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«l0)XHO-Poccuiickuii OHKONOrM4YecKmii ypHan»: npodeccuoHanbHoe
MeZMLMHCKOE U3faHue. B HeM ny6iuKyITCS HOBOCTU MeAULMHCKOTO
1 hapMaLLeBTMYECKOro COOBLLECTB, HayYHO-NPAKTUYECKMUE CTaTbU AN
LieneBoil ayAUTOPUM - BPayeii-OHKONOTOB. Pefjakuus XypHana CTaBuT
CcBOei 3afayeil NoMynspu3aLmMio Hay4yHO-MCCNeR0BATENbCKUX PaboT U
LOCTWXEHNI oHKonoros l0xHoro depepanbHoOro okpyra, aHanus npo-
Lecca rny6okoii peopraHusauum 3fpaBooxpaHeHus B Poccuu. Pepak-
LiMs MpUrnallaeT B KayecTBe aBTOPOB BCEX, KTO ULLET U HAXOAUT UHTE-
PECHbIE PelleHns MHOTOrpaHHbIX 3aay, CTOALNX Nepes, COBPEMEHHOI
MeANLIMHOM, U XOUeT NoAeNUTLCA CBOUMMU MbICAAMU W HABNIOAEHUAMY
C Koineramu.
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cnyxG6bl I0ra Poccuu; cofeiicTBoBaTb 06MEHY OMbITOM U NepefoBbIMU
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ORIGINAL ARTICLE

PRESEPSIN AS A MARKER OF SEPSIS IN ONCOLOGICAL PATIENTS
AFTER SURGICAL INTERVENTIONS

N. K. Guskova™, A. A. Morozova', D. A. Rozenko', A. V. Alyoshkina’, A. M. Skopintsev’,
0. N. Selyutina’, N. V. Golomeeva’, E. A. Guskova?, A. K. Donskaya’, I. V. Tselishcheva’,
A. S. Nozdricheva'

South Russian
Journal of Cancer
H0xHo-Poccuitckuit
OHKO/IOTYECKHi XKypHan

Vol. 3
No. 2, 2022

1. National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
2. Da Vinci Clinical and Diagnostic Center, Rostov-on-Don, Russian Federation

B guskova.nailya@mail.ru

ABSTRACT

Purpose of the study. Analysis of the possibility of using presepsin in the early diagnosis of sepsis in cancer patients after
extensive surgical interventions for tumors of the thoraco-abdominal localization.

Materials and methods. The study included 27 people: 10 healthy individuals (control) and 17 patients who received surgical
treatment at the National Medical Research Center of Oncology for malignant neoplasms of thoraco-abdominal localization. In
the blood of all patients, studies of sepsis markers were performed: presepsin (P-SEP), highly sensitive CRP (hsCRP) (PATHFAST,
Japan), procalcitonin (PCT), interleukin-6 (IL6) (Cobas e 411, Germany), as well as lactate, total leukocyte count (WBC) with
a leukocyte formula, a blood culture test for suspected septic complications included in a routine examination. The studies
were carried out before and on the 2nd day after the operation. Data were assessed by comparing P-SEP levels with hsCRP,
PCT, IL6, lactate, WBC, blood culture test results, and the clinical status of patients. Depending on the data obtained, 2 groups
were distinguished: | — patients with confirmed sepsis (3 people), Il — without sepsis (14 people). Statistical processing was
performed using STATISTICA 13.0.

Results. In the control group, the level of P-SEP was 182.7 + 11.9 pg/ml. In patients before surgery, the marker values were
213.7 £ 47.7 pg/ml, which did not differ statistically from the control data and did not go beyond the reference values, as did
the content of PCT, hsCRP, IL6. On the 2nd day after surgery, all patients showed unidirectional changes, characterized by an
increase in the levels of the studied parameters, but with varying degrees of intensity. The most significant was the increase
in the concentration of presepsin. At the same time, it was noted that the level of presepsin on the 2nd day after surgery in
patients of group | patients with confirmed sepsis averaged 2577.5 + 1762.5 pg/ml with a maximum level 4340.0 pg/ml, and
in group Il with In the absence of confirmed bacteremia, there was an increase in the level of presepsin 1205.0 pg/ml. The
data obtained correlated with the dynamics of changes in the concentration of other sepsis markers — hsCRP, PCT, IL6. Thus,
the study of the level of presepsin, along with widely used markers — hsCRP, PCT, IL6, allows diagnosing sepsis in the early
postoperative period in cancer patients.

Conclusion. In patients with malignant neoplasms of thoracoabdominal localization, changes in the levels of sepsis markers
in the early postoperative period can be used as a basis for prescribing antibiotic therapy. Presepsin may be recommended
for use as an early marker of sepsis in patients with oncological pathology.

Keywords:
sepsis, sepsis markers, presepsin, surgical interventions, malignant neoplasms of thoraco-abdominal localization
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OPUTUHATIbBHASA CTATbA

[MPECENCHUH KAK MAPKEP CEMCUCA Y OHKOJIOTMHECKKUX bOJIbHbIX MOCNE
XUPYPTUHECKMX BMELLIATENBCTB

H. K. l'ycbkoBa™, A. A. Mopo3oea’, [l. A. PoseHnko', A. B. Anewkuna', A. M. Ckonuxues', 0. H. Ceniotuna’, H. B. Flonomeera’,
E. A. T'ycbkoBa?, A. K. [loHckas’, U. B. Lienuweea’, A. C. Ho3gpuuesa'

1. HMUL, oHkonoruw, r. PoctoB-Ha-[loHy, Poccuiickas ®egepauus
2. KnuHuko-gnarHocTtuyeckuin uentp «JA BUHYM», r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
B4 guskova.nailya@mail.ru

PE3IOME

Llenb nuccnepoBanmns. AHanns BO3MOXHOCTU MPUMEHEHNS MPeCencuHa B paHHel AMarHoCTUKe cencuca y OHKOOrMYeCcKux nauu-
€HTOB Nocre NpoBeAeHNs O6LLIMPHbIX ONepaTUBHbIX BMELLATENbCTB MO NOBOAY ONyXosiei Topako-abAoMMHaNbHO oKanmsaumm.
Martepuanbl n MeTogbl. B nccnepgoBaHme BKItOUYEHbI 27 yenoBek: 10 340poBbix nuL, (KOHTPONb) U 17 NauueHToB, Npone-
YeHHbIX XMPYPruyeckum MeToA0M M0 NOBOAY 3/T0Ka4YeCTBEHHbIX HOBOOGpa3oBaHWil TOpako-abA0MUHaNbHON SIoKanM3auum
B OI'BY «HMMUL| onkonorumn» Muusgpasa Poccun. Bcem naumeHTam B KpOBM BbINOMHEHbI UCCNeA0BaHNS MapKepoB cencuca:
npecencuHa (P-SEP), BbicokodyscTBUTeNbHOro CPE (hsCRP) (PATHFAST, AnoHus), npokanbuutoHuHa (PCT), uHTepneiikuHa-6
(IL6) (Cobas e 411, FTepmaHus), @ TakXKe nakTaTa, CyMMapHOro nokasatens nevikoumtos (WBC) ¢ neiikoumtapHoi hopmysion,
nccnefoBaHve KPOBU Ha reMOKYNbTYPY NP MOA03PEHWUM Ha CENTUYECKME OCTIOXHEHWS, BXOASALLME B NIAHOBOE 06CNe0BaHue.
MccnepoBaHus NpoBOAMANCH A0- U Ha 2-e CYTKM Mnocsie onepauun. [JaHHble OLeHMBaNUCb NyTeM COMOCTaB/IEHUS YPOBHSA
P-SEP co 3HaueHuamu hsCRP, PCT, IL6, naktata, WBC, pesynbTratamMu TecTa Ha FeMOKYJ/IbTYpYy U KIIMHUYECKUM COCTOSIHUEM
60/1bHbIX. B 3aBUCUMOCTY OT NONYYEHHbIX JaHHbIX BbIAENEHO 2 rpynnbl: | — 60/bHble C MOATBEPXAEHHbIM cencucom (3 Ye-
noeeka), Il - 6e3 cencuca (14 yenoeek). CTaTucTUYeckas 06paboTKa BbINoHsNack ¢ ucnonb3osaHnem STATISTICA 13.0.
PesynbTatbl. B KOHTpOnbHOM rpynne ypoBeHb P-SEP coctaBmn 182,7 + 11,9 pg/ml. Y 605bHbIX O ONepaunm 3HayeHns Map-
Kepa coctaBunu 213,7 + 47,7 pg/ml, 4To CTAaTUCTUYECKU HE OTIMYANOCh OT AaHHbIX KOHTPOJIS U He BbIXOAWIO 3a Npeaenbl
pedepeHTHbIX 3HauyeHui, kak u cogepxxaHue PCT, hsCRP, IL6. Ha 2-e cyTku nocne onepawumm y Bcex 60bHbIX OTMEYEHbI
OfiHOHanpaBJ/ieHHble U3MEHEHWs, XapaKTepuayloLmecs NoBbILLEHNEM YPOBHEN UCCNeflyeMblX MoKasaTenen, Ho C pa3Hoin
CTeneHbio MHTEHCMBHOCTU. Hanbonee 3Ha4MMbIM GbISI0 yBENMYEHWE KOHLEHTPaL MK npecencuHa. MNpu aTom obpaLyano Ha
ceb6 BHUMaHWe, YTO Ha 2-e CYTKM Noce onepaumnu y 60/bHbIX | rpynnbl ¢ NOATBEPXAEHHBIM CENCUMCOM YPOBEHb NpecencuHa
cocTaBun B cpefHeM 2577,5 + 1762,5 pg/ml ¢ MmakcumanbHbiM 3HadeHnem 4340,0 pg/ml, a Bo Il rpynne, npu oTcyTCTBUM NOA-
TBEPXAEHHON 6aKTepueMum, OTMeYasnoch NoBbILWEHWE YPOBHS npecencuHa Ao 1205,0 pg/ml. MonyyeHHble faHHble COOTHOCH-
JIUCb C AUHAMUKOW M3MEHEHUSI KOHLIEHTpaLum Apyrux Mapkepos cencuca — hsCRP, PCT, IL6. Takum o6pa3om, nccnefioBaHue
YPOBHSI NpecerncuHa, Hapsay ¢ LWMPOKO ucnonb3yeMbiMu Mapkepamu — hsCRP, PCT, IL6 no3BonsieT AuarHocTUpoBaTh Cerncuc
B paHHeM nocneonepaLnoHHOM NepuoAe Y OHKONIOrMYEeCKNX NaLnUeHTOB.

3akntoyeHme. Y 60/1bHbIX CO 3/T0Ka4eCTBEHHbIMU HOBOOGPa30BaHUAMM TOPaKO-abA0MMUHANIbHON IOKann3aumm u3MeHeHne
YPOBHEI MapKepoB Cerncuca B paHHeEM NocieonepaLMoHHOM NeEpPUoAe MOXHO UCMOJIb30BaTb Kak OCHOBaHWe NS Ha3Have-
HUSA aHTMBMOTUKOTEpanuu. MpecencuH MoOXeT 6blTb PEKOMEH0BaH K MPUMEHEHUIO B Ka4eCTBe paHHero Mapkepa cerncuca
y 60JIbHbIX C OHKONOrMYECKOW NaToIorne.
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RELEVANCE

Sepsis is a life threatening organ dysfunction
caused by the body's dysregulatory response to in-
fection. According to WHO, mortality from sepsis is
caused by the development of septic shock and mul-
tiple organ failure and amounts to 11 million people
annually. Of the surviving patients, only half recov-
er completely, and the rest either die within 1 year
or live with acquired chronic pathology. The most
susceptible to septic complications are newborns,
pregnant women, the elderly, people with weakened
immunity, as well as cancer patients [1]. In the pres-
ence of oncological pathology, aggravating factors
are both the tumor itself and the implementation of
a complex of specific treatment methods i.e. che-
mo and radiation therapy, surgical interventions [2].
When conducting extensive surgical interventions,
the urgent task of surgery is to reduce the frequency
of purulent-septic complications [3]. The develop-
ment of septic complications and high mortality are
usually caused by untimely diagnosis and late onset
of pathogenetic treatment. The concept of sepsis
itself has been repeatedly revised and changed in re-
cent years, which has given the medical community
a clearer prediction of the course and outcomes of
this pathology. Nevertheless, the problems of early
diagnosis have not been solved definitively [1; 4].
Hemoculture, a very specific and accessible meth-
od in routine practice, is recognized as the "gold
standard" for the diagnosis of infection. However,
the duration of the study (more than 48 hours), the
low sensitivity of the method (25-42 %) and the
negative result of blood culture do not guarantee
the absence of bacteremia. At the same time, the
inability to assess the effect of uncultivated forms
of microorganisms on the infectious and inflam-
matory process limits the diagnostic capabilities of
the method [4] and, as a consequence, prevents the
timely initiation of pathogenetic treatment.

Currently, various biochemical markers are used
to diagnose sepsis: procalcitonin, C-reactive pro-
tein, cytokines. Procalcitonin — glycoprotein, which
is a precursor of calcitonin, is synthesized by pancre-
atic C-cells. In the inflammatory process of bacterial
or fungal nature, when stimulated by endotoxins or
proinflammatory cytokines, the level of procalcitonin
increases within 6-12 hours. However, there are lim-
itations in the use of procalcitonin as a marker of
sepsis, since an increase in the level of the indicator

is known due to injuries, extensive damage to organs
and tissues of a non-infectious nature [4; 5]. Much
earlier than the increase in procalcitonin, there is an
increase in the level of interleukin-6 with a peak after
2-4 hours, which is associated with a severe course
of the disease or the volume of surgical intervention,
which also makes it difficult to establish the nature
of the inflammatory process [4]. C-reactive protein
(CRP) belongs to the group of proteins of the acute
phase of inflammation and is synthesized mainly
in hepatocytes. The synthesis of CRP is initiated by
antigens, immune complexes, infectious agents and
particles of necrotic tissue. The concentration of
CRP increases after 4—6 hours from the beginning of
the pathological process and continues to increase
for 24-48 hours, increasing hundreds of times. The
marker is most often used to diagnose acute inflam-
matory conditions and necrotic processes, as well
as to evaluate the effectiveness of therapeutic mea-
sures. In some cases, an increase in the level of CRP
may be due to non-specific causes, such as necrotic
tissues formed during burns, necrosis, which reduces
its diagnostic significance and does not allow it to
be used to confirm the infectious etiology of inflam-
matory processes [5; 6].

There are data on the use of presepsin in the
diagnosis of acute inflammatory reactions. Prese-
psin is a circulating protein whose concentration
in the blood increases rapidly with the develop-
ment of systemic infections, sepsis, severe sepsis
and septic shock. It was first described in 2005 by
a group of researchers from Iwate Medical Uni-
versity, Japan [7]. The mechanism of increasing
presepsin levels is fundamentally different from the
mechanism of increasing other pro-inflammatory
markers — interleukin-6, interleukin-10, procalci-
tonin, CRP, since immune mechanisms aimed at
activating phagocytosis participate in its produc-
tion. The increase in presepsin level is registered
earlier due to a short half-life (0.5-1.0 hours) [8;
9]. The reference values of presepsin in healthy
people do not exceed 320 pg/ml, however, the
manufacturer of test systems LS| Medience Cor-
poration, Japan [10], shows the threshold values
of the marker recommended for use in the early
diagnosis of septic reactions (Table 1).

However, according to the literature, the level of
presepsin increases with varying degrees of inten-
sity during surgical interventions, injuries and burns
both in the absence of an infectious component, and
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with the development of septic reactions in patients
without oncological pathology [11-15]. In this regard,
the study of presepsin levels in oncological practice
in patients after extensive surgical interventions is
very relevant.

The purpose of the study: to analyze the possibility
of using presepsin in the early diagnosis of sepsis in
cancer patients after extensive surgical interventions
for tumors of the thoraco-abdominal localization.

MATERIALS AND METHODS

The study included 27 people: 10 healthy individ-
uals (control) and 17 patients who received surgical
treatment at the National Medical Research Center
of Oncology for malignant neoplasms of thoraco-
abdominal localization. There is informed consent
of patients for the study. Sepsis markers were stud-
ied in the blood of all patients: presepsin (P-SEP),
highly sensitive CRP (hsCRP) (PATHFAST, Japan),
procalcitonin (PCT), interleukin-6 (IL6) (Cobas e 411,
Germany), as well as lactate, total leukocyte count
(WBC) with leukocyte formula, blood testing for
hemoculture in case of suspected septic complica-
tions included in the routine examination. The studies
were conducted before and on the 2nd day after the
operation. The data were evaluated by comparing
the P-SEP level with the values of hsCRP, PCT, IL6,
lactate, WBC, the results of the hemoculture test and
the clinical condition of patients. Depending on the
data obtained, 2 groups were identified: | - patients
with confirmed sepsis (3 people), Il — without sepsis
(14 people). Statistical processing was performed
using STATISTICA 13.0.

nocne xmpypru4yeckux sMmellaTesbCTe

RESEARCH RESULTS AND DISCUSSION

In the control group of individuals, the P-SUP level
averaged 182.7 £ 11.9 pg/ml. In the examined group
of patients before surgery, the marker values were in
the range of 166.0-261.5 pg/ml and averaged 213.7
+ 47.7 pg/ml, which did not statistically differ from
the data of the control group (p > 0.001) and did not
exceed the reference values (< 320 pg/ ml) recom-
mended by the manufacturer of the test systems
(Table 1). The content in the blood of patients be-
fore surgery of other markers of inflammation - PCT,
hsCRP, IL6 was also within the reference boundaries
(Table 2).

On the 2nd day after surgery, unidirectional changes
were noted in all patients included in the study, char-
acterized by an increase in the levels of the studied
indicators, but with varying degrees of intensity. At the
same time, the most significant was the increase in
presepsin concentration. Thus, in group | (with sep-
sis), the P-SEP level averaged 2577.5 + 1762.5 pg/ml,
8.1 times higher than the reference values proposed
by the manufacturer, 14.1 times higher than the data
of the control group and 12.1 times higher than the
values before surgery (p < 0.001). The content of oth-
er markers in this group of patients also increased
and averaged: PCT - 328.3 + 284.0 ng/ml (p < 0.001),
hsCRP -211.68 + 153.52 mg/l (p < 0.001), 1L6-982.4
+128.3 pg/ml (p < 0.001), which is in accordance with
the literature data indicated the development of sep-
sis [11]. At the same time, the lactate level in this
group of patients (1) increased and amounted to 6.31
+ 0.4 mmol/I (p < 0.05), which, in turn, reflected the
fact of bacteremia with the development of metabolic

Table 1. Interpretation of presepsin level results

Presepsin Level* (pg/ml)

Diagnosis

<200 Sepsis excluded
200-299 Low chance of systemic infection
300-499 Possible systemic infection
500-999 Moderate risk of sepsis, increased risk of adverse outcome
> 1000 High risk of systemic infection (severe sepsis/septic shock). High risk of 30-day mortality,

comparable to the risk on the APACHE scale = 25

Note: presepsin values are recommended by the manufacturer of test systems LS| Medience Corporation, Japan, 2013.
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acidosis characteristic of the septic process. The WBC
level also increased to 13.15 + 2.55 x 10°/L (p < 0.05).
This, along with lymphopenia observed in almost all
patients, the appearance of immature granulocytes
in the blood and a significant number of rod-shaped
forms of neutrophils (more than 25.0 %), reflected
the presence of an inflammatory process caused by
both the body's reaction to surgery and bacteremia.
The development of sepsis in this group of patients
was confirmed by positive results of blood culture for
hemoculture.

In the Il group of patients (without sepsis) after
surgery, the degree of increase in the concentration
of the studied parameters was less pronounced
and had a short-term character. Thus, the P-SEP
level averaged 657.5 + 547.5 pg/ml in the group, 2.1
times higher than the reference data (p < 0.001), 3.6
times higher than the control values (p < 0.001), 3.2
times higher than the results obtained before sur-
gery (p < 0.001) and 3.9 times It was lower than the
values in group | patients (with sepsis) (p < 0.001),
which is extremely important in assessing the role

Table 2. Dynamics of changes in the level of sepsis markers in cancer patients

Groups
Indicators,
reference _ _
values, units of Group I (n =3) Group Il (n = 14)
measurement Control
Before surgery After surgery Before surgery After surgery
2577.5+1762.5 ?1517650i—15%550)
P-SEP, 1827 £11.9 213.7 £ 47.7 (815.0-4340.0)  206.4 +39.6 0D S 205
<320 pg/ml (170.8-194.6) (166.0-261.5) p,<0.001 (166.8-246) 51 <0001
p, < 0.001 P oo
94403 2116815352  2.1+0.2 (312(52812%;2)
hsCRP, 1.24+0.77 (2 0__3'1) (58.16-365.2) (1.9-3.3) <' 0 001’
<5.0mg/I (0.47-2.01) 008 p,<0.001 p,<0.05 P, oo
Py =P p, <0.001 p,<0.
p, <0.001
328.3+284.0 2.6+0.5
PCT, 0.015+0.015 0.025+0.015 (44.24-612.33) ?6030’5_8-8;) F()Z-: 0-3.05)
<0.05ng/ml (0.00-0.03) (0.01-0.04) p,<0.001 p; 0,05
p, <0.001 p, <0.001
10.1+1.5
982411283 3.6+0.3 (8.6-11.6)
IL6, 2.85+1.75 40+£02 (45.46-1127.7) o) S
<7.0 pg/ml (1.1-4.6) (3.3-4.7) p, <0.001 o 51 <008
ps < 0.001 p. <0.001
6.31+0.4
Lactate, 1.56 + 0.48 1.66 022 (5.91-6.71) 21-53?2’-:%2) (zios?si g';’i)
0.5-2.2 mmol/I (1.08-2.04) (1.44-1.88) p,<0.05 32-1. 3827
p) < 0.001 py< 0.
13.15+2.55
WBC, 7.4+2.1 10.95 + 2.55 (10.60-15.7) 2%_51*224-)25 2562_’—'28-3)
40-10.0x10°%L  (5.3-9.5) (8.4-13.5) p,<0.05 9-12. Py
. <0.

Note: values are statistically significant if p < 0.05 - p < 0.001
p, — in comparison with control group;
p, — in comparison with indicators before the surgery,

p, — in comparison with indicators in the group I.
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of presepsin as an early marker of sepsis. The PCT
content increased on average to 2.6 + 0.5 ng/ml
(p < 0.05), hsCRP - 32.2 + 21.4 mg/Il (p < 0.05),
IL6-10.1 + 1.5 pg/ml (p < 0.05) (Table 2). The lac-
tate level remained within the reference values. The
totality of laboratory data, the clinical condition of
patients, and the negative results of hemoculture
made it possible to exclude the development of the
septic process in this group of patients. We believe
that the marked increase in the level of acute phase
proteins and WBC (14.2 x 10°/L) in group |l patients
is due to the peculiarities of the immune response
of cancer patients to extensive surgery. The level of
the studied markers began to decrease already on
3-4 days, which was expected and typical for this
group of patients (without sepsis).

Thus, changes in the presepsin level seemed to
be the most significant. The results obtained confirm
the data of other studies, which note that P-SEP is an
effective biomarker of sepsis, which complements
the clinical assessment, and is also significant in
diagnosing the severity of sepsis and the effective-
ness of therapy [11-13]. It has been shown that with
the development of systemic infections, presepsin
increases earlier than other markers of sepsis, and
regardless of their increase or decrease, with 100 %
reliability, subsequently confirmed by a positive test
for hemocultures, diagnoses sepsis before the man-
ifestation of clinical symptoms, which allows timely
initiation of therapy, predicts favorable and unfavor-
able outcomes [14]. In a study by M. Behnes et al.
(2014), the diagnostic level of P-SEP = 530 pg/ml
was established in sepsis, and in severe sepsis —
= 600 pg/ml [12]. In a study by T. Shozushima et al.
(2011) the following levels of P-SEP were estab-

nocne xmpypru4yeckux sMmellaTesbCTe

lished: local infection — 721.0 + 611.3 pg/ml; sep-
sis — 817.9 £ 572.7 pg/ml; severe sepsis —1992.9 +
1509.2 pg/ml [15]. In other studies in patients with
sepsis and severe sepsis, the optimal borderline level
of P-SEP for detecting the development of sepsis
with artificial lung ventilation was 1,965 pg/ml, in the
absence of sepsis — < 1600 pg/ml [13].

According to our data, in patients with malignant
tumors of thoraco-abdominal localization in the ab-
sence of confirmed bacteremia, there is an increase
in presepsin levels on the 2nd day after surgery with
a maximum level 1205.0 pg/ml, and in a similar group
of patients with confirmed sepsis, presepsin values
averaged 2577.5 £ 1762.5 pg/ml with a maximum level
4340.0 pg/ml, which correlated with the dynamics
of changes in the concentration of other markers of
sepsis — hsCRP, PCT, IL6. According to the results of
the study, this category of cancer patients after under-
going surgery has a moderate risk of sepsis and an
increased risk of its adverse outcome, which serves
as the basis for starting antibiotic therapy in accor-
dance with the protocols for the treatment of septic
conditions. In this regard, the study of presepsin levels,
along with widely used markers — hsCRP, PCT, IL6,
will make it possible to diagnose sepsis in the early
postoperative period in cancer patients.

CONCLUSION

Changes in the levels of sepsis markers in early
postoperative period can be used as a basis for pre-
scribing antibiotic therapy in patients with malignant
neoplasms of thoracoabdominal localization. Prese-
psin may be recommended as an early marker of
sepsis in patients with oncological pathology.
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ABSTRACT

Purpose of the study. Creation and study of models of primary multiple malignant tumors (MMPT model) under experimental
conditions.

Materials and methods. The study was carried out involving male and female BALB/c Nude mice (n = 42). Experimental groups
of mice: with melanoma B16/F10 (B16/F10), males (control 1) and females (control 3) by n = 7; control 2 — with sarcoma 45
(C45), males n = 7; control 4 — with Guerin carcinoma (KG), females n = 7; basic: MMPT model No. 1 - B16/F10 and S45, males
n =7, and MMPT model No. 2 - B16/F10 and GC, females n = 7. 0.5 ml suspension of murine B16/F10 melanoma tumor cells
diluted in the saline proportions 1:20 was injected under the skin of the left dorsal side to all animals with MMPT model, as
well as 0.5 ml of a suspension containing 0.50 x 10° S45 or GC tumor cells in the saline under the skin on the right dorsum.
Control groups received the same amount of tumors as the MMPT model.

Results. Tumors in male mice in MMPT model No. 1 appeared simultaneously and significantly earlier than in controls:
B16/F10 melanoma by 3 times, S45 by 2 times. Tumor zises in MMPT model No. 1 were larger than in the corresponding
controls: by 8.5 times at the area of B16/F10 melanoma inoculation and by 2.2 times at the area of S45 inoculation. Melanoma
metastasized under the S45 capsule. Tumor at the area of GC transplantation in MMPT model No. 2 grew 5 times faster than
at the area of B16/F10 melanoma injection; both tumors appeared on average 3 times earlier than in control groups 3 and
4. Tumor volumes in MMPT model No. 2 were larger than in the corresponding controls: by 7.5 times at the area of B16/F10
melanoma inoculation and by 2.2 times at the area of GC inoculation. However, almost the entire volume of the tumor node in
the area of B16/F10 melanoma transplantation was represented by GC tumor tissue due to metastasis from the primary GC
tumor. Melanoma remained as a small black spot with a diameter of 5-6 mm at the area of its inoculation under the skin. The
average survival of mice in MMPT models No. 1 and No. 2 was 1.5-2 times (p < 0.05) lower than in the corresponding controls.
Conclusions. Sequential subcutaneous transplantation of mouse B16/F10 melanoma and rat sarcoma 45 to BALB/c Nude
mice increased the malignant potential of each tumor: the time of their onset was shorter, and the growth rate of tumors
increased which decreased the survival of animals. Sequential subcutaneous transplantation of mouse B16/F10 melanoma
and Guerin's rat carcinoma to female BALB/c Nude mice suppressed tumor growth of B16/F10 melanoma and increased the
malignant potential of rat GC.

Keywords:
BALB/c Nude mice, sarcoma 45, Guerin's carcinoma, B16/F10 melanoma, multiple primary tumors, males,
females
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MOZE/IMPOBAHUE NEPBUYHO-MHOXECTBEHHbIX 3/T0KAYECTBEHHBIX OMYXOJIEN
B IKCNEPUMEHTE

E. M. ®panuusuu, U. B. Kannuesa, B. A. bangoBkuHa, E. U. Cypukoea, U. B. Hecky6uHa, J1. K. Tpenutaku, 10. A. Moropenosa,
H. 1. YepspuHa, E. A. Weiiko™, U. M. KoTueea, K. A. Lllymapuu

HMWL| oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gefepauus
B4 esheiko@inbox.ru

PE3IOME

Lienb uccnepoBanus. CozaHue U uayyeHne Mogesneil epBUYHO-MHOXECTBEHHbIX 3/T0KAYECTBEHHbIX ONyxonei (Mogenb
MM30) B ycroBu1six 3KCNepuMeHTa.

Matepuanbl u MmeToabl. Pa6oTa BbiNosHeHa Ha Mbllax 060ero nona nuHun BALB/c Nude (n = 42). 9kcnepuMeHTanbHble
rpynnbl Mbiwwei: ¢ MenaHomoi B16/F10 (B16/F10), caMubl (KOHTPosb 1) U caMKku (KOHTpOsb 3) M0 N = 7; KOHTPONb 2 —
¢ capkoMoii 45 (C45), camubl n = 7; KOHTpOSb 4 — ¢ KapuuHoMol 'epeHa (KI), caMKku n = 7; ocHOBHble: Mogenb MM30 N2 1 -
B16/F10 u C45, camubl n =7 n moaenb NMM30 N2 2 - B16/F10 n KT, camku n = 7. Kaxxgomy XMBOTHOMY ¢ Mogesbio MM30
NoA KOXy CrnuHbl cnesa nepesusanu no 0,5 mn B3Becu knetok B16/F10 B ¢um3. pacTBope B pasBefeHun 1:20, cnpasa — no
0,5 mn B3BecK, cogepxatyenn 0,5 x 10° knetok C45 nnu KI B ¢mn3. pactBope. KOHTPONbHBIM MbILLaM NepeBnBanu onyxonm
B TOM Xe Konunyectse U 06bEMe, 4YTo 1 B mogenu NMM30.

Pesynbratbl. B Mogenu NMM30 N2 1 onyxonu nosiBAsSiAMCb OQHOBPEMEHHO, BbICTpee, YeM B KoHTpone: B16/F10 — B 3 pasa,
C45 - B 2 pasa. O6bEM Kaxxaon onyxonu B mogenu NMM30 N2 1 npeBbiwan o6bEM onyxosieil B COOTBETCTBYIOLMNX KOHTPO-
nax: B16/F10 — B 8,5 pasa, C45 - B 2,2 pasa. B16/F10 meTtactasupoBana rnopg kancyny onyxonu C45. B mogenu NMM30 N2 2
onyxonb B MecTe nepeBuBku KI' BbipacTana B 5 pas 6bicTpee, 4eM B MecTe nepesnBku B16/F10, npu aTom, o6e onyxonu
NosIBNSNIUCH B CpefiHEM B 3 pasa paHbLue, YeM B KOHTponisix 3 u 4. 06bém onyxoneit B mogeny NMM30 N2 2 npeBbliwan 06bEM
onyxonen B COOTBETCTBYHOLLMX KOHTponsAx: B16/F10 — B 7,5 pasa, KI' — B 2,1 pa3a. OHaKo, 60/bLUyO YaCTb OMNyXonu B 30He
BBefeHua B16/F10 saHumana TkaHb KI BCriegcTBue eé MeTacTaTuyecKoro otceBa U3 nepBuUYHoOn onyxonu. Tkavb B16/F10
COXpaHsanach B BUAE HEGOMbLIOIO YEPHOrO NSATHA B MeCTe e€ BBeAEHUS Nof KOXeN. CpeAHssA MPOAOSIKUTENBHOCTb XU3HN
Mbiwwei B Mogensax MM30 N2 1 u N2 2 6bina B 1,5-2 pasa (p < 0,05) MeHblUe, YeM B COOTBETCTBYHOLLMX KOHTPOSIX.
3akntoyeHue. [MNocnepoBaTenbHas NOAKOXHas NepeBUBKa MblLLMHOM B16/F10 n kpbicuHolt C45 camuam Mbiwweit BALB/c Nude
yBenMuMBasna 3710Kka4eCTBEeHHbIN MOTeHLUMan Kaxaom U3 onyxonemn: onyxonu NosBAs/NCh paHbLUe U POC/IN aKTUBHEE, 4TO
CMoCO6GCTBOBASO YMEHbLLEHWUIO MPOAOSIKUTENBHOCTH XXU3HM XUBOTHbIX. [ocneaoBaTeNibHas NOAKOXKHasA NepeBUBKa Mbl-
lwunHow B16/F10 n kpbicuHon KI' camkam Mblwwein nnHun BALB/c Nude cnoco6cTBoBana nogaBsieHMIO OMNyxo/ieBOro pocta
MbiLwmnHoM B16/F10 1 yBenuunsana 3nokavyecTBeHHbIN noTeHumnan KkpbicuHom KI.

KntouyeBble cnosa:
Mbiwu nuHumn BALB/c Nude, capkoma 45, kapunHoma lepeHa, menaHoma B16/F10, nonnHeonnasuu, camubl,
CcaMKu
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RELEVANCE

Despite the fact that malignant tumors, as a dis-
ease, have been known for a long time, their experi-
mental reproduction has not been possible for a long
time. That is why the creation of this pathological
process in an experiment became a major scientif-
ic achievement at the beginning of the last century.
Experimental models of tumors make it possible to
find out the causes, study the pathogenesis of the
tumor process, and develop methods for its preven-
tion and treatment [1]. Animal models are a power-
ful tool for studying the biology of neoplasms and
the mechanisms of influence of various pathogenic
factors on them [2-5], assessing the toxicity and ef-
fectiveness of new antitumor agents in preclinical
studies [4-8]. For these purposes, mouse and rat
models are most often used [9; 10]. Primary multi-
ple malignant tumors (MMPT) were first described
by Billroth T. and Reimer G. in 1889 and studied in
details by Warren S., Gates 0. in 1932. Based on the
criteria proposed by these authors, the diagnosis of
MMPT can be made if each tumor during histolog-
ical examination has clear evidence of malignancy,
is located separately from another tumor and is not
a metastatic dropout. Experimental models of multiple
homogeneous tumors-multiple myeloma (MMBD) in
NSG mice have been developed, which allow us to
investigate the mechanism of oncogenesis of this
pathology [11; 12]. In this study, it was found that,
compared with single, multiple homogeneous tumors
progress more slowly, but subsequently a more severe
form of MMBD develops. Since the number of cases
of MMPT increases every year, the issue of developing
experimental models to assess the pathogenesis of
this oncological disease in several tumors of different
genesis in one animal remains relevant. Experimental
oncology has a sufficiently large number of models
that can be used to solve many problems, but one of
the unresolved ones is the problem of the develop-
ment of malignant growth in various immunodeficien-
cy conditions. Primary immunodeficiency states are
a group of heterogeneous diseases characterized by
recurrent infections, autoimmunity, the course of which
is determined by lymphoproliferative diseases and
other malignant neoplasms. Immunodeficiency has
prognostic and practical consequences [13; 14]. Thus,
the increasing incidence of MMPT on the background
of primary immunodeficiency dictates the need to
study the pathogenesis of this oncological pathology.

16

The purpose of the study: to create and study
models of primary multiple malignant tumors in ex-
perimental conditions.

MATERIALS AND METHODS

The work was performed on BALB/c Nude mice
with genetically determined thymus aplasia (n = 42),
of which males (n = 21) and females (n = 21). Exper-
imental groups of mice: with melanoma B16/F10
(B16/F10) — males, control 1, and females, control 3,
n = 7; with sarcoma 45 (S45) — males, control 2, n = 7,
with Guerin carcinoma (GC) — females, control 4,n =7
and the MMPT models: MMPT model No. 1 (B16/
F10 and S45), n = 7 and MMPT model No. 2 (B16/
F10 and GC), n = 7. Work with animals was carried
out in accordance with the rules of the "European
Convention for the Protection of Animals Used in
Experiments" (Directive 86/609/EEC).

Reproduction of MT No. 1 consisted in succes-
sive subcutaneous inoculation of B16/F10 and S45
to male mice: 0.5 ml of suspension of B16/F10 at
a dilution of 1:20 in phys. the solution was injected
below the angle of the left scapula, 0.5 ml of sus-
pension S45 containing 0.5 x 10° cells was injected
below the angle of the right scapula. The control
was male mice with either B16/F10 or S45 in the
same dose and volume as in MMPT model No. 1.
To reproduce MMPT model No. 2, female mice were
used, which were sequentially transplanted with
B16/F10 and GC. The method of re-grafting was
carried out, as in MMPT model No. 1. However, if
below the angle of the left shoulder blade, 0.5 mi
of suspension B16/F10 was still injected into the
physical. In a dilution solution of 1:20, then 0.5 ml
of a GC suspension containing 0.5 x 10° cells was
injected below the angle of the right scapula. The
control was female mice with either B16/F10 or GC
in the same dose and volume as mice with MMPT
model No. 2.

Statistical processing of the obtained results was
carried out using the Student's parametric criterion on
a personal computer using the STATISTICA 10.0 pro-
gram and the nonparametric Wilcoxon-Mann-Whitney
criterion. All the results obtained were checked for
compliance with the law on normal distribution. Some
of the indicators corresponded to the law, some did
not. For those indicators that corresponded to the
normal distribution, we used parametric statistics,
for those indicators whose distribution did not cor-
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respond to the normal distribution, we used nonpara-
metric statistics. The differences between the two
samples were considered statistically significant at
p < 0.05.

RESEARCH RESULTS AND DISCUSSION

When reproducing MMPT model No. 1, the fol-
lowing results were obtained, which are presented
in Table 1.

As follows from Table 1, tumors B16/F10 and S45,
transplanted in an independent version, appeared ap-
proximately at the same time. At the same time, after
B16/F10 transplantation, tumors began to be palpated
from 11 days (3 mice, 42.8 %), from 45 — from 7 days
(1 mouse, 14.3 %) and 10 days (2 mice, 28.6 %). The
term of the end of the appearance of tumors in male
mice with B16 / F10 is 14 days (1 mouse, 14.3 %) and
15 days (1 mouse, 14.3 %), in male mice with S45-13
days (1 mouse, 14.3 %). In all mice with MMPT model
No. 1, tumors appeared earlier, already 1 week after

transplantation. At the same time, the tumor B16/F10
began to be determined in the form of a black millet
grain starting from 3 days after the transfer (2 mice,
28.6 %), and S45 - in the form of a white string 4-5 mm
long from 4 days after the transfer (3 mice, 42.8 %). The
deadline for the appearance of both tumors is 7 days
after the transfer (1 mouse, 14.3 %). Thus, in MMPT
model No. 1, with sequential grafting of tumors, tumors
B16/F10 appeared 3 times faster, and S45 2 times fast-
er than with independent grafting (Table 1). There was
no statistically significant difference in the timing of
the appearance of tumors of various histological struc-
tures, either in an independent or combined variant.

The volume of tumors in all animals was measured
before the death of the first mice with MMPT model
No. 1 — on the 20th day after transplantation. It was
found that the volume of each tumor transplanted
sequentially into one mouse exceeded the volume
of the corresponding tumors transplanted in the
standard isolated variant: B16/F10 — by 2.2 times,
S45 - by 3.2 times (Table 1).

Table 1. Features of growth of mouse B16/F10 melanoma and rat sarcoma 45 in the MMPT model No. 1 in male mice of the

BALB/c Nude line, (M + m)

Study object Control 1 (B16/

Control 2 (C45),

MMPT model No. 1,n =7

F10).n=7 n=7 B16/F10 C45
Date of appearance of the tumor, day 11.310.6 10.910.8 43104 5.4+0.62
The volume of the tur3110r3weeks 13401 11+0.1 20403 35403
after the transfer,cm
Life length, days 30423 43.0+29 22.0+0.6'2

Note: statistically significant difference is revealed in comparison with ' - isolated B16/F10 melanoma growth; 2 — isolated sarcoma 45 growth

(p < 0,05). B16/F10, i.e B16/F10 melanoma, S45, i.e. sarcoma 45.

Table 2. Features of the growth of mouse melanoma B16/F10 and rat GC in the MMPT model No. 2 in female mice of the

BALB/c Nude line, (M + m)

Control 3 (B16/

Control 4 (GC), MMPT model No. 2,n =7

Study object
F10),n=7 =7
0).n " B16/F10 GC
Date of appearance of the tumor, day 12.3+0.5 7.6 +0.4 4.0 0.6 2.7+0.5?
The volume of the tumor 2 weeks 0.2£0.09 3.8+0.2' 17401 8.4+0.92
after the transfer,cm
Life length, days 33324 24911.00 16.6 £0.8'2

Note: statistically significant difference is revealed in comparison with ' - isolated B16/F10 melanoma growth; 2 — with isolated growth of GC

(p < 0,05). B16/F10 — melanoma B16/F10, GC is Guerin's carcinoma.
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It was found that B16/F10 in MMPT model No. 1,
in addition to typical places (lungs, spleen, liver),
metastasized to S45 from the side adjacent to the
chest — under the capsule of the tumor node.

The life expectancy of the mice depended on
the histological type of tumor and the variant of
grafting: isolated or combined. Mice with isolated
growth of rat S45 lived for the longest time: their
minimum life expectancy was 35 days (2 mice,
28.6 %), maximum — 56 days (1 mouse, 14.3 %), av-
erage - 43 days (Table 1). Mice with isolated B16/
F10 growth lived on average 10 days less than mice
with S45, while their minimum life expectancy was
27 days (3 mice, 42.8 %), the maximum was 42 days
(1 mouse, 14.3 %). Mice with MMPT model No. 1
lived the least: their average life expectancy was
1.5 times (p < 0.05) less than in mice with isolated
growth B16/F10, and 2.0 times less than in mice
with isolated growth S45 (Table 1); their minimum
life expectancy was 21 days (3 mice, 42.8 %), the
maximum is 25 days (1 mouse, 14.3 %).

Thus, with successive subcutaneous grafting of
mouse B16/F10 and rat S45 to male mice of the
BALB/c Nude line, the malignant potential of each
of the tumors increased, which manifested itself
in shortening the time of their appearance and in-
creasing the rate of tumor growth and contributed
to a decrease in the life expectancy of animals with
MMPT model No. 1.

When reproducing MMPT model No. 2, the fol-
lowing results were obtained, which are presented
in Table 2.

In female mice of the BALB/c Nude line, rat GC,
with subcutaneous grafting, appeared on average
5 days earlier (p < 0.05) than mouse B16/F10, also
grafted under the skin. The period of the appearance

18

of the GC tumor is from 6 to 9 days from the moment
of transplantation, B16/F10 from 11 to 15 days. In
female mice with sequential grafting of two strains,
both tumors appeared almost immediately: GC in the
first mouse (14.3 %) the day after grafting, B16 /F10
two days later in 2 mice (28.6 %); the end date of the
appearance of GC 4-5 days (1 mouse, 14.3 %), B16/
F10 5 (3 mice, 42.8 %) — 6 (1 mouse, 14.3 %) days.
The tumor B16/F10 had the appearance of a black
millet grain, the tumor GC was a white rounded for-
mation with a diameter of 3.2 + 0.03 mm. Thus, in
MMPT model No. 2, both tumors appeared, on av-
erage, three times faster than with isolated grafting,
while there was no statistically significant difference
in the timing of the appearance of combined tumors
(Table 2). The volume of tumors in mice in all groups
was measured before the death of the first mice
with MMPT model No. 2 on 14 days from the mo-
ment of the transfer. Figure 1 shows a photograph
of a female with two tumor nodes after successive
transplantation of mouse B16/F10 (left) and rat GC
(on the right).

The volume of each tumor sequentially transplant-
ed into one mouse exceeded the volume of the cor-
responding tumors transplanted in an independent
variant: the tumor on the left (in the area of B16/
F10 grafting) compared with a single tumor B16/
F10 7.5 times, the tumor on the right (in the area of
GC grafting) compared with a single tumor GC — 2.2
times (Table 2). The subcutaneous tumor located at
the site of the B16/F10 grafting had an atypical ap-
pearance for melanoma: rounded shape, soft-elastic
elastic consistency, light color (with the exception of
a small spot, i.e. the grafting point, 3.4 £ 0.2 mm in
diameter, which was black in color, and a pronounced
venous network on the skin (Fig. 2).

Fig. 1. Type of subcutaneous tumors:
melanoma B16/F10 (left) and GC (right)

in a female of the BALB/c Nude line in the
experimental MMPT model No. 2; a black spot
is the place of melanoma grafting (arrow).
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Upon autopsy, it was found that GC in all mice
metastasized to B16/F10 and almost completely sup-
pressed its growth. Most of the subcutaneous tumor
located on the left was occupied by GC tissue. Mela-
noma B16/F10 was represented by a small "island" of
tissue of uneven color, located "on top" of the tumor
tissue GC. Immediately under the skin at the injection
site of B16/F10 cells, a tumor site with a diameter of
3.3 £ 0.2 mm of black color was visualized. Around
the dark "center" there was a light part B16/F10 of the
same loose pasty consistency as the dark part, with
a diameter of 6.5 + 0.3 mm. For the rest, the tumor on
the left had the appearance of an elongated node of
grayish-pink color, dense elastic consistency — just
like the tumor on the right, which was much larger in
volume. The right and left tumors did not merge with
each other, there was a small distance between them
of at least 2-3 mm. A small focus of caseous necro-
sis with a diameter of 6.8 + 0.2 mm was registered
in the center of the right tumor of the GC, there was
no necrosis on the left. The smaller size, absence of
necrosis, and visually more "young" tissue of the GC
on the left testified to its later occurrence than on the
right, which, combined with the remnants of B16/F10
soldered to the left tumor, indicated the metastatic
nature of the tissue of the GC on the left. B16/F10
did not metastasize even to typical sites, including
lungs. The rounded formation under the skin, located
below the left tumor, turned out to be the end of the
sternum, deployed by the right tumor node.

The life expectancy of female mice with MMPT
model No. 2 was minimal, a little more than 2 weeks
(Table 2). Female mice with isolated GC growth lived
a week longer. The life expectancy of female mice
with B16/F10 turned out to be maximum, more than
4 weeks (Table 2).

Thus, successive subcutaneous inoculation of
mouse B16/F10 and rat GC to female mice of the
BALB/c Nude line contributed to the suppression of
tumor growth of B16/F10 and increased the malig-
nant potential of GC.

CONCLUSION

Summiarizing the results obtained from the devel-
oped and studied experimental MMPT model No. 1
and MMPT model No. 2 in animals with congenital,
genetically determined immunodeficiency, it can be
concluded that with successive grafting of heteroge-
neous tumor material, the "manifests itself" of each
tumor depends on the histological structure, and,
consequently, the biological activity of both tumors.
With different combinations, the same tumor in the
MMPT model "behaves" differently. In one case, its
aggressiveness may increase (B16/F10 with simul-
taneous growth with S45 in MMPT model No. 1 in
males), which manifests itself not only in an increase
in its growth rate, but also in active metastasis, in-
cluding to another tumor (S45). In another case, its
growth is almost completely suppressed by the sec-
ond tumor (B16/F10 with simultaneous growth with
GC in MMPT model No. 2 in females).

In general, successive subcutaneous inoculation
of mouse B16/F10 and rat S45 to male mice of the
BALB/c Nude line increased the malignant potential of
each tumor: the period of their appearance accelerated
and the rate of tumor growth increased, which contrib-
uted to a decrease in the life expectancy of animals.
Successive subcutaneous inoculation of mouse B16/
F10 and rat GC to female BALB/c Nude mice contrib-
uted to the suppression of tumor growth in B16/F10
and increased the malignant potential of GC.

Fig. 2. View of the subcutaneous tumor
located on the left — the side of the melanoma
B16/F10 grafting in a female of the BALB/c
Nude line in the MMPT model No. 2, with a
pronounced venous network (arrow); below
the tumor is a rounded cartilaginous formation
with a diameter of about 5-6 mm.
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ABSTRACT

Purpose of the study. To analyze the physical and neuropsychiatric development of pediatric patients who underwent cranial
irradiation in the period from 2015 to 2020 in the radiotherapy department of the National Research Center of Oncology and
to assess the risk of post-radiation complications.

Materials and methods. 17 children aged from 3 to 17 years were hospitalized under medical supervision in the department
of pediatric oncology of the National Medical Research Centre for Oncology. All the children underwent a course of conformal
radiation therapy totally on the brain area and the first two cervical vertebrae in the radiotherapy department of the National
Medical Research Centre for Oncology. 13 patients (76.7 %) underwent radiation therapy due to the prevention of neuroleukemia
with a total dose of 12 Gy (a dose per fraction was 2 Gy), 2 patients with a confirmed relapse of acute lymphoblastic leukaemia
(ALL) (11.65 %), 1 patient with a confirmed diagnosis of neuroleukemia (5.8 %) and 1 patient from the high-risk group (5.8 %) -
with a total dose of 18 Gy (a dose per fraction was 2 Gy). Further 75 month regular medical checkup was carried out on the
basis of the Regional Children's Clinical Hospital for.

Results. None of the surviving patients showed growth retardation. Two patients (11.65 %) complained of increased fatigue,
decreased concentration; one patient (5.8 %) showed unmotivated irritability and aggression during the examination. Intellectual
development corresponded to age in all patients (100 %). One patient (5.8 %) experienced episodes of nausea and vomiting (grade
1 on the CTCAE scale), three patients (17.7 %) suffered from headache (grade 2 on the CTCAE scale), three patients (17.7 %)
complained of fever up to 38 °C (1 degree on the CTCAE scale). Two out of 17 ALL patients died due to disease progression.
Conclusion. Taking into account the different time intervals between treatment and the moment of the study (from 9 to 75
months), cranial irradiation demonstrates relative safety for patients undergoing treatment during critical periods of development
of both physical and neuropsychic spheres. However, an objective assessment of the development prospects is difficult due
to the relatively short time after undergoing therapy (from 9 to 75 months) and a small sample of patients.

Keywords:
acute lymphoblastic leukemia, hemoblastoses, conformal radiation therapy, cranial irradiation, neuroleukosis,
post-radiation complications
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PE3IOME

Llenb nccneposanus. lNposecTy aHann3 GprU3N4ECKOro 1 HEPBHO-NMCUXNYECKOro Pa3BUTUA NaLMEeHTOB AeTCKOro BO3pacTa,
npoLleALnxX Kypc KpaHuanbHoro o6nyyenus B nepuog ¢ 2015 no 2020 rr. B otaenenuu paguotepanum ®rey «HMUL, on-
Konoruv» MuHsapasa Poccun n oLeHNTb PUCK Pa3BUTUSA NMOCTYYEBbIX OCITOXHEHWUIA.

Martepuanbl u meTogbl. [og HabnoaeHWe B oTaeneHne aeTcko oHkonorum ®reyY «<HMWL, oHkonorum» Munagpasa Poccum
6b110 rocnuTanuampoBaHo 17 getelt B Bo3pacTe oT 3 Ao 17 neT. Bce getv npownum Kypc KOHPOPMHOW ny4yeBoi Tepanum
TOTasIbHO Ha 06/1aCTb FOIOBHOIO MO3ra 1 NepBbIX ABYX LLUEHbIX NO3BOHKOB B OTAeNneHnn paguotepanun ®rey «HMULL
OHKoMorun» Munsgpasa Poccun. 13 nauneHToB (76,7 %) NpOLLIM Kypc Ny4eBOi Tepanuu BBUAY NpodunakTUKu Helpo-
neiko3a ¢ CyMMapHoii oyaroBoii fo3oi 12 Ip (pasoBas o4yaroBas fo3a cocTaBuna 2 p), 2 nauueHTa ¢ NoATBEPXKAEHHbIM
peunaneom octporo numeobnacTHoro neiikosa (0J11) (11,65 %), 1 naUMeHT C NOATBEPXKAEHHbIM AMArHO30M Hepoeinkosa
(5,8 %) 1 1 naymeHT K3 rpynnbl Bbicokoro pucka (5,8 %) — ¢ cyMMapHoit oyaroBoii go3ov 18 p (pasoBas oyarosas fjo3a
coctaBuna 2 'p). JanbHeiilee aucnaHcepHoe HabnoaeHWe NPpoBoAMIoCh Ha 6ase MBY PO «O6nacTHas feTcKas KavHuye-
cKas 60/ibHULA» B TeyeHune 75 mec.

PesynbTathl. HM y OAHOMO U3 BbDKMBLLMX NMALMEHTOB He GbI10 BbIIBNEHO 3aAEPXKMU GU3NYECKOro pasBuTus. Y ABYX na-
umeHToB (11,65 %) 6b1IM )kano6bl Ha NMOBbILEHHY YTOMJIIEMOCTb, CHUXXEHWUE KOHLEHTPaLMW BHUMaHWUS; OAMH NauueHT
(5,8 %) NpoABNAN HEMOTMBUPOBaHHbIE PA3ApPaXXUTENbHOCTb M arpeccuio Bo BpeMsi ocMoTpa. MHTennekTyanbHoe pa3sutue
COOTBETCTBOBAJIO BO3pACTy y Bcex naumeHToB (100 %). OanH naumeHT (5,8 %) UCnbITbiBaN 3aNU30Abl TOWHOTbI U pBOTHI (1
cTeneHb no wkane CTCAE), Tpu nauuenTa (17,7 %) cTpaganu oT ronoBHow 6051 (2 cTeneHb no wkane CTCAE), Tpu nauueHTa
(17,7 %) npeabaBnany xanobbl Ha Nogbem TeMnepaTypbl Tena Ao 38 °C (1 cteneHb no wkane CTCAE). U3 17 naumeHToB ¢
OJ1/1 noruéno aBoe feTei B CBSA3U C MPOrpeccMpoBaHueM 60S1€3HU.

3akntoyeHue. YunTbiBas pasHble BPEMEHHbIE MPOMEXYTKU MeXy leHeHNEM U MOMEHTOM NMPOBeAeHNsA NCCnefoBaHns
(oT 9 mo 75 Mec.), KpaHuanbHOe 0651yYeHNE LEMOHCTPUPYET OTHOCUTESNbHYIO 6€30MacHOCTb AM1A NMaLMEHTOB, NPOXOAALLMX
neyeHve B KpUTUYECKME Neproabl Pa3BUTUSA Kak PU3NYECKON, TaK U HepPBHO-NIcUxnyeckoi chepbl. OfHaKO, 06 beKTUBHas
OLIeHKa NepcneKTUBbI Pa3BUTUSA 3aTPyAHEHA BBUAY OTHOCUTENBHO ManeHbKOro CpoKa nocsie NPoxoxaeHus Tepanuu (o1 9
10 75 Mec.) 1 He60/bLLIOW BbIGOPKU NaLUEHTOB.

KnioyeBble cnoea:
OCTpbIV IMMGO6NACTHBIN NENKO3, reMo6nacTo3bl, KOHHOPMHas nyyeBas Tepanus, KpaHnanbHoe o6yyeHue,
HelposIeNKO3, MOCT/yYeBble OCNOXHEHMUS

[lns KoppecnoHAeHLNK:

PoroBa TatbsiHa CepreeBHa — oppuHatop ®I'bY «<HMULL onkonorum» Munagpasa Poccum, r. PoctoB-Ha-[loHy, Poccuiickas Gepepauus.
Apnpec: 344037, Poccuiickas ®epepaums, r. PoctoB-Ha-[loHy, yn. 14-1 nuHus, 4. 63

E-mail: coffeecreeps@yahoo.com

ORCID: https://orcid.org/0000-0003-0074-0044

SPIN: 8280-9470, AuhtorID: 1113449

ResearcherID: AAG-1260-2021

®uHaHcupoBaHue: pMHaHCUPOBaHME faHHOI PaGoTbl He NPOBOAMAOCD.
KOHGAUKT MHTEpecoB: aBTOPbI 3asBNSAT 06 OTCYTCTBUN KOH(DIMKTA UHTEPECOB.

[ns umtnpoBaHms:

PoroBa T. C., CakyH M. I, Bowegckuii B. U., Bnacos C. I, Kosenb (0. 10., AmuTpuesa B. B., Kostok 0. B., AcnansH K. C., Bacunbesa E. B.
MocTnyyeBbie OCNOXHEHMSA Y AeTel C OCTPbIM IMM(O6NACTHbIM Neiik030M, NPOLLEALLMX KYpC KpaHWanbHoro 06ny4yeHust. l0xHo-Poccuiickuii
OHKOMNOTMYeckuii XypHan. 2022; 3(2): 22-30. https://doi.org/10.37748/2686-9039-2022-3-2-3

CraTbsi noctynuna B peaakumio 28.01.2022; ofobpeHa nocne peueHaupoBanus 04.04.2022; npuHsTa k ny6namkaumm 21.06.2022.

23



South Russian journal of cancer 2022, Vol. 3, No. 2, P. 22-30

Rogova T. S.%, Sakun P. G., Voshedskii V. I., Vlasov S. G., Kozel Yu. Yu., Dmitrieva V. V., Kozyuk 0. V., Aslanyan K. S., Vasileva E. V. / Post-radiation
complications in children with acute lymphoblastic leukemia who underwent a course of cranial radiation

INTRODUCTION

Acute lymphoblastic leukemia (ALL) is a malignant
disease of the hematopoietic system, consisting in
the appearance of a tumor clone from cells — he-
matopoietic precursors of lymphoid differentiation
lines [1]. ALL is the most frequent oncological dis-
ease of childhood: pathology occupies 80 % among
hemoblastoses [2; 3] and 25 % of all tumors [1]. The
disease occurs in 3—4 cases per 100,000 children in
Russia. Over the past 10 years in the Russian Feder-
ation, the incidence of acute lymphoblastic leukemia
(ALL) in children from 0 to 17 years has increased by
34 % [4], which justifies the need for regular revision
of diagnostic and treatment protocols to develop
safer therapy strategies while maintaining the lev-
el of therapeutic effect. One of the stages of ALL
treatment is radiation therapy, in particular, cranial
irradiation, but this therapy is associated with the
risk of developing immediate and long-term side ef-
fects [1; 5]. ALL in children is characterized by a rela-
tively high percentage of five-year event-free survival
(> 80 %) [1; 2]. However, an integrated approach to
treatment, including radiation therapy, is associated
with the risk of radiation complications (pathological
changes in the body, organs and tissues developing
as a result of exposure to ionizing radiation [5; 6]).

Radiation therapy as one of the stages of

treatment of acute lymphoblastic leukemia

Cranial irradiation (Cl) is a standard component
of many ALL treatment protocols. This preventive
approach is aimed at destroying blast cells located
in the brain that do not respond to chemotherapy.
Of great importance is the coverage of the irradi-
ation area of the entire cerebral part of the skull
and necessarily the first two cervical vertebrae.
Particular attention should be paid to covering the
retroorbital areas, the base of the skull, as well as
deep-lying areas in the area of the middle cranial
fossa [1]. Cranial irradiation up to a total focal dose
of 12 Gy is indicated in patients of intermediate and
high risk groups as a prevention of CNS damage, the
indication for increasing the total dose to 18 Gy is
the detection of relapse of ALL or the diagnosis of
neuroleukosis [1; 5].

Changes in bone tissue, which can manifest them-
selves in the interval from several months to several
years, are different: from a slight short-term violation
of osteoblastic function to osteonecrosis, osteomyeli-
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tis, pathological fracture. Radiation lesions of bones,
as arule, develop after 3 months or more. The clinic
of radiation injuries of bones in children is diverse,
so a dose of 1.5 to 10 Gy in the area of bone growth
zones is sufficient to cause a temporary delay in bone
growth [1].

Given the high survival rate after complex treat-
ment, it can be assumed that irradiation of the brain
in childhood with ALL may contribute to the develop-
ment of secondary tumors in the long term, various
types of neurological deficits, including neuropsy-
chiatric development delay, endocrine disorders and
other consequences [5; 7].

Areas of growth of skull bones

Sphenooccipital (or sphenobasilar) synchondro-
sis determines the shape of the skull and spine. It
is formed by the posterior surface of the sphenoid
bone and the basilar part of the occipital bone.
This connection can be compared with two ver-
tebrae, located in the middle part of the base of
the skull. Synchondrosis persists until the age of
20-25; later it ossifies, maintaining its mobility.
Kinetic dysfunction of synchondrosis generates
adaptation of the state of the wedge-shaped and
occipital bones, which affects the formation of the
facial bones of the skull, physiological bends and
the structure of the spine, which in the future may
form a scoliotic deformity in a child. Dysfunction
of the sphenobasilar junction changes the shape
of the skull, resulting in an asymmetric face in de-
velopmental pathology [8].

During the first year of life, another growth center
appears in the nasal septum - the sphenomezoe-
thmoid. The duration of the growth zone activity is
not exactly known. According to various authors,
the fusion of this growth center with the center lo-
cated in the main bone occurs at the age of 12 to
25 years. The cartilaginous layers between the me-
soethmoidal growth center and the nearby bones of
the facial and cerebral skull (frontal, lateral masses
of the latticed bone) begin to ossify gradually in
2-6 years [8].

There is a definite connection between the growth
of the cerebral part of the skull and the appearance of
finger depressions on the inner surface of its bones,
although the mechanism of their occurrence is still
unclear. They are first detected at the age of 1.5-2
years in the parietal bones, then in the occipital zone
and only by 7-8 years — in the frontal. Finger depres-
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sions reach their maximum severity in the puberty
period, and then begin to gradually smooth out. After
15 years, the severity of these anatomical formations
in various areas of the cerebral part of the skull is
as follows: occipital, temporal, parietal, frontal (ratio
10:7:7:7, respectively). Some data suggest that finger
indentations are more pronounced in children with

delayed mental development, and their absence is an
important symptom of a violation of osteogenesis
processes and is usually accompanied by cortical
atrophy [8].

The purpose of the study: to analyze the physi-
cal and neuropsychiatric development of children
who underwent cranial irradiation in the period from
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2015 to 2020 in the radiotherapy department of the
National Medical Research Centre for Oncology and
to assess the risk of post-radiation complications.

MATERIALS AND METHODS

During the period from 2015 to 2020, 17 children
and adolescents aged 3 to 17 years were hospitalized

under observation in the Department of Pediatric
Oncology of the National Medical Research Centre
for Oncology; the average age of patients was 10
years 1 month, the median age was 10 years. To
conduct a course of cranial irradiation according
to the protocol for the treatment of acute lympho-
blastic leukemia ALL-MB-2015: 10 patients (59 %)
of preschool and primary school age (3-10 years)
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and 7 patients (41 %) of middle and high school age
(11-17 years). The ratio of boys and girls was 1:2.5,
respectively. The patients underwent the stage of
chemotherapy in the Department of Pediatric Oncol-
ogy. The calculation and verification of the radiation
therapy plan were carried out individually for each
patient in the radiotherapy department. All patients
underwent a course of conformal radiation therapy
in the IGRT mode (Image Guided Radiation Therapy,
image-controlled radiation therapy) using the Ex-
actrac positioning system (Brainlab) totally on the
brain area and the first two cervical vertebrae on the
NovalisTx (Varian) device using the VMAT technique.
Volumetric Modulated Arc Therapy, rotational ther-
apy with volumetric intensity modulation) with an
irradiation energy of 6 MeV and the following target
coating parameters: V95 % = 98 %, Dmean = 100 %,

D2 % < 107 % Fixation was carried out using individ-
ually manufactured devices — a thermoplastic mask
with shoulders and a vacuum mattress. Subsequently,
the children underwent dispensary observation on
the basis of the GBU RO "Regional Children's Clinical
Hospital" for 75 months. The assessment of physical
development was carried out on the basis of physical
examination, anthropometric parameters in accor-
dance with the data of the WHO centile tables. The
assessment of neuropsychiatric development was
carried out on the basis of anamnesis collection,
which includes a survey concerning the emotional-
vegetative and psychomotor spheres, behavior anal-
ysis, as well as neurological examination and tests
evaluating memory, thinking and attention. Adverse
events were assessed on the basis of the CTCAE 5.0
toxicity scale [9].

Table 1. The ratio of the facial and cerebral parts of the skull

The ratio of the facial part of

the skull to the brain Age at the time of therapy

Age related normal values Period after radiation therapy

2015Yy. patients

1:2 17 years 1:2 75 months
1:2 15 years 1:2 72 months
1:3 10 years 1:3 71 months
1:3 9 years 1:3 69 months
2017 y. patients
1:3 8 years 1:3 44 months
1:4 6 years 1:4 41 months
2019 y. patients
1:3 10 years 1:3 38 months
1:2.5 13 years 1:3 19 months
1:3 8 years 1:3 18 months
2020 y. patients
1:2 16 years 1:2 13 months
1:2 17 years 1:2 13 months
1:3 10 years 1:3 11 months
1:4 4 years 1:4 10 months
1:4 6 years 1:4 10 months
1:5 3 years 1:5 9 months

27



South Russian journal of cancer 2022, Vol. 3, No. 2, P. 22-30

Rogova T. S.%, Sakun P. G., Voshedskii V. I., Vlasov S. G., Kozel Yu. Yu., Dmitrieva V. V., Kozyuk 0. V., Aslanyan K. S., Vasileva E. V. / Post-radiation
complications in children with acute lymphoblastic leukemia who underwent a course of cranial radiation

Dose load

Of 17 patients, 13 patients (75.4 %) underwent
radiation therapy with a total focal dose of 12 Gy
(a single focal dose was 2 Gy), 4 patients (24.6 %) —
with a total focal dose of 18 Gy (a single focal dose
was 2 Gy). The indicators of dose loads on the
growth zones of the skull bones were calculated:
the sphenooccipital growth zone — 11.760 Gy (95 %
Cl 11.673-11.847), the growth zone in the area of fin-
ger—shaped depressions of the frontal bone - 11.967
Gy (95 % CI 11.835-12.098), the growth zone in the
area of cartilaginous layers between the latticed and
frontal bone — 11.276 Gy (95 % Cl 11.199-11.354),
sphenomesoethmoid growth zone —11.276 Gy (95 %
Cl 11.199-11.354). An example of a dose load dis-
tribution plan is shown in Fig. 1a, 1b, 1¢, 1d.

RESEARCH RESULTS AND DISCUSSION

The anamnesis data of 17 patients were analyzed,
the average follow-up period after irradiation was 42
months (from 9 to 75 months). The development of
early or late complications in the course of dispensary
follow-up in patients was not noted. Despite the pre-
dominance of patients of preschool and primary school
age groups who undergo critical periods of develop-
ment, none of the surviving patients showed a delay
in physical development (Table. 1, 2): the ratios of the
facial and cerebral parts of the skull [8] corresponded
to normal proportions in 15 (100 %) patients. The ratio
of head circumference by age [7] also corresponded
to the norm in 100 % of patients: the indicators of all
children were between 25 and 75 percentiles.

Table 2. Distribution of head circumference (cm) by age

Distribution of head

Age related normal values Period after radiation

circumference (cm) by age Age (cm) therapy

2015y. patients

55 17 year 55-57 75 months

56 15 year 54-56 72 months

53 10 year 51-54 71 months

54 9 year 50-54 69 month.
2017 y. patients

53 8 year 50-53 44 months

51.5 6 year 50-52 41 months
2019 y. patients

54 10 year 51-54 38 months

55 13 year 52-55 19 months

54 8 year 50-53 18 months
2020 y. patients

56 16 year 54-56 13 months

57 17 year 55-57 13 months

55 10 year 51-54 11 months

51 4 year 49-51 10 months

53 6 year 50-52 10 months

50 3 year 48-50 9 months
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Changes in the emotional-vegetative sphere were
detected in two patients (11.65 %) aged 10 and 16
years, which were manifested by complaints of in-
creased fatigue, decreased concentration of atten-
tion; in the psychomotor sphere and in behavior there
were deviations in one 13-year-old patient (5.8 %),
who showed unmotivated irritability and aggression
during the examination. Intellectual development
corresponded to the age of all patients (100 %).

Adverse events were also observed in a small part
of patients. One patient aged 6 years (6.7 %) experi-
enced episodes of nausea and vomiting (1-2 episodes
(with an interval of at least 5 minutes) for 24 hours,
which corresponds to 1 degree of toxicity) for two
weeks a month after the end of the course of radiation
therapy. Three patients (20 %) suffered from head-
ache limiting daily activity (corresponding to grade 2
toxicity): the patient is 8 years old for three months,
the patient is 10 years old for two months and the
patient is 6 years old for two weeks. All three patients
complained of headaches a month and a half after
the course of radiation therapy. Three patients aged
6,10 and 8 years (20 %) complained of a rise in body
temperature to 38 °C (which corresponds to 1 degree
of toxicity) for one and a half months. a month after
the end of the course of radiation therapy. No other

types of toxicity were observed in any of the patients.
Of 17 patients with ALL, two children died due to the
progression of the disease 4 years after undergoing
radiation therapy.

CONCLUSION

The analysis of the data of the catamnesis of pa-
tients who underwent a course of radiation, taking
into account the different time intervals between
treatment and the moment of the study, demon-
strates the relative safety of radiation therapy stan-
dards against the background of its effectiveness.
Despite the fact that with ALL, patients are exposed
to brain radiation during critical periods of develop-
ment of both the physical and neuropsychic spheres,
no significant deviations and undesirable reactions
were detected. The results of these examinations
and physical research methods confirm the presence
of only minor and short-term changes that do not
affect the quality of life of children at the moment,
however, an objective assessment of the prospects
for physical and neuropsychic development is difficult
due to the relatively short period after therapy and
a small sample of patients, as well as the absence
of such studies in Russia and abroad.
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ABSTRACT

Malignant tumors of the head and neck are still one of the most challenging problems of treatment in modern oncology. The
disease affects mainly the capable people (from 30 to 60 years old). Tumor lesions of the paranasal sinuses lead to disability
and have a high mortality rate. Head and neck tumors comprise of 20—-30 % of all cancer cases. People with early parana-
sal sinus cancer have minor complaints, their general condition doesn’t get affected so they don't seek for medical care in
a while. As a result, patients start on treatment at tumor grades IlI-IV. This article provides the most complete information
about the causes, frequency and special features of the course of paranasal sinus cancer, as well as about modern methods
of it's diagnosis and combination treatment. Despite the great advances in the treatment of these malignant tumors the
three and five year survival rates remain unsatisfactory, which requires a research for new effective treatments. Currently
the main treatment methods for these malignant tumors are combination and complex (involving surgery, radiotherapy and
chemotherapy) treatments. The standard treatment approach includes radical surgical removal of the primary tumor and
metastatic lymph nodes followed by radiation or chemoradiation therapy. Chemotherapy as monotherapy is administered in
non-resectable primary or recurrent tumors, distant metastases or when a patient refuses the radical surgery. Improvement
of existing treatment methods and development of new ones are an essential need. Earlier detection of the disease requires
primary care physicians to be trained to diagnose tumor lesions of the paranasal sinuses, and highly specialized physicians
(dentists, otorhinolaryngologists, maxillofacial surgeons, dermatologists) to express their cancer alertness.
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COBPEMEHHBIE METOAbI AUATHOCTUKW W NEHEHWA 3N0KAHECTBEHHDIX
0NyX0J1EX OKO/OHOCOBBIX MA3YX

10. B. YnbsHoBa™, M. A. EHrubapsH, B. J1. Bonkoga, H. A. Yeptoga, U. B. Aeaunoea, M. B. bayxapse, U. B. MycToBas
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PE3IOME

Onyxonu 3510Ka4eCTBEHHO NPUPOZAbI, IOKANU3YyoLLMecs B 0671aCTV rofoBbI U LLEW, OCTAOTCS OAHON U3 COXHENLIMX NPO6IeM
Npu NeYeHNn B COBPEMEHHO OHKONIOrMK. 3aboneBaHuio NoABEPXKEHa NPEUMYLLECTBEHHO TPYAOCMOCO6Has YacTb HaceNeHus
(o1 30 po 60 net). OnyxoneBble NMOPaXKEHUS OKONTOHOCOBbIX Na3yX NMPUBOAAT K MHBaNMAN3aLMY, @ TAKXKE K BbICOKOW CMepT-
HOCTW HaceneHus. B obLuein CTpyKType OHKOIOrMYecKol 3a60/1eBaeMOCTM OMyXOJM rofioBbl U Wwen coctasnsioT 20—-30 %.
YKano6bl Npy HaNUYMKM 310Ka4ECTBEHHOMN ONYX0JIM OKOJIOHOCOBbIX MasyXax B HayaslbHbIX CTaAUAX HE3HaUUTe NbHbIe, obLuee
COCTOsIHME BONbHbIX He CTPafaeT U NPOAOIIXKUTENbHOE BPeMS OHU He 06paLLaloTca K Bpady. B utore, naumeHTbl Ha4MHaoT
neyeHue, Koraa onyxonesbl npouecc gocturaet -1V cTagun 3a6oneBaHus. B Halen cTaTbe npefAcTaBneHa Hanbonee
nonHas MHGopMaums 0 NPUYNHAX BO3HUKHOBEHUS], YaCcTOTE BCTPEYAEMOCTM, OCOBEHHOCTAX TEYEHMS 3N1I0KAYEeCTBEHHbIX
HOBOOGPa30BaHNin OKONTOHOCOBbIX Ma3yX, COBPEMEHHbIX METOAAX ANArHOCTUKM U KOMIMJIEKCHOMO JIeYeHWS 3TOW KaTeropum
nauneHToB. HecMOTps Ha 60nbLune JOCTUXEHUS B TEYEHUN 3110KaYeCTBEHHbIX OMNyXosien NpefcTaBIeHHOW ToKannsaumm,
rnokasaTenin Tpex- U NATUNIETHEN BbIXXMBAeMOCTU OCTatOTCS HEYL0B/IETBOPUTENbHBIMMU, B CBS3M C YEM, HEOGXOAUM MOUCK
HOBbIX 3P dEKTUBHBIX METOAOB JleYeHUs. B HacTosLLLee BpeMA OCHOBHbIMU METOAAMM JIEYEHWSA 3/T0KaYeCTBEHHbIX 06pa3o-
BaHMii JaHHON floKanusaLuv ABASKTCA KOMOGUHUPOBAHHbIW 1 KOMIMIEKCHbIN (COYeTaHWe XMpYpryecknx BMeLLaTeNbCTB,
Nly4eBoit TEpanuu U xumMuotepanuu). CTaHAapTHbIM NMOAXOA0M B SIeYeHUN SIBNISIETCA paivKanbHOe XMpypruyeckoe yaane-
HWe NepPBUYHON OMNYXONIM U MeTacTaTUYeCKU-U3MEHEHHbIX TMM@OY30B C NoceayoLwein ny4eBoi M O[HOMOMEHTHOW
XMMMWONy4eBOW Tepanuein. XummnoTepanusi B MOHOBapuaHTe UCMOJb3YeTCs MPU HaNnnuun HepesekTabeNlbHbIX MEPBUYHbIX
WY PeLMANBHbIX ONyXonen, OTAaNeHHbIX MeTacTas3oB WM OTKase nauueHTa oT pagunKanbHOM XUPYPruyeckom onepauuu.
Heocnopumoit ABnsieTcA He06X0AMMOCTb NMOUCKa NyTel COBEPLUEHCTBOBAHUSA CYLLECTBYIOLLMX U pa3paboTKM HOBbIX Me-
TOLOB NleyeHus. TakxKe C Lieibto NOBbILLEHUSA BbIABASEMOCTY 601€3HM HA PaHHUX CTaAMSAX HEOBXOAMMO 06yYeHVe Bpayen
NepBUYHOrO 3BEHa AMarHOCTUKE OMYXOsIEBOro NOPaXKeHNsi OKOSIOHOCOBbIX NasyX, NMPOABEHNIO OHKOHACTOPOXEHHOCTH
Y3KUX CMeLnanucToB (CTOMaTon0roB, OTOPMHONAPUHIONONOB, YEMHOCTHO-TMLIEBbLIX XMPYProB, IEPMaTOsIOroB).
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NpUpPOAbl OKONOHOCOBbIX NMasyX, 3TMosiormyeckme hakTopbl pasBUTUSA, METOAbI IEYEHUS 3TI0KAYEeCTBEHHbIX
06pa30BaHUii OKOSIOHOCOBbIX MasyX, XPOHUYeCKMe BocnannTenbHble 3a60MeBaHNsA OKOSIOHOCOBbIX MasyXx,
[o6pokayecTBeHHblE HOBOO6pa30BaHMA NPUAATOYHbIX Ma3dyx Hoca
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RELEVANCE

Approximately 8.8 million people die a year from
malignant neoplasms (World Health Organization).
The incidence in Russia per 100,000 population in
2020 was 0.65 people [1].

Tumors of the nasal cavity and paranasal sinus-
es account for 0.2 to 1.4 % of cancerous tumors
of other organs and 10 to 20 % of neoplasms of
ENT organs [2; 3]. Women get sick with a frequency
of 42.9 %, men — 57.1 % [2—4]. Tumors with epi-
thelial origin account for 70—80 %. Esthesioneu-
roblastoma (as a non-epithelial tumor) accounts
for 50-60 % [2]. The asymptomatic course in the
early stages of the development of tumors of this
localization is the reason for patients to go to an
oncologist with advanced processes [5].

Chronic inflammatory diseases such as sinusitis,
ethmoiditis, frontitis, rhinosinusitis (catarrhal, poly-
pous) play an important role in the etiology of the
development of tumor processes in the nasal cav-
ity and paranasal sinuses. Adverse natural factors,
chemical and physical carcinogenic substances also
have a great influence on changes in the mucous
membrane [6-8].

Inflammatory diseases that occur for a long
time, with periodic remissions and exacerbations,
lead to various hyperplastic processes in the epi-
thelium of the paranasal sinuses, which may pre-
cede the onset of malignancy.

A complex of specific and non-specific mech-
anisms of local and general immunity provides
protection of the mucous membrane of the para-
nasal sinuses and nasal cavity. Factors of local
protection play a leading role. Non-specific factors
are the primary link in the protection of the epithe-
lium of the mucous membrane. The secretion of
products with bactericidal properties, such as inter-
feron, lysozyme, etc., as well as mucociliary trans-
port carried out by macrophages and monocytes
phagocytosis are non-specific protection factors.
Lymphocytes of the pharyngeal tonsil and its own
epithelial plate provide specific protection of the
mucous membrane [9-12]. Secretory immunoglob-
ulin A (Slg A) is the main component of the immune
protection of the nasal mucosa and paranasal si-
nuses from foreign influences. It's production is
provided by mucosoassociated lymphoid tissue,
which participates in the formation and ensures
the functioning of mucosal immunity.

Damage to the epithelium contributes to the pen-
etration of pathogens into the mucous membrane
and disrupts the constant immune regulation. Ve-
nous congestion, swelling and thickening of the
mucous membrane, leading to a violation of blood
supply, are constant companions of inflammato-
ry processes in the paranasal sinuses and nasal
cavity [12]. Under conditions of oxygen starvation,
anaerobic processes begin to prevail in the mucous
membrane, which leads to the accumulation of
under-oxidized metabolic products. Due to changes
in the acid-base balance and slowing of muco-
ciliary clearance, mucosal secretion stagnates.
Also, due to the products of metabolic acidosis,
the protective effect of lysozyme stops. All these
processes provide the most favorable conditions
for the suppression of obligate non-pathogenic
microflora of the upper respiratory tract and the
development of pathogenic anaerobes.

Chronic minor injuries of the mucous membrane
play a great role in the etiology of malignant neo-
plasms of the sinuses. They can occur due to the
impact of sharp edges of destroyed teeth, improperly
installed fillings or dentures. In the area of chronic
minor injuries of the mucous membrane, tumors
develop in 5.2-5.7 %.

The source of tumor development may be dys-
topian foci formed as a result of embryonic disor-
ders during the fusion of various tissue rudiments,
which is accompanied by the formation of teeth
and the transition of the flat outer epithelium to
the atrial fibrillation. Sometimes epithelial rudi-
ments associated with the formation of teeth are
preserved in the area of the alveolar process of
the upper jaw, which can also give rise to tumor
degeneration.

Leukoplakia of the mucous membrane, as one of
the types of dyskeratosis, is an optional precancer-
ous disease. According to that, patients are subject
to dynamic monitoring and active treatment of foci
of leukoplakia. Tumors can develop against the
background of polypous rhinosinusitis and various
sinus papillomas (especially inverted papilloma).
Oncological alertness of primary care physicians,
timely histological examination of pathological
formations of the paranasal sinuses allows to iden-
tify malignant degeneration and to begin timely
treatment in the early stages of the disease.

Tumors of the paranasal sinuses can originate
from the mucous membrane of the alveolar and
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palatine processes of the upper jaw, nasal cavity
and sinuses, as well as from cartilage and bone
tissue. Most often (70-80 %) there are tumors of
epithelial origin, up to 50 % are squamous cell car-
cinoma, 10 % are transitional cell carcinoma, 5-7 %
of patients are diagnosed with adenocarcinomas.

As a result of prolonged inflammatory process-
es, metaplasia of the cylindrical epithelium occurs.
This explains the development in most cases of
squamous cell cancers from the mucous mem-
brane lining the oral cavity, sinuses, and nasal
cavity. Adenocarcinomas, adenocystic cancers,
and cylindrical cell cancers are associated with ma-
lignant degeneration of the glandular epithelium.

The most common representative of non-epithe-
lial sinus tumors, occurring in 15-20 %, is esthe-
sioneuroblastoma or neuroendocrine tumor (50—
60 %), which develops from the neuroepithelium of
olfactory bulbs. The tumor has a high potential for
malignancy, intensive growth (often into the cranial
cavity), and often recurs after treatment [13; 14].

Sarcomas of the upper jaw, which are connec-
tive tissue tumors that originate mainly from the
maxillary bone (especially in the area of connective
tissue sutures) and are much less common than
epithelial neoplasms [14-16].

Also, tumors of the upper jaw in 0.9 % of cases
may be secondary or metastatic in thyroid, breast,
kidney, and melanoma cancers [14]. The clinical
picture of metastatic tumors has no specific signs,
the diagnosis is made with a comprehensive exam-
ination and histological examination of the biopsy
material.

According to the international histological

classification of malignant tumors of the

nose and sinuses, the following types of
formations are distinguished:

Epithelial tumors, which include cancers -
squamous, verrucous (squamous), spinocellular,
transitional cell, adenocystic, mucoepidermoid,
undifferentiated, adenocarcinoma, mucosal ade-
nocarcinoma, others.

[I. Soft tissue tumors, which include malignant
hemangiopericytoma, fibrosarcoma, rhabdomyo-
sarcoma, neurogenic sarcoma, malignant fibrox-
anthoma and others.

[Il. Bone and cartilage tumors are isolated sepa-
rately, which include chondrosarcomas, osteogenic
sarcomas and others.
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IV. Tumors of hematopoietic and lymphoid tissue
include lymphomas (lymphosarcomas; reticulo-
sarcomas; plasmocytomas; Hodgkin's disease).

V. There are mixed tumors, which include ma-
lignant melanoma, esthesioneuroblastoma and
others.

Also in this classification, secondary tumors
(metastatic) and unclassifiable tumors are singled
out separately.

Treatment and diagnosis (especially early) of
tumors of the nasal cavity and sinuses is a com-
plex task and does not depend on the histological
structure. To date, the search for ways to improve
the unsatisfactory results of diagnosis and treat-
ment has not stopped [17-19].

The purpose of the study: was to highlight the
relevance of the problem of treating tumors of the
paranasal sinuses, the need to develop clear algo-
rithms for diagnosis (especially early), treatment
and rehabilitation.

Despite the huge achievements in the field of
radiation therapy, surgical technologies, chemo-
therapy, the prognosis for the treatment of tumors
of the paranasal sinuses and nasal cavity remains
unfavorable. This is due to the fact that mostly
patients with advanced advanced tumor processes
get to the oncologist. In the initial stages, the clin-
ical manifestations of these tumors are extremely
scarce and, for a long time, patients do not attach
importance to them and do not seek medical help.
The reasons for the neglect of cancer of these
localizations are the late treatment of patients,
insufficient oncological alertness of primary care
doctors, and, accordingly, incorrect diagnosis and
incorrect treatment tactics. Symptoms such as
toothache, bleeding from the nasal cavity, puru-
lent discharge, unilateral nasal congestion do not
alarm doctors in terms of tumor development. As
a result, long-term treatment with antibacterial
drugs, physiotherapy, etc. is prescribed [2; 6]. The
patient goes to the oncologist when the tumor
reaches a large size, deforms the face and there
is no doubt about the diagnosis of a malignant
tumor.

In the early stages of the development of the dis-
ease, it is possible to establish the primary affected
area. Most often, tumors begin their development
in the area of the ethmoidal labyrinth or the maxil-
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lary sinus. It is extremely rare that the primary and
frontal sinuses are affected. Unilateral difficulty in
nasal breathing may be one of the first symptoms
of damage to the maxillary sinus, then local pain,
bulging of the eyeball, purulent discharge, repeat-
ed bleeding may join. The asymptomatic or latent
period of the course of the disease can last up to
one year [2; 20; 21].

In the course of clinical observations, the fre-
quency of occurrence of certain symptoms of can-
cer of the paranasal sinuses and nasal cavity was
established. Unilateral difficulty breathing through
the nose is noted in 21 % of cases. Discharge from
the nasal cavity, which can be mucous, purulent
and hemorrhagic, is observed in 14.3 % of cases.
Recurrent and non-severe nosebleeds occur in
approximately 5 % of patients. Localized in the
area of teeth, jaws, ears and eyes, pain of varying
intensity is noted by 20.4 % of patients. In 1.1 % of
cases, manifestations of paresthesia, anesthesia
of individual areas of the face are possible. As the
first sign of the disease, 21 % of patients report
facial deformity (swelling in the cheeks, eyelids,
cheekbones, alveolar and palatine processes of
the jaws). 6.9 % of patients have symptoms such
as loss, displacement or loosening of teeth. On the
part of the organ of vision, symptoms such as lac-
rimation, swelling of the eyelids, protrusion of the
eyeball and its displacement in various directions,
impaired mobility of the eyeball and decreased
visual acuity are also possible (6.3 % of cases) [2].

Metastatic lesion of the lymph nodes of the neck
occurs in 20 % of cases. Mainly the postaryngeal
lymph nodes and nodes under the base of the skull
are affected, then metastases are found in the sub-
mandibular and deep cervical lymph nodes. Distant
metastasis to other organs (lungs, brain, liver) is
not typical for tumors of these localizations and
manifests late [22].

The algorithm of examination of patients with
malignant tumors of the paranasal sinuses has
been developed. It includes physical examination,
X-ray examination of the facial skeleton and chest
organs, video endoscopic examination of the nasal
cavity and pharynx, tumor biopsy with histological
examination, fine needle aspiration biopsy of en-
larged lymph nodes, ultrasound examination of the
lymph nodes of the neck and abdominal organs,
computed tomography of the head with contrast
enhancement, etc. [2; 23].

Various types of X-ray examinations (radiogra-
phy, computed tomography) are the main diagnos-
tic measures that allow to establish the localization
and prevalence of the pathological process [24; 25].
SCT and MRI are used for differential diagnosis
of inflammatory and cancerous diseases of the
adnexal sinuses. During these studies, a detailed
assessment of the zone of perifocal edema, the
density and size of the tumor in anatomically com-
plex structures of the skull is possible. It is pos-
sible to accurately assess destructive processes
in the bones of the facial skeleton, the presence
or absence of tumor germination into the cranial
cavity, damage to vital structures. Magnetic reso-
nance imaging allows you to optimally determine
the size of the soft tissue component of the tumor,
and computed tomography allows you to more
accurately assess the integrity of bone structures.
Also, with small-sized neoplasms, it is possible
to use positron emission tomography for diagno-
sis [20; 26].

A necessary and mandatory stage of diagnosis
is a biopsy of the pathological formation of the pa-
ranasal sinuses. In the histological conclusion, it is
necessary to indicate the histotype and the degree
of differentiation of tumor cells, which largely af-
fects the choice of the optimal treatment method.

A fine needle aspiration biopsy of enlarged neck
lymph nodes under ultrasound control is also
a mandatory diagnostic measure. The presence
of a metastatic lesion of the cervical lymphocol-
lector largely determines the tactics and choice of
treatment method.

Due to the presence of a number of reasons, the
treatment of malignant neoplasms of the parana-
sal sinuses and nasal cavity is considered difficult
for both the doctor and the patient. Anatomically
complex area, the occurrence of extensive post-
operative defects and functional disorders, are
the reason for the refusal of patients from active
surgical treatment. The surgical method in the
monovariant provides a five-year survival rate of
18-35 %, a combination of surgical and radiation
methods — 77.5 %. Most often (in 50 % of patients),
the disease recurs within the first 2 years from the
start of treatment [2].

The leading component of the combined and
complex treatment of cancer of the paranasal si-
nuses is surgical [2; 23]. According to historical
sources, one of the first operations in oncology is
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resection of the upper jaw for a tumor. There are
many options for surgical interventions for neo-
plasms of the upper jaw (including rhinotomy).
Contraindications and indications for surgical
interventions on the upper jaw are described in
the literature, the disadvantages and advantages
of certain approaches are identified, and compli-
cations are also analyzed [2; 27-30]. The volume
and types of operations depend on the prevalence
and localization of the tumor process, the general
status of the patient, and the predicted complica-
tions. Due to the high risk of recurrence, the sur-
gical method in monovariant is not used in stage
3-4 tumor processes. To date, the search for ways
to optimize surgical interventions, increase their
radicality, plastic elimination of postoperative de-
fects, complex prosthetics, as well as professional
and social rehabilitation has not stopped.

Radiation monotherapy is also ineffective in the
treatment of tumors of the paranasal sinuses [31].
A permanent cure is possible in rare cases in the
early stages of tumor development. However, if
there are contraindications to surgical treatment,
radiation therapy is the leading method of treat-
ment. Radiation therapy helps to reduce the size
of the tumor, the disappearance of pain, the resto-
ration of nasal breathing, which accordingly leads
to an improvement in the patient's well-being.
Unfortunately, radiation therapy does not lead to
a complete cure, but only helps to slow down the
growth of the tumor.

The combined method, which consists in a com-
bination of surgical and radiation methods, is the
gold standard in the treatment of locally common
tumors of the paranasal sinuses [2; 22; 30]. Post-
operative irradiation is more effective than preop-
erative due to significantly greater targeting, based
on determining the true size and prevalence of the
tumor during surgery [32]. However, even the use of
a combination of radiation and surgical methods in
the treatment of malignant tumors of the paranasal
sinuses and cavities does not prevent the develop-
ment of relapses of the disease at a relatively early
time, which occur in 30-60 % of cases.

Since the mid-70s of the last century, systemic
chemotherapy has been actively used in the treat-
ment of common tumors. Chemotherapy is used
as a component of complex treatment (including
chemoradiotherapy). It is also possible to use
polychemotherapy as an independent palliative
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method when the possibilities of surgical and ra-
diation treatment have already been exhausted.
The most effective use of chemotherapy is for tu-
mors of epithelial origin (squamous cell cancers).
Most often, stabilization of the tumor process is
achieved. At the same time, tumor regression of
varying severity is observed in 10-75 % of cases.
Analyzing the experience of our department, the
use of chemotherapy as a neoadjuvant component
has not been widely used in the treatment of can-
cer of the paranasal sinuses. Currently, thanks to
advances in the study of biology and immunology
of malignant tumors, cellular technologies, phar-
macodynamics and pharmacokinetics of drugs,
as well as a detailed study of the mechanisms of
their action, the possibilities of chemotherapy are
significantly expanding. However, polychemother-
apy in a monovariant never leads to the cure of
patients and is mainly used as a palliative effect
on the tumor in the late stages of the development
of the malignant process.

Currently, the treatment of cancer of the para-
nasal sinuses depends on the size of the primary
focus (symbol T), the sequence of therapeutic mea-
sures is reflected in clinical recommendations [23].

Surgical intervention or independent radiation
treatment is indicated for patients with cancer of
the nasal cavity and the trellis labyrinth T1-T2NO. If
the histological examination of the surgical materi-
al determines unfavorable prognostic factors, such
as intracranial spread and tumor cells at the edges
of resection, patients are prescribed postoperative
radiation or chemoradiotherapy. This tactic aims
to increase overall survival and reduce the number
of relapses of the disease.

With the prevalence of the tumor corresponding
to the symbols T3-T4a, surgical intervention is also
recommended as the first stage of treatment. In
case of refusal of the operation, the use of chemo-
radiotherapy is possible. Radiation or competitive
chemoradiotherapy is used as an adjuvant com-
ponent of treatment.

If there are unresectable tumors (T4b) or if
the patient refuses to perform extensive surgery,
chemoradiotherapy or independent radiation
therapy is performed. With non-radical surgical
treatment and the presence of a residual tumor
of the lattice labyrinth, patients undergo surgery
or chemoradiotherapy. With the prevalence of the
primary tumor corresponding to the T1 symbol, the
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presence of negative resection edges, high differ-
entiation of tumor cells, dynamic observation is
shown in the postoperative period. Dynamic obser-
vation in the postoperative period is also indicated
for cancer of the maxillary sinus (T1-T2, NO). Adju-
vant radiation treatment is indicated in the case of
determining unfavorable prognostic factors, such
as perivascular, perineural and lymphatic invasion,
as well as in the detection of adenocystic cancer.
If tumor cells are detected at the edges of the re-
section, a repeated surgical operation is performed,
followed by radiation or chemoradiotherapy.

Patients with locally advanced cancers of the
maxillary sinus corresponding to T3-T4a undergo
radical surgery with a postoperative course of ra-
diation therapy. In case of detection of tumor cells
in the edges of resection, simultaneous chemo-
radiotherapy is performed, and repeated surgical
intervention may also be recommended.

In case of unresectable tumors (T4b) of the max-
illary sinus, chemoradiotherapy or independent
radiation therapy is performed.

If patients are diagnosed with metastatic lesion
of the lymph nodes of the neck, cervical lymph
dissection is performed simultaneously with the
operation on the primary focus. The volume of
surgical intervention in this case is determined
by the number and size of metastatic foci. If the
histological examination reveals unfavorable prog-
nostic factors, such as extracapsular spread of
metastases, positive resection margins, perineural,
perivascular, lymphatic invasion, adjuvant radiation
or simultaneous chemoradiotherapy is indicated.

Radical surgical intervention is performed in
patients with local recurrences of maxillary sinus
cancer, the presence of a residual tumor after
non-radical removal. Subsequently, the issue of
the expediency of adjuvant radiation treatment or
competitive chemoradiotherapy is being resolved.

In case of detection of unresectable tumors,
repeated radiation therapy, simultaneous chemora-
diotherapy, or symptomatic treatment is possible.

Modes of independent radiation therapy for can-
cer of the paranasal sinuses have been developed:
a dose of 66—70 Gy is applied daily to the area of
the primary focus and clinically determined metas-
tases to the lymph nodes of the neck in fractions
of 1.8-2.0 Gy for 6—7 weeks.

Independent simultaneous chemoradiotherapy
is also performed daily for 7 weeks. A dose of 70

Gy is applied to the area of the primary focus and
lymphatic collector. At the same time, on the 1st,
22nd and 43rd days of radiation therapy, cisplatin
is administered at a dose of 100 mg/m?2 against the
background of hyperhydration and forced diuresis.
The total dose of cisplatin for the entire period of
treatment is 300 mg/m?. It is possible to replace
cisplatin with carboplatin in the AUC 1.5-2.0 mode
in the form of weekly injections from the first day
of radiation treatment.

After performing surgical interventions, adjuvant
radiation (chemoradiotherapy) should be carried
out in the interval from 6 weeks to 3 months. Pro-
longation of this interval is unfavorable in terms
of the appearance of continued tumor growth or
relapse of the disease. The total radiation dose
during postoperative radiation therapy is 66 Gy
per primary focus area and 50-54 Gy per region-
al lymphatic collector area. In the presence of re-
current unresectable tumors, as well as with the
appearance of distant metastases, mono- or poly-
chemotherapy with first-line drugs, which include
cisplatin (carboplatin), paclitaxel, cetuximab, is
used to increase overall survival [22; 31].

The results of treatment of malignant tumors
of the paranasal sinuses and nasal cavity, despite
great achievements in oncology, remain unsatis-
factory. Combined treatment (a combination of
surgical and radiological methods) allows achiev-
ing five—year survival in stage I-Il cancerin 73.6 %
of patients, stage lll — in 54.9 % of patients, stage
IV - in 24.2 % of patients. When regional metas-
tases to the neck lymph nodes are detected, the
five-year survival rate decreases to 37.5 %. In the
presence of a widespread tumor lesion with a low
degree of cell differentiation, chemoradiotherapy
will be used, which allows achieving a positive
clinical result in 74 % of patients. However, the
stabilization of the tumor process is not long-term.
The use of surgical or radiation method in mon-
ovariants allows to achieve a five-year survival
rate in 18—35 % of patients, which demonstrates
the need for combined treatment. If the tumor is
detected early and combined treatment is started
in a timely manner, it is possible to achieve the
values of the overall three- and five-year survival of
87.3 % and 83.5 %, respectively. With the complex
treatment of locally widespread tumor processes
of the paranasal sinuses, the three-year survival
rate is 37.1 %.
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CONCLUSION

Our analysis of the literature data, as well as
our own experience in the treatment of limited
and widespread tumors of the paranasal sinuses
and nasal cavity, indicate the need to improve
existing and develop new methods of treatment.
The training of primary care physicians in the di-

agnosis of tumor lesions of the paranasal sinus-
es in the early stages, the oncological alertness
of narrow specialists (dentists, otorhinolaryngol-
ogists, maxillofacial surgeons, dermatologists)
will contribute to the early and timely detection,
and accordingly the timely treatment of malig-
nant neoplasms of tumors of the head and neck
organs.
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ABSTRACT

Lung cancer (LC) takes the first place in the structure of overall oncology in males. More than 1.8 million of new cases of lung
cancer (LC) are registered each year worldwide. LC is the leading cause of cancer death in both developing and developed
countries, and the 5-years survival rate is as low as 19 %. Many factors explain such unsatisfactory outcomes, including
the LC diagnosis at an advanced stage, when the currently available treatments can rarely provide cure. Non-small cell lung
cancer (NSCLC) with chromosomal rearrangement of anaplastic lymphoma kinase (ALK) is sensitive to targeted therapy with
tyrosine kinase inhibitors (TKIs). Tumor cells containing ALK fusion are sensitive to TKIs - targeted drugs that have signifi-
cantly improved the results of treatment of patients with ALK-positive NSCLC, half of whom survive more than 6.8 years after
diagnosis. The number of patients with ALK-positive NSCLC varies, so ALK rearrangements are detected in about 3-7 % of
lung adenocarcinomas, which accounts for up to 60.000 new cases of the disease annually worldwide. ALK-positive NSCLC is
observed almost exclusively in adenocarcinomas associated with persons of younger age, male and never smoked or smoked
a little. Patients with ALK-positive stage |-Ill NSCLC are shown treatment similar to patients with wild-type NSCLC, including
surgery, radiation therapy, chemotherapy or multimodal treatment, depending on the stage of the tumor process. Numerous
ALK TKIs have been developed in recent years, including alectinib, which is the current preferred first-line agent for patients
who haven't received therapy. The study of the mechanisms of resistance has led to the development of next-generation ALK
inhibitors that better penetrate the central nervous system, actively affecting brain metastases. This review highlights the
current state and prospects for the development of ALK-positive NSCLC therapy.
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COBPEMEHHOE NEYEHWUE ALK-MO3UTUBHOT0 HEMEJIKOKNETO4YHOTO PAKA NETKOTO

L. A. Xapares3os, 0. H. NlTasytun, 3. A. Mup3oan™, A. I. MunakuH, 0. H. CtaTewnHbiii, U. A. Jleiiman, M. A. Fannoeea,
B. H. Butkoeckas, K. [1. Uozedn

HMWL| onkonorum, r. PoctoB-Ha-[loHy, Poccuiickas Gepepauus
B ellada.mirzoyan@yandex.ru

PE3IOME

Pak nerkoro (PJT) 3aHMMaeT NepBoe MecTo B CTPYKTYpe 06LLeil OHKONIOrMYecKoi 3a60/1IEBaEMOCTU MYXXCKOIO HaceNeHus.
ExxerogHo B Mupe PJ1 guarHoctupyetcs 6osee Yem y 1,8 MUNIMOHA YENOBEK M OCTAETCS OCHOBHOM NMPUYUHOWM CMEPTHOCTH
OT 3/10Ka4YeCTBEHHbIX HOBOOOPA30BaHWI Kak B Pa3BMBAOLLMXCSA, TaK U B Pa3BUTbIX CTPaHaXx, a 5-NeTHAS BbDKMBAaeMOCTb,
pocturatowas 19 % Bbi3biBaeT pa3oyvapoBaHue. [ofo6Hble HEYA0BNETBOPUTENbHbIE UCXOAbI 06 BACHAITCH MHOTUMU
(akTopamu, BKtoYas anarHoctuky PJ1 Ha no3aHe CTaamm, Korga nanedyeHve octaeTcss peAKUM Npu JOCTYMHbIX Ha ce-
FOAHALHUIA AeHb MeTogax JiedeHnsl. HeMenKoKneTouHbli pak nerkoro (HMPJ1) ¢ XxpOMOCOMHOW NepecTporiKoii KMHasbl
aHannactuyeckoi numbombl (ALK) UyBCTBUTENEH K TapreTHOM Tepanum MHIMGUTOpaMu TMpo3nHKUHasbl (TKW). Onyxonesble
KNeTKW, cogepxalume cnusHue ALK, 4yBCTBUTENbHbI K MHIMG6MTOpamM TKU — TapreTHbIM npenapartam, KOTopble CyLLeCTBEH-
HO YNyYLIUNK pe3ynbTaTbl leyeHust 60bHbIX ALK-no3utueHbiM HMPJ1, nonoBuHa 13 KOTopbIX BbKMBaKOT 6onee 6,8 roga
nocne yctaHoBneHus guarHosa. Konnuectso nauneHToB ¢ ALK-nosntueHbiM HMPJ1 BapbupyeTcs, Tak ALK peapaHXnpoBKu
06HapyXunBatoTcsi NpUMepHo B 3—7 % afeHOKapLMHOM Jierkoro, 4To coctaenseT fo 60 000 HOBbIX cryyYaeB 3a60/1eBaHUSA
eXerogHo Bo BceM mupe. ALK-no3uTueHblin HMPJ1 Ha6ntogaetca noYTy UCKITKOUYUTENTBHO MpU aieHOoKapLMHOMaXx, accoum-
MPOBaHHbIX C IMLLaMK 6oNiee MOSTIOL0r0 BO3PACTa, MYXXCKOTr0 MoJia U HAKOrAa He KYPUBLLMMU U KYPUBLUMMU Mano. Bonb-
HbIiM ALK-no3utueHbiM HMPJT |-IIl cTaguu nokasaHo neyeHne aHanornyHoe naymeHtam ¢ HMPJ1 gukoro Tuna, Bkatoyas
XUpYpruyeckoe BMeLLaTeNbCTBO, IyYEBYIO Tepanunio, XMMMoTepanuio Uamnm MybTUMOAANbHOE eYeHne B 3aBUCUMOCTHU OT
cTaguu onyxoneBoro npotecca. B nocnenHve gecatunetve paspabotaHo Heckonbko ALK TKU u cpeau HUX anekTuHme,
KOTOPbIN B HacTosiLLEee BpeMS ABASIETCA NpenapaToM BbiGopa NepBoii IMHUM Tepanuu 60/bHbIX, HE MOyYaBLUUX EYEHNS.
M3yyeHne MexaHM3MOB Pe3UCTEHTHOCTM NPUBESO K pa3paboTke MHIMBUTopoB ALK cnepytoLLero nokoseHus, KoTopble ayylue
NPOHMKAOT B LIEHTPasbHYIO HEPBHY CUCTEMY, aKTUBHO BO3ENCTBYSl HA MeTacTasbl B rOIOBHOM Mo3re. [1aHHbln 0630p
ocBelllaeT COBPEMEHHOE COCTOsIHWUE U NepcrneKkTuBbI pa3sutus Tepanuun ALK-nosutmusHoro HMPJI.

KnioueBble cnosa:
HeMeJIKOK/IETOYHbIN paK Nerkoro, KMHasa aHannactudeckoi numoombl (ALK) anekTuHu6, 6puraTtuHmo,
KPU30TUHUG, TIOpNaTUHMG, LEPUTUHNG
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INTRODUCTION

The fusion of the EML4 gene (echinoderm micro-
tubule associated protein-like 4) with the ALK gene
(anaplastic lymphoma kinase), first described in
2007, represents chromosomal inversions leading
to constitutive oncogenic activation. It was found that
a small percentage of NSCLC tumors (3-7 %) have
EML4-ALK translocation [1]. Tumor cells containing
ALK fusion are sensitive to tyrosine kinase inhibitors
(TKI), targeted drugs that have significantly improved
the results of treatment of patients with ALK-positive
non-small cell lung cancer (NSCLC), half of whom
survive more than 6.8 years after diagnosis [2].

The number of patients with ALK-positive NSCLC
varies [3], so ALK rearrangements are detected in
about 3-7 % of lung adenocarcinomas, which ac-
counts for up to 60,000 new cases of the disease
annually worldwide [4]. This indicator is the same
among the population of the West (3.4 %), and the
East. ALK-positive NSCLC is observed almost exclu-
sively in adenocarcinomas associated with younger
people (average age 52), male and never smoked or
smoked a little [3].

Patients with ALK-positive stage I-11l NSCLC are
shown treatment similar to patients with wild-type
NSCLC, including surgery, radiation therapy, chemo-
therapy or multimodal treatment, depending on the
stage of the tumor process. What role tyrosine kinase
inhibitors (TKI) will play in patients in the early stages
of the disease has yet to be established. A variety of
TKI are available for patients with previously untreat-
ed metastatic ALK-mutant NSCLC (Table 1). Over
time, drug resistance inevitably arises, which led to
the development of more potent ALK TKI of the next
generation (Table 2).

Diagnostics of ALK fusion

All patients with metastatic lung adenocarcinoma
should be tested for the presence of ALK fusion [5]
using in situ fluorescent hybridization (FISH), immu-
nohistochemical assay (IHCA) or next-generation
sequencing (NGS) [6]. FISH is the gold standard
for detecting ALK rearrangement and uses red and
green probes for hybridization on either side of the
ALK translocation breakpoint. These probes are
either superimposed on each other, forming a yellow
signal for wild-type samples, or appear as indepen-
dent red and green signals if a fusion mutation is
present [6].

An alternative to FISH is IHCA, which uses mono-
clonal antibodies to the ALK fusion oncogene. NGS
is performed by extracting genomic DNA from tu-
mor cells using probes targeting tumor-specif-
ic genes using either plasma or tumor tissue [7].
Comparing the three methods with each other, it
should be noted that IHCA has the highest posi-
tive indicator — 94.5 %, NGS — 92.7 %, followed by
FISH - 82.4 % [6].

Tyrosine kinase inhibitors.

Krizotinib

Krizotinib is the first developed TKI ALK fusion.
The PROFILE 1007 protocol is a Phase 3 clinical tri-
al involving 347 patients with ALK-mutant NSCLC,
which compared krizotinib with chemotherapy in pa-
tients who had previously received chemotherapy
(Table 1). Krizotinib demonstrated an improvement
in the level of objective response rate (ORR): 65 %
vs. 20 % (p < 0.001), survival progression-free (PFS):
7.7 months vs. 3 months (p < 0.001) and quality of
life [4]. In a Phase 3 PROFILE 1014 study comparing
crizotinib with first-line chemotherapy in 343 patients,
crizotinib demonstrated an improvement in ORR to
74 % vs. 45 % (p < 0.001) and PFS to 10.9 months vs.
7.0 months (p < 0.001) [8]. There was no difference in
overall survival(s) in both studies [4; 8]. These studies
have determined the role of crizotinib as the standard
of first-line therapy.

Gastrointestinal toxicity is the most common
adverse adverse reaction to crizotinib with diar-
rhea of any degree in 61 % of cases, and 3 or 4
degrees in 22 %; vomiting in 46 % and constipation
in 43 % of patients. Liver dysfunction of grade 3 or
4, monitored every 2 weeks for the first 2 months
and then periodically observed in 14 % of patients.
Cardiotoxicity was manifested by bradycardia and
prolongation of the QT interval. Visual impairment
was observed in 71 % of patients, but only 1 % had
grade 3 or higher [9].

Crizotinib is practically ineffective in lung adeno-
carcinoma metastases to the central nervous system
(CNS), with a response rate barely reaching 7 % [10].
The brain is the most common site of disease pro-
gression in patients receiving crizotinib. Krizotinib is
a well-known substrate of the p-glycoprotein pump of
drug outflow, limiting its accumulation in the central
nervous system [11]. The lack of effective exposure
to CNS damage stimulated the development of a new
generation of inhibitors.
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Ceritinib

Ceritinib is a second-generation ALK inhibitor
with activity against IGF-R1, IR and ROS-1. The drug
has activity against crizotinib-resistant NSCLC, as
it targets resistance mutations such as L119M and
G1269A, as well as 11171T and S1206Y. Ceritinib pen-
etrates the blood-brain barrier better [12].

Ceritinib is approved for both untreated and
crizotinib-resistant patients. The ASCEND-5 protocol
study demonstrated the advantage of prescribing
ceritinib compared to third-line chemotherapy in
231 patients who previously received platinum-
based chemotherapy and crizotinib [13]. The AS-
CEND-4 protocol compared ceritinib with chemo-
therapy in 376 untreated patients, including those
with asymptomatic brain metastases. Median PFS
in the ceritinib group was 16.6 months versus 8.1
months in the chemotherapy group (p < 0.00001)
(Table. 1) [14]. Neither the ASCEND-4 protocol nor
ASCEND-5 showed an improvement in the indica-
tors of S. The poor tolerability of ceritinib and the
higher efficacy of alectinib prevented its widespread
use [15].

What is the role of ceritinib in the treatment of
ALK-positive NSCLC resistant to alectinib remains
to be seen. The ASCEND-9 clinical study examining
the efficacy of prescribing ceritinib to patients who
progressed on alectinib demonstrates an ORR of
25 % and a disease control level (DCR) of =70 % [16].

Ceritinib has excellent activity against CNS me-
tastases with a response rate to therapy reaching
72 % [17]. Despite the high activity, the median PFS of
patients with brain metastases treated with ceritinib
was shorter than patients who did not receive this
drug: 10.7 months versus 26.3 months, respective-
ly [14]. Nevertheless, the study of the efficacy and
safety of ceritinib in patients with brain metastases
continues within the framework of the ASCEND-7
Phase 2 study [NCT01828112] [18].

When treated with ceritinib, toxicity of the 3rd
or 4th degree is observed in 78 % of patients [14].
Gastrointestinal toxicity of varying severity is not-
ed most often, namely: diarrhea in 85 %, nausea in
69 %, vomiting in 66 % and abdominal pain in 25 %
of cases. More than 70 % of patients have a viola-
tion of the functional parameters of the liver of the

Table 1. ALK TKI in targeted first-line therapy of ALK-mutant NSCLC

. PFS 0s
Protocol. Drug. Groups. N ORR, % p il p el p
Crizotinib 172 74 10.9
ﬁ’gﬂf '[;]E Crizotinib <0.001 <0.001 0.097
cT 171 45 7.0 475
Ceritinib 189 725 16.6 ;
ﬁSAf]:END"‘ Peritinib <0.01 <0.00001 0.056
cT 187 267 8.1 26.2
Alectinib 103 92 34.1 HA
[’Z'Q]LEX Alectinib 0072 ———— <0.0001
Crizotinib 104 79 10.2 HL
Alectinib 152 83 34.8
ALEX[20]  Alectinib 0.0936 <0.001
Crizotinib 151 755 10.9
Alectinib 125 91 HA
QEES'A Alectinib <0.01 <0.0001
Crizotinib 62 77 11.1
ALTA-TL atinib Brigatinib 137 71 HAO
[25] Brigatini
Crizotinib 138 60 9.8

Note: N — number of patients enrolled in the study; ORR - objective response rate; PFS - progression-free survival; OS - overall survival;

NA - not achieved.
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3rd or higher degree, clinically manifested by severe
anorexia, asthenia and fatigue [14]. Poor tolerability
of the recommended dose of ceritinib 750 mg once
a day on an empty stomach prevented its intake [15].
A new lower dose approved by the FDA, equal to 450
mg taken with meals, improved the tolerability of this
adverse reaction [19].

Alectinib

Alectinib is a second-generation ALK inhibitor,
which, due to its high efficacy and excellent safety
profile, has become the drug of choice for the first-
line targeted therapy of metastatic ALK-positive NS-
CLC. Not being a substrate of the outflow transporter
of p-glycoprotein, alectinib is able to penetrate into
the central nervous system [20].

In a worldwide phase 3 clinical trial of ALEX, 303
untreated patients were randomized for targeted first-
line therapy with alectinib or crizotinib [20]. Median
PFS in the alectinib group reached 35 months versus
11 months in the crizotinib group (HR = 0.43, p <
0.001) [21]. Similar results were obtained in 207 Japa-
nese patients included in the J-ALEX protocol [22], as

well as in the third later phase 3 study of ALESIA [23],
which compared the effectiveness of alectinib with
crizotinib in patients from Asian countries. These
studies have made alectinib the drug of choice for
targeted first-line therapy (Table 1).

In addition, alectinib plays an important role in the
treatment of patients whose disease has progressed
while taking crizotinib or intolerance to the latter drug
has been noted. In the ALUR Phase 3 study, 107 pa-
tients who had previously received chemotherapy
and crizotinib were assigned to groups for alectinib
therapy or chemotherapy. Median PFS in the target-
ed therapy group was 7.1 months. compared with
1.6 months in the chemotherapy group (HR = 0.32,
p <0.01) [24].

The excellent activity of alectinib in CNS metasta-
ses has been consistently demonstrated in all stud-
ies. In the ALEX protocol, the time to progression
of metastases in the central nervous system was
significantly longer in the alectinib group compared
to the crizotinib group (HR = 0.16, p < 0.001) [20]. In
16 patients with initial metastatic CNS lesion treated
with alectinib, responses to targeted therapy were

Table 2. ALK TKI in subsequent lines of targeted therapy of previously treated ALK-positive NSCLC

Previous

Protocol. Drug. v t—, Groups. N ORR, % p PFS Mec. p
Crizotinib 173 65 7.7
PROFILE 1007 [4] Crizotinib CT < 0.001 < 0.001
CT 174 20 3.0
Crizotinib Ceritinib 115 39 5.4
ASCEND 5 [38] Ceritinib O:}g%é”('ﬁ <0.01 <0.01
CT 116 7 1.6
CT and Alectinib 72 37.5 7.1
ALUR [24] Alectinib Cri;o”timb <0.01 <0.001
CT 35 3 1.6
H Dose 112 48 9.2
ALTA [26] Brigatinib Crizotinib -
B Dose 110 53 16.7
Crizotinib Lorlatinib 59 HO
28'108”@;‘] etal. Lorlatinib 2 TKI ALK
3 TKI ALK Lorlatinib 198 7.3
- Lorlatinib 111 6.9
ASCEND 9[16]  Ceritinib flectinit * -
Ceritinib 20 25 3.7

Note: N — the number of patients included in the study; ORR (objective response rate) — the level of objective response; PFS (progression-free

survival) — progression-free survival; NA - not achieved.
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achieved in 75 % of cases. Consequently, many pa-
tients with brain metastases can only be treated with
TKI without local exposure: surgery and/or radiation
therapy.

As noted above, alectinib is much better tolerated
than krizotinib, with a toxicity of 3—5 degrees in about
40 % of patients [20; 24]. The profile of adverse side
effects includes: anemia in 20 %, nausea in 14 %,
diarrhea in 12 %, vomiting in 7 % and elevated biliru-
bin levels in 15 %. Alectinib causes myalgia in 16 %
of cases, and therefore creatine kinase (CK) levels
are monitored every 2 weeks during the first month
of therapy. Photosensitization is less frequent in
5 % [20].

Brigatinib

Brigatinib is a second-generation oral TKI that is
able to overcome several mutations of resistance to
crizotinib. Brigatinib is indicated for targeted therapy
of ALK-positive NSCLC in patients with disease pro-
gression while taking crizotinib, in addition, studies
on its first-line appointment are continuing

In the ALTA-1L study, 275 untreated patients were
divided into groups for therapy with brigatinib or
krizotinib. After 12 months of follow-up, PFS in the
brigatinib group was 67 % versus 43 % in the crizo-
tinib group (HR = 0.49, p < 0.001) [25]. OV in the
protocols of targeted first-line therapy has not yet
been studied. There are no studies comparing the
effectiveness of brigatinib with alectinib in untreated
patients. At the same time, the use of brigatinib is
considered promising in patients refractory to crizo-
tinib with a median PFS of 16.7 months in a recent
phase 2 study [26]. There is evidence that the use of
brigatinib during progression on alectinib improves
the median PFS from 4.4 to 6.6 months [27; 28].

Brigatinib showed excellent activity in 78 % of pa-
tients with measurable brain metastases with target-
ed first-line therapy. Updated results of the phase 2
study showed that patients refractory to crizotinib
with measurable CNS lesions achieved an objective
response rate of 67 % with a median PFS of 18.4
months [29].

In the ALTA-1L protocol, adverse side effects of
the 3rd and higher degree occurred in 61 % of ob-
servations of 136 patients receiving brigatinib [25].
Like other ALK inhibitors, brigatinib is characterized
by the most frequent gastrointestinal adverse side
effects of any severity in 49 %, increased creatinine
kinase in 39 % and alanine aminotransferase (ALT)
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in 19 % [25]. There is also an increase in the level of
amylase in 19 % and lipase in 14 % of observations,
and cardiotoxicity in the form of bradycardia [25].
Blood pressure should be monitored before taking
brigatinib and then monthly, since arterial hyperten-
sion is observed in 23 % of patients [30].

A distinctive feature of brigatinib is the possibility
of acute development of severe pulmonary toxicity.
An undesirable side effect, as a rule, occurs with-
in 24-48 hours after the start of therapy, clinically
manifests itself by shortness of breath, decreased
oxygen saturation, and radiologically manifests it-
self by turbidity in the form of "frosted glass" and
interstitial darkening [12]. The described reaction
develops in 3-6 % of patients and is probably more
common in patients previously treated with crizotinib,
and depends on the dose [12; 25; 26]. In patients with
newly emerging or worsening respiratory symptoms,
urgent diagnosis should be carried out to exclude
pneumonitis, and if it is confirmed, brigatinib should
be discontinued [30].

Lorlatinib

Lorlatinib is a selective inhibitor of ALK and ROS1
of the third generation [1], which demonstrates ORR
in 57 % in patients with the G1202R mutation, usual-
ly detected after the use of second-generation ALK
inhibitors.

A modern phase 2 study was conducted in a group
of 228 patients with ALK-positive NSCLC who had
previously undergone multicomponent treatment.
The clinical status varied depending on the previ-
ous therapy of TCI. Patients receiving only crizotinib
demonstrated an ORR of 69 %. The median PFS was
not reached. Patients who received targeted therapy
with two or more ALK TKI had an ORR equal to 39 %
with a median PFS of 6.9 months [31].

An ongoing phase 3 trial using the CROWN proto-
col [NCT03052608] randomizes patients with untreat-
ed ALK-positive NSCLC either to the lorlatinib therapy
group or to the first-line crizotinib therapy group [32].
The French study LORLATU [NCT 02327477] studies
the sequence of therapy in patients receiving lorla-
tinib [33]. Studies comparing lorlatinib with chemo-
therapy for alectinib-resistant NSCLC have not yet
been conducted.

The ratio of lorlatinib concentration in cerebro-
spinal fluid and blood plasma in early studies was
0.75, which confirms the significant penetration of
the drug into the central nervous system. In patients
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with initial brain metastases who had previously tak-
en at least one ALK TKI, the objective response rate
was 63 %, and the median duration of response to
treatment was 14.5 months [33].

Severe hyperlipidemia of 3-4 degrees is observed
in 31 % of patients, in which 81 % of patients need
hypolipidemic therapy [34]. Peripheral edema was
observed in 43 % of patients in combination with
peripheral neuropathy in 30 %. Neurological disor-
ders occur in 39 % of patients, including changes in
cognitive functions in 23 %, mood in 22 % and speech
in 8 %. Most cognitive disorders were moderate and
easily reversible with dose reduction [34].

Ensartinib (X-396) is a novel TCI with activity
against ALK and ROS1 mutations of resistance to
crizotinib, such as L1196M and C1156Y [35]. In are-
cent study, the ORR was 60 % with a median PFS of
26.2 months [35]. The drug is active in patients who
previously received second-generation ALK TKI with
ORR =23 %, as well as in patients who previously re-
ceived from 2 to 5 different targeted ALK TKI therapy
regimens. The level of response of brain metastases
reaching 64 % and the level of disease control equal
10 92.9 % should be recognized as particularly prom-
ising [35]. A phase 3 clinical trial using the eXalt3 pro-
tocol [NCT02767804], currently compares ensartinib
with crizotinib [36].

Entrectinib is another new ALK inhibitor. A modern
phase 1 study has shown that entrectinib is highly
effective in patients with NSCLC carrying NTRK, ROS1
and ALK rearrangements. However, in patients pre-
viously treated with ALK inhibitors, the drug did not
cause any reactions [37].

Repotrectinib — ROS, a next-generation TRK-A and
ALK inhibitor, demonstrates significant preliminary
results in the Trident-1 clinical trial [NCT03093116],
which is still ongoing [38].

Mechanisms of resistance

Mutations in the ALK kinase domain are the most
well-described mechanism of resistance to TKI, oc-
curring in 20—36 % of patients treated with crizotinib
and 50 % of patients receiving second-generation
ALK TKI [39]. Each TCl is associated with an individ-
ual spectrum of mutations. Genetic analysis of 103
biopsies of ALK-positive tumors from patients treated
with various ALK inhibitors revealed that L1196M is
the most common mutation found in resistance to
crizotinib [39]. G1202R resistance mutation is often
found after the use of second-generation drugs, in-

cluding: ceritinib in 21 %, alectinib in 29 % and briga-
tinib in 43 % [24,30]. Despite the fact that the G1202R
mutation creates high resistance, it is overcome by
lorlatinib [39]. Little is known about resistance to
lorlatinib.

Resistance mechanisms also arise outside the
domain of ALK kinase. Amplification of ALK occurs
in approximately 10 % of samples resistant to crizo-
tinib, either in isolation or with other mutations. Ac-
tivation of the bypass signaling pathway is another
mechanism of resistance with activation of the EGFR
receptor [40].

After the possibilities of targeted therapy are
exhausted, chemotherapy is used with or without
immunotherapy. The use of combined chemoimmu-
notherapy is confirmed by the study of a subgroup
of 111 patients with NSCLC carrying EGFR and ALK
mutations from the IMpower150 study. The combi-
nation of carboplatin, paclitaxel, bevacizumab and
atezolizumab demonstrated an improvement in PFS
up to 9.7 months. compared only with chemotherapy
for 6.1 months [41].

In addition to the IMpower150 study, data confirm-
ing the effectiveness of immunotherapy in patients
with ALK-mutant NSCLC are clearly insufficient. In
studies on immuno- and chemoimmunotherapy in
patients with ALK-mutant NSCLC, unsatisfactory re-
sults are observed [42; 43]. In addition, extrapolation
of EGFR data [44] leads to safety problems of either
TCI or immunotherapy [45]. Testing for ALK should
be performed before starting chemoimmunotherapy
to avoid an increased risk of toxicity.

Summing up, it should be emphasized that alec-
tinib is currently the drug of choice for targeted first-
line therapy of ALK-positive metastatic NSCLC [5].
This preference is based on high efficacy, acceptable
profile of adverse toxic events and activity against
metastases in the central nervous system compared
with krizotinib [20]. Brigatinib, ceritinib and crizotinib
remain first-line targeted therapy options and are con-
sidered in the context of specific clinical circumstanc-
es. Lorlatinib should be prescribed to patients with
disease progression during treatment with alectinib.

The excellent activity of alectinib and brigatinib
is able to treat metastases in the central nervous
system with targeted therapy, thereby allowing to
delay or even avoid the use of radiation therapy or
surgery [17; 20; 26; 29]. In patients with progression
of brain metastases during treatment with alectinib,
the appointment of lorlatinib is rational [33].
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The results of targeted therapy with brigatinib re-
quire continued monitoring for a reliable assessment.
Ensartinib, entrectinib and repotrectinib continue
to be studied in clinical trials, their role in targeted
therapy of ALK-mutant NSCLC has also yet to be de-
termined. Additional data are needed regarding the
optimal treatment after ALK TC therapy, whether it
is chemotherapy or chemoimmunotherapy.

Currently, the possibilities of perioperative use
of TKI ALK are being investigated. Krizotinib is be-
ing studied in neoadjuvant [NCT03088930] [46], as
well as in adjuvant mode as part of a large, mul-
ticenter ALCHEMIST study (Adjuvant Lung Cancer
Enrichment Marker Identification and Sequencing
Trial) [NCT02201992] [NCT02201992] [47; 48].

The ongoing phase 3 study of ALINA is studying
the efficacy and safety of the administration of alec-

radically operated patients with stage IB-IlIA ALK-pos-
itive NSCLC as adjuvant therapy [49].

CONCLUSION

The progress made in the treatment of ALK-posi-
tive NSCLC over the past decade is obvious. Four ALK
inhibitors have been developed, which are currently
approved both for first-line targeted therapy and as
additional options available during disease progres-
sion. ALK inhibitors of the new generation demon-
strate excellent activity against metastatic damage
to the central nervous system. Current research areas
include the development of next-generation ALK in-
hibitors, the study of their role in neo- and/or adjuvant
therapy and optimal drug treatment tactics when the
available options for targeted therapy have already

tinib compared with platinum-based chemotherapy in ~ been exhausted.
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GENES COPY NUMBER VARIATION IN COLORECTAL CANCER
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ABSTRACT

Abnormal gene copies, a special type of genetic polymorphism, is a hallmark of most solid tumors, including colorectal cancer.
Abnormal copy number of genes leads to tumor-specific genomic imbalance, which manifests itself already in precancerous
precursor lesions. The aim of this review was to systematize the scattered data on changes in gene copy number observed
in colorectal cancer and their impact on the outcome of the disease and response to therapy. The data from 58 studies was
analyzed on gene copy number changes and their expression in primary carcinomas, cell lines and experimental models. This
review examines the spectrum of genetic changes that lead to colorectal cancer, describes the most frequent changes in
the number of gene copies at different stages of the disease, and changes in the number of gene copies that can potentially
affect the outcome of the disease of individual patients or their response to therapy. In fact, aberrant gene copy number as
a form of chromosomal imbalance affects a number of genes that provide a metabolic selective advantage for a tumor cell.
Changes in the genes copy number in colorectal cancer patients not only positively correlate with changes in their expression,
but also affect the levels of gene transcription at the genome-wide scale. Aberrant gene copy numbers are closely related to
disease outcome and response to treatment with 5-fluorouracil, irinotecan, cetuximab and bevacizumab. Nevertheless, the
possibility of translating the genes copy number index into clinical practice requires further research.

Keywords:
colorectal cancer, gene copy number, gene expression, biomarkers, overall survival, response to therapy

For correspondence:

Lusegen Kh. Chalkhakhyan - Cand. Sci. (Med.), surgeon at the abdominal oncology department No. 2, National Medical Research Centre for
Oncology, Rostov-on-Don, Russian Federation.

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

E-mail: gabo80.80@inbox.ru

ORCID: https://orcid.org/0000-0001-8397-4393

SPIN: 6534-5911, AuthorID: 794696

Funding: this work was not funded.
Conflict of interest: authors report no conflict of interest.

For citation:

Maslov A. A., Chalkhakhyan L. Kh., Malinin S. A., Kaminsky G. V., Mirzoyan E. A. Genes copy number variation in colorectal cancer patients as a
marker of the disease clinical outcome and response to therapy. South Russian Journal of Cancer. 2022; 3(2): 52-64. (In Russ.).
https://doi.org/10.37748/2686-9039-2022-3-2-6

The article was submitted 28.01.2022; approved after reviewing 07.04.2022; accepted for publication 21.06.2022.

© Maslov A. A., Chalkhakhyan L. Kh., Malinin S. A., Kaminsky G. V., Mirzoyan E. A., 2022

52



lOxHO-Poccuitckuii oHkonoruyeckuii xypran 2022, T. 3, N2 2, C. 52-64
https://doi.org/10.37748/2686-9039-2022-3-2-6
0B30P

MOKA3ATE/Ib KONUWUHOCTY TEHOB Y 60JIbHBIX KOOPEKTA/IbHBIM PAKOM KAK
MAPKEP KNMHW4ECKOTO UCXOAA 3ABONEBAHMA U OTBETA HA TEPATUIO

A. A. Macnog, J1. X. Yanxaxau™, C. A. ManunuH, I. B. KamuHckuii, 3. A. Mup3osH

HMWL, oHkonorum, r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
I gabo80.80@inbox.ru

PE3IOME

AHOMaJIbHasi KOMUAHOCTb FEHOB — 0CO6bI TUMOM FreHEeTUYECKMX NONMMOP(U3MOB, ABAAETCS OTIMYUTENBHOW YepToi 60/1b-
LUMHCTBA CONIMAHbIX OMYyXOJEel, BKIItOUas KONMOPeKTasnbHbIi paK.

AHOMasbHas KOMUMUHOCTb FrEHOB NMPUBOAMT K CrieLnduyeckomy A Ornyxosu reHOMHOMY Auc6anaHcy, KOTopbli NposiBNSET-
CA y)Ke B NpeApaKoBbIx Nopa)eHusaX-npeaLecTseHHnKax. Lienbto gaHHoro o63opa crana cucteMaTmaaumnsa pasobLleHHbIX
[laHHbIX 0 HabHO4aeMbIX NPU KOMIOPEKTaNbHOM PaKe M3MEHEHMUAX KOMUITHOCTM reHOB 1 UX BAWSAHUM Ha UCX0[ 3a60NeBaHus
1 OTBET Ha Tepanuio. bblin NpoaHannanMpoBaHbl AaHHble 58 UCCNeA0BaHMM MO M3MEHEHUIO YMCa KOMWIA FTEHOB U UX 9KC-
Nnpeccun B NepBUYHbIX KapLMHOMaX, KNIETOYHbIX IMHUAX U SKCMEPUMEHTaNbHbIX MOAenNsX. B saHHOM 0630pe paccMOTPEH
CMEKTP FeHETUYECKUX U3MEHEHWI, KOTOpble NPUBOAAT K KONOPEKTabHOMY paKy, onucaHbl Hanbonee YacTble USMEHEHUs!
KOJSIMYecTBa KOMUIA reHOB Ha pasHbIX CTaAusAX 3a60/1eBaHNUA, U USMEHEHUA KONIMYECTBa KOMUii reHOB, KOTOPbIE NOTEHL M-
aNbHO MOTYT MOBJIMATL Ha UCXOZ 60/1e3HM OTAESbHbIX NALMEHTOB UM UX OTBET Ha MPOBOAMMYIO Tepanuto. DakTUYecKH,
abeppaHTHas KOMWIMHOCTb FeHOB Kak hhopMa XpOMOCOMHOro Anc6anaHca saTparneaert Lesibli paj, reHoB, 06ecneynBaroLLmx
MeTabonnyeckoe n3bupaTesibHoe NPENMYLLECTBO A/ ONYXOJIEBOWM KNEeTKU. M3MeHEeHNA Yncna Konuii reHoB Y 6051bHbIX
KOJIopeKTanbHbIM PakoM He TONIbKO MOJIOXKMUTENIbHO KOPPETUPYIOT C USMEHEHUAMU UX SKCMPECCUU, HO TaKXKe BUSIOT
Ha YPOBHM TPaHCKPUMLWM reHOB B MacluTabe Bcero reHoMa. A6eppaHTHasi KOMMMHOCTb reHOB TECHO CBSAA3aHa C MCXOL40M
3a60oseBaHNs M OTBETOM Ha JiedeHune 5-hpTopypaLniom, UpUHOTEKAHOM, LIETYKCMMa6oM 1 6eBaLM3yMaboM. TeM HE MeHee,
BO3MOXHOCTb TPaHCALMM NoKa3aTessi KONMMMHOCTU FreHOB B KITMHUYECKYHO MPaKTUKY TpebyeT AanbHeNWnX uccnefoBaHuni.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most com-
mon oncological diseases in the world. According to
WHO, about 1 million new cases are registered every
year. In terms of the number of diagnosed cases
and the number of deceased patients, this pathology
is second only to lung, stomach and breast cancer.
Currently, despite the successes achieved in the di-
agnosis of these tumors, they are often detected at
late stages [1].

CRC is characterized by aberrant behavior of cells
that destroy already existing tissues, both locally in
the organ of origin and at a distance, in the niches
of metastasis. The aberrant behavior of tumor cells
is caused by changes in cell biology and affects
critical processes such as proliferation, invasion,
avoidance of apoptosis and the immune system [2].
These changes in cell biology, in turn, are the result
of an evolutionary process whereby gene mutations
and copy number changes (CNVs) accumulate and
lead to the selective advantage of cell clones carrying
these changes.

There are different types of genetic changes in
cancer: small nucleotide variations (SNV), small
insertions or deletions (Indels), structural variants
(SV) and variations in the number of copies of genes
(CNV). The role of CNV in oncogenesis has long been
underestimated. Fogelstein's pioneering work with
collaborators in the early 90s of the 20th century
showed that the accumulation of changes in genes
involved in key signaling pathways leads to neoplas-
tic changes in normal epithelial cells of the colon,
eventually transforming into cancer [3]. Accordingly,
an early decisive event in the development of CRC is
a violation of the functioning of the WNT signaling
pathway, leading to the formation of an adenoma,
and this occurs in most cases due to changes in
the APC gene. Further, there is an accumulation of
mutations in the KRAS gene (involved in the MAPK
signaling pathway), large deletions on the long arm of
chromosome 18 (affecting the TGF-B signaling path-
way), and deletion of the short arm of chromosome
17 (17p), where TP53 is located, which eventually
leads to the formation of cancer [4].

Variations in the number of copies of genes (CNV)
are a special type of genetic polymorphisms that
lead to a change in the number of copies of a certain
gene and, consequently, to a change in the expres-
sion level of the product of this gene — protein or
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non-coding RNA [5]. With the advent of comparative
genomic hybridization (CGH), it became possible to
analyze CNV throughout the genome. This molecular
approach confirmed and refined the results obtained
by karyotype analysis [6], allowed us to thoroughly
characterize the CNVs observed in microsatellite
stable CRC — mainly amplifications of chromosomes
7, 8q, 13 and 20q, as well as deletions of 8p, 17p
and 18 [7]. In 2012, information on the number of
gene copies in 276 CRC samples was entered into
the TCGA. It has been confirmed that CNVs in CRC
affect regions of chromosomes 1q, 7, 8q, 13q and
20q and 1p, 4, 5q, 8p, 14q, 15q, 17p and 18q [8].

A great contribution to the study of the role of
CNV in the malignancy of various tissues, the re-
sponse to therapy, including radiation, predicting
the course of the disease and the survival of pa-
tients, was made by employees of the National
Medical Research Centre for Oncology in a series
of works performed in 2014-2021. Thus, data were
obtained indicating the important role of changes
in the copyicity of the genes BAX, CASP3, CASPS,
OCT4, C-MYC, SOX2, BCL2, NANOG, CASP9, NFKB1,
HV2, ACTB, MKI67, IL-10, GSTP1 and P53 in gastric
tissue malignancy [9], the copyicity of genetic loci
was investigated, responsible for the regulation of
apoptosis (BAX, BCL2, C-FLAR, P53, MDM2, BFAR,
SEMA3B, RASSF1A, CASP9, CASP3, CASPS8), pro-
liferation (SOX2, OCT4, NANOG, PIK3 and MKI67),
oxidative phosphorylation (HV2), response to hy-
poxia (HIF1AT), DNA repair (XRCCT), destruction
of the intercellular matrix (MMP1), maintenance
of telomere length (TERT), regulation of adhesive
intercellular contacts (CTNNB1) and angiogenesis
(VEGFA), functioning of the EGFR signaling pathway
(KRAS, EGFR, GRB2, SOS1, MAPK1, STAT1, BRAF) in
normal and tumor lung cells in 90 patients with lung
adenocarcinomal10]. There was also a study of the
features of the copyicity of the genes BAX, BCL2,
TP53, MDM2, CASP9, CASP3, CASP7, CASPS8, PRK-
Cl, SOX2, OCT4, PIK3, PTEN, C-MYC, SOX18, AKT1,
NOTCH1, BRCAT1, BRCA2, EXO1, SCNN1A, KRAS,
EGFR, BRAF, CYP1A1, CYP1A2, CYP1B1, CYP19A,
ESR1, ESR2, GPER, STS, SULT1A, SULTTET in tumor
and normal cells of serous ovarian adenocarcinoma
of high and low malignancy [11]. The role of the rep-
lication of a number of genes (RBBP8, BRCA2, H2AX
and BCL2) in the response of malignant tumors of
the prostate and rectum to radiation therapy has
been established [12].
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Thus, the important role of the gene copy index
as biomarkers of oncological diseases and the
effectiveness of their therapy becomes obvious.
The NCBI database contains information on a large
number of studies on changes in gene copyness
in CRC and their association with certain clinical
characteristics, however, all the data presented are
extremely heterogeneous and require generalization
to form a unified understanding of the role of CNV
in CRC.

Therefore, the purpose of this review was to sys-
tematize the disjointed data on changes in gene
replication observed in colorectal cancer and their
impact on the outcome of the disease and response
to therapy.

Molecular classification of colorectal cancer

In CRC, two main pathways of genomic instability
are observed: chromosomal instability (CIN) — 85 %
of cases, and microsatellite instability (MSI) - 15 %
of cases [4; 13]. CINS are characterized by large chro-
mosomal aberrations, while MSI are characterized by
mutations at the level of one nucleotide in repeating
regions (microsatellites) [14].

CRC can also be classified based on data on the
level of hypermethylation of the promoter (CpG Is-
land Methylator Phenotype; CIMP) into CRC with
high and low levels of CIMP. There is a strong as-
sociation of the MSI phenotype with CIMP due to
hypermethylation of the hMLH1 gene [15]. Another
classification based on the transcriptome is also
proposed, including 4 subtypes of CRC (CMS) [16],
which are not completely discrete classes, since
there is some degree of overlap reflecting the con-
tinuity of CRC transcriptomes [17]. With the excep-
tion of CMS1 (MSI CRC), all other 3 CMS groups
(CMS2-4) represent to a certain extent a higher/
lower degree of CIN-CRC [17]. The transfer of the
CMS classification system to preclinical models and
clinical practice opens up prospects for targeted
therapy [18].

Formation of CNV during oncogenesis

Disruption in the functioning of the WNT signal-
ing pathway and the acquisition of chromosomal
aneuploidy (for example, an additional copy of chro-
mosome 7) can lead to the formation of adenoma,
which progresses into carcinoma due to the accumu-
lation of additional genetic and epigenetic changes.
Different lesions with different morphology can lead

to the development of CRC. These can be ordinary
(polypoid, flat) adenomas or toothed polyps. Al-
though the total amount of CNV in adenomas is low
compared to carcinomas, it is necessary to take into
account the presence of chromosomal aneuploidies
and genomic changes in such precancerous lesions,
which contributes to achieving relatively high levels
of genetic heterogeneity [19]. In addition, differences
in CNV patterns can be observed between differ-
ent morphologies, namely polypoid and non-polyp-
oid adenomas. When comparing a large series of
non-polypoid adenomas with polypoid adenomas, it
was shown that the former have 5q deletions more
often and 1p, 10q, 17p and 18q deletions less often
than the latter [20]. Other precursors of CRC, such as
dentate polyps [21], progress to a malignant tumor
along the MSI pathway and, therefore, do not show
common CNVs with tumors arising from polypoid
adenomas [22].

Despite the fact that chromosomal aneuploid-
ies can be observed in precancerous lesions, their
appearance is more common at later stages of the
transition to a malignant neoplasm [23]. Several stud-
ies have shown that CNVs are associated with this
transition in certain regions of chromosomes - 8q,
13q, 20q, 8p, 15q, 17p and 18q [24].

Colorectal adenomas are a very common finding
in the elderly (prevalence 35 %) [4]. However, it is
believed that only about 5 % of colon polyps removed
during endoscopy could develop into cancer. Indeed,
histopathological features associated with the pres-
ence of focal cancer in adenomas include a size of =
10 mm, high degree dysplasia and villi histology. The
presence of at least one of these histopathological
features leads to the progression of adenoma into
cancer [4]. However, the accuracy of these indicators
for detecting adenomas that can progress to can-
cer is low [25]. New markers are needed that more
accurately reflect the natural course of the disease
and more specifically identify adenomas with a high
risk of cancer [26].

Strategies and approaches to the analysis

of changes in the number of copies of genes

in cancer

Molecular cytogenetic methods, including ap-
proaches related to FISH and CGH, have improved
the analysis of chromosomal aberrations in tumors
of various localizations [4]. CGH allowed mapping
the genomic imbalance in tumors to an unprecedent-
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ed level by comparing genomic DNA isolated from
a tumor sample with a reference genome without the
need for metaphase chromosome preparations. This
made it possible to use formalin-fixed and paraffin-
filled material (FFPE blocks) for cytogenetic analyses.
The use of CGH has provided evidence that genom-
ic imbalance is responsible for tumor progression
from dysplastic lesions to invasive disease. Later,
DNA microarrays made it possible to simultaneously
measure the number of copies of many polymorphic
loci in the genome, which led to the high-resolution
detection of LOH, a common phenomenon in onco-
genesis [27].

The development of mass parallel sequencing
with has led to the development of many tools for
analyzing the CNV of the entire exome (WES) or the
complete genome (WGS). Consistent analysis of se-
quencing data was made possible partly thanks to
the Genome Analysis Toolkit (GATK) [28]. 4 compu-
tational genome sequencing approaches have been
described to detect structural variants:

1) paired reading (the distance between the
mapped reads and the average size of the genomic
insert is compared);

2) split reading (detection of small insertions and
deletions by means of alignment analysis on the ref-
erence genome);

3) assembly method (a reference-free reconstruc-
tion of the entire genome from a set of readings is
calculated and compared with the reference genome
using several programs)

4) counting the number of reads or the depth of
coverage (the most recent approach, which takes
into account the number of reads displayed for each
region in the genome, and assumes a uniform se-
quencing process, so the number of reads in a par-
ticular region will be proportional to the number of
copies of it) [29].

Next, we attempted to compare several meth-
ods, further emphasizing the differences between
the tools [30—34]. Tools such as GISTIC 2.0 [35],
ConVaQ [36] or CNApp [37] allow researchers to

Table 1. Bioinformatic tools and methods for CNV detection using mass parallel sequencing platforms

Name Sequencing platform Programming language
CNVkit WES/WGS Python
ExomeDepth R
VarScan2 WES/WGS Java
ControlFreeC WES/WGS C++
ExomeCNV WES R

XHMM WES C++
CoNIFER WES Python

Delly WGS C++
XCAVATOR WGS Perl, bash, R, Fortran
CNVnator WGS C++
CNV-seq WGS R, perl

Pindel WGS C++
CONTRA WES Python/R

Note: WES is whole exome sequencing; WGS is whole genome sequencing.
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integrate CNV genomic data with additional molec-
ular and clinical characteristics and uncover new
functionality and implications for these genomic
events (Table 1).

CNV signatures

To a certain extent, SNV and CNV in the genome
of malignant cells represent a trace of uncorrected
genetic changes that have accumulated during the
life of the tumor. SNV studies have revealed muta-
tional patterns resulting from various types of nu-
cleotide changes in this type of tumor, and defined
as mutational signatures [38]. Unlike SNV, only the
presence or absence of a specific chromosome in
tumor cells has been well described in the literature,
but the mechanisms underlying such patterns have
not been described. Attempts have been made to
identify the signatures of the number of copies of
genes taking into account various approaches. Thus,
using non-negative matrix factorization models, 6
signatures were extracted to 32 ranked subclass-
es of breast cancer data obtained by sequencing
the entire genome, based on their association with
homologous recombination mediated by microho-
mology [39]. Similarly, 8 gene copy number signa-
tures based on structural features were identified
by whole genome sequencing in serous ovarian
cancer [40]. These authors showed the correlation
of CNV signatures with prognosis and response to
treatment, and showed their importance as clini-
cal biomarkers. Finally, "pan-cancer" studies have
identified 9 signatures that determine the etiology
of structural variants, suggesting that mechanisms
based on DNA replication generate different chro-
mosomal structures in different types of tumors,
including CRC [41].

Changes in the number of copies of genes and

their transcriptional activity

In the work of Ried and co-authors [42], it was
found that for each type of tumor there is a specif-
ic CNV landscape reflecting genomic imbalance.
As mentioned earlier, the following CNV profile is
observed in CRC-an increase in copyness in the
region of chromosomes 7, 8q, 13, 20q and a de-
crease in copyness in the region of 8p, 17p and
18. Such observations raise the question of what
their effect is on the levels of gene transcription
in the affected areas of chromosomes. In fact,
among several hypotheses as to why transcription

programs are affected by CNVs, the bulk of the
literature indicates that CNVs directly affect the
expression of most genes in the altered genomic
segment; however, the extent to which genes other
than oncogenes and tumor suppressors contribute
to malignant transformation or preservation of the
transformed state remains unclear. The biological
consequences of such aneuploidy are not limited
to the affected chromosomal region, but may be
associated with the effect on the transcriptional
activity of genes located in other regions of the
genome. Naturally, the third possibility is that
these aneuploidies target only a limited number
of genes that give a selective advantage to the
cancer cell [4].

Cell lines derived from primary carcinomas are
widely used to measure the effect of genomic CNVs
on gene expression. Analysis of 15 CRC cell lines,
including lines with effective and defective repair
systems, showed a positive correlation throughout
the genome between CNV and the corresponding
gene expression [4]. Such correlations have been con-
firmed for many other types of tumors, for example,
prostate cancer and cervical cancer [43].

The correlation of the number of copies of genes
and the average level of gene expression is also ap-
plicable to primary tumors. In fact, several authors
have shown the effect of CNV on gene expression
levels in precancerous lesions and carcinomas of
various origins [44; 45] In these studies, the authors
examined several groups of rectal and colon cancer
samples and compared the normal mucosa, and de-
termined that the increased expression was in those
genes that are located on chromosomes 7, 13 and
20, that is, chromosomes on which amplifications
are observed, while the genes with reduced expres-
sion were located on chromosomes 18, 14 and 15,
in which CNV deletions are usually observed in CRC.
The data obtained by genome-wide sequencing and
presented by the Cancer Genome Atlas consortium
were used to map somatic structural changes, in-
cluding CNV, in 600 tumors of various origins, and
showed their contribution to altered gene expression
in CRC [46].

The positive correlation between CNV and gene
expression has led to the discovery of new cancer-
related genes. In particular, in CRC, the amplifica-
tion of chromosome 13 regions and the associated
overexpression of multiple genes provided a unique
chance to uncover several genes associated with on-
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Table 2. Changes in the gene copy index and the outcome of the disease

I%r;rl?smosome CNV type Genes Ssai;nepLe Clinical significance Link
1p36.33 - P Patients with SKI amplification had
036.32 Amplification ~ SKI 159 worse OS and RFS [52]
RNASEN, C5orf22, Amplification was associated with a
5p14.3 - p13.3  Amplification =~ GOLPH3, MTMR12, ZFR, 111 P [53]
SUBT and TARS shorter PFS
5q12.1 - Deletion g’;ﬁ;f’g;mfgfgﬁfm 105 Deletion was associated with a 53]
q12.3 SFRS1é shorter PFS
. Deletion was associated with a
5q34 Deletion CCNG1 133 shorter PES [53]
KIAA0776, C6orf66,
Cé6orf167, FBXL4, SFRS18,
6q16.1 — I CCNC, ASCC3, ATGS5, Amplification was associated with a
q16.3 Amplification o pe/ 7 60rf203, PDSS2, m shorter PFS [53]
LACE1, CD164, SMPD2 and
ZBTB24
Patients with EGFR amplification
achieved a high percentage of
partial remission, while patients
O without increased EGFR replication
/p11.2 Amplification  EGFR 44 had progressive disease. In addition, [4]
patients with a high EGFR copy
count had a longer period of time
before progression.
I Associated with tumor perforation
7q22.1 Amplification ~ GAECT 79 and later stage T [53]
PSMB3, PIP4K2B, CCDC49,
RPL23, LASP1, RPL19,
FBXL20, MED1, CRKRS,
NEUROD2, STARDS,
TOP2A, SMARCET,
TMEM99, KRTAP3-3,
KRTAPT-1, EIFT, NTSCSL, Deletion was associated with a
17921 - q21.3  Deletion KLHL11, ACLY2 MLX, 133 shorter PFS [53]
EZH1, VPS25, CCDC56,
BECN1, PSME3, RUNDC1,
RPL27, BRCA1, NBR2,
NBR1, DUSP3, TMEM101,
LSM12, TMUB2, GPATCHS,
CCDC43, EFTUD2, NMT1
and MAP3K14
’ USP14, THOC1, C18orf56, Deletion was associated with a
18p11.32 Deletion TYMS, ENOSFT and YEST T shorter PFS [53]
METTL4, NDC80, SMCHD1,
EMILIN2, LPIN2, MRCL3,
MRLC2, ZFP161, RAB12 . . .
18p11.32 - . . : ! Deletion was associated with a
p11.21 Deletion KIAA0802, NDUFV2, 133 shorter PFS [53]

ANKRD12, TWSGT,
RALBP1, PPP4R1, VAPA
and NAPG
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Table 2. Changes in the gene copy index and the outcome of the disease

I((I)t::rlj)smosome CNV type Genes SS??epLe Clinical significance Link
CHMP1B, MPPE1, IMPA2,
TUBB6, AFG3L2, CEP76, Deletion was associated with a
18p11.21 Deletion PSMG2, PTPN2, SEH1TL, 133 shorter PES [53]
CEP192, C180rf19 and
RNMT
. Deletion was associated with a
18q11.2 Deletion LAMA3 133 shorter PFS [53]
1821.2 Deletion SMAD4 147 ~ Associated with tumor (4]
developement
MYO5B, MBD1, CXXC1,
C18orf24, ME2, ELAC1,
SMAD4, MEX3C, MBD2,
POLI, RAB27B, CCDC68,
TXNL1, WDR7, FECH,
_ NARS, ATP8B1, ALPK2, . . .
18921.33 Deletion MALT1, SECT1C, KIP2A, 117 Deletion was associated with 2 [53]
q PF2A1, PF2A14, PF2A1,
PF2A1, PF2AT TNFRSF11A,
ZCCHC2, PHLPR BCL2,
KDSR, VPS4B, SERPINBS,
TMX3, RTTN, SOCS6,
C18orf55 and CNDP2
BCL2LT, ASXL1, SRC, Amplification was associated with
20911 - q13.3  Amplification =~ DNMT3b, Gnas, TOP1, 354 bettF:ar 0s [55]
AURKA, PTPRT, and NCOA3
20q11.21 - Significantly associated with
‘Ig 33; Amplification ~ PTK6 and EEFIA2 269 improved overall survival in grade Il [4]
qts. tumors
An increase in the number of
20q13.2 Amplification CSETL, NABC1, ZNF217 146 copies is associated with poorer 4]

and STK15

overall survival and faster tumor
progression

Note: RFS - relapse—free survival;, OS - overall survival;, PFS — progression free survival.

cogenesis, including CDK8, CDX2 and LNX2, for which
overexpression was associated with WNT activity and
oncogenic functions [46]. In addition, several other
cancer-related genes (AHCY, TPX2, POFUT1, Rpn2,
AURKA, TH1L, MTUS1, PPP2CB, ARGLU1, UGGT2,
CES2, FUT10, PAOX, and PRPF6) showed a signifi-
cant linear correlation between the dose of the gene
(CNV) and its expression [48; 49].

To study the effect of CNV on gene expression,
several models of cell lines or animals have been
developed. These studies have also shown that CNVs
affect the expression not only of genes located on
the aneuploid site, but also of many other genes
throughout the genome, which in turn affect protein
expression [50].

CNV as biomarkers of clinical outcome and

response to therapy

Only a few genetic biomarkers are currently used
in clinical practice related to CRC. These include mu-
tations in RAS genes, which are commonly used in
patients with CRC to prescribe therapy against EGFR.
Similarly, the BRAF V600E mutation is a biomarker
of poor prognosis in patients with metastatic CRC.
Another prognostic marker used in the clinic is the
status of MSI [4].

To date, the needs of oncologists in certain areas
of CRC treatment are still unsatisfied, in particular,
it concerns the prediction of the likelihood of recur-
rence in patients with stage Il colon cancer [51]. In
fact, most modern prognostic biomarkers are applied
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only to patients with stage IV CRC. CRC still lacks
adequate prognostic biomarkers compared to other
cancers, such as melanoma, leukemia, breast, ovar-
ian, prostate and lung cancers [4]. Since molecular
cytogenetic methodologies, as well as next-genera-
tion sequencing methods for CNV assessment can be
applied to archived formalin-fixed material (FFPE), the
analysis of large series of CRC with well-annotated
clinical data has become possible, which allowed
the analysis of the prognostic value of certain CNVs.
Candidate biomarkers with their respective clinical
significance are shown in table 2.

With advanced CRC, an increased number of EGFR
copies is associated with poor survival and may be
an independent prognostic variable [4]. As for PTEN,
more thorough research is needed here [4]. An in-
crease in the copyicity of the STRAP gene was shown
in 22 % of cases of stage Il and Ill CRC [52]. This gene
is located on chromosome 12 and encodes a protein
associated with the serine/threonine kinase receptor.
Interestingly, patients who did not receive adjuvant
therapy showed a better prognosis with an increase
in the copy of the STRAP gene. In another cohort of
354 patients with CRC (stage IV) as an increase in
the copyicity of the SRC, AURKA, TPX2 and BCL2L1
genes [55].

A decrease in the number of copies of the CD226
gene located on chromosome 18q, which encodes
a glycoprotein expressed on the surface of NK cells,
platelets, monocytes and a subpopulation of T cells,
is a biomarker of poor prognosis for 5-year overall
and relapse-free survival [55]. In the same CDR co-
hort, a decrease in the number of CDH-7 copies was
a biomarker of a good result with respect to 5-year
overall and relapse-free survival [55].

Recently, Lee and his colleagues have shown
that GAECT, a putative oncogene located on chro-
mosome 7, was amplified in 24 % of a cohort of CRC
patients [54]. Moreover, an increase in the number of
copies was associated with a worse prognosis due to
the increased aggressiveness of the tumor. Another
predictive CNV is SKI, located on chromosome 1.
In a cohort of 533 cases of stage Il and Il CRC, the
number of copies of the SKI gene could be success-
fully measured in 159 patients [52]. SKI amplification
was associated with worse overall and relapse-free
survival compared to patients without an increase in
the number of copies or deletions of this gene [52].

In 2002, a study of an early-stage CRC cohort
(n = 180) studied the allelic imbalance of chromo-
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somes 8p and 18q in relation to relapse of the dis-
ease. Patients with stage A tumors (according to
Dukes) showing an allele imbalance in both chro-
mosomal arms were more likely to have a relapse
compared to Dukes B patients without an allele im-
balance. Focal chromosomal CNVs can also be used
in predicting metastases in patients with CRC. Thus,
it was shown that both amplifications in the 8q and
20q regions are more often present in tumors with
metastases [4].

A number of CNVs are associated with the re-
sponse to treatment in CRC. An increase in the
copyicity of the TYMS gene was shown in a sample
of patients with CRC resistant to therapy based on
5-fluorouracil (5-FU) [56]. On the contrary, a decrease
in the number of copies of the negative prognostic
marker CD226 is associated with better overall sur-
vival after therapy based on 5-FU [4]. Bess and his
colleagues [52] reported on a study of patients with
stage Il and Il CRC and demonstrated that STRAP
amplification leads to a worse response to 5-FU-
based therapy, which was observed in patients who
had a higher rate of relapse and mortality compared
to patients without amplification of this gene. Among
CRC patients with wild type KRAS, only 17 % benefit
from monotherapy against EGFR [57]. At the same
time, in these patients, an increased number of EGFR
copies is associated with an improved response to
irinotecan-cetuximab therapy and a longer time to
progression [4]. In 2013, Jiang and his colleagues
conducted a meta-analysis of 13 studies involving
1,174 patients with CRC treated with cetuximab or
panitumumab. Their results showed that an increase
in the number of EGFR copies in this sample was
associated with an improvement in overall and re-
lapse-free survival [58].

In a comprehensive analysis of CNV in 349 tumors
removed from patients participating in the CAIRO and
CAIRO2 clinical trials, it was found that changes in
certain chromosomal regions, mainly an increase in
gene copy in the 6q region and deletions in the 18q
region, were associated with a significant difference
in progression-free survival between the irinotecan
and non-irinotecan treatment groups. him [53]. In
addition, van Dijk and his colleagues showed that the
loss of a section of chromosome 18q11.2-g12.1 in
patients with CRC is an indicator of a good prognosis,
since these patients were characterized by better
overall survival and a better response to bevacizumab
therapy [59].
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CONCLUSION

Thus, this review shows a positive correlation
between CNV levels and gene expression in CRC,
leading to massive deregulation of cellular signal-
ing pathways. However, modern literature has not
allowed us to answer a number of questions: 1) Are
all genes affected by such a positive correlation,
or do some genes avoid this dependence? 2) Do
the transcription networks of genes identified in
CRC function in precancerous lesions? That is, it

is necessary to find out exactly how CNVs form
the transcriptome of tumor cells and why these
cells need such specific deregulated transcription
networks.

From the point of view of the translation of the
CNV indicator into clinical practice, further research
is required. In the end, an in-depth understanding of
the role of CNV in CRC will allow stratifying patients
based on biological and genetic characteristics to
improve the prognosis of the disease and determine
therapeutic strategies.
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