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ABSTRACT

Purpose of the study. Determination of pathogenetic substantiation and indication criteria for the inclusion of extracorpo-
real detoxification methods in preoperative preparation of patients with non-small cell lung cancer (NSCLC) complicated by
inflammation.

Patients and methods. This study included the data on 222 patients with newly diagnosed stage -1V NSCLC referred for
elective surgical treatment to the Department of Thoracic Oncology, National Medical Centre for Oncology, in 2017-2019.
Endogenous intoxication was evaluated in all patients depending on the leukogram results: leukocytic intoxication index (LII),
body resistance index (BRI), reactive neutrophil response (RNR), and neutrophil-lymphocyte ratio (NLR). Indicators of the
inflammatory response, i. e. interleukin 6 and procalcitonin, were also studied.

Results. 36.5 % of NSCLC patients developed inflammation. That over 70 % of the NSCLC patients showed pronounced
clinical and laboratory signs of endogenous intoxication and inhibited protective systems of homeostasis. Initial sub- or
decompensated endotoxicosis together with reduced overall reactivity of the body poses a high risk of systemic inflamma-
tory response to antitumor surgical treatment. This justifies the inclusion of extracorporeal detoxification into preoperative
preparation of this category of patients as an active preoperative therapy.

Conclusions. Simultaneous elevation of LIl, RNR and NLR characterizing the presence of endotoxicosis in sub- and decom-
pensation of endogenous intoxication by own physiological detoxification systems requires an active preoperative preparation
with extracorporeal detoxification.

Keywords: lung cancer, inflammatory complications, endogenous intoxication, body reactivity, extracorporeal detoxification,
therapeutic plasma exchange

For citation: Ushakova N. D., Rozenko D. A., Tikhonova S. N., Kharagezov D. A., Popova N. N. Clinical and pathogenetic justification for the
use of therapeutic plasma exchange in the complex of preoperative preparation of patients with non-small cell lung cancer complicated by the
inflammatory process. South Russian Journal of Cancer. 2024; 5(1): 6-16. https://doi.org/10.37748/2686-9039-2024-5-1-1,
https://elibrary.ru/gwafxm

For correspondence: Natalia N. Popova - Cand. Sci. (Med.), MD, anesthesiologist and resuscitator of the Anesthesiology and Resuscitation
Department, National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation; Assistant of the Department of Oncology, Rostov
State Medical University, Rostov-on-Don, Russian Federation

Address: 63 14 line, Rostov-on-Don 344037, Russian Federation

E-mail: natalyaanest@mail.ru

ORCID: https://orcid.org/0000-0002-3891-863X

SPIN: 5071-5970, AuthorID: 854895

Scopus Author ID: 57215858399

Compliance with ethical standards: the ethical principles presented by the World Medical Association Declaration of Helsinki, 1964, ed. 2013 were
observed in the study. The study was approved by the ethics committee of the National Medical Research Centre for Oncology (extract from the
protocol of the meeting No. 19 dated 22/11/2021). Informed consent was received from all participants of the study

Funding: the work was carried out with the support of the National Medical Research Centre for Oncology

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 02.06.2023; approved after reviewing 01.12.2023; accepted for publication 27.02.2024

6



l0xHO-Poccuitckuii oHkonornyecknii xypran. 2024. T. 5, N2 1. C. 6-16
https://doi.org/10.37748/2686-9039-2024-5-1-1
https://elibrary.ru/gwafxm

3.1.6. OHKonorus, nyyesas Tepanus

OPUrT'MHANbHASA CTATbA

Knunnko-natoreHetnyeckoe 0bocHoBanue K NMPUMEHEHUI0 B KOMIIEKCE
npeAonepawumoHHOM NOAr0TOBKM 60NbHBIX HEMENKOKIETOYHBIM paKoM Jerkoro,
0CJ10)KHEHHbLIM BOCNAJIUTEJIbHLIM NPOLECCOM, TEPANEBTUHECKOIO nnasMoobmeHa

H. [I. Ywakoea'? [l. A. Po3eHko’, C. H. TuxoHoga', []. A. Xapare3og', H. H. Monoga'**

T OIBY «HaunoHanbHbli MegULMHCKNIA ncCnefoBaTeNbCKMIA LLEHTP OHKonoruu» MuHucTepcTBa 3apaBooxpaHenus Poccuiickoin Gegepaumy,
r. PoctoB-Ha-[loHy, Poccuiickas ®epepauus
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PE3IOME

Lienb uccnepoBanus. OnpeaenuTb NaToreHeTMYecKyro 060CHOBAHHOCTb U KPUTEPUM NOKa3aHUi K BKITFOUYEHUIO B KOMIJIEKC
npegonepaunoHHON NOAroTOBKMN 60JIbHbIX HEMESIKOKNETOYHbIM pakoM nerkoro (HMPJ1), 0CNOXHEHHbIM BOCNanuTelbHbIM
NpoLeccoM, METOA0B 3KCTPaKOprnopanbHOW AETOKCUKaLUK.

MayueHTbl M MeToAbI. B ccnenoBaHNe BKIOYEHDI AaHHbIE UCTOPUIA 60/1€3HU 222 60J1bHbIX NEPBUYHO BbisiBNIeHHbIM HMPJ1
=1V cTagui, NOCTYyNMBLUUX Ha N1TAHOBOE XMPYPruyeckoe fieyeHne B oTaeneHmne TopakanbHon oHkonorun ®rey «<HMULL
oHkonorun» Muxusgpasa Poccun B nepuog 2017-2019 rr. Bcem 60nbHbIM NPOBOAMAN OLEHKY NMOKa3aTesieill 3HA0OreHHOM
MHTOKCMKaLMM — IENKOLMTApPHOro MHAEKCa MHTOKCUKaumu (JTIUWN), uHaekca pesucTeHTHocTH opraduama (MPO), peakTue-
Horo oTeeTa HelTpodunor (POH), HelnTpodmnbHO-NTMMboUMTapHOro cooTHowweHus (HJ1C). Takxe M3yyanu nokasartenu
BOCMaNNTENbHOIO OTBETa — UHTEPSIENKUH-6 1 MPOKaNbLUTOHWH.

PesynbTarbl. BbiSiBNEHO, YTO pa3BUTUE BOCNANUTENbBHbIX OC/TOXHEHWIA Y 60bHbIX HMPJ1 HabntopaeTes B 36,5 % cnyyaes.
Bonee yeM y 70 % 60/bHbIX BNepBble AUarHocTMpoBaHHbIM HMPJ1 TeyeHne OHKONOrMYecKoro 3a6osieBaHus CONpoBOXAa-
eTCsl BbIpaXKeHHbIMU KJIMHWKO-Na6opaToOpHbIMU NPU3HaKaMu 9HAOFEHHON MHTOKCUKALMK C YTHETEHUEM 3aLLMTHBIX CUCTEM
romeocTasa. Hannume ncxofHoro aHA0TOKCMKO3a B Cy6- MM AeKOMNEHCMPOBaHHOW hopMe Ha hOoHe CHUXEHUS O6LLel peak-
TMBHOCTMW OpraHu3ma npefcTaBfsieT BbICOKUIA PUCK Pa3BUTUS FeHepPaIn30BaHHOrO BOCNanUTEIbHOro OTBETA Ha MPOBeAEHME
NPOTMBOOMNYXONEBOIO XMPYPrMYECKOro NeYeHnsl. TO akTyannsmpyeT BKIKOYEHWE B KOMMEKC NpefonepaLoHHON NoAroTOBKM
[laHHOI KaTeropun 60/1bHbIX 3KCTPAKOPMNopanbHOM JEeTOKCMKALMK B KaYeCcTBe akTUBHOMN NpefonepaLyoHHON Tepanuu.
3akntouyeHune. OgHOBpeMeEHHOe noBblweHne nokasatenen JIMN, POH n HJIC, xapakTepuayroLwmux Hanumume aHA0TOKCUMKO3a
B YCNOBUSAX Cy6- M IeKOMMNEHCALMMW 3HAOrEHHON MHTOKCUKALUM CO6CTBEHHBIMU PU3NONOMMYECKUMU CUCTEMAMM [LETOKCH-
Kauuu, onpeaensitoT HE0H6X0AUMOCTb NPOBEAEHNA aKTUBHOW NpefonepaLnoHHON NOArOTOBKU C BKITFOYEHNEM KOMMOHEHTa
9KCTpaKopropanbHOWM AEeTOKCUMKaLNW.

KntoueBble c/ioBa: pak Nerkoro, BocrnanauTesibHble OCNOXHEHUS, SHAOreHHasa MHTOKCUKaLMA, PpeakTUBHOCTb OPraHn3ma,
3KCTpaKopriopasibHas AEeTOKCUKALMS, TepaneBTUYECKUi N1a3Moo6MeH

Ons untuposanus: Ywakosa H. [l., PoseHko [l. A., TuxoHoBa C. H., Xaparesos [I. A., lonoea H. H. KnuHnko-natoreHeTMyeckoe 060CHOBaHue
K NPUMEHEHNI0 B KOMMNIEKCe NpefonepaLMoHHON NOArOTOBKM 60/1bHbIX HEMENKOKNETOYHbIM PakoM IErkoro, 0CN0XHEHHbIM BOCMAANTENbHbIM
MpOLeCcCOM, TepaneBTUYECKOro NnasMoobMeHa. I0xHo-Poccuitckuii oHKonornyeckuii xypHan. 2024; 5(1): 6-16.
https://doi.org/10.37748/2686-9039-2024-5-1-1, https://elibrary.ru/gwafxm
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INTRODUCTION

To date, lung cancer (LC) occupies a leading po-
sition among all malignant neoplasms, representing
a significant socio-economic problem in Russia and
the world overall. In the Russian Federation, the in-
crease in morbidity and mortality from LC is especial-
ly noticeable among the male population in the age
group over 60 years, while 85 % of detected cases
are represented by non-small cell lung cancer (NS-
CLC) [1]. Unfortunately, in more than 70 % of patients,
a malignant neoplasm of the lung is diagnosed at
the stage of a locally widespread process, or there is
a metastatic lesion, including the pleura, the opposite
lung, and the chest wall [2].

According to current data, the surgical method
in combination with antitumor therapy significantly
affects the prognosis of the disease, improving the
survival of patients with NSCLC at virtually all stages
compared with maintenance therapy [3]. At the same
time, the nature of the course of the disease depends
not only on the effectiveness of the method used,
but also on the occurrence of severe complications
that may cause the refusal of specialized care or
restriction of full-fledged antitumor treatment.

It is fair to note that all cancer patients are sus-
ceptible to various infectious complications, which
is 4-8 times more common than in the general
population. This is due to a defect in the immune
system, provoked by both tumor development and
increased catabolic processes against the back-
ground of impaired physiological detoxification and
excretion processes, as well as secondary changes
in organs and tissues due to antitumor therapy [4].
In predicting complications, including septic ones, it
is necessary to consider not only the primary infec-
tion of the tumor, but also the aggressive tactics of
extended operations, including total removal of the
organ affected by the tumor and suspected meta-
static spots [5]. According to some data, the inci-
dence of inflammatory pulmonary complications in
patients with progressive NSCLC ranges from 12 to
40 %, and the mortality rate reaches 26.5-33 % [6].
These indicators are due to several reasons. Thus,
endobronchial tumor growth leads to the formation
of a secondary inflammatory focus in the lung tis-
sue and in most patients, LC presents as pneumoni-
tis, pleurisy, pleural empyema or lung abscess with
pneumonia [7]. In addition, the late stages of LC are

characterized by the disintegration of the tumor with
the formation of necrosis and an inflammatory zone
in the tissue of the affected lung. The necrotic focus
becomes a source of intoxication, which is caused by
the prolonged intake of cellular breakdown products
into the blood [8].

The factors determining the prognosis of the func-
tional state of patients with LC after radical surgical
treatment, which involves total organ removal or ex-
tended lung resection with regional lymphadenecto-
my, should also include the features of ensuring gas
exchange during surgery. The cessation of air cir-
culation in the lung during surgery provokes a mas-
sive release of inflammatory cascade mediators into
the bloodstream, and inadequate gas exchange with
a decrease in oxygen partial pressure and a decrease
in cardiac output cause the development of hyper-
capnia and tissue hypoxemia [9]. In addition, rota-
tional surgical manipulations on a lung "turned off"
from gas exchange contribute to aggravating the
situation caused by the powerful release of tumor
cell decay products into the general bloodstream,
initiating the launch of a systemic inflammatory re-
action, the development of acute lung damage in the
early postoperative period [7].

In the conditions of the initial inflammatory pro-
cess, surgical stress, accompanied by functional
disorders of the sympathetic nervous system, par-
adoxical endocrine responses, as well as immuno-
logical and hematological changes, it promotes the
activation of leukocytes, fibroblasts, endothelial cells,
and platelets, followed by massive release of biolog-
ically active substances. A cascade of pathological
changes and disruption of the normal functioning
of the microcirculatory bed in patients with LC leads
to the development and rapid progression of acute
lung injury, as a result one in three patients dies [10].

Everything listed above determines the relevance
of the concept of endotoxicosis correction and of
prevention of acute respiratory distress syndrome
in patients with NSCLC complicated by the inflam-
matory process that is already happening in the pre-
operative period. At the same time, the inclusion
of extracorporeal detoxification in the complex of
preoperative preparation, which ensures the removal
of excessive concentrations of pathognomonic en-
dogenous toxic substances, can probably contribute
to improving the results of the inpatient period of
care for this category of patients.
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The purpose of the study was to determine the
pathogenetic validity and criteria of indications for
inclusion of therapeutic plasma exchange in the
complex of preoperative preparation of patients with
NSCLC complicated by the inflammatory process.

MATERIALS AND METHODS

The study included data obtained from the medi-
cal histories of 222 patients with primary NSCLC of
stages -1V who were admitted for elective surgical
treatment at the Department of Thoracic Oncology of
the National Medical Research Center of Oncology,
in the period 2017-2019.

The median age in the study group was 61 years,
the average age was 63.9 + 1.7 years, the range was
37-78 years, with 77 % men and 23 % women. The
age categories according to the criteria of the World
Health Organization were represented by people: under
45years —2.3 % (n = 5), 45-59 years — 30.6 % (n = 68),
60-74 years - 61.7 % (n = 137), over 75 years — 5.4 %
(n =12). According to preliminary data of clinical ex-
amination and histological analysis of the surgical
material, the staging of the tumor process was carried
out (TNM classification 8-edition, 2017) [11]: T,N M,
in6.3%(n=14),T,,N,M,in 26.6 % (n = 59), T, N, M, in

' "2a 0 "2 70

8.1% (n=18), T,N,M,in14.9% (n=33),T,_,N._MOin

P 3 P 3-4""1-2
36.5%(n=81), T, ,NM,in6.7% (n=15), T, N, M,
in 0.9 % (n = 2) patients. Morphological parameters
of the tumor: the largest number was squamous cell
carcinoma of varying degrees of differentiation, which
was detected in 80.1 % of patients. According to the
clinical and anatomical classification of RL, the follow-
ing were presented: central cancer —27.45 % (n = 61),
peripheral cancer - 64.9 % (n = 144), peripheral cancer
with centralization — 7.65 % of cases (n = 17). Sur-
gical treatment included: lobectomy and bilobecto-
my - 67.9 % (n = 55), pneumonectomy - 8.7 % (n = 7),
pleuropneumonectomy - 4.9 % (n = 4), combined pneu-
monectomy - 17.3 % (n = 14), pneumonectomy with
tracheal bifurcation resection —in 1.2 % (n = 1) to the
patient. Clinically significant concomitant diseases
were identified: ischemic heart disease — 63.5 %, ar-
rhythmias — 27.5 %, hypertension — 51.7 %, postinfarc-
tion cardiosclerosis — 22.9 %, chronic nonspecific lung
diseases - 25.2 %, type 2 diabetes mellitus — 18.9 %,
deep vein thrombophlebitis of the lower extremi-
ties — 28.4 %, gastric ulcer or 12 duodenum - 35.1 %
of patients.

nnasmoobMeHa

The control group consisted of 24 relatively
healthy men and women without cancer, comparable
in age and gender to the study group.

To diagnose the presence and nature of the
course of endogenous intoxication (ElI) accompa-
nying the development of the oncological process,
all patients upon admission were assessed accord-
ing to leukogram data for indicators of endogenous
intoxication — leukocyte intoxication index (LII), body
resistance index (BRI), neutrophil reactive response
(NRR), neutrophil-lymphocyte ratio (NLR). The indi-
cators of the inflammatory response - interleukin-6
(IL-6) and procalcitonin (PCT) — were also studied.
Criteria for inclusion of patients: primary diagnosed
NSCLC in persons over 18 years of age. The exclu-
sion criterion was under the age of 18, small cell
lung cancer.

This study was approved by the Ethical Committee
of the institution, It was also carried out the prior
consent of patients to the processing of their person-
al clinical and laboratory data for scientific purposes
(Protocol No. 19 of 11/22/2021).

The main material for this study was the blood
(erythrocytes, plasma) of patients. Blood sampling
was carried out in sterile vacuum tubes with pre-
servative in the morning from the ulnar vein when
patients were admitted to the hospital before any
medical measures were carried out. A general clini-
cal blood test was performed using the colorimetric
method. The concentration of PCT was studied by
the Brahms PCTQ test (Brahms Diagnostica, Germa-
ny), IL-6 in blood serum was determined by enzyme
immunoassay (Vector-Best reagents, Novosibirsk).

Statistical verification of compliance with the nor-
mal distribution was carried out according to the
Shapiro-Wilk and Kolmogorov-Smirnov W-criterion,
the results are presented in the form of M+ m (M is
the sample mean, m is the error of the mean, the
median (Me), which in all groups practically did not
differ from M, and the interquartile range in the form
of a calculation of the lower and upper quartiles:
(Q25 and Q75).

STUDY RESULTS

A retrospective analysis of the data from 222 med-
ical histories showed that in 81 patients (36.5 %), the
manifestation of cancer manifested clinical signs
of the inflammatory process and was diagnosed as
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paracancerous pneumonia in 11, pneumonitis in 62,
pleuritis and pleural empyema in 8 cases. These pa-
tients formed the basis for further research.

An analysis of the data of 81 patients in whom
the course of NSCLC was complicated by inflam-
matory complications indicated that 58 patients
(71.6 %) were initially diagnosed with central LC,
6 patients (7.4 %) had a peripheral form and 17 pa-
tients (21.0 %) had peripheral cancer with centraliza-
tion of the process. In the group with complications,
92.9 % (n = 75) of men and 7.1 % (n = 6) of women.
According to age indicators, the group of patients
in the age category 60-74 years prevailed 59.3 %
(n = 48), then 45-59 years — 33.3 % (n = 27), at the
age of 45 years and over 75 there were 3 patients
(3.7 %). The complicated course was more often ob-
served in patients with stage 3a—in 64.4 % (n = 52),
then2b-21.1% (n=17),3b-in11.1 % (n = 9), stage
2a and stage 4 in 2 patients.

In 69 of 81 (85.2 %) patients, clinical signs of El
were noted, which had manifestations in the form
of complaints of weakness and increased fatigue,
fever with varying degrees of myalgia, sleep disor-
ders and decreased psychoemotional activity, or
a combination of these clinical signs of EIl. When
analyzing the white blood cell panel, it was revealed
that upon admission, 63 out of 81 (77.7 %) patients
had laboratory signs of El due to tumor autolysis,
and in some cases with the addition of bacterial in-
fection — 22 (27.2 %) (Table 1).

It was noted that in 13 (16.0 %) patients with NS-
CLC with the development of mild El, stability of the
general reactivity of the body with a compensated
state of homeostasis was observed. In 19 (23.5 %) pa-
tients, signs of mild El were accompanied by inhibition
of general reactivity, but the stability of homeostasis
was ensured by detoxification systems of the body,
the level of NRR was within physiological norms. In
10 (12.3 %) patients, a mild degree of El was recorded
with signs of inadequate compensation due to inhibi-
tion of the general reactivity of the body and instability
of homeostasis — in addition to an increase in LIl, an
increase in the level of NRR and NLR was observed. In
21 (25.9 %) patients, an average degree of severity of
El was revealed with a marked decrease in BRI, a man-
ifestation of subcompensation or decompensation
of physiological detoxification systems, which was
manifested by a significant increase in relative to nor-
mal values of neutrophil reactive response indicators.

10

Laboratory signs of initial systemic inflammation
were revealed in 8 out of 81 (9.9 %) patients with
initially diagnosed pleurisy and pleural empyema,
according to IL-6 and PCT indicators. The serum
concentration of PCT was 0.422 + 0.15 ng/ml, ex-
ceeding the values of healthy people by 3.7 times
(p < 0.001). The IL-6 values were 67.3 £ 4.1 pg/ml|,
which exceeded the normal values by 14.3 times
(p < 0.001).

The probability that a full-fledged and radical sur-
gical treatment in these patients in conditions of
failure of homeostasis and protective systems of the
body can provoke a further decrease in compensa-
tory reactions with the subsequent development of
systemic and organ dysfunctions. An analysis of the
nature of the course of the early postoperative period
in these patients showed that 28 out of 81 (34.6 %)
patients were diagnosed with complications in the
first three days after surgery — acute respiratory dis-
tress syndrome, pneumonia, sepsis, multiple organ
failure. In all these patients, in the preoperative pe-
riod, according to leukogram data, the presence of
mild and moderate El was recorded in combination
with a decrease in overall reactivity and the state
of sub- and decompensation of El by physiological
detoxification systems of homeostasis, an increase
in NLR indicators, which amounted to 93.3 % of the
total number of patients with initially identified dis-
orders according to leukogram data (28 out of 30
patients). The hospital mortality rate in this cohort of
patients was 28.6 % with a total mortality rate of 5 %.

The severity of postoperative complications and
high mortality have determined the relevance of the
development and implementation of the concept of
reducing the risk of early post-surgical complications
at the stage of the preoperative period.

DISCUSSION

In general, the data accumulated to date indicate
that in the conditions of actively developing surgi-
cal technologies, personalization of targeted and
radiotherapy, the long-term results of treatment of
patients with NSCLC remain disappointing [12]. It
is obvious that a locally widespread tumor process
with an inflammatory component is the cause of
a number of pathological transformations that can
lead to severe systemic complications in patients
with LC. The data obtained in the study indicate ini-
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tially pronounced changes in the functional state
of patients with NSCLC. Thus, in the preoperative
period, 71.55 % of patients registered the tension of
non-specific protective systems of the body with si-
multaneous detection of limited reserve capabilities
of the immune system.

To obtain a complete picture of the initial state
of protective, including physiological detoxification
systems, we conducted a retrospective analysis of
the medical histories of patients with NSCLC with

nnasmoobMeHa

the determination of the level of integral intoxication
indices LI, NRR, BRI, NLR. The leukocyte intoxica-
tion index (LIl is a characteristic indicator of tissue
degradation processes and various levels of El. In
fact, the formula represents the absolute ratio of the
number of neutrophilic leukocytes to lymphocytes,
monocytes, eosinophils:

LIl = (4 MC + 3 MMC + 2 RSN + SN) x (PC + 1) /
(Lf+ M) x (E + 1), where MC are myelocytes, MMC -
metamyelocytes, RSN - rod-shaped neutrophils, SN -

Table 1. LII, NRR, BRI, NLR values in patients with NSCLC prior to the surgical intervention (M + m)

White blood cell panel indicators (U)

Endogenous intoxication level

LIl (with normal
range 1-1.6 + 0.2)

BRI (with normal
range 50-100)

NRR (with normal
range 10.6 +2.1)

NLR (with normal
range 1-2.1 +0.1)

. 1.101 £ 0.307 89.82+2.36 11.674 £1.31 1.262 £ 0.412
El absence, stability of the general 1.004 91.22 1.4 2794
body reactivity ; ) : ;
(n=18) (0.4;2.112) (82.24; 98.6) (4.295; 18.95) (1.1;1.427)
p =0.000000 p =0.014440 p =0.001268 p=0.011258
Mild El. stability of the general 1.603 +0.114 74.62 +£3.32 13.684 +1.11 1.844 +0.611
body reactivity, physiologic El 1.559 76.42 14.4 1.661
compensation (1.1;3.012) (72.44; 81.5) (12.999; 15.96) (1.541;1.997)
(n=13) p=0.01024 p=0.010140 p =0.001277 p =0.011001
Mild El, decrease in the general 3.603 £ 0.417* 49.55 + 3.46 13.085+1.62 2.242 £0.312
body reactivity, physiologic El 3.154 46.25 12.4 2.724
compensation (2.4, 5.232) (44.43; 58.1) (10.991; 16.75) (1.7, 3.227)
(n=19) p = 0.000000 p = 0.021040 p =0.001441 p=0.011258
Mild EI, decrease in the general 34222 0812 41.00 + 2.34% 19.24+1.27 71782 0227
body reactivity, physiologic El @ 95 889) 42.34 19.1 © 2’8 138)
subcompensation. - 0.010102 (32.29; 48.4) (18.399; 24.92) - 0011056
(n=10) p=90 p =0.010630 p =0.001252 p=0.
Moderate El, decrease in the 3.206 + 0 217+ 36.22 + 3.41* 36'232;2:;21* 9'403 :‘;gim 7
general body reactivity, 2.812 (2.2, 5.435) 3533 (29.30; 47.11) (8.6; 10.286)
physiologic EI compensation. Gy (31.11; 46.1) Iy A 01
(n=11) p =0.020101 p = 0.010442 p=0.01102 p =0.010256
The average degree of El, 3.992 + 0.202*
a decrease in the overall reactivity 3.913 21.88 311 28.11 ¢ 2.83¢ 13.45310.212*
- ) . 20.24 26.93 13.254
of the body, the physiological (3.2, 6.204) ; . .
inadequacy of El compensation p =0.012135 (16.37; 24.2) (22.12; 36.4) (12.2,15.931)
’ p =0.010625 p =0.010331 p =0.012401

(n=10)

Note: * — p < 0.05 compared to the indicators in healthy people. LIl — Leucocytinc indicator of intoxicatin, NRR — neutrophil reactive response,
BRI — body resistance index, NLR — neutrophil-lymphocytic ratio
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segmented neutrophils, PC - plasma cells, Lf - lym-
phocytes, M — monocytes, E — eosinophils.

LIl is one of the most common intoxication indi-
ces, the indicators of which are: norm - 0.62-1.6 U,
mild degree of intoxication — 2.7-3.7 U; average
degree 3.6-4.8 U; severe degree — 5.8-8.5; above
8.6 U — extremely severe degree of El. An increase in
LIl indicators to 4-9 U indicates the presence of bac-
terial toxins, the interval from 2 to 3 U is an indicator
of intoxication by autolysis products. In addition to
LIl, the body resistance index (BRI) is considered as
an objective indicator of El, which is calculated as
the ratio of the number of leukocytes to the product
of the patient's age by the LIl coefficient.:

BRI = L (thousand/l) / patient's age x LII.

BRI indicators vary from 50 to 100 U. At the same
time, low BRI numbers indicate the development of
an acute septic process.

The neutrophil NRR is also an El index and is equal
to the product of the sum of myelocytes, young (a co-
efficient of 1 is added if the total is less than one)
multiplied by the percentage of rod-shaped and seg-
mented neutrophils divided by the product of the
sum of the percentage of basophils, lymphocytes,
and monocytes by the number of eosinophils.

NRR = ((MC + MMC +1) x RSN x SN) /
((Lf + B + M) x E), where MC are myelocytes,
MMC - metamyelocytes, RSN - rod-shaped neutro-
phils, SN — segmented neutrophils, E — eosinophils,
Lf - lymphocytes, M — monocytes, B - basophils.
The normal values of NRR are 10.6 + 2.2 rel. U. NRR
level 15-25 rel. U. compensation of El is indicat-
ed, 26 —40 rel. U - subcompensation, more than
40 rel. U — decompensation of the inflammatory
process [13].

There is no doubt about the objectivism of evalu-
ating El indicators with the possibility of predicting
the complicated course of the early postoperative
period using integral intoxication indices calculated
from a leukogram. Undoubtedly, this is an urgent and
effective way that allows in a short time, according
to a general blood test, to assess the initial state of
the patient's homeostasis with the determination of
El and to develop tactics for necessary and timely
treatment. In addition, according to modern data,
the integral indicators of the neutrophil reactive re-
sponse have a pronounced informative character.
This criterion characterizes the effects of toxins on
the change in the ratio index of cells with varying
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degrees of nuclear differentiation (rod-shaped and
segmented neutrophils). Numerous studies have
determined the role of the neutrophil-lymphocyte
ratio as a marker of prognosis and severity of chronic
diseases such as cirrhosis of the liver, cholecystitis,
pancreatitis, chronic obstructive pulmonary disease,
as well as in determining the risk of cardiovascular
complications in cardiac surgery. The Russian and
foreign literature reflects aspects of the dynamics of
NLR indicators in oncology, which shows the prog-
nostic significance of this indicator [14]. The role of
activated neutrophils in the reactivity of the body
determines the restructuring of metabolic processes,
migration and adhesion, the formation of regulatory
and secretory functions. A number of authors be-
lieve that an increase in NLR is one of the signs of
activation of systemic inflammatory processes in
patients with multiple organ dysfunction syndrome,
in which, due to increased secretion of inflammatory
mediators and cytokines, the role of neutrophils is
important. Numerous clinical studies indicate a cer-
tain sensitivity of NLR for stratification of the sys-
temic inflammatory response of the body in infection
and bacteremia, which has an important prognostic
value [15].

In addition, it is generally recognized that the
course of the disease largely depends on the reac-
tivity of the body, which is largely determined by the
immune system. IL-6 and PCT levels are true and
chronologically valuable biomarkers of the develop-
ment of an inflammatory response. These indicators
demonstrate a pronounced stimulation of immune
reactions in the structure of the inflammatory re-
sponse of the patient's body, which makes it possible
to choose a rational and timely therapy tactic. The
prognostic significance of the markers is determined
by the fact that the increase in indicators indicates
the development of an unfavorable course of the
disease [16].

The coexistence of tumor and inflammatory pro-
cesses in patients with NSCLC is associated with
a significant increase in the number of postoper-
ative complications, including inflammatory gene-
sis, which, accordingly, worsens the prognosis and
treatment outcomes of the hospital period of this
category of patients. In the studied group of patients,
the incidence of purulent-septic complications was
36.5 % of cases. We studied the nature of early post-
operative complications in patients with NSCLC.
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Of the 222 patients, 141 (63.2 %) had an uncompli-
cated course, and 81 (36.5 %) patients had a com-
plicated course. Early postoperative complications
were diagnosed in 28 (34.5 %) patients. At the same
time, 34.6 % of these patients in the early postoper-
ative period (the first 3 days after surgery) revealed
the development of life-threatening complications:
acute respiratory distress syndrome, pneumonia and
others. It was revealed that the course of cancer in
81 patients with a complicated course of the malig-
nant process was accompanied by the development
of endogenous intoxication, determined by an in-
creased level of LIl and NLR. At the same time, only
in 28 patients with a complicated course of the early
postoperative period, a significant increase in the
indicators of the neutrophil reactive response was
recorded, characterizing the inadequacy of compen-
sation for El by physiological detoxification systems
of homeostasis, in some cases in combination with
a decrease in the reactivity of the body. In patients
with severe postoperative complications, the values
of inflammatory markers turned out to be indicative:
the PCT content exceeded the normal limits by 3.7
times, and IL-6 by 14.3 times, which indicated sys-
temic inflammation.

Taking into account the presence of endotoxicosis
and systemic inflammatory response in the stud-
ied patients, the complex of standard preoperative
preparation should be supplemented with extracor-
poreal detoxification. The choice of the therapeutic
plasma exchange (TPE) method is justified by its
maximum detoxification potential, which allows re-
moving all types of toxic substances from the blood-
stream, including those associated with proteins.
During the TPE procedure, inflammatory mediators
actively adhere from the systemic bloodstream to
the filter membrane, which reduces the risk of gener-
alized systemic inflammation and, as a result, acute
damage to the lung parenchyma [17].

The study made it possible to establish that
the manifestation of cancer in patients with stage
I-1V LC is characterized by the presence of en-
dogenous intoxication of varying degrees of com-
pensation. In this regard, it is justified to conduct
detoxification therapies in the preoperative period in
patients with the manifestation of El in combination
with inhibition of the general reactivity of the body
and instability of homeostasis. It is most likely that
full-fledged and radical surgical treatment in these
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conditions can provoke a further decrease in the
compensatory potential of homeostasis with the sub-
sequent development of systemic disorders, which
justifies the need for active preoperative preparation
of patients with NSCLC aimed at preventing severe
inflammatory complications.

An example of the development of life—threatening
complications in this category of patients is the clini-
cal case of treatment of a patient with acute damage
to a single lung after radical surgery — pneumonec-
tomy, described by us in 2020 [18]. The presented
clinical example demonstrates the severe course of
the postoperative period in a patient 67 years after
radical surgical treatment for cancer of the lower
lobe of the left lung cT,N M, art. Il, with disintegra-
tion and abscessing paracancerous pneumonia,
a condition after 3 courses of polychemotherapy.
The scope of the operation included an extended
combined pneumonectomy on the left, resection of
the left atrium, resection of the pericardium, partial
pleurectomy, plastic pericardium with polypropylene
mesh. The severity of the patient's condition was due
to the development of generalized inflammation with
acute damage to a single lung on the 1st day of the
postoperative period. Respiratory function was com-
pensated by artificial lung ventilation (LV) (Hamilton
G5 device). Ventilation parameters: respiratory rate —
16 v min.; airway pressure — 10 cm of water; positive
pressure at the end of exhalation (Positive pressure
at the end of exhalation — PEEP) - 5 cm of water; frac-
tion of oxygen in the inhaled air (Fraction of Inspired
Oxygen - Fi0,) — 80 %; respiratory volume — 330 ml;
minute volume of respiration — 5.5 I/min. Against this
background, SpO, is 90 %. Indicators of acid-base
state: partial pressure of carbon dioxide in arterial
blood (pC0O,) 36.5 mmHg; partial pressure of oxy-
gen in arterial blood (p0,) 114 mmHg; pH 7.43; base
deficit (BE) 0.2; bicarbonate (HCO,) 32.4 mmol/L.
According to blood tests: leukocytosis 32 x 10%/I;
neutrophilosis 80 %; leukocyte activity of endotoxin -
0.67 (Response - 0.92); PCT - 46 ng/ml; IL-6-1860
pg/ml. X-ray examination data: inflammatory infil-
tration in the lower lateral sections of the only lung.
The probability of death on the MPM Il scale (Mor-
tality prediction model) was 75.3 %, which required
a complex of high-tech intensive treatment with the
inclusion of an extracorporeal detoxification program.
In this case, the outcome of the hospital treatment
period was favorable, the patient was discharged
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from the hospital. Saving the life of this patient be-
came possible with full-fledged treatment, timely in-
clusion in the treatment complex of extracorporeal
detoxification. At the same time, it is possible that
active preoperative preparation aimed at relieving
the severity of El and optimizing the functional state
of the body's own physiological detoxification sys-
tems in the preoperative period could prevent the
development of such a formidable complication in
the postoperative period. However, this dictates the
need for confirmation and, therefore, further research.

CONCLUSIONS

It was revealed that the development of inflam-
matory complications in patients with NSCLC is ob-
served in 36.5 % of cases. In conditions of a com-
bination of a tumor disease and an inflammatory
component, a decrease in the compensatory capa-
bilities of the patient's body can be expected with
a high degree of probability and, as a result, the de-
velopment of inflammatory complications of varying

severity in the early postoperative period. The data
obtained demonstrate that in more than 70 % of pa-
tients with newly diagnosed NSCLC, the course of
cancer is accompanied by pronounced clinical and
laboratory signs of El with inhibition of protective
homeostasis systems.

The presence of initial endotoxicosis in a sub- or
decompensated form against the background of
a decrease in the general reactivity of the body poses
a high risk of developing a generalized inflammatory
response to antitumor surgical treatment. This actu-
alizes the inclusion of extracorporeal detoxification
as an active preoperative therapy in the complex of
preoperative preparation of this category of patients.

The simultaneous increase in the indicators of
LIl, NRR and NLR, characterizing the presence of
endotoxicosis in conditions of sub- and decompen-
sation of El by their own physiological detoxification
systems, determine the need for active preoperative
preparation with the inclusion of a component of
extracorporeal detoxification, i.e. therapeutic plasma
exchange.
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