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Abstract 
Introduction: Lung carcinoma is the leading cause of death in men and is closely related to smoking. The 

article focuses on the current statistics of this pathology in the world. 

Materials and methods: The literature review was carried out using PubMed database and included articles 

published from 2006 to 2021. The current schemes of chemotherapy and diagnostic options of small cell lung 

cancer were analyzed. The mechanisms of drug action on tumor cells were considered. An analysis of the 

publication activity in PubMed database related to pharmacotherapy of small cell lung cancer allows 

reporting a twofold increase in the number of publications over the period from 2007 to 2017. 

Results and discussion: A systematic review presenting staging of small cell lung cancer (SCLC) and its 

radiation diagnostics has been conducted. As demonstrated, there are no current methods with proven 

effectiveness to early detect this pathology. However, it has been found that annual low-dose CT screenings 

helped detect a significant number of lung cancer cases at the early stage, although, the proportion of small 

cell carcinoma is still very high. Analyses of clinical outcomes of small cell lung cancer have showed that 

cisplatin/etoposide (EP) or carboplatin/etoposide (EC) appear to be the key combinations with high treatment 

efficacy. The article also discusses chemotherapy for small cell lung cancer, namely and the principle of its 

effect on tumor cells. However, this chemotherapy remains very toxic and causes a number of life-threatening 

side effects. It is necessary to assess the effectiveness of chemotherapy immediately after the start of 

treatment in order to balance benefits and risks. 

Conclusion: The search is currently under way for less toxic but effective compounds, this fact being a 

crucial issue of healthcare in providing high-quality medical and pharmaceutical care for cancer patients. 

Chemotherapy of the pathology under study requires high costs; therefore, a pharmacoeconomical assessment 

of the prescription of chemotherapy for small cell lung cancer is necessary to compare the costs of treatment 

and its effectiveness 
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Introduction 

Lung carcinoma occupies a leading position among all 

types of cancer (Mukhambetzhan et al. 2020). 

According to the Journal of the American Cancer 

Society statistics, there were 234,030 newly diagnosed 

cases of lung and bronchial cancer in the US in 2018 

including 121,680 cases in men and 112,350 cases in 

women (Boloker et al. 2018). The trend in the incidence 

of lung cancer is increasing by 0.5% globally every year 

(Pronevich and Kovalchuk 2020). In recent years, the 

number of pharmacoeconomic studies in oncology has 

sharply increased, which is associated with high cost of 

treating patients with malignant neoplasms 

(Solodyankina and Eliseeva 2009; Avksentieva 2012; 

Yarovoy and Shikina 2020).  

Globocan – the Global Cancer Observatory – 

estimates that 2.2 million new cases of lung cancer were 

registered in 2020, accounting for 11.4% of the total 

cancer cases; it is the second most frequently diagnosed 

cancer, slightly behind breast cancer, which is 11.7%. In 

addition, lung carcinoma remains the leading cause of 

death from cancer, accounting for 18.0% of the total 

number of cancer deaths. Lung cancer remains the 

leading cause of death in men. In women, it ranks the 

third in morbidity after breast and colorectal cancer and 

the second in mortality after breast cancer. Morbidity 

and mortality rates in men are about 2 times higher than 

in women (Sung et al. 2021). 

The highest incidence rates of 51.6% in men and 

22.9% in women are observed in Micronesia/Polynesia, 

Eastern and Southern Europe, East Asia and West Asia, 

and the lowest rates are in West Africa – 2.8% in men 

and 1.8% in women, respectively (Sung et al. 2021). As 

reported, tobacco smoking is not the only risk factor 

contributing to the development of lung malignant 

neoplasms. In East Asia, smoking prevalence is low, but 

morbidity rates are high. This evidences that severe 

outdoor air pollution and exposure to other inhaled 

substances caused by household air pollution, such as 

burning solid fuels at home for heating and cooking, is 

one of the leading causes of lung cancer in these 

countries (Mu et al. 2013; Turner et al. 2020). The 

global share of lung cancer deaths attributable to air 

pollution from atmospheric PM 2.5 (known as fine 

particulate matter) was 14% in 2017, ranging from 4.7% 

in the US to 20.5% in China (Turner et al. 2020). 

Global differences in lung cancer rates and trends 

largely reflect the maturity of the tobacco epidemic 

(Thun et al. 2012), with mortality rates close to 

morbidity rates due to the large number of deaths. 

Today, incidence rates among women are close to or 

equal to those among men in several European and 

North American countries (Lortet-Tieulent et al. 2015). 

As can be seen nowadays, about two-thirds of lung 

cancer deaths worldwide are attributable to smoking, 

though the spread of the disease can be largely 

prevented through effective tobacco control policies and 

regulations. According to WHO, this pathology will kill 

more than eight million people annually by 2030, which 

is about 70% of the world’s population (World Health 

Organization (WHO 2008). 

The cohort of patients diagnosed with small cell lung 

cancer are commonly men over 50, although in the last 
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decade the disease has tended to cover younger 

population. As stated, the percentage of patients under 

45 years of age is 10%, patients aged 46-60 – 52%, 61 

and older – 38%. The incidence rate of lung carcinoma 

in Russia is relatively stable; it ranks the 1st in the 

structure of malignant neoplasms in men, being 25%; 

the incidence of lung carcinoma in Russia among 

women is only 4.3% (Siegel et al. 2019). 

In all oncological diseases, lung carcinoma results in 

the highest mortality rate, since it is very difficult to 

early detect this pathology. Most often, patients first see 

an oncologist for small cell lung cancer at advanced 

stages, specifically III or IV, when radical treatment is 

almost impossible, and the proportion of such cases is 

72-76%. According to statistics, even regular checkups 

most often detect the disease at the advanced stages; 

neoplasms are detected at stage I or II in only 24-28% 

of cases (Siegel et al. 2019). 

The major aspect of the pathogenesis of lung cancer 

is damage to the genome of the epithelial cell. This 

results in chromosomal aberrations and gene mutations, 

their accumulation in the genome; however, most of 

them are not strictly specific for lung cancer. Deletion 

of a small region 3p14-23 in the short arm of 

chromosome 3 is the most typical for small cell lung 

cancer. The studies demonstrated almost uniform 

damage to all major regions of chromosome 3p. 

Presumably, it is the chromosome that contains 

important tumor suppressors (Severgina et al. 2016). 

Although the most striking modifications were found as 

a result of mutations in the TP53 and RB1 genes. It has 

been investigated that the p53 tumor suppressor protein 

is usually activated when cells encounter DNA damage 

or hypoxia. This protein is crucial in maintaining the 

integrity of the genome by inhibiting the cell cycle or 

activating apoptosis; therefore, if the functional P53 

protein is lost, then genomic instability occurs, which 

leads to the mutation accumulation (Casadei Gardini et 

al. 2016). 

A recent study that sequenced 110 SCLC samples 

found previously unknown genomic rearrangements in 

another gene, TP73, a member of the TP53 family, in a 

significant proportion of cases (Zhu et al. 2020; 

Shivapriya et al. 2021). Specifically, these genomic 

rearrangements accounted for the deletion of exons 2 

and 3 in TP735. The results of this study evidence that 

the p53 gene family is involved more in small cell lung 

cancer oncogenesis. It is gene mutations that are risk 

factors for the development of malignant neoplasms 

(Yuan et al. 2020). 

Materials and Methods 

The literature review was carried out using PubMed 

database and included articles published from 2006 to 

2021 (Fig. 1). The current schemes of chemotherapy and 

diagnostic options of small cell lung cancer were 

analyzed. The mechanisms of drug action on tumor cells 

were considered. The following keywords were used for 

search: small cell lung cancer, oat cell lung cancer, small 

cell carcinoma, neoplasm, chemotherapy, carboplatin, 

cisplatin, irinotecan, doxorubicin, etoposide, 

chemotherapy of small cell lung cancer, and oncology 

diagnostics. All the authors independently selected 

articles, assessed the quality of the data, presented and 

interpreted the data in accordance with the main idea of 

the study, and compiled the final list of references. An 

analysis of the publication activity in PubMed database 

related to pharmacotherapy of small cell lung cancer 

allows reporting a twofold increase in the number of 

publications over the period from 2007 to 2017. 

Figure 1. An analysis of the publication activity in PubMed database related to pharmacotherapy of small cell lung 

cancer allows reporting a twofold increase in the number of publications over the period from 2007 to 2017. 
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Results and Discussion 

Staging and radiation diagnostics 

Small cell lung cancer is a highly aggressive and 

rapidly developing form of all malignant neoplasms, 

which requires early diagnosis and effective 

pharmacotherapy. 

There are many staging systems available for SCLC. 

One of them is the Veterans Administration Lung Study 

Group (VALG) system, which is based on clinical 

guidelines and is independent of the Tumor-Node-

Metastasis (TNM) staging system. All conditions within 

the VALG system are divided into a limited stage of 

SCLC (LS-SCLC) and an extended stage of SCLC (ES-

SCLC). The former is defined as lesions confined to one 

side of the thoracic cavity involving lesions of the 

contralateral mediastinum and bilateral supraclavicular 

lymph nodes with metastases, and lesions of the pleura 

on the same side, i.e. an area small enough to be 

included within a complete radiation portal. In contrast, 

those with extended stage of small cell lung cancer have 

clinical manifestations of cancer that spread beyond one 

hemithorax at the moment of initial diagnosis (Chen 

2016; Thomas et al. 2018; Tsiouprou et al. 2019). 

The prognosis of small cell lung cancer is highly 

dependent on the stage of a tumor. The new TNM 

staging system of the Union for International Cancer 

Control (UICC), the 7th edition, adopted for non-small 

cell lung cancer should also be used for small cell lung 

cancer (Lababede et al. 2011) (see Tables 1 

and 2). 

Table 1. (TNM staging of lung cancer: Definition of T, N and 

M) Classification of metastasis to tumor nodes*

T category Definition 

Т1 ≤3 cm 

T1a ≤2 cm 

T1b > 2-3 cm 

Т2 The main bronchus ≥2 cm from the keel bone 
affecting the visceral pleura, partial 

atelectasis 

T2a > 3–5 cm 

T2b > 5–7 cm 

Т3 > 7 cm; the chest wall, the diaphragm, the 

pericardium, the mediastinal pleura, the main 
bronchus <2 cm from the keel bone, total 

atelectasis, sporadic nodules in the same lobe 
Т4 The mediastinum, the heart, large vessels, the 

keel bone, a trachea, the esophagus, a 

vertebra; sporadic tumor nodules in the other 
ipsilateral lobe 

N1 Ipsilateral peribronchial, ipsilateral 

intrathoracic 
N2 Subcarinal, ipsilateral mediastinum 

N3 Contralateral mediastinum or hilar, scalene or 

supraclavicular 
M1 Distant metastases 

M1a Separate tumor nodule in the contralateral 

lobe; pleural nodules or malignant pleural or 
pericardial effusion 

M1b Distant metastases 

Note: *Lababede O, Meziane M, Rice T. Seventh Edition of the 

Cancer Staging Manual and Stage Grouping of Lung Cancer. Chest 
2011; 139: 183–189. Reproduced with permission from the American 

College of Chest Physicians. 

Table 2. Stage group* 

Occult 

carcinoma 
Texas N0 M0 

Stage 0 Tis N0 M0 

Stage IA Т1a, b N0 M0 
Stage IB T2a N0 M0 

Stage IIA T2b N0 M0 

Т1a, b N1 M0 
T2a N1 M0 

Stage IIB T2b N1 M0 

Т3 N0 M0 
Stage IIIA Т1a, b Т2а, b N2 M0 

Т3 N1, N2 M0 

Т4 №0, №1 M0 
Stage IIIB Т4 N2 M0 

Any T N3 M0 
Stage IV Any T Any N M1 

Note: *Lababede O, Meziane M, Rice T. Seventh Edition of the 

Cancer Staging Manual and Stage Grouping of Lung Cancer. Chest 

2011; 139: 183–189. Reproduced with permission from the American 
College of Chest Physicians. 

The diagnosis and risks are initially assessed by past 

medical and social history, including smoking history, 

physical examination, CBC with differential counts, 

liver enzymes, levels of sodium, potassium, calcium, 

glucose, lactate dehydrogenase, kidney function tests, 

and, in case of the localized disorder, lung function tests. 

Computed tomography (CT) with contrast enhancement 

of the chest and abdomen is recommended initially. If 

metastases are detected, but the stage is not defined by 

CT imaging or the clinical findings suggest bone or 

brain involvement, further magnetic resonance imaging 

(MRI) of the brain and bone scintigraphy and CT are 

recommended. It is also possible to use positron 

emission tomography (PET) as an analogue of CT and 

bone scintigraphy. A recent review has demonstrated 

that PET-CT visualization revealed that 9% of patients 

had the advanced stage of the disease and 4% of patients 

had a disease at a lower stage; however, this analysis 

included studies that were non-randomized, 

retrospective, or small and often were not histologically 

confirmed. Thus, PET-CT findings that may influence 

the decision on treatment should be pathologically 

confirmed (Früh et al. 2013). 

Early detection of small cell lung carcinoma is a 

challenging task, since there are no specific signs of the 

disorder and the tumor grows quite fast, which makes 

modern screening approaches ineffective in diagnosing 

patients at the early stages of the disease (Yang et al. 

2019). The results of the National Lung Screening Trial 

evidence an aggressive nature of small cell lung cancer 

and its aptitude to specific early hematogenous spread 

(Aberle et al. 2013). This trial supported significance of 

low-dose computed tomography (CT) screening for 

early detection of lung cancer in patients at high risk of 

lung cancer development. However, 86% of 125 

patients diagnosed with small cell lung cancer through 

this early detection program already had a disease at the 

advanced stage. As demonstrated, currently, there are no 

methods with proven effectiveness to early detect this 

pathology (Byers and Rudin 2014). However, American 

researchers conducted a study to assess the effectiveness 

of early diagnosis of small cell lung cancer which 

supported that annual low-dose CT screenings revealed 
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a significant number of cases with this pathology. In 

spite of this, the proportion of patients with small cell 

carcinoma at the late stage was very high. The results 

indicate that for the screening method to be successful 

in reducing lung cancer mortality, the pathology must 

be detected earlier than when it becomes visually 

accessible by low-dose CT imaging (Thomas et al. 

2018). 

SCLC patients’ treatment: chemotherapy 

Small cell lung carcinoma is very sensitive to 

chemotherapy and ionizing radiation; however, the vast 

majority of patients can relapse, н charged platinum ion 

surrounded by four ligands; while the amine ligands on 

the left form stronger interactions with the platinum ion, 

the chloride ligands or carboxylate compounds on the 

right form complexes leaving groups that allow the 

platinum ion to form bonds with DNA bases. Thus, it 

has the ability to cross-link DNA with platinum and 

inhibit mitosis, which subsequently leads to the 

destruction of cancer cells (Dasari and Tchounwou 

2014). Etoposide, in turn, destroys the topoisomerase II 

catalytic cycle and stabilizes enzyme-related DNA 

strand breaks (Gibson et al. 2016; Qing Nian et al. 

2019). Moreover, etoposide prevents the religation of 

DNA double-strand breaks, which leads to the 

accumulation of double-strand breaks in the genome 

(Pommier and Marchand 2012). Chromatin can also be 

the target of the drug, since etoposide exhibits a high 

affinity for chromatin and histones, especially H1 

(Chamani et al. 2014; Montecucco et al. 2015). 

Importantly, etoposide inhibits mitosis and arrests cell 

division in S or G2 phase and triggers caspase-mediated 

apoptosis, which primarily occurs via cytochrome 

c/caspase 9 (Fujikawa-Yamamoto et al. 2012; Sinha 

2020; Kluska and Woźniak 2021). In addition, 

etoposide treatment triggers the binding of the Fas 

ligand (FasL) to its receptor (FasR) on the cell 

membrane, resulting in the formation of a death-

inducing signaling complex (DISC) (Gentry and 

Osheroff 2013). Furthermore, etoposide is metabolized 

by cytochrome P450, peroxidase, and tyrosinase to the 

etoposide phenoxy radical, o-quinone etoposide. It was 

found that the presence of 4'-OH in etoposide is 

necessary for the formation of the radical of this drug, 

its metabolites, as well as antitumor activity (Pigatto et 

al. 2016; Sinha 2020). Moreover, the response rate to EP 

varies from 44% to 78%, indicating that many patients 

are very sensitive to treatment with EP or EC, and 

patients’ conditions are likely to improve after initial 

systemic therapy. Thus, cisplatin/etoposide is a 

favourable and reliable regimen to achieve clinical 

improvement in short terms, yet long term clinical 

outcome is still poor (Wang et al. 2020). Chemotherapy 

regimens use other drugs that have a different 

mechanism of action than those previously mentioned. 

For example, irinotecan is added to carboplatin in 

chemotherapy regimens. The ternary DNA complex 

irinotecan-topoisomerase I-nick prevents the release 

of topoisomerase (Kciuk et al. 2020). Collision of the 

resulting complex with advancing replication forks 

leads to the formation of a lethal double-strand break 

(DSB) (Yuan et al. 2021). This contributes to DNA 

checkpoint damage signaling, fork replication arrest, 

and cell death (Riera and Páez 2021; Yue et al. 2021). 

ATM-CHK2-TP53 is the main transduction signaling 

pathway activated in cells that accumulate DSB in 

response to irinotecan treatment. The uniqueness of 

topoisomerase I inhibitors is manifested in their dose-

dependent increase in enzyme inhibition with increasing 

cellular topoisomerase concentration (Lee et al. 2019). 

Thus, the cell sensitivity to topoisomerase inhibitors 

mainly depends on the topoisomerase concentration 

inside the cell. Since cancer cells express higher yields 

of the enzyme, they are therefore more prone to 

topoisomerase poisons (Seto et al. 2020). Some 

regimens use doxorubicin + vincristine + 

cyclophosamide combinations. The antitumor effect of 

doxorubicin is due to a combined effect of various 

mechanisms, such as the appearance of new structures 

within the DNA of the tumor cell and inhibition of 

topoisomerase II, which can lead to cell death or arrest 

of their growth (Minotti et al. 2004; Meredith and Dass 

2016). As a leading chemotherapeutic agent, it is able to 

combat rapidly dividing cells and slow disease 

progression; its use is limited only by its toxicity to non-

cancerous body cells, which is directly dependent on its 

concentration (Box 2006; Tacar and Dass 2013). 

Vincristine performs its antitumor function, as it is an 

inhibitor of continuous mitotic division due to the 

association with tubulin, which prevents the formation 

of microtubules and, consequently, the mitotic spindle 

(Liu et al. 2014; Su et al. 2020). Thus, cell division is 

blocked and the cell dies (Cormier et al. 2010). Once the 

formation of the mitotic spindle is blocked, the cell 

enters apoptosis with or without p53 activation (Lobert 

et al. 2000). Cyclophosphamide (CTX) is a nitrogen 

mustard alkylating agent from the oxazophorins group 

(Emadi et al. 2009; Penel et al. 2012), which can 

suppress Treg, since its presence in the infiltrate around 

the tumor enhances cell resistance to antitumor therapy. 

However, in healthy individuals, Tregs promote self-

tolerance and maintain immune homeostasis when 

stimulated by foreign antigens, and tumor cells take 

advantage of this (Guo et al. 2018). The disease 

progresses in almost all patients with metastatic small 

cell lung cancer and in about a third of patients with a 

localized condition. Survivors are acutely concerned 

about secondary malignancies, especially in cases when 

smoking continues; they require smoking cessation 

counseling. The main goal of regular follow-up is to 

detect relapse early while the patient is still in relatively 

good condition (Sugiyama et al. 2008). 

Complications of chemotherapy 

Complications of chemotherapy, which usually arise 

when using drug combinations, remain an unresolved 

issue nowadays. The most challenging aspect of drug 

https://pubchem.ncbi.nlm.nih.gov/compound/Etoposide
https://pubchem.ncbi.nlm.nih.gov/compound/Etoposide
https://pubchem.ncbi.nlm.nih.gov/compound/Etoposide
https://pubchem.ncbi.nlm.nih.gov/compound/Etoposide
https://pubchem.ncbi.nlm.nih.gov/compound/Etoposide
https://pubchem.ncbi.nlm.nih.gov/compound/Etoposide
https://pubchem.ncbi.nlm.nih.gov/compound/Etoposide
https://pubchem.ncbi.nlm.nih.gov/compound/Etoposide
https://pubchem.ncbi.nlm.nih.gov/compound/5460033
https://pubchem.ncbi.nlm.nih.gov/compound/Etoposide
https://pubchem.ncbi.nlm.nih.gov/compound/Irinotecan
https://pubchem.ncbi.nlm.nih.gov/compound/Carboplatin
https://pubchem.ncbi.nlm.nih.gov/compound/Irinotecan
https://pubchem.ncbi.nlm.nih.gov/compound/Doxorubicin
https://pubchem.ncbi.nlm.nih.gov/compound/Vincristine
https://pubchem.ncbi.nlm.nih.gov/compound/Cyclophosphamide
https://pubchem.ncbi.nlm.nih.gov/compound/Doxorubicin
https://pubchem.ncbi.nlm.nih.gov/compound/Vincristine
https://pubchem.ncbi.nlm.nih.gov/compound/Cyclophosphamide
https://pubchem.ncbi.nlm.nih.gov/compound/Cyclophosphamide


12   Berezhnova TA et al.: Pharmacotherapy of small cell lung cancer: Current state-of-the-art 

combinations involving DNA-damaging chemotherapy 

is acute and long-term toxicity to non-neoplastic tissues; 

this toxicity can affect almost every organ in the body 

(Thomas and Pommier 2016). Almost all drugs used in 

the treatment of malignant neoplasms can cause side 

effects, such as nausea, vomiting, and diarrhea. 

However, they are not as critical as other reactions that 

affect vital organs (Kosmas et al. 2001). 

The drugs used as the first line of chemotherapy for 

small-cell lung cancer manifest a number of undesirable 

side effects, nephrotoxicity being one of the most specific 

and significant. Acute kidney injury, which occurs 

in 20-30% of patients, is the most severe and one of the 

most common manifestations of nephrotoxicity (Miller et 

al. 2010). Renal failure generally develops several days 

after the intake of cisplatin, and is manifested by an 

increased serum creatinine and blood urea nitrogen. 

Diuresis usually persists, and urine may contain glucose 

and small amounts of protein, suggesting proximal tubular 

dysfunction. Hypomagnesemia is also common, especially 

after repeated doses of cisplatin, even if there is no drop in 

glomerular filtration rate. Recovery of renal function 

usually occurs within 2–4 weeks, although longer courses 

and lack of recovery have been also reported (Taguchi et 

al. 2005). It is worth noting that cisplatin therapy can lead 

to severe kidney damage, having a very high mortality rate. 

Efforts to develop chemotherapy less damaging to 

DNA were initially focused on the development of 

chemically modified analogs. This approach yielded 

some early successes, such as carboplatin, a less 

nephrotoxic derivative of cisplatin, yet drugs generally 

provided only modest progress in tolerability and 

efficacy. Current efforts are focused on achieving 

targeted drug delivery and retention while minimizing 

drug accumulation in the normal tissues (Thomas and 

Pommier 2016). Carboplatin is less nephrotoxic than 

cisplatin, yet it results in much worse blood count 

findings. Thus, the greatest risk of thrombocytopenia and 

anemia was recorded in a larger number of patients taking 

carboplatin (Griesinger et al. 2019). Etoposide, used to 

treat lung carcinoma, can cause leukopenia, 

thrombocytopenia, and hair loss, which is also an adverse 

effect of chemotherapy (Sinkule 1984). 

Cyclophosphamide has high cardiotoxicity, but the 

pathophysiology of cardiac injury is poorly understood 

(Molinaro et al. 2015), although it is believed that its 

metabolites can initiate toxic endothelial injury with 

subsequent extravasation of proteins, erythrocytes and 

toxic metabolites containing high levels of the 

anticancer drug (Ranchoux et al. 2014). Toxic 

metabolites, which result from the breakdown of 

endothelial cells, lead to direct myocardium and 

capillary vessel damage, which contributes to the 

appearance of edema, interstitial hemorrhage and the 

formation of microthrombosis (Ayza et al. 2020). 

Evaluation of the effectiveness of chemotherapy 

The goals of chemotherapy include: prolongation of life, 

improvement of the quality of life, elimination of signs 

of the disease with minimal side effects of treatment 

(Neville and Kuruvilla 2010). Therefore, assessment of 

the effectiveness of chemotherapy should be carried out 

almost immediately after the start of treatment. 

Depending on the type of tumor and goals of 

chemotherapy, a planned evaluation of therapeutic 

effectiveness should be performed every 6-12 weeks. 

However, an unscheduled assessment should be carried 

out according to indications, especially if the disease 

progression is suspected. There are several ways to 

assess the effectiveness of the therapy, for example, 

methods of planar radiography, ultrasound diagnostics, 

endoscopy, and physical examination. As the evidence 

from practice shows, it is necessary to use one and the 

same diagnostic method chosen before the start of the 

therapy in order to obtain reliable data on the dynamics 

of the process; this allows for a qualitative assessment 

of tumor foci with a detailed description of the revealed 

changes in the course of treatment (Tryakin et al. 2020). 

One of the criteria for tumor response to therapy is 

tumor foci, which, according to RECIST criteria, are 

divided into two types: 

1) Measurable foci – foci identified, with the

maximum diameter: 

• ≥ 10 mm by helical CT, CT scan slice thickness no

greater than 5 mm; 

• ≥ 20 mm by step CT, CT scan slice thickness no

greater than 10 mm; 

• ≥ 20 mm by chest X-ray;

• lymph nodes> 15 mm in a dimension perpendicular

to the maximum diameter (i.e. along the short axis). 

2) Non-measurable foci – foci identified, with the

maximum diameter by step CT. Non-measurable foci 

include: small foci (<10 mm), leptomeningeal 

metastases, pleurisy, ascites, pericarditis, cysts, 

lymphogenous carcinomatosis of the skin or lungs, bone 

metastases, inflammatory changes in the mammary 

glands, foci with cystic and necrotic transformation, 

enlargement of organs (hepatosplenomegaly), 

peritoneal implants. 

First, the lesions are assessed quantitatively, then 

target lesions to be used for control in the course of 

therapy are selected. The targeted focus remains 

targeted throughout all repeated studies, even if the size 

of the focus decreases to the error limit of the research 

method. Target lesions should be as large as possible to 

make them more suitable for re-measurement. Non-

targeting foci are all other foci, including those that are 

not measured and which are not classified as targeting 

ones. The criteria for assessment of the foci are the 

following: 

1) Partial Response (PR): At least a 30% decrease in

the sum of diameters of target lesions; 

2) Complete Response (CR): Disappearance of all

target lesions (target and non-target). Any pathological 

lymph nodes (whether target or non-target) must have 

reduction in short axis to <10 mm); 

3) Progressive Disease (PD): At least a 20% increase

in the sum of diameters of target lesions, the appearance 

https://pubchem.ncbi.nlm.nih.gov/compound/5460033
https://pubchem.ncbi.nlm.nih.gov/compound/5460033
https://pubchem.ncbi.nlm.nih.gov/compound/5460033
https://pubchem.ncbi.nlm.nih.gov/compound/Carboplatin
https://pubchem.ncbi.nlm.nih.gov/compound/5460033
https://pubchem.ncbi.nlm.nih.gov/compound/Carboplatin
https://pubchem.ncbi.nlm.nih.gov/compound/5460033
https://pubchem.ncbi.nlm.nih.gov/compound/Carboplatin
https://pubchem.ncbi.nlm.nih.gov/compound/Etoposide
https://pubchem.ncbi.nlm.nih.gov/compound/Cyclophosphamide
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of one or more new lesions; absolute progression of non-

target foci; 

4) Stable Disease (SD): Neither sufficient shrinkage 

to qualify for PR nor sufficient increase to qualify for 

PD, no signs of the disease progression (Tryakin et al. 

2020). 

 

Conclusion 

Therefore, the study results published in Russian and 

foreign literature demonstrate that chemotherapy for 

small cell lung cancer is performed through various 

schemes involving drugs with studied mechanisms of 

action. However, most regimens apply platinum-based 

drugs, such as cisplatin and carboplatin, and are 

considered among the most effective anticancer agents 

widely used in the treatment of solid tumors. High 

toxicity and resistance of cancer cells are considered to 

be their major drawbacks. More cancer-selective drugs, 

such as etoposide, irinotecan, vincristine, and 

cyclophosphamide, are increasingly being used 

currently. Options for small cell lung cancer therapy are 

developing quite rapidly, various treatment regimens 

are being introduced, which, in turn, are optimized by a 

combination of drugs. 

However, according to statistics, the average  

5-year survival rate is quite low. At the same time,  

chemotherapy of the studied pathology is cost-

demanding. Therefore, a pharmacoeconomic evaluation 

of the chemotherapy administration as a small cell lung 

cancer therapy option is required to compare costs of 

treatment and its effectiveness. In this regard, it is 

necessary to study the assortment, organizational and 

financial availability of drugs used to manage small cell 

lung cancer in the Russian pharmaceutical market; 

determine their competitive position, benefits and 

drawbacks. 

 

Conflict of interest 

The authors declare no conflict of interests. 

 

References 

• Aberle DR, DeMello S, Berg CD, Black WC, Brewer B, Church 

TR, Clingan KL, Duan F, Fagerstrom RM, Gareen IF, Gatsonis 

CA, Gierada DS, Jain A, Jones GC, Mahon I, Marcus PM, 

Rathmell JM, Sicks J; National Lung Screening Trial Research 

Team (2013) Results of the two incidence screenings in the 

National Lung Screening Trial. The New England Journal of 

Medicine 369(10): 920–931. 

https://doi.org/10.1056/NEJMoa1208962 [PubMed] [PMC] 

• Avksentieva MV (2012) Pharmacoeconomics in oncology: 

preconditions, state and prospects for standardization of 

oncological care. Journal of Malignant Tumors [Zhurnal 

Zlokachestvennye Opukholi] 2: 35–37. [in Russian] 

• Ayza MA, Zewdie KA, Tesfaye BA, Wondafrash DZ, Berhe AH 

(2020) The role of antioxidants in ameliorating 

cyclophosphamide-induced cardiotoxicity. Oxidative Medicine 

and Cellular Longevity 2020: 4965171. 

https://doi.org/10.1155/2020/4965171 [PubMed] [PMC] 

• Boloker G, Wang C, Zhang J (2018) Updated statistics of lung and 

bronchus cancer in United States. Journal of Thoracic Disease 

10(3): 1158–1161. https://doi.org/10.21037/jtd.2018.03.15 

[PubMed] [PMC] 

• Box VG (2007) The intercalation of DNA double helices with 

doxorubicin and nogalamycin. Journal of Molecular Graphics & 

Modelling 26(1): 14–19. 

https://doi.org/10.1016/j.jmgm.2006.09.005 [PubMed] 

• Byers LA, Rudin CM (2015) Small cell lung cancer: where do we 

go from here? Cancer 121(5): 664–672. 

https://doi.org/10.1002/cncr.29098  [PubMed] [PMC] 

• Casadei Gardini A, Mariotti M, Lucchesi A, Pini S, Valgiusti M, 

Bravaccini S, Del Monte A, Burgio MA, Marisi G, Amadori D, 

Frassineti GL (2016) Paraneoplastic lipase and amylase 

production in a patient with small-cell lung cancer: case report. 

BMC Cancer 16: 118. https://doi.org/10.1186/s12885-016-2167-

7 [PubMed] [PMC] 

 

 

 

 

• Chamani E, Rabbani-Chadegani A, Zahraei Z (2014) 

Spectroscopic detection of etoposide binding to chromatin 

components: The role of histone proteins. Spectrochimica Acta. 

Part A, Molecular and Biomolecular Spectroscopy 133: 292–299. 

https://doi.org/10.1016/j.saa.2014.05.068 [PubMed] 

• Chen KN (2016) Small cell lung cancer and TNM staging. 

Chinese Journal of Lung Cancer 19(6): 409–412. 

https://doi.org/10.3779/j.issn.1009-3419.2016.06.22 [PubMed] 

[PMC] [in Chinese] 

• Cormier A, Knossow M, Wang C, Gigant B (2010) The binding 

of vinca domain agents to tubulin: Structural and biochemical 

studies. Methods in Cell Biology 95: 373–390. 

https://doi.org/10.1016/S0091-679X(10)95020-6 [PubMed] 

• Dasari S, Tchounwou PB (2014) Cisplatin in cancer therapy: 

molecular mechanisms of action. European Journal of 

Pharmacology 740: 364–378. 

https://doi.org/10.1016/j.ejphar.2014.07.025  [PubMed] [PMC] 

• de Man FM, Goey AKL, van Schaik RHN, Mathijssen RHJ, Bins 

S (2018) Individualization of irinotecan treatment: A Review of 

pharmacokinetics, pharmacodynamics, and pharmacogenetics. 

Clinical Pharmacokinetics 57(10): 1229–1254. 

https://doi.org/10.1007/s40262-018-0644-7 [PubMed] 

• Emadi A, Jones RJ, Brodsky RA (2009) Cyclophosphamide and 

cancer: golden anniversary. Nature Reviews. Clinical Oncology 

6(11): 638–647. https://doi.org/10.1038/nrclinonc.2009.146 

[PubMed] 

• Früh M, De Ruysscher D, Popat S, Crinò L, Peters S, Felip E; 

ESMO Guidelines Working Group (2013) Small-cell lung cancer 

(SCLC): ESMO Clinical Practice Guidelines for diagnosis, 

treatment and follow-up. Annals of Oncology Suppl 6: vi99–105. 

https://doi.org/10.1093/annonc/mdt178 [PubMed] 

• Fujikawa-Yamamoto K, Ota T, Miyagoshi M, Yamagishi H 

(2012) Effects of etoposide on the proliferation of hexaploid H1 

(ES) cells. Human Cell 25(2): 45–50. 

https://doi.org/10.1007/s13577-012-0043-6 [PubMed] 

https://pubchem.ncbi.nlm.nih.gov/compound/5460033
https://pubchem.ncbi.nlm.nih.gov/compound/Carboplatin
https://pubchem.ncbi.nlm.nih.gov/compound/Etoposide
https://pubchem.ncbi.nlm.nih.gov/compound/Irinotecan
https://pubchem.ncbi.nlm.nih.gov/compound/Vincristine
https://pubchem.ncbi.nlm.nih.gov/compound/Cyclophosphamide
https://doi.org/10.1056/NEJMoa1208962
https://pubmed.ncbi.nlm.nih.gov/24004119/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4307922/
https://doi.org/10.1155/2020/4965171
https://pubmed.ncbi.nlm.nih.gov/32454939/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7238386/
https://doi.org/10.21037/jtd.2018.03.15
https://pubmed.ncbi.nlm.nih.gov/29708136/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5906235/
https://doi.org/10.1016/j.jmgm.2006.09.005
https://pubmed.ncbi.nlm.nih.gov/17046298/
https://doi.org/10.1002/cncr.29098
https://pubmed.ncbi.nlm.nih.gov/25336398/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5497465/
https://doi.org/10.1186/s12885-016-2167-7
https://doi.org/10.1186/s12885-016-2167-7
https://pubmed.ncbi.nlm.nih.gov/26887807/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4758001/
https://doi.org/10.1016/j.saa.2014.05.068
https://www.ncbi.nlm.nih.gov/pubmed/24954753
https://doi.org/10.3779/j.issn.1009-3419.2016.06.22
https://pubmed.ncbi.nlm.nih.gov/27335307/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6015201/
https://doi.org/10.1016/S0091-679X(10)95020-6
https://pubmed.ncbi.nlm.nih.gov/20466145/
https://doi.org/10.1016/j.ejphar.2014.07.025
https://pubmed.ncbi.nlm.nih.gov/25058905/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4146684/
https://doi.org/10.1007/s40262-018-0644-7
https://pubmed.ncbi.nlm.nih.gov/29520731/
https://doi.org/10.1038/nrclinonc.2009.146
https://pubmed.ncbi.nlm.nih.gov/19786984/
https://doi.org/10.1093/annonc/mdt178
https://pubmed.ncbi.nlm.nih.gov/23813929/
https://doi.org/10.1007/s13577-012-0043-6
https://pubmed.ncbi.nlm.nih.gov/22614914/


14                  Berezhnova TA et al.: Pharmacotherapy of small cell lung cancer: Current state-of-the-art 

• Gentry AC, Osheroff N (2013) DNA Topoisomerases: Type II. In 

Encyclopedia of Biological Chemistry, Elsevier Inc., Amsterdam,  

pp. 163–168. 

• Gibson EG, King MM, Mercer SL, Deweese JE (2016) Two-

mechanism model for the interaction of etoposide quinone with 

topoisomerase IIα. Chemical Research in Toxicology 29(9): 

1541–1548. https://doi.org/10.1021/acs.chemrestox.6b00209 

[PubMed] 

• Griesinger F, Korol EE, Kayaniyil S, Varol N, Ebner T, Goring 

SM (2019) Efficacy and safety of first-line carboplatin-versus 

cisplatin-based chemotherapy for non-small cell lung cancer: A 

meta-analysis. Lung Cancer 135: 196–204. 

https://doi.org/10.1016/j.lungcan.2019.07.010 [PubMed] 

• Guo X, Zhang Y, Zheng L, Zheng C, Song J, Zhang Q, Kang B, 

Liu Z, Jin L, Xing R, Gao R, Zhang L, Dong M, Hu X, Ren X, 

Kirchhoff D, Roider HG, Yan T, Zhang Z (2018) Global 

characterization of T cells in non-small-cell lung cancer by single-

cell sequencing. Nature Medicine 24(7): 978–985. 

https://doi.org/10.1038/s41591-018-0045-3 [PubMed]  

• Horita N, Chen H, Takeshi K (2020) Carboplatin plus etoposide 

for sensitive relapsed small-cell lung cancer. Lancet Oncology 

21(12): e545. https://doi.org/10.1016/S1470-2045(20)30613-6 

[PubMed] 

• Iwasaki Y, Nagata K, Nakanishi M, Natuhara A, Kubota Y, Ueda 

M, Arimoto T, Hara H (2005) Double-cycle, high-dose 

ifosfamide, carboplatin, and etoposide followed by peripheral 

blood stem-cell transplantation for small cell lung cancer. Chest 

128(4): 2268–2273. https://doi.org/10.1378/chest.128.4.2268 

[PubMed] 

• Kalemkerian GP, Akerley W, Bogner P, Borghaei H, Chow LQ, 

Downey RJ, Gandhi L, Ganti AK, Govindan R, Grecula JC, 

Hayman J, Heist RS, Horn L, Jahan T, Koczywas M, Loo BW Jr, 

Merritt RE, Moran CA, Niell HB, O'Malley J, Patel JD, Ready N, 

Rudin CM, Williams CC Jr, Gregory K, Hughes M; National 

Comprehensive Cancer Network (2013) Small cell lung cancer. 

Journal of the National Comprehensive Cancer Network 11(1): 

78–98. https://doi.org/10.6004/jnccn.2013.0011 [PubMed] 

[PMC] 

• Kciuk M, Marciniak B, Kontek R (2020) Irinotecan-still an 

important player in cancer chemotherapy: A Comprehensive 

overview. International Journal of Molecular Sciences 21(14): 

4919. https://doi.org/10.3390/ijms21144919 [PubMed] [PMC] 

• Kluska M, Woźniak K (2021) Natural polyphenols as modulators 

of etoposide anti-cancer activity. International Journal of 

Molecular Sciences 22(12): 6602. 

https://doi.org/10.3390/ijms22126602  [PubMed] [PMC] 

• Kosmas C, Tsavaris NB, Malamos NA, Vadiaka M, Koufos C 

(2001) Phase II study of paclitaxel, ifosfamide, and cisplatin as 

second-line treatment in relapsed small-cell lung cancer. Clinical 

Onclology 19(1): 119–126. 

https://doi.org/10.6004/10.1200/JCO.2001.19.1.119 [PubMed] 

• Lababede O, Meziane M, Rice T (2011) Seventh edition of the 

cancer staging manual and stage grouping of lung cancer: quick 

reference chart and diagrams. Chest 139(1): 183–189. 

https://doi.org/10.1378/chest.10-1099 [PubMed] 

• Lee B, Min JA, Nashed A, Lee SO, Yoo JC, Chi SW, Yi GS 

(2019) A novel mechanism of irinotecan targeting MDM2 and 

Bcl-xL. Biochemical and Biophysical Research Communications 

514(2): 518–523. https://doi.org/10.1016/j.bbrc.2019.04.009 

[PubMed] 

• Liu YM, Chen HL, Lee HY, Liou JP (2014) Tubulin inhibitors: A 

patent review. Expert Opinion on Therapeutic Patents 24(1): 69–

88. https://doi.org/10.1517/13543776.2014.859247 [PubMed]  

• Lobert S, Fahy J, Hill BT, Duflos A, Etievant C, Correia JJ (2000)  

Vinca alkaloid-induced tubulin spiral formation correlates with 

cytotoxicity in the leukemic L1210 cell line. Biochemistry 39: 

12053–12062. https://doi.org/10.1021/bi001038r [PubMed]  

• Lortet-Tieulent J, Renteria E, Sharp L, Weiderpass E, Comber H, 

Baas P, Bray F, Coebergh JW, Soerjomataram I (2015) 

Convergence of decreasing male and increasing female incidence 

rates in major tobacco‐related cancers in Europe in 1988‐2010. 

European Journal of Cancer 51(9): 1144–1163. 

https://doi.org/10.1016/j.ejca.2013.10.014 [PubMed] 

• Meredith AM, Dass CR (2016) Increasing role of the cancer 

chemotherapeutic doxorubicin in cellular metabolism. The 

Journal of Pharmacy and Pharmacology 68(6): 729–741. 

https://doi.org/10.1111/jphp.12539 [PubMed] 

• Miller RP, Tadagavadi RK, Ramesh G, Reeves WB (2010) 

Mechanisms of cisplatin nephrotoxicity. Toxins (Basel) 2(11): 

2490–2518. https://doi.org/10.3390/toxins2112490  [PubMed] 

[PMC] 

• Minotti G, Menna P, Salvatorelli E, Cairo G, Gianni L (2004) 

Anthracyclines: molecular advances and pharmacologic 

developments in antitumor activity and cardiotoxicity. 

Pharmacological Reviews 56(2): 185–229. 

https://doi.org/10.1124/pr.56.2.6 [PubMed] 

• Molinaro M, Ameri P, Marone G, Petretta M, Abete P, Di Lisa F, 

De Placido S, Bonaduce D, Tocchetti CG (2015) Recent advances 

on pathophysiology, diagnostic and therapeutic insights in cardiac 

dysfunction induced by antineoplastic drugs. BioMed Research 

International 2015: 138148. https://doi.org/10.1155/2015/138148 

[PubMed] [PMC] 

• Montecucco A, Zanetta F, Biamonti G (2015) Molecular 

mechanisms of etoposide. EXCLI Journa 14: 95–108. 

https://doi.org/10.17179/excli2015-561 [PubMed] [PMC] 

• Mu L, Liu L, Niu R, Zhao B, Shi J, Li Y, Swanson M, Scheider 

W, Su J, Chang SC, Yu S, Zhang ZF (2013) Indoor air pollution 

and risk of lung cancer among Chinese female non‐smokers. 

Cancer Causes Control 24(3): 439–450. 

https://doi.org/10.1007/s10552-012-0130-8 [PubMed] [PMC] 

• Mukhambetzhan AZ, Urazaeva ST, Urazaev ON, Tusupkalieva 

KS, Begalin TB, Amanshieva AA, Tashimova ZK, Kumar GB, 

Nurmukhamedova SM (2020) Current understanding of the 

epidemiology and risk factors for lung cancer. Literature review. 

Science and Health [Nauka i Zdorov'e] 2: 27–37. 

https://doi.org/10.34689/SH.2020.22.2.003 [in Russian] 

• Neville AJ, Kuruvilla MS (2010) Lung cancer. British Medical 

Journal. Clinical Evidence 2010: 1504. [PubMed] [PMC] 

• Penel N, Adenis A, Bocci G (2012) Cyclophosphamide-based 

metronomic chemotherapy: after 10 years of experience, where do 

we stand and where are we going? Critical Reviews in 

Oncology/Hematology 82(1): 40-50. 

https://doi.org/10.1016/j.critrevonc.2011.04.009 [PubMed] 

• Pigatto MC, de Araujo BV, Torres BG, Schmidt S, Magni P, Dalla 

Costa T (2016) Population pharmacokinetic modeling of 

etoposide free concentrations in solid tumor. Pharmaceutical 

Research 33(7): 1657–1670. https://doi.org/10.1007/s11095-016-

1906-4 [PubMed] 

• Pommier Y, Marchand C (2012) Interfacial inhibitors: Targeting 

macromolecular complexes. Nature Reviews. Drug Discovery 

11(1): 25–36. [PubMed] [PMC] 

https://doi.org/10.1021/acs.chemrestox.6b00209
https://pubmed.ncbi.nlm.nih.gov/27533850/
https://doi.org/10.1016/j.lungcan.2019.07.010
https://pubmed.ncbi.nlm.nih.gov/31446995/
https://doi.org/10.1038/s41591-018-0045-3
https://pubmed.ncbi.nlm.nih.gov/29942094
https://doi.org/10.1016/S1470-2045(20)30613-6
https://pubmed.ncbi.nlm.nih.gov/33271102/
https://doi.org/10.1378/chest.128.4.2268
https://pubmed.ncbi.nlm.nih.gov/16236883/
https://doi.org/10.6004/jnccn.2013.0011
https://pubmed.ncbi.nlm.nih.gov/23307984/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3715060/
https://doi.org/10.3390/ijms21144919
https://pubmed.ncbi.nlm.nih.gov/32664667/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7404108/
https://doi.org/10.3390/ijms22126602
https://pubmed.ncbi.nlm.nih.gov/34202987/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8235666/
https://doi.org/10.6004/10.1200/JCO.2001.19.1.119
https://pubmed.ncbi.nlm.nih.gov/11134204/
https://doi.org/10.1378/chest.10-1099
https://pubmed.ncbi.nlm.nih.gov/21208878/
https://doi.org/10.1016/j.bbrc.2019.04.009
https://pubmed.ncbi.nlm.nih.gov/31056264/
https://doi.org/10.1517/13543776.2014.859247
https://pubmed.ncbi.nlm.nih.gov/24313741/
https://doi.org/10.1021/bi001038r
https://pubmed.ncbi.nlm.nih.gov/11009620
https://doi.org/10.1016/j.ejca.2013.10.014
https://pubmed.ncbi.nlm.nih.gov/24269041/
https://doi.org/10.1111/jphp.12539
https://pubmed.ncbi.nlm.nih.gov/26989862/
https://doi.org/10.3390/toxins2112490
https://pubmed.ncbi.nlm.nih.gov/22069563/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3153174/
https://doi.org/10.1124/pr.56.2.6
https://pubmed.ncbi.nlm.nih.gov/15169927/
https://doi.org/10.1155/2015/138148
https://pubmed.ncbi.nlm.nih.gov/26583088
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4637019/
https://doi.org/10.17179/excli2015-561
https://www.ncbi.nlm.nih.gov/pubmed/26600742
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4652635/
https://doi.org/10.1007/s10552-012-0130-8
https://pubmed.ncbi.nlm.nih.gov/23314675/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3574203/
https://doi.org/10.34689/SH.2020.22.2.003
https://pubmed.ncbi.nlm.nih.gov/21406127/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3217762/
https://doi.org/10.1016/j.critrevonc.2011.04.009
https://pubmed.ncbi.nlm.nih.gov/21641231/
https://doi.org/10.1007/s11095-016-1906-4
https://doi.org/10.1007/s11095-016-1906-4
https://pubmed.ncbi.nlm.nih.gov/27068281/
https://pubmed.ncbi.nlm.nih.gov/22173432/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7380715/


Research Results in Pharmacology 9(1): 7-16                     15 

• Pronevich AV, Kovalchuk PN (2020) Aggressive course of 

bronchial cancer. Problems of Health and Ecology [Problemy 

Zdorov'ya i Ekologii] 3(65): 119–122. [in Russian] 

• Nian Q, Berthelet J, Zhang W, Bui LC, Liu R, Xu X, Duval R, 

Ganesan S, Leger T, Chomienne C, Busi F, Guidez F, Dupret JM, 

Lima FR (2019) T-Cell Protein tyrosine phosphatase is 

irreversibly inhibited by etoposide-quinone, a reactive metabolite 

of the chemotherapy drug etoposide. Molecular Pharmacology 

96(2): 297–306. https://doi.org/10.1124/mol.119.116319 

[PubMed] 

• Ranchoux B, Günther S, Quarck R, Chaumais MC, Dorfmüller P, 

Antigny F, Dumas SJ, Raymond N, Lau E, Savale L, Jaïs X, 

Sitbon O, Simonneau G, Stenmark K, Cohen-Kaminsky S, 

Humbert M, Montani D, Perros F (2015) Chemotherapy-induced 

pulmonary hypertension: role of alkylating agents. The American 

Journal of Pathology 185(2): 356–371. 

https://doi.org/10.1016/j.ajpath.2014.10.021 [PubMed] 

• Riera P, Páez D (2021) Elucidating the role of pharmacogenetics 

in irinotecan efficacy and adverse events in metastatic colorectal 

cancer patients. Expert Opinion on Drug Metabolism & 

Toxicology 17(10): 1157–1163. 

https://doi.org/10.1080/17425255.2021.1974397 [PubMed] 

• Seto Z, Takata N, Murayama N, Tokui K, Okazawa S, Kambara 

K, Imanishi S, Miwa T, Hayashi R, Matsui S, Inomata M (2020) 

Irinotecan monotherapy as third- or further-line treatment for 

patients with small cell lung cancer. Tumori Journal 107(6): 536–

541. https://doi.org/10.1177/0300891620974762 [PubMed] 

• Severgina LO, Byrsa OS, Kondratyuk MR (2016) Molecular 

genetic bases of development and diagnostic features of small cell 

lung cancer. Space and Time 3-4(25-26): 284–290. [in Russian] 

• Shivapriya PM, Singh A, Pandey P, Chhabra N, Sahoo AK, Paital 

B, Varadwaj PK, Samanta SK (2021) Pathways in small cell lung 

cancer and its therapeutic perspectives. Front Biosci (Landmark 

Ed) 26(12): 1668–1678. https://doi.org/10.52586/5059 [PubMed] 

• Siegel RL, Miller KD, Jemal A (2019) Cancer statistics, 2019. 

CA: a Cancer Journal for Clinicians 69(1): 7–34. 

https://doi.org/10.3322/caac.21551 [PubMed] 

• Sinha BK (2020) Role of oxygen and nitrogen radicals in the 

mechanism of anticancer drug cytotoxicity. Journal of Cancer 

Science & Therapy 12(1): 10–18. [PubMed] [PMC] 

• Sinkule JA (1984) Etoposide: a semisynthetic 

epipodophyllotoxin. Chemistry, pharmacology, 

pharmacokinetics, adverse effects and use as an antineoplastic 

agent. Pharmacotherapy 4(2): 61–73. 

https://doi.org/10.1002/j.1875-9114.1984.tb03318.x [PubMed] 

• Solodyankina TN, Eliseeva EV (2009) Pharmacoeconomics 

research in oncology. Pacific Medical Journal [Tikhookeanskii 

Meditsinskii Zhurnal] 2: 57–59. [in Russian] 

• Su JW, Zhou XH, Ye YX, Jiang Q (2020) Effects of oxymatrine 

and vincristine on drug resistance in HCT-8/VCR cells and its 

mechanism Chinese Journal of Applied Physiology 36(4): 350–

353. https://doi.org/10.12047/j.cjap.5925.2020.075  [PubMed] [in 

Chinese] 

• Sugiyama T, Hirose T, Hosaka T, Kusumoto S, Nakashima M, 

Yamaoka T, Okuda K, Ohmori T, Adachi M (2008) Effectiveness 

of intensive follow-up after response in patients with small cell 

lung cancer. Lung Cancer 59(2): 255–261. 

https://doi.org/10.1016/j.lungcan.2007.08.016 [PubMed] 

• Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, 

Jemal A, Bray F (2021) Global cancer statistics 2020:  

GLOBOCAN estimates of incidence and mortality worldwide for 

36 cancers in 185 countries. CA: A Cancer Journal for Clinicians 

71(3): 209–249. https://doi.org/10.3322/caac.21660 [PubMed] 

• Tacar O, Dass CR (2013) Doxorubicin-induced death in tumour 

cells and cardiomyocytes: is autophagy the key to improving 

future clinical outcomes? The Journal of Pharmacy and 

Pharmacology 65(11): 1577–1589. 

https://doi.org/10.1111/jphp.12144 [PubMed] 

• Taguchi T, Nazneen A, Abid MR, Razzaque MS (2005) Cisplatin-

associated nephrotoxicity and pathological events. Contributions 

to Nephrology 148: 107–121. https://doi.org/10.1159/000086055 

[PubMed] 

• Thomas A, Pattanayak P, Szabo E, Pinsky P (2018) 

Characteristics and outcomes of small cell lung cancer detected by 

CT screening. Chest 154(6): 1284–1290. 

https://doi.org/10.1016/j.chest.2018.07.029 [PubMed] [PMC] 

• Thomas A, Pommier Y (2016) Small cell lung cancer: Time to 

revisit DNA-damaging chemotherapy. Science Translational 

Medicine 8(346): 346fs12. 

https://doi.org/10.1126/scitranslmed.aaf6282 [PubMed] [PMC] 

• Thun M, Peto R, Boreham J, Lopez AD (2012) Stages of the 

cigarette epidemic on entering its second century. Tobacco 

Control 21(2): 96–101. https://doi.org/10.1136/tobaccocontrol-

2011-050294 [PubMed] 

• Tryakin AA, Besova NS, Volkov NM, Gladkov OA, Karaseva 

VV, Sakaeva DD (2020) Practical recommendations on the 

general principles of antitumor drug therapy. Malignant Tumors 

[Zlokachestvennye Opukholi] 10(3s2-1): 26–39. 

https://doi.org/10.18027/2224-5057-2020-10-3s2-01 [in Russian] 

• Tsiouprou I, Zaharias A, Spyratos D (2019) The role of 

immunotherapy in extensive stage small-cell lung cancer: A 

Review of the literature. Canadian Respiratory Journal 2019: 

6860432. https://doi.org/10.1155/2019/6860432 [PubMed] 

[PMC] 

• Turner MC, Andersen ZJ, Baccarelli A, Diver WR, Gapstur SM, 

Pope CA 3rd, Prada D, Samet J, Thurston G, Cohen A (2020) 

Outdoor air pollution and cancer: an overview of the current 

evidence and public health recommendations. CA: A Cancer 

Journal for Clinicians 70: 460–479. 

https://doi.org/10.3322/caac.21632 [PubMed] 

• Wang Y, Zou S, Zhao Z, Liu P, Ke C, Xu S (2020) New insights 

into small-cell lung cancer development and therapy. Cell Biology 

International 44(8): 1564–1576. 

https://doi.org/10.1002/cbin.11359 [PubMed] [PMC] 

• World Health Organization (WHO) (2008) WHO Report on the 

Global Tobacco Epidemic, 2008: the MPOWER Package. 

Switzerland, Geneva, WHO, 342 pp. 

• Yang S, Zhang Z, Wang Q (2019) Emerging therapies for small 

cell lung cancer. Journal of Hematology & Oncology 12(1): 47. 

https://doi.org/10.1186/s13045-019-0736-310.1186/s13045-019-

0736-3 [PubMed] [PMC] 

• Yarovoy SK, Shikina IB (2020) The pharmacoeconomic efficacy 

of chemotherapy for malignant neoplasms of the bronchus and 

lung. Pharmacoeconomics. Modern Pharmacoeconomics and 

Pharmacoepidemiology [Farmakoekonomika. Sovremennaya 

Farmakoekonomika i Meditsina] 13(1): 13–22. 

https://doi.org/10.17749/2070-4909.2020.13.1.13-22 [in Russian] 

• Yuan T, Sun S, Cao Z, Feng X, Gao Y (2021) Prognostic 

immunohistochemical markers for small cell lung cancer: A 

review. Pathology, Research and Practice 217: 153311. 

https://doi.org/10.1016/j.prp.2020.153311 [PubMed] 

https://doi.org/10.1124/mol.119.116319
https://pubmed.ncbi.nlm.nih.gov/31221825/
https://doi.org/10.1016/j.ajpath.2014.10.021
https://pubmed.ncbi.nlm.nih.gov/25497573
https://doi.org/10.1080/17425255.2021.1974397
https://pubmed.ncbi.nlm.nih.gov/34486919/
https://doi.org/10.1177/0300891620974762
https://pubmed.ncbi.nlm.nih.gov/34847814/
https://doi.org/10.52586/5059
https://pubmed.ncbi.nlm.nih.gov/34994180/
https://doi.org/10.3322/caac.21551
https://pubmed.ncbi.nlm.nih.gov/30620402/
https://www.ncbi.nlm.nih.gov/pubmed/32494339
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7269165/
https://doi.org/10.1002/j.1875-9114.1984.tb03318.x
https://pubmed.ncbi.nlm.nih.gov/6326063/
https://doi.org/10.12047/j.cjap.5925.2020.075
https://pubmed.ncbi.nlm.nih.gov/33167097/
https://doi.org/10.1016/j.lungcan.2007.08.016
https://pubmed.ncbi.nlm.nih.gov/17900754/
https://doi.org/10.3322/caac.21660
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://doi.org/10.1111/jphp.12144
https://pubmed.ncbi.nlm.nih.gov/24102557/
https://doi.org/10.1159/000086055
https://pubmed.ncbi.nlm.nih.gov/15912030/
https://doi.org/10.1016/j.chest.2018.07.029
https://pubmed.ncbi.nlm.nih.gov/30080997/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6335258/
https://doi.org/10.1126/scitranslmed.aaf6282
https://pubmed.ncbi.nlm.nih.gov/27384345/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7821960/
https://doi.org/10.1136/tobaccocontrol-2011-050294
https://doi.org/10.1136/tobaccocontrol-2011-050294
https://pubmed.ncbi.nlm.nih.gov/22345230/
https://doi.org/10.18027/2224-5057-2020-10-3s2-01
https://doi.org/10.1155/2019/6860432
https://pubmed.ncbi.nlm.nih.gov/31781314/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6875088/
https://doi.org/10.3322/caac.21632
https://pubmed.ncbi.nlm.nih.gov/32964460/
https://doi.org/10.1002/cbin.11359
https://pubmed.ncbi.nlm.nih.gov/32281704/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7496722/
https://doi.org/10.1186/s13045-019-0736-310.1186/s13045-019-0736-3
https://doi.org/10.1186/s13045-019-0736-310.1186/s13045-019-0736-3
https://pubmed.ncbi.nlm.nih.gov/31046803/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6498593/
https://doi.org/10.17749/2070-4909.2020.13.1.13-22
https://doi.org/10.1016/j.prp.2020.153311
https://pubmed.ncbi.nlm.nih.gov/33310282/


16                  Berezhnova TA et al.: Pharmacotherapy of small cell lung cancer: Current state-of-the-art 

• Yue B, Gao R, Wang Z, Dou W (2021) Microbiota-host-irinotecan 

axis: a new insight toward irinotecan chemotherapy. Frontiers in 

Cellular and Infection Microbiology 11: 710945. 

https://doi.org/10.3389/fcimb.2021.710945 [PubMed] [PMC] 

• Zhu Y, Wu S (2020) Immune characteristics of small cell lung 

cancer. Chinese Journal of Lung Cancer 23(10): 889–896. 

https://doi.org/10.3779/j.issn.1009-3419.2020.101.33 [PubMed] 

[PMC] [in Chinese] 

 

Author contributions 

▪ Tatyana A. Berezhnova, Professor, Doctor Habil. of Medical Sciences, Head of the Department of 

Pharmacology; e-mail: berezhnova-tatjana@rambler.ru, ORCID ID https://orcid.org/0000-0002-8401-3460 . The 

author approved of the manuscript version submitted to the journal. 
 

▪ Yelena A. Lunyova, Assistant of the Department of Pharmacology; e-mail: e.a.luneva97@mail.ru, ORCID ID 

https://orcid.org/0000-0002-6077-3043. The author consulted on the idea of the study, analysis of clinical materials 

and conclusions. The author presented the idea of the research study, analyzed the results and made the 

conclusions. 
 

▪ Kseniya S. Dyadina, Associate Professor of the Department of Pharmacology; e-mail: dyadina_2017@mail.ru, 

ORCID ID https://orcid.org/0000-0003-2454-729X. The author participated in writing the draft of the manuscript. 
 

▪ Vladimir A. Borisov, Associate Professor of the Department of Pharmacology; e-mail:  borisov_2002@mail.ru, 

ORCID ID https://orcid.org/0000-0002-6175-7336. The author participated in the performing intellectually 

significant work. 

https://doi.org/10.3389/fcimb.2021.710945
https://pubmed.ncbi.nlm.nih.gov/34722328/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8553258/
https://doi.org/10.3779/j.issn.1009-3419.2020.101.33
https://pubmed.ncbi.nlm.nih.gov/33070515/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7583879/
mailto:berezhnova-tatjana@rambler.ru
https://orcid.org/0000-0002-8401-3460
mailto:e.a.luneva97@mail.ru
https://orcid.org/0000-0002-6077-3043
mailto:dyadina_2017@mail.ru
https://orcid.org/0000-0003-2454-729X
mailto:borisov_2002@mail.ru
https://orcid.org/0000-0002-6175-7336

