process. The most common type of lung 
cancer is its non–small cell variants (NSCLC), which 
account for about 90 % of lung cancers, the rest 
are small cell lung cancer (SCLC). NSCLC includes 
three histological subtypes: adenocarcinoma, squa-
mous cell carcinoma and large cell carcinoma. In 
most patients with NSCLC, the diagnosis is made 
at a late stage, when various treatment methods 
are ineffective [1].

In 2015, a  new classification of lung tumors 
was proposed by the World Health Organization 
[2], which includes appropriate histopathological 
and immunohistochemical data, which can be ob-
tained not only from surgical material, but also from 
biopsies and cytological material [1, 2]. This is es-
pecially important due to the fact that about 70 % 
of patients with lung cancer are in the late stages 
of the disease, when the process is considered 
inoperable [1, 2]. For resectable lung tumors, it is 
important to diagnose tumors in situ and minimal-
ly invasive operations, in which the probability of 
recurrence-free survival after complete resection 
is 100 % [2].

However, in most cases, clinicians are dealing 
with locally advanced NSCLC, the recurrence and 
generalization of which, even after the successful 
surgical stage of treatment, is the main cause of 
death. These processes, as well as the develop-
ment of chemo- and radioresistance, according to 
modern concepts, are not least associated with the 
presence of stem cells (CSC) in the tumor, a minor 
subpopulation that ensures their preservation and 
survival. Since CSC biomarkers can be used for 
diagnosis, targeted therapy and prediction of the 
course of the disease, assessing the significance 
of known ones and searching for new ones seems 
relevant. Potential markers for NSCLC include sur-
face markers (CD44, CD133, EpCAM, ABCG2), as 
well as intracellular markers (ALDH, SOX2). The 
literature discusses not only their diagnostic and 
prognostic significance in NSCLC, but also the 
most informative methods of determination, includ-

ing molecular genetic and immunohistochemical 
[3, 4], as well as the possibility of using them as 
targets for therapy [5, 6]. Currently, the noticeable 
increase in the number of publications on CSC re-
search indicates the relevance of this topic in the 
scientific community. The valuable scientific data 
provided by the literature on the mechanisms of 
oncogenesis and the prospects for the treatment 
of lung cancer based on them determine the need 
for a more in-depth scientific analysis of the role 
of CSC in the pathogenesis of NSCLC. The modern 
literature provides numerous data on the biology of 
CSC, their role in the progression of NSCLC, and the 
development of its resistance to various treatment 
methods [5, 6].

The purpose of the review is to analyze the cur-
rent level of scientific knowledge about the role of 
CSC in NSCLC and the clinical use of these data. The 
main focus is on identifying the key mechanisms 
of these cells' involvement in oncogenesis, their 
interaction with the immune microenvironment of 
the tumor, as well as developing treatment strate-
gies aimed at CSC in NSCLC. The data obtained as 
a result of the review, in our opinion, can serve as 
a foundation for further research and development 
of promising treatments for NSCLC.

CSC in NSCLC: origin, markers, signaling 
pathways, role in progression
According to modern concepts, cancer stem 

cells (CSC) arise from normal tissue- specific stem 
cells of the original tissues; their main function is 
to maintain and regulate the processes of growth, 
development and repair of tissues in the body. CSC 
are capable of self-renewal, differentiation [7] and 
proliferation [8] and cause such adverse properties 
as: chemoresistance, recurrence and metastasis 
[7]. As a rule, a high number of CSC is associated 
with aggressive tumor growth and unfavorable clin-
ical outcomes [8], although CSC themselves have 
low proliferative activity. Reviews of CSC note their 
common characteristics for various malignant tu-
mors involved in the development of resistance to 
therapy and are devoted to the development of new 
therapeutic strategies [7–10].

Inducing epithelial- mesenchymal transition tran-
scription factors (EMF-FT), including SNAIL and 
SLUG, and induced by signaling pathways such as 
TGFß, Wnt and Notch, tumor cells begin to show 
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distinctive signs of CSC: oncogenicity, invasiveness 
and resistance to basic treatments [11]. Other com-
mon signaling pathways involved in CSC include 
Hedgehog (Hh), PI3K/Akt/mTOR, and NF-κβ [12]. 
Although many of these pathways are also observed 
in normal cells and non-stem cancer cells [13], their 
altered activity, along with certain membrane mark-
ers and transcription factors, is a distinctive feature 
of CSC. Some of these characteristics, such as the 
high expression of CD44+, CD133+, ATP-binding 
cassette transporters (ABC), epithelial cell adhe-
sion molecules (EpCAM), aldehyde dehydrogenase 
1 (ALDH1), and transcription factors Oct4 and Sox2, 
are common to CSC in many forms of cancer [11]. 
Recognition of such similarities may reveal new 
therapeutic possibilities for influencing common 
markers or pathways, and thus contribute to the 
development of effective treatments targeting CSC.

Identification of the origin of tumor stem cells 
(CSC) in the lungs is a difficult task, since the epi-
thelium of the trachea and bronchioles is at rest and 
has low proliferative activity [11]. The most com-
mon hypothesis states that CSC arise from normal 
tissue- specific stem cells. Squamous cell lung can-
cer originates from the basal cells of the proximal 
respiratory tract (trachea and bronchi) [12]. Clara 
cells in squamous cell lung cancer are also able 
to exhibit stem properties, and adenocarcinoma is 
associated with normal stem cells from the junction 
of bronchoalveolar ducts [12].

Although the available knowledge about the func-
tions of lung CSC is limited, a number of CSC mark-
ers belonging to differentiation clusters (CD) have 
been proposed. Many studies have confirmed the 
presence of the following molecules on lung CSC: 
CD133, CD44, CD90, EpCAM, CXCR4 [14, 15]. How-
ever, it should be noted that impaired expression of 
these markers is characteristic not only of NSCLC, 
but also of many types of cancers.

EpCAM is a  transmembrane glycoprotein ex-
pressed in most human carcinomas; high expression 
is noted in rapidly proliferating tumors of epithelial 
origin [12].

CD133 is a marker widely used to identify stem 
cells in both tumor and normal tissues. The CD133 
transcription process is regulated by five promot-
ers, and the 5P5 promoter plays a crucial role in 
CD133 expression in the CSC [16]. Some studies 
have characterized CD133+ cells in NSCLC [11, 15]. 

For example, Eramo et al. The presence of CD133 
in NSCLC was detected in a small amount of less 
than 1 % [16]. CD133+ cells were able to form tu-
mor spheroids in vitro in about 30 % of cases when 
grown in a serum-free medium; CD133+ cells derived 
from tumor spheroids are capable of inducing tu-
mors with histological signs similar to those of the 
original tumor when inoculated to immunodeficient 
mice [16]. Moreover, CD133+ cells show resistance 
to chemotherapy due to the expression of high levels 
of ATP-binding G2 [17].

CD44 (P-glycoprotein 1), a transmembrane type 
I glycoprotein, belongs to the family of cell adhe-
sion molecules, is a receptor for hyaluronic acid, 
when interacting with which cell detachment, me-
tastasis and invasion can occur. CD44 is respon-
sible for various functions such as cell differen-
tiation, survival, migration, proliferation. Studies 
have demonstrated that CD44 plays a crucial role in 
ensuring self-renewal and resistance to apoptosis 
of CSC [11, 18]. Mutations in the key regulator of 
apoptosis, the p53 gene, may be associated with 
high CD44 expression in pancreatic cancer [19]. 
CD44+ adenocarcinoma and squamous cell lung 
cancer cells demonstrate the ability to form spher-
oid bodies in vitro [20] and lead to tumor formation 
in vivo when administered to mice with immuno-
deficiency [14, 21].

Studies have shown that in lung cancer, CD44 
expression in NSCLC cells is higher than in SCLC, 
and in squamous cell lung cancer its highest level 
was observed [22]. CD44 regulates several signal-
ing pathways contributing to cancer progression, 
including Notch, Hedgehog (HH), Wnt, STAT3, Hip-
po, JNK and RhoGTPase, and It is a co-receptor 
involved in the signaling pathways of tyrosine ki-
nase receptors [23, 24]. In addition, CD44 is a key 
mediator of adhesion between endothelial cells, 
while playing an important role in pathological an-
giogenesis [25]. CD44 can also promote tumor pro-
liferation and evasion of immunity by stimulating 
PD-L1 expression on the surface of tumor cells [26]. 
Cells coexpressing CD44 and ALDH, which is typ-
ical for squamous cell lung cancer, always exhibit 
a high ability for self-renewal, increased migration 
and tumorigenicity [27].

CD90 is a glycoprotein anchored by glycosylphos-
phatidylinositol, expressed mainly in leukocytes and 
participates in cell-matrix and cell-cell interactions. 
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Although CD90 is known as a marker for various 
types of CSC, its potential role as a marker for NS-
CLC has not yet been fully described [11, 28]. It has 
been reported that CD44 and CD90 coexpressed 
CSC can be detected in primary pancreatic cancer 
cell lines [19]. Mutations activating CD90 expres-
sion are not described in the literature, however, in 
a mouse model it has been shown that DNA meth-
ylation plays a role in stimulating the expression 
of this molecule. Serial xenotransplantation of Ep-
CAM+CD90+ NSCLC cells (adenocarcinoma and 
squamous cell carcinoma) to mice with immunode-
ficiency revealed rapid growth of these cells during 
heterotopic grafting [14].

CXCR4 is a chemokine receptor present on the 
surface of hematopoietic stem cells involved in the 
formation of premetastatic niches in the bone mar-
row [29]. The CXCR4/CXCL12 pathway plays a role 
in tumor metastasis, induction of angiogenesis, and 
development of resistance to apoptosis. Moreover, 
CXCR4 is present on circulating tumor cells released 
from tumors into peripheral blood, which induces 
their spread to distant CXCL12-positive sites [30]. 
The expression of CXCR4 is regulated by the nuclear 
respiratory factor NRF, a mutation in which can lead 
to higher expression of CXCR4 [31]. CXCR4+ cells 
isolated from NSCLC lines exhibited the properties 
of CSC in vitro: they formed tumor spheroids, had 
the ability to self-renew, and demonstrated radiation 
resistance [32].

Taking into account the described properties of 
CSC, their determination in tumors, in particular lung 
tumors, is an urgent scientific and clinical task [11, 33].

Due to the fact that CSC markers can also be 
expressed on normal stem cells necessary for 
self-renewal and tissue regeneration, the belong-
ing of stem cells to tumor cells can be determined 
not only by the expression of membrane mark-
ers, transcription factors and signaling pathways, 
but also by the results of some functional tests, 
which, despite their certain complexity, They are 
informative, especially for research purposes, as 
well as for conducting preclinical trials of potential 
drugs aimed at CSC. In addition to the mentioned 
spheroid formation test, organoids obtained from 
patients with NSCLC can become a tool for such 
studies, due to their ability to recreate the tissue 
architecture and maintain genomic changes in 
primary tumors during long-term in vitro growth 

[34]. The organoid culture method allows CSC to 
be propagated in vitro, reflecting the complexity of 
tumor formation using tumor tissues. Moreover, 
the culture of organoids allows for the functional 
analysis of CSC, including their genetic engineering 
using CRISPR/Cas9-mediated genome editing [35]. 
Organoids obtained from the patient can be used to 
identify signs of CSC resistance to treatment. Most 
organoid models for cancer research are applica-
ble to adenocarcinomas of different localizations 
[36]. However, as the understanding of the mech-
anisms of tumor development expands, organoids 
may become a more widely used tool [36]. Thus, in 
combination with other in vivo experiments, such 
as xenotransplantation of CSC, organoid cultures, 
human CSC have high potential to improve under-
standing of cancer biology [37].

CSC-mediated resistance to treatment and the 
possibility of overcoming it
Drug resistance has been described as one of the 

most serious problems in the treatment of cancer, 
while the multidrug resistance of CSC, which ensures 
the chemoresistance of the tumor as a whole, is 
considered the main reason for the ineffectiveness 
of chemotherapy [38]. The mechanisms that cause 
chemoresistance include ABC transporters, pumps 
for efflux of chemotherapy drugs and ALDH1 [38].

CSC radioresistance develops due to the inhibi-
tion of apoptosis through the synthesis of antiapop-
totic proteins, increased DNA repair and the ability 
to remove free radicals, slowing down the kinetics 
of the cell cycle, and transformation of non-stem 
tumor cells into CSC [39].

It is believed that the resistance of CSC to tra-
ditional radiation therapy and chemotherapy is as-
sociated with the activation of various signaling 
pathways in them, such as: Wnt, Notch and Hedge-
hog, which are involved in increasing oncogenicity 
and tumor invasiveness [40]. Currently, there is in-
creasing evidence that these pathways are being 
deregulated and mutated in the CSC [41]. Aberrant 
Wnt signaling is found in many cancers, including 
NSCLC, especially adenocarcinomas [42], in which 
Wnt-reactive cells demonstrated proliferative po-
tential and progression, which suggests that they 
possess the characteristics of CSC [42]. A growing 
number of publications confirm the association of 
abnormal regulation of Notch signaling with vari-
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ous types of malignant neoplasms, including NS-
CLC. The Notch signaling pathway plays a role in 
stem cell maintenance in NSCLC; aberration in this 
pathway may lead to an increase in the number of 
CSC resistant to platinum drug therapy [42]. It was 
reported that the increased activity of Notch was 
associated with the formation of tumor spheroids in 
vivo [40]. The same authors associate Notch activity 
with a worse prognosis in patients with adenocarci-
noma, which suggests a potential role of inhibition 
of Notch activity as a new therapeutic approach [41]. 
In NSCLC, the Hedgehog pathway is closely related 
to CSC [41, 42] and is involved in the formation of 
tumor drug resistance to targeted, chemo- and ra-
diation therapy [42].

Some approaches to overcoming resistance me-
diated by OSC are also described in the literature. 
Some combinations of chemo- and targeted drugs 
have the property of inhibiting OSC in NSCLC, for 
example, the combination of trifluorperazine with 
gefitinib or cisplatin reduces the regulation of CD133 
and CD44, reducing drug resistance and increasing 
the response to therapy [43].

It was found that the miR-29c tumor suppressor 
is significantly suppressed in radioresistant NSCLC 
CSC, but this resistance was overcome by restoring 
its expression, activating apoptosis, and suppress-
ing the regulation of Bcl-2 and Mcl-1 target genes 
by this suppressor [44].

Yin and colleagues [45] conducted a study in 
which they found that certain cells in the lungs, 
called bronchoalveolar stem cells, transform into tu-
mor stem cells due to two factors: the lack of a pro-
tein that usually protects the cell from becoming 
a tumor (Gprc5a), and exposure to nicotine- derived 
substances. These cells have a set of special mark-
ers (SPA+, CC10+, EGFR+, Abcg2+), thanks to which 
they can be updated. The researchers also found 
that cancer can develop not only from these stem 
cells, which underscores the need to study different 
cell types to understand the mechanisms of lung 
cancer development [45].

Approaches to the treatment of NSCLC  
targeted at CSC
The development of drugs for targeted therapy of 

oncological diseases is a consequence of the dis-
covery of specific molecular genetic targets and re-
ceptors responsible for progression and chemoresis-

tance. The CSC associated with these processes are 
considered in the literature as a promising target [46].

Three main approaches to CSC targeting have 
been proposed: identification of new CSC biomark-
ers, modification of their microenvironment, and 
sensitization to traditional medicines [8]. Combined 
treatment methods have been found to be the most 
effective [8, 9, 13–15]. Makena et al. Other thera-
peutic approaches have been investigated, including 
therapies that target dormant CSC and immunother-
apy, but noted that additional research is needed in 
these new areas [8]. Dongre and Weinberg proposed 
inducing reverse EMF as a potential therapeutic strat-
egy, representing promising approaches to reduce 
the number of CSC inside tumors and increase their 
sensitivity to various types of treatment, including 
chemotherapy, radiotherapy and immunotherapy [10].

It is known that chelation of intracellular iron is 
one of the targets of exposure to CSC, due to its 
ability to successfully restrain cell proliferation, as 
has been demonstrated in studies on models of 
breast and pancreatic cancer. However, despite 
these encouraging data, the efficacy and mecha-
nisms of action of iron chelation in the context of 
squamous cell lung cancer remain poorly under-
stood, emphasizing the need for further research 
in this area [47].

In the literature, increasing attention is being paid 
to the role of miRNAs and long non-coding RNAs 
(lncRNAs) in the regulation of transcription fac-
tors and pathways present in CSC [48]. It is known 
that the miR-17–92 cluster, acting as a stimulator 
of tumor growth, also has a noticeable effect on 
the development of lung cancer, which leads to the 
study of the relationship between microRNAs and 
tumor development, definitely emphasizing their 
important role in cancer biology. lncRNAs control 
gene expression and are involved in the mainte-
nance and reproduction of CSC by activation of the 
Wnt/β-catenin and IL6/STAT3 signaling pathways. 
Consequently, lncRNAs can be used as predictors 
of an unfavorable prognosis for cancer patients 
and, thus, can play a major role in the eradication 
of CSC [48].

It has been repeatedly noted in the literature that 
the acquisition of "stemness" by NSCLC tumors 
is a negative prognostic factor of survival. Loss 
of PTEN expression, for example, has important 
consequences for the NSCLC, and is also an inde-
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pendent prognostic factor for the overall surviv-
al of patients with NSCLC [49]. Similarly, patients 
with stage IIIB/IV NSCLC with tumors enriched 
with CD133+ lung cancer stem cells tend to have 
a shorter progression-free survival after platinum 
chemotherapy [16].

Nevertheless, a serious problem is the identifica-
tion of "silent" CSC, i. e., those that do not express 
well-known markers by which they can be identified. 
Conversely, many surface markers of CSC, such as 
r2R4 and CD34, are also expressed by normal em-
bryonic or adult stem cells, while others, such as 
CD44 variants, are widely expressed even in normal 
cells of various tissues [16]. Thus, the identification 
of more specific markers of OSC remains a key goal 
for the development of more effective treatment 
strategies [16].

CSC and the tumor microenvironment
The tumor microenvironment consists of a va-

riety of non-malignant cells, including tumor- 
associated macrophages (M1/M2), tumor- 
infiltrating lymphocytes, including regulatory T 
cells (Tregs), dendritic cells (DC), natural killer 
cells (NK) and myeloid suppressor cells (MDSC). 
These cells interact with each other and with tu-
mor cells, organizing an immune response, and 
can influence the behavior of other cells in the 
tumor microenvironment either by direct regulation 
or with the help of produced mediators (cytokines, 
chemokines) interacting with receptors. These 
interactions can be mediated by both paracrine 
and autocrine pathways, as well as activation of 
co-inhibition or coactivation receptors. Cells are 
able to modulate the secretion of chemokines and 
cytokines with an imbalance between those that 
perform suppressive and activating immune func-
tions. The source of intercellular communication 
is a complex network of cytokines, chemokines, 
growth factors, inflammatory mediators and en-
zymes. In general, the suppressive function of the 
immune system prevails in the tumor microenvi-
ronment, and the process of its formation is called 
"tumor immunoredition" [50, 51].

Some studies have also shown that CSC can 
activate mechanisms that allow tumors to avoid 
attacks from immune cells, for example, loss of 
cancer antigen expression and activation of on-
cogenic pathways leading to the development 

of tolerance [52]. CSC can also contribute to the 
creation of an immunosuppressive environment. 
Some studies have demonstrated that CSC de-
rived from various solid tumors, including glio-
blastoma multiforme and melanoma, secrete 
various immunosuppressive cytokines such as 
IL-13, IL-10, TGF-β, GDF-15, PGE2 and galectin-3. 
These cytokines can protect the tumor microen-
vironment from effector immune cells. CSC can 
induce differentiation of mature DC or Treg by 
transforming growth factor beta (TGF-β) [51]. The 
tumor microenvironment (MO, TME) is an area 
that can simultaneously regulate tumor develop-
ment and cell self-renewal. CSC can contribute 
to the development of the local vascular network 
and angiogenesis due to their production of vas-
cular endothelial growth factor (VEGF) [52]. MO 
actively interacts with CSC, providing a  basis 
for the induction or differentiation of immune 
cells that suppress tumor growth, including sup-
pressive macrophages (M2-type) or regulatory 
T cells (Tregs) [51, 52]. In addition, the popula-
tion of tumor- associated macrophages (TAMs) 
increases the activity of transcription factors 
such as Sox, Oct-4 and Nanog, which support the 
CSC in a state of proliferation and self-renewal. 
MDSCs are a heterogeneous group of immature 
myeloid cells that play a role in immune response 
and tissue remodeling. It has been shown that 
MDSCs have proangiogenic activity and induce 
the production of metalloproteinases, which can 
contribute to the formation of "metastatic" nich-
es that facilitate the colonization of tissues by 
tumor cells. The tumor microenvironment induces 
differentiation of CD4+ T cells into various sub-
populations of T cells, such as Tregs and T-17 
cells (Th17). The exact role of Th17 cells in tumor 
immunity remains unclear, apparently depending 
on the tumor stage and histological subtype. Inter-
estingly, recent reports suggest that Tregs, under 
certain conditions, express IL-17, which, together 
with hypoxia, plays a crucial role in the regulation 
of cancer stem cells. However, the interactions 
between CSC and Treg, which significantly contrib-
ute to the suppression of immunity in the tumor 
microenvironment, are still poorly understood.

The location, type, density and functional sta-
tus of immune cells (T cells, B cells, NK cells, DC 
cells, macrophages, neutrophils, monocytes and 

South Russian Journal of Cancer 2024. Vol. 5, No. 4. P. 58-70
Kharagezov D. A., Antonyan A. A.�, Zlatnik E. Yu., Sagakyants A. B., Mirzoyan E. A., Ayrapetova T. G., Leyman I. A., Milakin A. G., Stateshny O. N., Iozefi K. D., 
Homidov M. A., Alekseev E. A. The role of tumor stem cells and the immune microenvironment in the pathogenesis of lung cancer: mechanisms of interaction 
and research prospects 



65

mast cells) in the immune microenvironment of 
a tumor characterize its heterogeneity. Using sin-
gle-cell RNA sequencing technology, significant 
differences between the immune microenviron-
ment of adenocarcinoma and squamous cell lung 
cancer were confirmed [53]. This diversity affects 
the occurrence, growth of tumors, as well as the 
response to treatment. Therefore, many studies 
have focused on studying the immune microenvi-
ronment of the tumor. Patients receiving neoad-
juvant chemotherapy had higher levels of PD-L1 
expression and T-cell subpopulations than those 
who did not receive neoadjuvant chemotherapy for 
NSCLC [54]. In a study by Peng et al. [55] analysis 
of 26 types of immune cells in the immunological 
microenvironment of the tumor in 681 NSCLC sam-
ples showed that patients with low levels of im-
mune cells and a predominance of macrophages 
in the tumor had a shorter recurrence-free survival. 
The total proportion and characteristics of T cells 
in a tumor are the main factors determining the 
development of tumor progression. Depletion of 
T cells occurs immediately after oncogene initi-
ation and is the cause of patients' insensitivity 
to anti- PD-1/PD-L1 therapy. During the depletion 
of T cells, inhibitory receptors such as CTLA-4, 
TIM-3, LAG-3 and PD-1 are usually overexpressed 
on T cells, and effector cytokines such as IFN-γ 
decrease [55].

It is known that the immune microenvironment of 
a tumor can be altered by epigenetic immune edit-
ing. Epigenetic changes can be caused by inflam-
mation [56]. The hypoxia- adapted cellular phenotype 
is maintained in the tumor microenvironment due 
to the synergistic effect of epigenetic factors and 
hypoxia- induced transcription factors (HIF). Under 
conditions of hypoxia, intensive DNA methylation 
and histone modification occur, which promotes 
tumor growth, increases invasiveness and supports 
the stemness of cancer cells [56].

Currently, tumor- associated macrophages (TAM) 
are the most widely studied immunosuppressive 
cells [55]. TAMs are collected at the site of inju-
ry after identification of chemokines, cytokines, 
inflammatory mediators, pathogens, or damage- 
related molecular structures (damps). There are 
TAM phenotypes: M1 and M2. The M1 phenotype 
is characterized by antitumor activity and, as 
a rule, is represented by activated macrophages. 

After epigenetic reprogramming, M2 phenotype 
macrophages are formed by differentiation and 
polarization, which can potentially contribute to 
the development of tumors [55]. Phenotypic M2 
supports tumor stem cell populations by secreting 
chemokines and ligands that activate stem cell 
development pathways [57]. Enhanced methyla-
tion modifications and decreased chemokine ex-
pression in TAMs under hypoxic conditions alter 
the immune landscape in TME [57]. It was found 
that NEAT1 is highly expressed in lung cancer and 
interacts with DNA methyltransferase DNMT1, reg-
ulating the infiltration of lung cancer by cytotoxic 
T cells by inhibiting the cGAS/STING pathway [58]. 
The proliferation, differentiation and survival of T 
cells depend on the activity of EZH2 enhancers, 
which are important epigenetic regulators of gene 
expression. It is noteworthy that GSK126, an EZH2 
inhibitor, can stimulate the synthesis of Th1 chemo-
kines CXCL9 and CXCL10 in tumors and enhance 
their infiltration by CD8+ T cells [59]. The pres-
ence of tumor- infiltrating B lymphocytes can be 
observed at all stages of lung cancer development, 
and it has been found that histone modification 
can also increase B cell infiltration [56]. Epigenetic 
suppression of NKG2DL in SCLC leads to the ab-
sence of stimulating signals for activation of NK 
cells, thereby increasing the aggressiveness and 
metastasis of SCLC [60].

These studies show that the tumor microenvi-
ronment plays an important role in the progression 
of lung cancer. In particular, the condition of lung 
cancer stem cells, which is influenced by epigen-
etic and immune changes in the tumor microenvi-
ronment, is an important cause of treatment resis-
tance and the development of cancer recurrence. 
Potential targets for antitumor effects may be not 
only molecules present in tumor cells, but also the 
tumor microenvironment, primarily immune and 
cytokine.

CONCLUSION

Understanding the biology of tumor stem cells 
is one of the most important tasks in clinical on-
cology. Recent studies have shown that these cells 
play a significant role in the development of solid 
tumors, such as lung cancer, which is becoming 
more common.
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The importance of tumor stem cells in lung can-
cer is manifested not only through their ability to 
form tumors, but also through interaction with the 
tumor microenvironment, which plays a critical role 
in tumor development and its response to therapy. 
The tumor microenvironment, consisting of immune 
cells, fibroblasts, vascular network and extracellular 
matrix, creates conditions that support the growth 
and survival of tumor stem cells, and also contrib-
utes to the development of resistance to chemother-
apy and radiation therapy.

The integration of knowledge about the behav-
ior of tumor stem cells and interaction with their 

microenvironment in the context of lung cancer 
in clinical practice opens up new prospects for 
improving treatment and prognosis of patients. 
Understanding the molecular mechanisms that 
regulate the activity and functionality of these 
cells, as well as their interaction with the microen-
vironment, offers new opportunities for developing 
treatments aimed at both suppressing the activity 
of tumor stem cells and modifying the microenvi-
ronment to fight the tumor. Successful research in 
this area may be the key to more effective control 
of lung tumors and improving the quality of life 
of patients.
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YURI S. SIDORENKO
RAS academician
Doctor of Medical Sciences 
Professor
Honored Scientist of the Russian Federation
Laureate of the RSFSR State Prize in the field of science and technology
Honored Innovator of the RSFSR
Laureate of the I. I. Mechnikov Prize of the Russian Academy of Sciences

Awarded with: the Order of the Badge of Honor, the Order of Friendship, 
the Medal of the Russian Federation Ministry of Health 
"For Serving to National Healthcare"

Yu. S. Sidorenko is a  well-known oncological gynecologist and specialist in the field of clinical oncology and 
pathophysiology, an author of more than 800 scientific paper works, including 30 monographs, ha has 398 copyright 
certificates and patents for inventions.

Dr. Sidorenko was born on November 8, 1939 in Kherson city. After graduation from Uzhhorod State University, he was 
working in various medical institutions in the Transcarpathian region and in Novocherkassk, Rostov region, in the period 
from 1968 to 1972. He was a clinical resident since 1972, then a postgraduate student at the Rostov Research Institute 
of Oncology. In 1978, Sidorenko Yu. S. defended his PhD work on the topic of "Endolymphatic polychemotherapy in the 
treatment of cervical cancer." Sir Yuri Sidorenko was the chief physician of the city hospital No. 20 in Rostov-on- Don in the 
period from 1979 to 1982.

From March 1982 to August 2010, he was the director of the Rostov Cancer Research Institute. Dr. Sidorenko defended 
his doctoral dissertation called "Some aspects of diagnosis, treatment and medical examination of oncogynecological 
patients" in 1988.

In the period from 1986 to 2001, the Institute has hosted the III All- Russian Congress of Oncologists (1986), the meeting 
of directors of research Institutes of Oncology and Radiology of the USSR (1989), IV (1995) and VI (2005) congresses of 
oncologists of Russia, the Plenum of the Board of the Scientific Oncological Society (1999) and the II All- Russian Congress 
of pediatric oncologists (2001).

The scientific research conducted by academician Sidorenko Yu. S. included the development of new, non-traditional 
approaches to the complex treatment of malignant diseases, in particular, to the chemotherapy with auto-biological 
solvents, i. e. autohemochemotherapy, autolymphochemotherapy, homohemochemotherapy and homolymphochemotherapy, 
endolymphatic chemotherapy, intraperitoneal permanent and interstitial chemotherapy. The implication of these biological 
components at that time made it possible to increase the effectiveness of chemotherapy. For this cycle of works Academician 
Sidorenko Yu. S. was awarded the I. I. Mechnikov Prize in Physiology at the Russian Academy of Sciences (2008).

Dr. Sidorenko introduced an original cancer screening system in non-manifested form and proposed a number of organ- 
preserving and functionally sparing operations, for the development of which the author was awarded the State Prize of 
the RSFSR. He also created a model of original population- based cancer screening based on the psychological principle of 
self-formation of groups with increased cancer risk through patient self-observation and self-control.

In 1997 Sidorenko Yu. S. was elected to the Russian Academy of Medical Sciences as a corresponding member of the 
Russian Academy of Medical Sciences. He became the Academician of the Russian Academy of Medical Sciences in 1999, 
and since 2006 an Academician of the Russian Academy of Sciences.

Dr. Sidorenko is a man of encyclopedic knowledge and erudition. He is a fine connoisseur and an expert in painting, 
literature and the national culture of the country. Sidorenko Yu. S. is outstanding for a holistic perception of life, his personality 
combines refined intelligence and broad- spectrum education, benevolence and dedication of the true teacher, intuition and 
experience of a practical surgeon, fundamental knowledge and precise scientific foresight of a natural scientist, wisdom 
and confidence of the true leader.

The staff of the National Medical Research Center of Oncology wholeheartedly congratulates Dr. Sidorenko on his 
anniversary. We sincerely wish him happiness, great health, never- ending creativity, and lots of love from his loved ones.

The staff of the National Medical Research Center for Oncology, 
the Russian Federation Ministry of Health
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