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Dear readers!

Welcome to the pages of the autumn issue of the “Oncology and Radiology of Kazakhstan”
journal!

We are glad to meet our readers and authors again. Despite the vacation period, they
actively write papers, go through strict checks and reviews, and burnish their manuscripts.
Thanks to these joint efforts, we offer exciting practical results, clinical cases, and observations
in this issue.

The authors explore the possibility of using the parenchymatous-stromal ratio as a
metastasis indicator in colorectal cancer. Another article analyzes the awareness of the
Karaganda region population on the incidence and prevention of colorectal cancer. Public
awareness of cancer and its prevention is vital. Therefore, similar reviews in other regions of
the country are required.

The topic of pediatric cancer is always acute and relevant. The article “Risk Factors and
Early Signs of Critical Conditions in Children with Acute Lymphoblastic Leukemia admitted to
the Intensive Care Unit” would interest pediatricians, oncologists, and ICU doctors.

Clinicians and resuscitators might be interested in the issues of nutritional support for
cancer patients in the early postoperative period.

“The use of Argon Plasma Coagulation in Endoscopy” reflects new endoscopic diagnostics
and treatment principles.

We appreciate the manuscripts of our colleagues from neighboring countries on topical
aspects of cancer treatment and want to use this opportunity to thank them for their exciting
materials and readiness to participate as reviewers.

We are sure the topics described by our respected authors will be of help to our readers.
Respectfully Yours,

Dilyara Kaidarova,
Editor-in-Chief of the “Oncology and Radiology of Kazakhstan” journal

Oncology and Radiology of Kazakhstan, Ne3 (69) 2023

EDITOR'S WORD
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THE FIRST EXPERIENCE OF USING NON-INTUBATED
VIDEO-ASSISTED THORACOSCOPIC
RESECTIONS FOR LUNG CANCER
IN THE REPUBLIC OF KAZAKHSTAN

V.A. MAKAROV', E.T. BAIMUHAMETOV', E.T. MUSANOV', S.T. OLZHAYEV",
I.I. NOVIKOV', B.J. BEKBOTAYEV', B.J. ADZHYBAYEV', B.A. MAHANBETOV",
S.S. OSPANOV', A.S. OZHAROVA', R.E. KADYRBAYEVA*

'«Almaty Regional Multidisciplinary Clinicy CSE on REM, Almaty, the Republic of Kazakhstan;
2«Kazakh Institute of Oncology and Radiology» JSC, Almaty, the Republic of Kazakhstan

ABSTRACT

Relevance: Several studies have shown that non-intubated surgical interventions, especially, have proven themselves well in pa-
tients with low reserve of the cardiovascular and respiratory systems, as well as in the diagnosis of interstitial lung diseases.

The study aimed to describe the experience of introducing into clinical practice surgical interventions without intubation on spon-
taneous breathing for malignant neoplasms of the lungs and mediastinal organs.

Methods: two clinical cases are described of the main points of the anesthesia and technical features of surgical intervention.

Results: A surgery in two patients with peripheral lung cancer was performed. In the first case, the operation included NI-VATS on
the right and the resection of the upper (S2) and lower lobe (S6, S9); in the second case — NI-VATS on the right, lower lobectomy, and
lymph node dissection. Based on the results of histological examination, both patients were diagnosed with NSCLC in the initial stages.
Postoperative chemoradiotherapy is not indicated. The patients were registered at the dispensary in clinical group II1.

Conclusion: As the literature data and our preliminary results of NI-VATS show, surgical interventions in the surgical treatment
of lung cancer have places to be and should be widely introduced into clinical practice in oncothoracic departments of the Republic of

Kazakhstan.

Keywords: lung cancer, non-intubated video-assisted thoracoscopic surgery (NI-VATS), video-assisted thoracoscopic surgery
(VATS), video-assisted lung resection, non-intubated thoracoscopic lobectomy, non-intubated thoracic surgery.

Introduction: The first experience of surgical in-
terventions without tracheal intubation was presented in
1865 by Francis Richard Cruise, who used a cystoscope de-
veloped by Maximilian Nitze for thoracoscopy in a patient
with pleural empyema [1, 2]. At the end of the XX centu-
ry, thoracoscopic surgery entered clinical practice and be-
came widespread due to the development of anesthesi-
ology. Video-assisted thoracoscopic surgery (VATS) under
general anesthesia (GA) with separate ventilation of the
lungs have become a standard surgical intervention in on-
cothoracic surgery [3, 4]. It should be noted that tracheal
intubation, especially with a double-lumen tube and pos-
itive-pressure pulmonary ventilation, leads to complica-
tions such as mechanical injuries of the respiratory tract
and pulmonary barotrauma. These complications lead to
severe long-term damage to the respiratory tract, lung pa-
renchyma, and increased patient rehabilitation. Using a
technique with spontaneous breathing reduces compli-
cations associated with tracheal intubation [5, 6]. Over the
past 10 years, there has been a clear trend of increasing the
number of clinics introducing the technique of non-intu-
bated video-assisted thoracoscopic surgery (NI-VATS) for

lobular, segmental, atypical lung resections and diagnos-
tic surgical interventions [7, 8].

Literature analysis shows that in Europe, 62 of 105 tho-
racic surgeons (59%) among the members of the Europe-
an Society of Thoracic Surgeons (ESTS) and 42% of thorac-
ic surgeons of the German Society for Thoracic Surgery
(Deutsche Gesellschaft fiir Thorax [DGT]) reported perform-
ing NI-VATS in patients with lung pathology. In particular,
non-intubated surgical interventions have proven well in
patients with low cardiovascular and respiratory systems
reserve and in diagnosing interstitial lung diseases [9, 10].
NI-VATS are indicated for patients with COPD and low pul-
monary reserve, where general anesthesia with intubation
has high risks and is associated with complications [11].

NI-VATS can be performed for various chest pathol-
ogies, from the elimination of pneumothorax, empyema
treatment, diagnosis of pleurisy, marginal, atypical resec-
tions to anatomical segmentectomies and lobar resections
with lymph dissection in lung cancer [12, 13].

According to the literature data, the advantages of NI-
VATS include less postoperative trauma, early activation of
the patient, early recovery of oral nutrition [14], reduction

4 Oncology and Radiology of Kazakhstan, Ne3 (69) 2023
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of postoperative pain, reduction of cardiovascular and res-
piratory events, reduction of the duration of hospital stay
of patients without increasing the duration of surgery [15,
16] absence of a precursor to the development of ventila-
tor-associated pneumonia, reduction of systemic postop-
erative inflammation, better restoration of cell-mediated
and humoral immune functions [17].

The study aimed to describe the experience of intro-
ducing into clinical practice surgical interventions without
intubation on spontaneous breathing for malignant neo-
plasms of the lungs and mediastinal organs.

Materials and Methods: This article describes clinical
cases of the introduction of NI-VATS for malignant lung tu-
mors. The main technical aspects of the procedure [7, 18]
are adapted in the settings of the Almaty Regional Multi-
disciplinary Clinic.

Clinical cases are described below.

Clinical Case No. 1.

Patient information: Patient T., 67 years old. A period-
ic health examination at the local polyclinic revealed mass-

es in the right lung. The patient was referred to ARMC for
consultation. At the prehospital stage in a polyclinic set-
ting, the patient was further examined and preliminarily
diagnosed with peripheral cancer of the upper lobe of the
right lung. He was hospitalized in the surgical department
for surgical treatment. Specialized specialists consulted
him, and no concomitant pathology was detected.

Clinical data: Upon admission, Karnofsky's perfor-
mance status of the patient was 85%. No clinical signs in
vital organs and systems were observed.

Diagnostics: The contrast-enhanced thoracic com-
puted tomography revealed a cloud-shaped shadow with
fuzzy lobular margins and a sign of reaction (retraction) of
the interlobular pleura, of medium intensity, 1.0 x1.1 x 0.8
cm in size, in the second segment of the upper lobe of the
right lung. The lower lobe in the sixth and ninth segments
had subpleural spherical formations with clear margins of
average intensity, with a diameter of 0.5 and 0.7 cm, re-
spectively. The intrathoracic lymph nodes are intact (Fig-
ure 1, A-D).

D

Figure 1 - Thoracic computed tomography of patientT., 67 years old: A, B - cloud-shaped shadow (S2)
of the upper lobe of the right lung with visceral pleura reaction; C - cloud-shaped shadow (S2) of the upper
lobe of the right lung with visceral pleura reaction (periapical X-ray); D — globular mass (S9) of the lower
lobes of the right lung

Treatment: Surgical intervention was performed as
planned. Anesthetic support was provided.

Initial hemodynamics: BP 135/82 mmHg; HR 82 per
minute; RR 17 per minute; SO, 93%

Preoperative preparation of the patient:

1) A central venous catheter was installed.

2) Antibiotic prophylaxis was given 30 minutes before
the skin incision.

3) To prevent the cough reflex, lidocaine solution for in-
halation was given.

4) Volemic preload: sterofundin solution.

5) In the patient’s sitting position, catheterization of

Oncology and Radiology of Kazakhstan, Ne3 (69) 2023 5
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the epidural space at the level of Th5-Th6 was performed.
The clinical picture of the sympathetic block in the form
of paresthesia at the level of Th2-Th8 with a moderate de-
crease in BP to 125/75 mmHg was achieved. There was no
disorder or inhibition of vital organ function with sensory
blockade (no pain and tactile sensitivity).

6) For sedation, Dexdor solution was intravenously ad-
ministered using a dispenser. RASS score is 0 to -1.

7) Additionally, in order to enhance analgesia during
skin incision, mobilization of the pulmonary ligament, and
mediastinotomy, fentanyl solution was administered.

Continuous intraoperative monitoring of vital organ
functions (ECG, pulse oximetry, BP) on spontaneous respi-

ration with the supply of moistened oxygen through a na-
sal cannula.

Surgery: NI-VATS on the right; marginal resection of up-
per (52) and lower (S6, S9) lobes with lymph dissection.

The patient’s position is lying on the left side. Un-
der local anesthesia with lidocaine solution, a 6-cm-
long incision was made at the fifth intercostal space
along the midaxillary line. The “surgysleeve” retrac-
tor was placed. An additional second port for the vid-
eo camera was placed in two intercostal spaces below.
During the revision of the pleural cavity, a tumor node
in the second segment of the upper lobe was report-
ed (Figure 2).

Figure 2 - Intraoperative view of the tumor of the upper (S2) lobe
with a sign of visceral pleura retraction

Marginal resection of masses in S2, S6, and S9 was per-
formed using crosslinking devices. Further inspection found
no macroscopically altered lymph nodes. Lymphodissection
of the bifurcation and paratracheal regions, lung root, and pul-
monary ligament area was performed. Intraoperative blood
loss was 30 mL. The surgery lasted for 2 hours 05 minutes.

The early postoperative period proceeded smoothly;
the patient was activated 1 hour after transfer to the in-
tensive care unit. Having stable hemodynamic and lab-
oratory parameters, he was transferred to the special-
ized department 16 hours after the end of the surgery.

Results: Chest X-ray conclusion: shadow of the drain-
age tube in the pleural cavity; lung straightened; no hy-
poventilation zones and atelectasis. Sines are free.

The drainage tube was removed on the third day. On
the fourth day, the patient was discharged with recom-
mendations.

Histological conclusion: adenocarcinoma G-2 of micro-
papillary type with moderate lymphocytic infiltration. No
tumor cells in the removed lymph nodes.

Final diagnosis: peripheral cancer of the right lung’s
upper (52) lobe TTONOMO St-1A2.

Clinical case No. 2.

Patient information: Female patient Zh., 59 years old.
Fluorography at the periodic health examination at the lo-
cal polyclinic revealed a shadow in the lower lobe of the
right lung. The patient was referred to ARMC for consulta-
tion. In a polyclinic setting, the patient was further exam-
ined and preliminarily diagnosed with peripheral cancer
of the upper lobe of the right lung. Specialized specialists
consulted her, and no concomitant pathology was detect-
ed. She was hospitalized in the surgical department for
surgical treatment.

Clinical data: Upon admission, Karnofsky's perfor-
mance status of the patient was 85%. No clinical signs in
vital organs and systems were observed.

Diagnostics: The contrast-enhanced thoracic com-
puted tomography revealed a medium-intensity shadow
with fuzzy lobular margins in the tenth segment of the

6 Oncology and Radiology of Kazakhstan, Ne3 (69) 2023
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lower lobe of the right lung, not associated with a viscer-
al pleura, 1.5x2.5x1.2 cm in size, with a bronchovascular

path to the root. The intrathoracic lymph nodes are in-
tact (Figure 3).

Figure 3 - Thoracic computed tomography of patient Zh., 59 years old: Peripheral cancer of the lower (S10) lobe of the right lung

Treatment: Surgical intervention was performed as
planned. Anesthetic support was provided.

Initial hemodynamics: BP 130/75 mmHg; HR 75 per
minute; RR 17 per minute; SO, 94%

Preoperative preparation of the patient.

1) A central venous catheter was installed.

2) Antibiotic prophylaxis was given 30 minutes be-
fore the skin incision.

3) To prevent the cough reflex, lidocaine solution for
inhalation was given.

4) Volemic preload: sterofundin solution.

5) In the patient’s sitting position, catheterization of
the epidural space at the level of Th6-Th7 was performed.
The clinical picture of the sympathetic block in the form
of paresthesia at the level of Th2-Th9 with a moderate de-
crease in BP to 110/65 mmHg was achieved. There was no
disorder or inhibition of vital organ function with senso-
ry blockade (no pain and tactile sensitivity).

6) A Dexdor solution was intravenously administered
using a dispenser for sedation. RASS score is -1 - -2.

7) Additionally, in order to enhance analgesia during
skin incision, mobilization of the pulmonary ligament,
and mediastinotomy, a Fentanyl solution was adminis-
tered.

Continuous monitoring of vital organ functions (ECG,
pulse oximetry, BP) on spontaneous respiration with the
supply of moistened oxygen through a nasal cannula.

Surgery: NI-VATS on the right; lower lobectomy;
lymph dissection.

The patient’s position is lying on the left side. Un-
der local anesthesia with lidocaine solution, a 5 cm-
long incision was made at the 5th intercostal space
along the midaxillary line. The “surgysleeve” retractor
was placed. Similarly, a second “surgysleeve” retractor
was placed in the 7th intercostal space along the mid-
axillary line (Figure 4).

Figure 4 - General view of the port’s location

Intraoperatively. Tumor in the lower (S10) lobe. A
blockade of the diaphragmatic and vagus nerve was
performed with a ropivacaine solution. The lower pul-
monary ligament was mobilized. The interlobular fur-

row was divided. The basal artery was sequentially mo-
bilized, and A6 was stitched with the device. The inferior
pulmonary vein is isolated and stitched with the device.
The lower lobe bronchus was mobilized, stitched with

Oncology and Radiology of Kazakhstan, Ne3 (69) 2023 7
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a device, and crossed. The lobe was removed. Lympho-
dissection of the bifurcation and paratracheal regions,
lung root, and pulmonary ligament area was performed.
Drainage of the pleural cavity was carried out through

the lower thoracoport; a drainage tube was placed from
the diaphragm to the dome of the pleural cavity (Fig-
ure 5). Intraoperative blood loss was 70 mL. The surgery
lasted for 2 hours 35 minutes.

Figure 5 - Final view of the postoperative wound

The early postoperative period proceeded smoothly;
the patient was activated 1.5 hours after transfer to the in-
tensive care unit. Having stable hemodynamic and labora-
tory parameters, she was transferred to the specialized de-
partment 14 hours after the end of the surgery.

Results: Chest X-ray conclusion: shadow of the drain-
age tube in the pleural cavity; the remaining lobes occupy
the entire pleural cavity; no regions of hypoventilation and
atelectasis. Sines are free.

The drainage tube was removed on the 3rd day. On
the 5th day, the patient was discharged with recommen-
dations.

Histological conclusion: adenocarcinoma G-2. No tu-
mor cells in the removed lymph nodes.

Final diagnosis: peripheral cancer of the lower (510)
lobe of the right lung T1IctNOMO St-1A3

Discussion: NI-VATS combines the advantages of
non-intubated surgery with minimally invasive access.
NI-VATS is performed in weakened patients when gener-
al anesthesia and orotracheal intubation are associated
with a high risk of pulmonary complications [12, 13, 19].
This method of surgical intervention proved to be more
effective than VATS under general anesthesia. It reduc-
es hospitalization time and accelerates patient rehabilita-
tion [20]. In addition, NI-VATS is associated with fewer pul-
monary complications, the absence of respiratory distress
syndrome, and a weakly expressed systemic inflammato-
ry reaction [11].

The results of 28 NI-VATS lobectomies are shown by
Furak J. et al. The surgery lasted for 91.04 + 23.88 minutes;
drainage was in the pleural cavity for 2.12 + 1.16 days; there
were no postoperative complications [21].

According to Starke H. et al., the duration of surgery for
lobar resections was 124.05+74.49 min. The drainage tube
was in place for 3.58 days; the median postoperative hos-
pital stay was 6.40 + 4.51 days [7].

According to Al Ghamdi Z. M. et al.(2018), postopera-
tive hospital stay in the NI-VATS group was 6.9+3.8 days,
and the drainage tube was in place for 5.6 days 1.

Conclusion: As the literature data and our preliminary
results of NI-VATS show, surgical interventions in the sur-
gical treatment of lung cancer have such advantages over
open and VATS surgical interventions as minor postopera-
tive trauma, rapid recovery of the patient, shorter stay of
patients in the hospital, and, therefore, should be widely
introduced into clinical practice in oncothoracic depart-
ments of the Republic of Kazakhstan.
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AHJATIIA

KA3AKCTAH PECITIYBJIMKACBIHJIA OKIIE OBbIPbI KE3IHAE UHTYBALIUAJIBIK
BEHHE-ACCUCTEHTTEJITEH TOPAKOCKOIUSIJIBIK PE3EKIIUSIJIAPCHI3
KOJIAHYIABIH AJIFAIIKBI TOKIPUBECI

B.A. Makapos', 3.T. Baimyxamemos', E.T. Mycanos', C.T. Onocaes', H.H. Hosuxos', b.JK. Bexbomaes',
B.JK. Aoxcubaes', b.A. Maxanoemos', C.C. Ocnanog', A.C. Oxcaposa', P.E. Kaovipoaesa®

'«Anmartel Xeprinikti Kencananel Knunukacel» WXKKLL, Anmatel, KasakcTan Pecnybnukachi;
2«Ka3ak OHKONOrMs XaHe pafnonorus FbinbiMU-3epTTey MHCTUTYThI» AK, Anmatsl, KasakctaH Pecny6nukacs

Oszexminizi: Bipkamap 3epmmeyinep KkopcemkeHOetl, UHMy0ayusacsl3 Xupypeusivlk apaiacyiap, ocipece Jcypex-Kan mamblpiapol MeH nul-
HbLC any Jcyueciniy pezepsi momen HayKacmapod, CoHOAl-aK OKNeHiy UHMepCmuyuaibObl aypyiapblh OUAeHOCMUKAIAYO0A HCAKCHl HOMUIICE

Kopcemmi.

3epmmeydiny makcamol: Okne MmeH MeOUACMUHAILObL OPeAHOAPObIY Kamepii icikmepi Ke3inoe 630i2iHeH MbIHbIC aly0d UHMYOAyusCol3

XUPYP2UATBIK apanacyObl KIUHUKAILIK MOdiCipubeze enzizy.

oicmepi: anecmesuo102UANbIK KOMEK NeH XUPYPRUSATBLK, eMHIY MeXHUKANbIK epeKuenikmepiniy nezizei commepi kopcemineen exi KauHu-

KaublK oHcazoail Cunammaiobi.

Homuoicenepi: oxneniy nepugepusinvik Kamepai iciei bap 2 Haykacka onepamuemi em kepceminoi. Bipinwi nayxac: oy scakmuix NI-VATS,
grcoeapevt (S2), momeney (S6, S9) borikmepdiy pezexyus, rumgoouccekyus, exinwi naykac: oy acakmol NI-VATS, momenei 6onixmiry 1069x-
momus, iumpoouccexkyus. I'ucmonocunvix sepmmeyoiy nomugiceci 6otibina oxneniy Kamepii iciei epme camoioa anvlkmanowl. Onepayusaoan
conebl Xumuscoyneni mepanus kepcemkiw xcox. Hayxacmap I knunuxanvix mon 60ubiHuwia OUChancepiix 6axpliayaa aiblHobl.

Kopvimuinovi: 9oebu depexmep men andvin ana Homudicenepine apuanean oepekmep kopcemxenoei, NI-VATS oxneniy kamepni icicin
XUPYP2UATBIK eMOeyOe XUPYPUSLTLIK apaiacyiap opsii aiaovl scone KP onkomopakanivowl 6enimuienepinoe KIUHUKALbIK RPAKMUKaea Keyinen

eHei3inyl muic.

Tyuinoi cosoep: oxneniy kamepai iciei, NI-VATS, VATS, sudeo-accucmenmmi oxne pe3ekyuscul, UHmyoayusacol3 8U0eomopaKoCKONUsIbIK

JN0OIKMOMUS, UHMYOAYUACHL3 MOPAKATIObL XUPYPRUSL.

AHHOTALI U

MEPBBIM ONBIT MIPUMEHEHUSA BE3UHTYBAIIMOHHBIX BUJIEOACCUCTUPOBAHHBIX
TOPAKOCKOIMUYECKHUX PE3EKIIUI ITPU PAKE JIETKOI'O B PECIYBJUKE KA3AXCTAH

B.A. Maxkapoé', I.T. Baiimyxamemos', E.T. Mycanog', C.T. Onscaes', H.H. Hosuxos', b.JK. Bexoomaes',
E.JK. Aoxscubaes', B.A. Maxanoemoel, C.C. Ocnanos', A.C. Oxcaposa', P.E. Kaovipoaesa®

IKI'M Ha NMXB «AnmatuHckas PernonansHas MroronpodunbHas Knunukay, Anvarsl, Pecnybnuka Kasaxcra;
A0 «Kasaxckuit Hay4YHO-MCCnea0BaTeNbCKMIt MHCTUTYT OHKONOMM 1 paguonoruny, Anmatel, Pecnybnuka KasaxcTa

Axmyansnocmu: B psoe ucciedosanuii ObL10 NOKA3AHO, YUMo 6e3uHmyoayuoHHble OnepamueHvle 6Meuamenbcmad, 0CoOeHHO XOpouo ceos
3apeKoMeH006anU Y OONbHBIX C HUSKUM Pe3ePBOM CEPOeUHO-COCYOUCHION U ObIXAMENbHOU CUCIEM, d MAKdIce 8 OUASHOCTUKE UHMePCMUYUATlb-

HbIX 3a001e8aHULL 1e2KUX.
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Lenv nyénuxayuu — onucamo onvlm 6HeOPEHUsl 8 KIUHUYECKYIO NPAKMUKY ONePAMUBHBIX BMEWAMenbCcme 6e3 unmyoayuu Ha CHOHMAaHHOM
ObIXAHUU NPU 3T0KALECMEEHHBIX HOB00OPAZ08AHUAX NE2KUX U OP2AHO8 CPEOOCIEHUS.

Memoowvr: Onucanvl 08a KIUHUYECKUX CLYUAS C OCCUEHUEM OCHOBHBIX MOMEHMO8 AHEeCMEe3UON02ULEeCKO20 NOCOOUS U MEXHUYECKUX 0CO-
bennocmeti nposedens ONepamueHO20 BMeuamenbCmed.

Pesynvmamoi: /[gym 6016HbIM ¢ Nepugeputeckum pakom i1ecKux npou3eeoeno onepamughoe iedenue 8 00véme: 8 nepeom ciyuae —
NI-VATS cnpasa, kpaesas pesexyus (S2) eepxueil, (S6, S9) nuocneii doneil ¢ rumpoouccexyueil, 6o emopom — NI-VATS cnpasa, nuoxc-
HsAst 1002Kkmomust, aumeoouccexkyus. Ilo pesyrbmamam 2ucmonouuecko20 ucciedosanus y oboux 6oavhbix ouaznocmuposan HMPJT
Ha HavanbHelX cmaousx. Ilocieonepayuonnas Xumuonyiegas mepanus He nokasaunda. bonvuvie 63amul na oucnancepuuii yueme no 111
KAUHUYECKOU epynne.

3aknwuenue: Kax noxasvieaiom numepamyphvle OaHHble U NOLYYEHHbIE HAMU NPEOGAPUMENbHbIE Pe3YIbmamyl, ONepamueHble 6Meuld-
meavemea NI-VATS npu xupypeuueckom nedenuu paka jie2kux umerom maxue npeumyuwecmea neped ompvimoimu u VATS onepamuenvimu
eMewamensbCmeamil, Kak Mands noCcieonepayuoHHas mpasma, oblcmpoe 60ccmanosienue 00161020, bonee KOPomKoe HaxodicoeHue OOTbHLIX 6
cmayuonape, u nOIMOMY OOJNHCHbL WIUPOKO BHEOPAMbCA 8 KIUHUYECKYIO NPAKMUKY OHKOMOPAKaAnbHblx omoenenutl PK.

Knrouesvie cnosa: pax nezkux, 610eoaccucmuposanas mopaxkaivHas xupypeus 6es unmybayuu (NI-VATS), sudeoaccucmuposannas mo-
pakanvras xupypeust (VATS), sudeoaccucmuposannas pesexyus ie2kux, 6e3unmyoayuoHHas 6U0eomopaKoCKONUYecKkas 1069Kkmomusl, Oe3um-
myoayuonHas MopaKaibHas XUpypeusl.
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ABSTRACT

Relevance: In 2004-2013, the cumulative cancer incidence was about 200 cases per 100 thousand in Kazakhstan, while in the dis-
aster area of Aral Sea — about 225 cases per 100 thousand. For comparison, cancer incidence in the prosperous region of Karaganda
was 140 cases per 100,000 people. As of 2021, the incidence of colorectal cancer in Kyzylorda was 17.73 compared to 5.81 per 100,000
people in 2015. Factors of the surrounding macro- and microenvironment are trigger factors for tumor initiation. Salt deposits of the
dried Aral Sea in the form of solonchaks spread to the territory of the entire Kyzylorda region. Pesticides and process water have been
discharged into rivers for many years, which has led to the accumulation of heavy metal salts in water and soil on the banks of the rivers

and in the place of the dried-up Aral Sea, which in turn can affect the increase in cancer incidence.
The aim was to study the dependence of cancer incidence on water pollution by ions of chlorine and lead in open water bodies in

the Kyzylorda region.

Methods: Analysis of cancer incidence in 2021 by localization: intestines, stomach, sarcomas, lungs, and melanomas in the Kyzy-
lorda region. Determination of the content of chlorine ions by titration with silver nitrate, spectrophotometric determination of lead
ions in the open water sources. Comparative correlation analysis of the concentration of chlorine ions and lead with cancer incidence

in this region.

Results: The maximum permissible chlorine and lead ions concentrations in all studied open water sources of the Kyzylorda region

exceeded the norm by 1.024-20.26 times and 1.4-14.1 times, respectively. The chlorides in the water increased intestine cancer incidence
by 17% with an approximation certainty of 0.38. The lead in water increased the incidence of melanomas by 22%, with an approximation
certainty of 0.79. The correlation coefficient was r=0.618; p=0.07 for exceeding chlorides’ MPC and bowel cancer incidence.
Conclusion: Heavy metals like lead in water samples in regions with increased cancer incidence indicate a co-dependent relation-
ship between these factors—pollutants such as chlorides and lead increase intestine cancer and melanoma incidence.
Keywords: Kyzylorda, melanoma, lung cancer, intestine cancer, chloride ions, lead ions.

Introduction: New approaches in tumor diagnos-
tics allowed studying the properties of tumor DNA and
RNA, including coding and non-coding regions, size,
structure, and other properties responsible for muta-
genesis and malignancy in the body [1]. More accurate
MN diagnostic methods can determine the influence
of DNA-altering factors on the tumor initialization,
prognosis, and response to treatment. K-ras and B-raf
are classic tumor process markers in the mitogen-acti-
vated protein kinases’ signaling cascade [2]. K-ras ac-
tivates B-raf, which transmits a signal to MEK and ERK
proteins. Then, the mitogen-activated protein kinase
cascade triggers cell proliferation and differentiation;
an excessive signal leads to malignization.

The surrounding macro- and microenvironment fac-
tors can initiate a tumor [3]. They affect the tumor vol-
ume and progression. Microenvironment factors in-
clude changes in the extracellular matrix’s function and
adipocytes, which support tumor progression close to

tumor cells. Macroenvironment factors are systemat-
ic changes in the body that affect the growth of blood
vessels and lymph nodes and changes in endocrine cas-
cades, which can accelerate tumor growth and provoke
resistance to therapy [4]. The pollutants, such as chlo-
ride and lead ions, originating from the environment,
impact both the tumor and the systematic changes in
the body, weakened by oncological processes. Mito-
gen-activated protein kinase cascade is also altered by
pollutants since chemical elements such as chlorine and
lead are specific ligands of enzyme proteins.

Studies of the environment and cancer develop-
ment risk factors describe NaCl salt and heavy metals,
including lead, as triggers for mutations and malignan-
cy. They weaken the immune barrier, leading to cardio-
vascular, allergic, and oncological diseases [5-7]. Heavy
metals can bind to receptors on the cell surface, ac-
tivating altered cellular cascades, including prolifera-
tion and cell survival [8, 9].
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Active agricultural activities such as cotton cultiva-
tion, a decrease in the water level in the Syrdarya and
Amudarya rivers, and a gradual drying of the Aral Sea
have increased the content of pollutants in the envi-
ronment [10]. Salt deposits of the dried Aral Sea in the
form of solonchaks spread all over the Kyzylorda re-
gion [11]. Many years of discharge of pesticides and
process waters into rivers resulted in the accumulation
of heavy metal salts in water and soil on the banks of
the rivers and the place of the dried-up Aral Sea.

From 2004 to 2013, the cumulative cancer incidence
in Kazakhstan was about 200 cases per 100,000 people,
while in the disaster area of the Aral Sea, it reached 225
cases per 100,000 [12]. As a comparison, in the prosper-
ous region of Karaganda, cancer incidence was 140 per
100,000. The colorectal cancer incidence in Kyzylorda was
17.73 in 2021 compared to 5.81 in 2015. This study was ne-
cessitated by an insufficient knowledge of chemical pol-
lutants’ effect on the Kyzylorda region population’s health.

The aim was to study the dependence of cancer in-
cidence on water pollution by ions of chlorine and lead
in open water bodies in the Kyzylorda region.

The study tasks included an ecological analysis of
chlorine and lead ions content in open water source
samples in the Kyzylorda region and a comparative
correlation analysis of chlorine and lead ions concen-
tration with cancer incidence in this region.

Materials and methods: The water samples were
taken from open sources (the Syrdarya River and its
tributaries) in Zhanakorgan, Shieli, Kyzylorda, Tereno-
zek, Baikonur, Kamysty Bas, and Aral localities to assess
the ecological state of the Kyzylorda region (March
20217). The samples were examined for the content of
chlorine and lead ions in the Republican Scientific Re-
search Center “"KAZEKOLOGIYA."

We determined water chlorides using the Mohr
method and the International Organization for Stan-
dardization (ISO) standard. Chlorides were determined
by titration with silver nitrate with potassium chro-

mate indicator. We used 25 ml burettes, conical flasks,
and graduated pipettes to conduct the reaction. If the
initial pH of the water sample was higher than 5, nitric
acid was used to titrate the probe to pH 4.4. If the sam-
ple pH was less than 5, calcium carbonate was used.

Lead was determined according to the ISO standard
by flame absorption spectrometric method. The meth-
od involves aspirating the sample into the flame of an
AAnalyst 400 atomic absorption spectrophotometer
(Perkin Elmer, MA, USA). Hydrochloric and nitric acids
were used to prepare the probe. Graduated pipettes,
measuring flasks, and burettes were used to conduct
the reaction. We used standard samples of lead ions
dissolved in nitric acid to construct the calibration
curve, which was measured and plotted as a standard.
The reference peak for lead is 283.3 nm.

Based on the statistical department of the Regional
Cancer Center of the city of Kyzylorda, incidence data
were obtained in 2021 by localization: intestines, stom-
ach, soft tissues, lungs, and melanomas.

The study was carried out as part of the dissertation
work “Studying the influence of environmental factors
on the occurrence of cancer in the Aral region” by F.K.
Rakhimbekova, a candidate at Satpayev University.

We determined the indicators of maximum permis-
sible concentrations (MPC) and compared them with
the incidence in this region. Due to their relatively close
location and similar environmental conditions, we unit-
ed the Zhalagash, Terenozek, Kazaly, and Karmakshi
districts. International sources recommend that the
content of chlorides and lead should be low and not
exceed 100 mg/I for chlorides and 0.005 mg/I for infor-
mation in water [13-14]. Based on this comparison, we
constructed graphs and analyzed the linear trend equa-
tions and the values of the accuracy of the R2 approx-
imation. Further, the correlation coefficient between
exceeding MPCs and cancer incidence was studied.

Results: All the studied water samples from open sourc-
es of the Kyzylorda region exceeded the MPCs (Table 1).

Table 1 - Chloride and lead ion content in open water sources in Kyzylorda region (March 2021)

Chloride and lead ion content in open water sources in Kyzylorda region (March 2021)

Locality Chlorln:l;/sl (), Norm (CI), mg/I Mu:\';;ggccltly of Pb?, mg/I Norm Pb?**, mg/I levlltF',%l 'Eg}i of
Zhanakorgan 175.2 100 1.752 0.022 0.005 4.4
Shieli 259.75 100 2.6 0.034 0.005 6.8
Kyzylorda 4355.5 100 43.555 0.0425 0.005 8.5
Terenozek 102.415 100 1.024 0.0206 0.005 4.12
Baikonur 256.6 100 2.566 0.007 0.005 1.4
Kamysty Bas 258.8 100 2.588 0.02 0.005 4
Aral 2025.97 100 20.26 0.0705 0.005 14.1

The highest cancer incidence (per 100,000 peo-
ple) was observed in intestine cancer — 17.13 in

Ky-zylorda vs. 8.6 in the Republic of Kazakhstan
(RK); stomach cancer - 8,685 in Terenozek and
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Zhalagash vs. 13.5 in the RK; breast cancer — 7.3 to
7.8 in Shieli, Zhanakorgan, and Kyzylorda vs. 26.3 in

Table 2 - Kyzylorda region population’s cancer incidence, 2021

the RK; lung cancer — around 13 in Terenozek and
Zhalagash vs. 18.9 in the RK.

. Incidence (per 100,000 people)
Sampling areas
Colorectal cancer | Stomach cancer Sarcomas Breast cancer Lung cancer Melanoma

Zhanakorgan 5.26 1.32 2.63 7.89 9.21 0
Shieli 5.1 6.36 3.82 7.64 11.46 2.56
Kyzylorda 17.13 3.26 4.1 7.35 14.7 245
;ﬁ;ﬁ;‘g;g'ﬁ - 10.18 8.685 1.395 1.395 12,975 0
Baikonur 10.14 5.1 5.1 2.5 5.07 0
ﬁg;’;};“hy‘ 8.66 3.25 13 7.15 8.435 1.52
Aral 4.11 1.3 2.5 1.3 5.48 0

The linear dependence of exceeding the MPCs
of pollutants and the increase in cancer incidence
showed a positive trend for chlorine ions, colorectal
cancer, lead ions, and melanomas (Figures 1, 2). The

chlorides in the water increased intestine cancer inci-
dence by 17% with an approximation certainty of 0.38.
The lead in water increased the incidence of melano-
mas by 22%, with an approximation certainty of 0.79.
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Figure 1 - Dependence of intestinal cancer incidence on exceeding
the chlorides MPC in the Kyzylorda region water
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Figure 2 - Dependence of melanoma incidence on exceeding
the lead MPC in the Kyzylorda region water

The correlation coefficient was r=0.618; p=0.07 for
exceeding chlorides’ MPC and bowel cancer incidence.
Discussion: Exceeding the chlorine and lead MPCs
indicates significant environmental pollution in the

Kyzylorda region (Table 1). As described by Morris et
al., exceeding the pollutants’ MPCs in water is a risk
factor for developing many diseases, including cancer
[15]. According to Li et al. [16], the pathogenic factor
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of pollutants significantly reduces the polluted local
population’s quality of life and health [16].

Not all linear graphs of the correlation of exceed-
ing MPCs and cancer incidence showed a significant in-
crease in incidence, proving a multifactorial etiology
of cancer [17]. Figures 1 and 2 show that pollutants in-
crease intestine cancer and melanoma incidence by 17-
22%. El-Tawil and Clapp et al. describe the pathogenic
role of chlorides and lead in cancer development [18, 19].

When entering the body with water and food, chlo-
rides mix with hydrogen protons, forming hydrochloric
acid in the stomach (1). Its excess can enter the upper
(esophagus) and lower (intestines) parts of the gastroin-
testinal tract [20].

Cl+H*=HCI m

A reliable correlation between exceeding the MPCs of
chlorides and intestinal cancer incidence increase indicates
the role of increased Cl-content as a factor contributing to
malignancy and subsequent cancer development [21].

Conclusion: Heavy metals like lead in water sam-
ples in increased cancer incidence regions indicate a
co-dependent relationship between these factors: pol-
lutants such as chlorides and lead increase intestine
cancer and melanoma incidence.
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AHJATIIA

KbI3bIJIOPAA OBJIBICBIHAAFbI ALIIBIK CY KO3AEPIHAEI'T XJIOPU /I IEH KOPFACBIH
MNOHBIHBIH XAJIBIKTBIH KATEPJII ICIK AYPYBIHA 9CEPI

@.K. Paxumbexosa'?, M.I. Opaszanuesa®, T.I'. ['onuaposa®

1«C.[0. AccheHaunsipos aTbiHaarsl Kas¥MY» KEAK, Anmatsl, KasakctaH Pecnybnukachi;
2«Catbaes yHusepcutetin KEAK, Anmatsl, KasakctaH Pecny6nukacs;
3«Ka3ak oHkonorus xaHe pagnonorus FuinbiMn-3epTTey MHCTUTYThI» AK, Anmatbl, KasakctaH Pecnybnukackl

Oszexminizi: 2004-2013 sicvrnoap apanvievinoa Kazakcmanoa oHKon02UsIbIK aypyiapobliy sdcublHmolk kepcemxiuwi 100 mviy adamea wak-
xanoa 200 xcazoaiiovt Kypaca, Apan menisiniy anammel atimazvinoa wamamen 100 mvinea waxkanoa 225 sxcazoaiiovt Kypaowl. Canvicmeipma-
a6l mypoe atimcar, epkeHoezer Kapazanowr enipinde xamepii icix aypysi 100 moiy mypevinea wakkanoa 140 scazoaiiovt Kypaowi. 2021 sncvinst
Kuvizvinopoa kanaceinoa mox iwex Kamepai icicimen coipxammanywolivik 2015 swcvinzor 100 000 mypevinea waxkanoa 5,81 kepcemxkiwnen

canvicmuipeanoa 17,73 Kypaoei.

Atinanaoazvl Makpo- dHcone MUKpoopma Yakmopaapsl iCik UHUYUAYUSCOIHbIY mpueeep gaxmopiapsl boavin maodwvliadvl. Keyin karean Apan
meHi3iniy copmany mypinoezi my30bl wezinoinepi Oykin Kpizvliopoa obnviceinbly aymazbina mapaodel. Kenmezew sicvlioap 6ol necmuyuomep
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MeH MeXHON02UANBIK CyIap o3endepae mozinyoe, by 03eH0epOil JcazaiayiapolHod JHcone Keyin Kaiean Apan meyiziniy opHbiHOA €Y MEH MOonbl-
pakma aybip Memai my30apuliblly HCUHALYbIHA OKENIN COKMbIPObL, OVl 63 Ke3e2inde ocep emyi MyMKIiH. Kamepai iciK aypyblHbll apmybLl.

3epmmeyoin maxcamut — Koi36110p0a 00161CoIHOARHL AULBIEK CY AUOLIHOAPLIHOA2bL XTIOP HCOHE KOP2ACHIH UOHOAPLIMEH CYObIH J1ACMAHYbIHA
KamepJi iCiK aypynapulHbly moyenoinicin sepmmey.

Aoicmepi: Kvizviniopoa obvicet bouvinwa 2021 dcolivl 10Kaiuzayust GOUbIHULA OHKOIOUSLIIK AYPYLApObl MAi0ay: iuekK, ACKa3aH, CapKo-
manap, exkne Jcone menanoma. Kymic numpameimen mumpney apKwlivl Xi0p UOHOAPBIHBIY KYyPAMbIH AHBIKIMAY, AUUbLK CY KO30epinoe2i Kopeacbli
UOHOAPBIH CREKMPODOMOMEMPUSILIK AHBIKMAY. XTI0p MeH KOpP2dCblH UOHOAPbIHbIY KOHYEHMPAYUACHIHbIY OCbl AUMAKmMA2bl iCIK aypybimeH
CANBICMBIPMATbL KOPPENAYUSNBIK MATOAY L.

Homuacenepi: Kvizviiopoa 06nvicoinblly OapavlK 3epmmeinzet aublk cy Ko30epinoe X10p MeH KOP2aCblH UWOHOAPBIHbIY WeKmi pyKcam emii-
2eH KoHyenmpayusicol Hopmaodan 1,024-20,26 eceze scozapol 601061, muicinwe 1,4-14,1 ece. Cyoa xnopuomep0iy 6oaysi 0,38 sncyvix cenimoi-
qixknen iwex Kamepai icieiniy aypyvin 17%-2a apmmuipost. Cyoa Kopeacwinnsiy 6oayel 0,79 scywik cenimoiriknen mearanoma aypyvin 22%-2a
apmmuipowi. Koppensyus kosppuyuenmi r=0,618; p=0,07 xnopuomepdin LLIPK acvin kemyi swcone iwex icieiniy dcuiniei.

Kopvoimuinowvr: Kamepni icik aypyul dcoeapol aumakmapoadzel ¢y yiziiepinoe Kopeacvli CUSKMbL Ayblp Memanioaposly 001ybl 0Cbl pakmop-
aapovly e3apa moyendi baunianvlcoln Kopcemeoi. Xnopuomep men Kop2acbli CUAKMbL TACMAYUulbl 3ammap iwex icici Men MenaHoma aypybli
apmmulpaobwl.

Tyiiinoi co3oep: Kvizviiopoa, mearanoma, okne pazul, iulex iciei, X10p UOHOAPbl, KOP2ACbIH UOHOADDL.

AHHOTAIIUA

BJAUAHUE COJEPKAHUA HOHOB XJIOPA 1 CBUHIA B OTKPBITBIX HCTOYHUKAX BOIbI
B KbI3bIJIOPIMHCKOM OBJIACTH HA OHKO3ABOJEBAEMOCTH HACEJIEHU S

@.K. Paxumoexosa'?, M.I. Opaszanuesa®, T.I. I'onuaposa®

'HAO «KasHMY um. C.[1. Acchenausiposar, Anmartel, Pecnybnuka Kazaxcra;
HAO «Cartnaes YHusepcuteT», Anmatsl, Pecnybnuka Kasaxcrah;
3AO «Kazaxckuit Hay4Ho-MCCnea0BaTeNbCKMA MHCTUTYT OHKONMOTMM W paguonoruny, Anmartsl, PecnyGnuka KasaxctaH

Axmyansrocms: B 2004-2013 200ax cymmapuas onkoszabonesaemocms cocmaguna okoro 200 cuyuaes na 100 moicsiu nacenenus no Ka-
3aXCMany, 6 mo epems Kaxk 6 30He beocmesusi Apanvckoeo mops — oxono 225 cayuaes Ha 100 moicau Hacenenus. /{ns cpaguenus, onkosabone-
saemocmo 8 6azononyunom pecuone Kapaeanovl cocmasuna 140 cayuaee na 100 moicsiu nacenenus. Ha 2021 200, 3ab0ne6aemocms koropex-
manvubim pakom 6 Kvizvinopde cocmasuna 17,73 no cpasnenuio ¢ 5,81 na 100 moicsay nacenenus 6 2015 200y.

Daxmopwl OKpyIHCaAIOWelt MAKPO- U MUKPOCPEObL ABNAIOMCA MPUeepHbiMU (hakmopamu unuyuayuu onyxonu. Omiuodcenus conu ablcoxuie-
20 Apanvbcko2o Mops 6 6uoe CONOHUAKO8 PACHPOCMPAHUIUCL HA meppumopuio eceti Kvizvinopounckou oonacmu. [lecmuyuovl, npumensemvie 6
CeNbCKOM XO3AUCMEe, U MEeXHUYECKAs 800d COPACHIBANUCH HA NPOMAICEHUU MHOUX JIem 8 PeKU, YUMo NPUeeio K HAKONJIEHUIO CONletl MANCETbIX
Memarnnos 6 gooe u nouee Ha bepe2ax pexk u Ha mecme 8blcoxuieco Apanrbcekoeo mMops, 4mo, 6 oo ouepedb, MOJcem 6aUsmb Hd NOBbIUECHUE
OHKO03a001€6AeMOCMU.

Henv uccneoosanun — uzyuums 3a6UCUMOCHb OHKO3a001€8AEMOCIU OM 3A2PA3ZHEHUT 800bl UOHAMU XA0PA U CEUHYA OMKPLIMBIX 6000€-
Mo6 8 KvizvLiopounckoti obiacmu.

Memoowt: [Iposeden ananusz onxosaboresaemocmu 6 2021 200y 6 KvizvliopouHnckoil obiacmu no J10KAIU3AYUAM: KUUEUHUK, HCETYO0OK,
capkombl, neekue u meaanomol. Onpedeieno memooom mumpuposanus HUmMpamom cepeopa cooepiucanue UOH08 Xaopd, CReKmpogpomomempu-
yeckoe onpedenenue UOHO8 CEUHYA 8 600€ OMKPLIMbIX 6000€MO08. Bbinonnen cpagnumenbublil KOpperayuoHHbIL AHANU3 KOHYSHMPAYuu UOHO8
XJ0paA U CBUHYA ¢ OHKO3A00]1e6AeMOCMbIO OAHHO20 PEUOHA.

Pesynomamet: IIpedenvro oonycmumvie konyenmpayuu (11JK) uonoe xnopa u ceunya 8o ecex ucciedyemvix omxpbimuix 6o0oemax Koizvi-
Jnopounckotll obracmu npegviuiany nopmy 6 1,024-20,26 pasz u 1,4-14,1 pas, coomsemcmesenno. llpucymemeue xa0puooe 6 600e noguicuio 3a60-
1e6aeMoCmb KOIOPeKManoHolM pakom na 17%, npu 0ocmogeprnocmu annpokcumayuu 0,38. Haruuue ceunya 6 600e nogvicuno 3abonesaemocns
menanomamu na 22%, npu oocmoseprocmu annpoxcumayuu 0,79. Koaghpuyuenm xoppensyuu npesviwenus I1/[K xropuoos u yseruuenus
3abonesaemocmu KorOpekmanbHulm pakom cocmasun r=0,618; p=0,07.

3aknwuenue: Hanuuue msoicenvix memanios, 8 0AHHOM Cryyae C8UHYd, 8 NPOOAX BOObL 8 PESUOHAX C NOBIUEHHOT OHKO3A001e84EMOCHIbIO
VKA3bl8aAem HA CO3AGUCUMYIO CBA3b IMUX hakmopos. Takue noanomanmsl, Kak X10puosl u cUHel, CROCOOCMBYIOM NOGblUEHUIO 3a001e6aeMO-
CMU PAKOM KUMMEYHUKA U MENAHOMOU.

Knwuegvie cnosa: Kvizviiopoa, menanoma, paxk 1e2kux, paxk KUleuHuKd, uoHbl X10pd, UOHbL CEUNY.
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RARE CASES OF METHEMOGLOBINEMIA
IN CANCER PATIENTS:
CLINICAL CASES
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ABSTRACT

Relevance: Methemoglobinemia is a serious disease characterized by impaired oxygen binding to iron in hemoglobin, followed by
impaired oxygen delivery to body tissues. Various drugs, including antacids containing benzocaine, can cause acquired methemoglo-
binemia. The presented clinical cases describe methemoglobinemia that arose in connection with the use of the antacid Almagel A in
a 32-year-old woman who underwent surgery on the laryngopharynx, suffering from T3NxMO St III hypopharyngeal cancer and in a

45-year-old woman diagnosed with cancer of the left kidney St 1. Condition after resection of the left kidneys.

The study aimed to describe clinical cases of acquired methemoglobinemia induced by Almagel A (antacid), widely used in post-an-
titumor therapy treatment of cancer patients with digestive system diseases.

Methods: We present clinical cases of methemoglobinemia in patients (32 and 45 years old) hospitalized at JSC “Kazakh Research
Institute of Oncology and Radiology.” Complaints, anamnesis of the disease, clinical picture, and clinical, laboratory, and instrumental

test results were analyzed retrospectively.

Results: This article reports on the clinical picture of our patients, discusses the causes and mechanisms of possible poisoning, and
reviews the latest recommendations for the treatment of methemoglobinemia. Treatment with intravenous methylene blue led to a rapid

improvement in the patient’s respiratory status.

Conclusion: Acquired methemoglobinemia is an acute condition that most often results from poisoning with certain drugs and
compounds, which can be fatal. These clinical cases demonstrate the difficulties of diagnosing methemoglobinemia, highlight the value
of taking anamnestic data, studying the acid-base state and blood gases, and the effectiveness of using methylene blue as an antidote

drug in treatment.

Keywords: Methemoglobinemia, methylene blue, hypoxia, cyanosis, acrocyanosis.

Introduction: Methemoglobinemia is a rare dis-
ease characterized by elevated levels of methemoglo-
bin (MetHb), a hemoglobin (Hb) molecule containing
an oxidized form of iron that cannot bind oxygen and
leads to an insufficient supply of tissues by oxygen.
Methemoglobinemia has two forms - genetic and ac-
quired [1].

Genetic methemoglobinemia is a chronic disease
that leads to numerous complications, and patients
present cyanosis without other accompanying symp-
toms. On the other hand, an acquired methemoglo-
binemia is an acute condition most commonly due to
poisoning after intake of certain drugs and compounds,
which can lead to a fatal outcome [2].

The manifestation of symptoms depends on the
percentage of MetHb in blood, and the clinical pic-
ture varies from fatigue, anxiety, dizziness, and cya-
nosis to qualitative disorders of consciousness, epi-
leptic seizures, arrhythmia, and coma. Unexplained
symptoms of refractory hypoxia, cyanosis-saturation,
and chocolate-colored blood may raise suspicion of
methemoglobinemia, but a definitive diagnosis is
made by Co-oximetry and determination of MetHb lev-

els in the blood. Treatment of methemoglobinemia is
based on supportive care and withdrawal of the drug
or substance that caused that condition. Although ac-
quired methemoglobinemia is a rare disease, it can be
a life-threatening condition, so emergency services
should be provided with antidotes such as methylene
blue and vitamin C [3].

The study aimed to describe clinical cases of ac-
quired methemoglobinemia induced by Almagel A (ant-
acid), widely used in post-antitumor therapy treatment
of cancer patients with digestive system diseases.

Materials and Methods: The paper presents clin-
ical cases of methemoglobinemia in patients (32 and
45 years old) who underwent inpatient treatment at
“Kazakh Institute of Oncology and Radiology” JSC.
Registered complaints, medical history, clinical pic-
ture, and clinical, laboratory, and instrumental test
results were analyzed retrospectively. The PubMed
Electronic Database (NCBI) was searched to identi-
fy the randomized controlled and prospective obser-
vational studies, systematic reviews and meta-anal-
yses, and the scientific articles published in English
in 2015-2023.
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Description of the clinical case No. 1

Patient information: Female A., born in 1975, diag-
nosed with “Left kidney cancer, stage |,” 6 days after
planned left kidney resection.

Anamnesis: The patient mentioned she was taking
Almagel A containing benzocaine at 1 dosing spoon
TID, which could cause an increase in MetHb levels.

Clinical findings:

During the initial examination at the Urologic Oncol-
ogy Department, the patient complained of acute ma-
laise, dizziness, headache, and cyanosis of the nasola-
bial triangle, fingers, and toes, which appeared at night
on the 6™ day after surgery.

Diagnostics:

Normal consciousness, adequate, easy to contact.
The patient maintained normal blood pressure (BP -
134/88 mm Hg) and heart rate (heart rate - 74/min);
normothermia (T - 36.5°C), but tachypnea and hypoxia
(SpO, - 78%) were observed. Over the lungs, the respira-
tion is vesicular, with no pulmonary rales.

For severe conditions, the patient was transferred to
the Anesthesiology, Resuscitation, and Intensive Care
Department of “Kazakh Institute of Oncology and Radi-
ology” JSC to determine the causes of respiratory failure
and acute hypoxia, perform clinical, laboratory, and in-
strumental tests, and provide intensive care.

Chest CT scan: no pathology. Spirometry: VC - 82%,
within the conditional norm. On the ECG: sinus rhythm,
heart rate — 78 beats per minute. QRS axis — not deviat-
ed. Incomplete RBBB. Impaired repolarization processes
along the anterior wall of the left ventricle. Echocardio-
gram: EF — 75%. The heart cavities were not dilated, with
no areas of hypokinesis; the heart LV contractility and EF
LV function were satisfactory.

Laboratory parameters: General and biochemi-
cal blood count and coagulogram were normal. The
test for D-dimer, an active thrombosis marker, showed
217 ng/ml, a norm. Procalcitonin, the earliest and most
reliable “blood inflammation” (sepsis) indicator, was
normal at 0.1 ng/ml.

The arterial blood sample was dark brown. Anal-
ysis of arterial blood gases (acid-base balance) at nor-
mal room air showed pH - 7.44, normal partial pressure
of oxygen (pO2 - 212), normal oxygen saturation (SO2 -
97.4%), MetHb fraction elevation to 24.4%, and oxyhe-
moglobin fraction A decline (FOZHb - 74.1%).

A clear correlation between the appearance of cya-
nosis of the nasolabial triangle, fingers, and toes with
the intake of Almagel A, the signs of respiratory failure
(RR - 20 per minute), acute hypoxia (SpO, level - 78%),
and FMetHb high level (24.4%) revealed during physi-
cal examination made it possible to establish the diag-

nosis of Acute acquired methemoglobinemia of moder-
ate severity.

Treatment:

The prescribed antidote therapy included the 1%
methylene blue infusion at a dose of 1 mg/kg IV, oxy-
gen therapy, and the monitoring of MetHb, SpO, and
skin color.

Results: Against the infusion of methylene blue, the
patient’s lips, fingers, and toes turned pink, the head-
ache stopped, and SpO, elevated to 96%. There was a
gradual decrease of the MetHb fraction of FMetHb to
14.3%, then to normal FMetHb values of 3.0%. The oxy-
hemoglobin content (FO,Hb) increased to 93.6%.

The patient with positive dynamics was transferred
to a specialized department.

Description of the clinical case No. 2

Patient information: Patient B., born in 1991, was di-
agnosed with “Laryngeal cancer T3NxMO, stage lll. Sta-
tus after chemotherapy. Progression. Esophagopharyn-
gotracheostoma” on Day 11 after the planned surgery
in the scope of “Laryngopharyngoectomy with esopha-
geal-pharynx-tracheostomy, with 1JV ligation on the left
side, and leftward hemithyroidectomy.”

It was also known from the patient’s history that the
antacid drug Almagel A, containing benzocaine, had
been taken uncontrollably for several days, which could
have caused the MetHb elevation.

Clinical findings:

Upon examination in the department of head and
neck tumors, the patient had the following symptoms:
weakness, pronounced dyspnea, and cyanosis of the
nasolabial triangle, lips, fingers, and toes.

The patient is hyposthenic, available for contact, hy-
potension (BP 90/60 mm Hg), tachycardia (heart rate —
102/min), tachypnea (RR - 22/min), and hypoxia (SpO, -
74%). Auscultatively: vesicular respiration over the
lungs, no rales. The patient was transferred to the An-
esthesiology, Resuscitation, and Intensive Care Depart-
ment of “Kazakh Institute of Oncology and Radiology”
JSC” to determine the causes of respiratory failure and
acute hypoxia, perform clinical, laboratory, and instru-
mental tests, and provide intensive care.

Diagnostics:

The complete blood count and blood biochemis-
try, electrocardiogram, plain chest X-ray, ultrasound
examinations of the heart and blood vessels, veins of
the lower extremities, abdominal organs and kidneys,
computed tomography of the chest cavity with con-
trast-enhanced, and doctor counseling excluded acute
coronary syndrome, pulmonary embolism, respiratory
obstruction, and acute surgical pathology.
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The analysis of arterial blood gases (acid-base bal-
ance) at normal room air showed the following: pH -
7.47, normal partial pressure of oxygen (pO, - 85.5), nor-
mal oxygen saturation (SO, - 95.4%), elevation of the
level of MetHb fraction (FMetHb - 49.3%), decline of
oxyhemoglobin fraction (FO,Hb - 47.8%), dark-brown
color of the blood sample was noted.

Visible signs: cyanosis of the nasolabial triangle,
lips, fingers, and toes revealed signs of respiratory fail-
ure (RR - 22 beats/min), acute hypoxia (SpO, - 74%),
and high level of FMetHb (49.3%), as well as anamnestic
data on the use of Almagel A, made it possible to estab-
lish the diagnosis: Acute acquired methemoglobinemia
of moderate severity.

Treatment:

The patient was prescribed antidote therapy with
1% methylene blue at 1 mg/kg as an infusion, oxygen
therapy, MetHb, Sp0O2, and skin color monitoring.

Results: Over time, against a positive effect of meth-
ylene blue infusion, the patient showed clinical im-
provement with the disappearance of cyanosis, the
MetHb level returned to normal value (FMetHb - 1.8%),
and the oxyhemoglobin fraction increased (FO,Hb -
93.8%). The patient with positive dynamics was trans-
ferred to a specialized department.

Discussion: Methemoglobinemia is character-
ized by ferrous iron oxidation from divalent to triva-
lent form in a Hb molecule. Oxygen can bind with Hb
only in the divalent (glandular) form, and as a result
of binding, oxygen is temporarily oxidized to the tri-
valent form. The various substances listed below can
lead to the state when Hb will remain permanently in
the trivalent form and thus no longer be able to bind

the oxygen. Consequently, the symptoms of methe-
moglobinemia directly result from inadequate oxygen
transportation.

The specific mechanism is the Hb molecule alloster-
ic change. Besides, due to further changes in the oxy-
gen-hemoglobin dissociation curve (change in oxygen
dissociation to the left), peripheral oxygen excretion,
hypoxia, and functional anemia are reduced without a
Hb level decline [1-4].

The Medline search revealed 71 cases of benzo-
caine-induced methemoglobinemia. The review of the
listed links revealed 18 additional case reports. The ear-
liest publication about benzocaine-induced methemo-
globinemia was made by Ocklitz in 1949. He reported
methemoglobinemia in two children treated with ben-
zocaine powder sprayed into the mouth for sympto-
matic relief of stomatitis [5].

Benzocaine (ethylamine benzoate) is widely used as
a local anesthetic and recognized as a cause of methe-
moglobinemia. Although this complication is un-
common, it can be potentially serious and even fatal.
However, methemoglobinemia is not listed as a com-
plication in the instructions for use or in the package
inserts for some benzocaine-containing products. Ben-
zocaine is also found in various over-the-counter med-
ications (such as Almagel A), and methemoglobine-
mia can occur in case of their use. This can present a
challenging diagnostic problem if the physician is not
aware of the effect of benzocaine, resulting in a delay
in establishing the correct diagnosis and initiating ap-
propriate treatment [5].

Various common medications can lead to the devel-
opment of methemoglobinemia (Table 1).

Table 1 - Drugs and substances that can lead to methemoglobinemia

Drug group

Represented by

Local anesthetics
Prilocaine, tetracaine, lidocaine

Benzocaine (often used in endoscopic procedures)

Metoclopramide

Nitrates Nitroglycerin

Inhaled nitrogen oxide

Nitroprusside, oral nitrates, amyl nitrate
Antibiotics Dapsone

Rifampicin, sulfonamides, antimalarials
Other drugs Rasburicase (especially in G6PD deficiency)

Oncology drugs: cyclophosphamide

Various preparations that use an oxidizing substance in their production

Fertilizers, herbicides
Plastics (various kinds)
Paints & Rubber

Environmental causes

The clinical picture of methemoglobinemia is di-
verse and depends on the percentage of methemoglo-
bin, the patient’s usual Hb level, and cardiovascular re-
serve. The normal percentage of MetHb is below 25%.

Patients with levels between 3% to 15% are usually
asymptomatic, and cyanosis is rare. Patients with a 20-
30% MetHb fraction are always symptomatic, with mild
symptoms such as fatigue, tachypnea, dyspnea, tach-
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ycardia, anxiety, dizziness, qualitative disturbance of
consciousness, nausea, and vomiting. When the MetHb
level is above 40%, such serious and life-threatening

Table 2 - Signs, symptoms, and causes of methemoglobinemia

symptoms as epileptic seizures, coma, arrhythmias, and
elevated lactate levels, to the extent of death, are ob-
served (Table 2) [1, 3].

MetHb level Clinical indicators

Symptoms Causes

Low pulse oximeter readings, skin

<10% discolora-tion (pale, gray, bluish)

Asymptomatic

Acquired

Cyanosis, dark-brown blood
10%-30%

Asymptomatic course / confused
consciousness

Enzymopenic methemoglo-
binemia, M-group variants of Hb
acquired

Dyspnea, dizziness, faintness
30%-50%

Confused consciousness, chest
pain, palpitations, headache,
fatigability

Acquired, hereditary

Tachypnea, metabolic acidosis,
arrhythmias, convulsions, delirium,
coma

50%-70%

Confused consciousness, chest
pain, palpitations, headache,
fatigability

Acquired, hereditary

>70% Severe hypoxemia, fatal outcome

- Acquired, hereditary

The diagnosis of methemoglobinemia is confirmed
by arterial or venous blood gas composition with Co-ox-
imetry that determines the Hb for identification of con-
centration and percentage of methemoglobin; SpO,
measurements cannot be used to directly determine
the methemoglobinemia severity. However, the clini-
cal suspicion itself can be made based on the following
three objects [1, 2, 51

- Refractory hypoxia: methemoglobinemia can usu-
ally be suspected in a patient with an oxygen saturation
of 82% to 86%, who is on high oxygen flow (Fi0, 100%),
and there is no other explanation of hypoxia [5].

- “Cyanosis-saturated rupture”: methemoglobine-
mia leads to central cyanosis (attention to the tongue’s
color). Oxygen saturation of 80-90% usually does not
lead to cyanosis. Hence, methemoglobinemia is clini-
cally suspected in patients with 80-90% saturation with
central cyanosis [5].

— The brown color of blood: methemoglobinemia
causes the blood color to change to chocolate. In addi-
tion, if the patient’s blood is placed on white gauze, the
blood will remain brown when it dries, unlike the deox-
ygenated blood, which will absorb the oxygen from the
air and turn red again [5].

Treatment of methemoglobinemia involves the re-
moval of the provoking agent and consideration of
treatment with the antidote methylene blue (tetrameth-
ylthionine chloride). The high-velocity oxygen delivered
through nasal cannulas or masks increases the oxygen
delivery to tissues and enhances the natural degrada-
tion of MetHb [1, 3].

The methylene blue generally works quickly and
efficiently due to its interaction with the aforemen-
tioned secondary MetHb recovery pathway, where NA-
DPH-MetHb reductase reduces the methylene blue to

leucomethylene blue using NADPH from G6PD-de-
pendent hexose-monophosphate shunt. Subsequently,
the leucomethylene blue acts as an electron donor, re-
covering the MetHb to Hb [1, 3, 51.

In cases of acquired methemoglobinemia, treatment
with methylene blue should be given when MetHb lev-
els are greater than 20-30% or lower if the patient has
symptoms. Treatment decisions should be made based
on clinical manifestations rather than delayed until con-
firmed laboratory findings. The dose of methylene blue
is 1-2 mg/kg (0.1-0.2 ml/kg of 1% solution) intravenous-
ly for 5 minutes. The dose may be repeated after 30-60
minutes if significant symptoms or levels remain above
the treatment threshold [1, 2, 5].

Practitioners should be aware of the side effects of
methylene blue. Benign side effects include staining
the urine to a green or blue, which patients should be
alerted about. Caution should also be followed in treat-
ing newborns, as they are also very sensitive to oxi-
dants. Besides, methylene blue is contraindicated for
pregnant women [1].

When treatment with methylene blue is ineffective
or not recommended, additional options may include
ascorbic acid, substitution transfusion, and hyperbaric
oxygen therapy [2, 4, 5]. High doses of ascorbic acid (vi-
tamin C), up to 10 g/dose intravenously, may be consid-
ered for treating MetHb. However, it is generally ineffec-
tive and not considered the standard of treatment. High
doses of ascorbic acid are associated with increased uri-
nary excretion of oxalates. In the presence of renal in-
sufficiency, high doses of ascorbic acid may predispose
to renal failure due to hyperoxaluria [4].

Conclusion: Acquired methemoglobinemia is an
acute condition that is most often the result of poison-
ing with some drugs and compounds and can lead to
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AHJIATIA

KATEPJII ICIKITEH AYBIPATBIH HAYKACTAPIAFbBI METEMOIJIOBMHEMMU SIHBIH
CUPEK KE3JECETIH ) KAFJIANJIAPBI:
KJIWHUKAJBIK JKAFTAUJIAP

A.A. Abunoaesa', B.b. Anueea', A.A. Apvinoé', B.T. Onzapoaes', I'.B. Paes', C.H. Madanues'
1«Ka3ak OHKONMOrusl aHe pagnonorus FelnbiMU-3epTTey MHCTUTYThI» AK, Anmarsl, KasaxctaH Pecnybnmkacs!

Oszekminici: Mememozcnobunemus — cemo2nobundeei ommeziniy memipmen OAUIAHBICYbIHbIY OY3bLLYbIMEH, 00al Kellin dene minde-
PpiHe ommeziniy JHcemKIZILYiHIH OY3bIIYbIMEH CUNAMMALAMbIH aAyblp aypy. Opmypii npenapammap, COHbIH win0e OeH30KauH bap anma-
yuomep sicype natoa 60n2an MemeemocioouneMusiHbl myovlpybl MyMKIiH. ¥CblHblI2aH KAUHUKALIK HCA2OAUNAP JHCYMKBIHUAK [CieiMeH
ayvlpamoit, Kemeiiee onepayus scacanean 32 scacmazvl suenoe JHeoHe conl byupekmiy Kamepii icicimer OuazHo3vl KouvlizaH 45 scacma-
2bl otiende co Oylipex peszekyuscblnan keiinei Anmazens A anmayuomi npenapamoit Ko10aHyMeH OAUIaAHbICMbL MEMeeMOo2100UHeMUsIHb
cunammauob.

3epmmeyoin maxkcamul — Icikke Kapcovl mepanusdan Ketin ac Kopulmy dcyueciniy aypyiapsl oap Kamepii iciknen ayblpamoii HAYKac-
mapovl emoeyoe KeyiHeH KondaHwvliamuln Anmazenv A (anmayud) uHOYKYUSAIAH2AH MemeeMO2N00UHEMUAHbIY KIUHUKALBIK HCA20aUIabIH
cunammay.

Aoicmepi: biz «Kazax onkonozus stcone paouono2us 2elieimu-3epmmey uncmumymoly AK aypyxanaceina scamgbizvliean naykacmapoa
(32 arcone 45 dcacma) memeemocn0OUHEMUAHBIY KIUHUKATBIK HcA20aiaapuii ycoinamuls. Llazeimoap, aypy anammesi, KIUHUKALLIK KOPIHIC,
KAUHUKATLIK, 3ePMXAHANBIK JCOHE ACNANmMulK 3epmmey 90icmepiniy Homuoiceaepi pempocnekxmugmi mypoe maidanobl.

Homuocenepi: byn makanaoa naykacmapblmbl30bll KIUHUKALLIK KOPIHICT Mypaisl 0aanoandaobl, bIKmumal yianyowly cebenmepi men me-
XaHuzmoepi manKbliaHaobl HCOHE MEM2eMO2N00UHEMUANBL eMOey2e APHAN2AH COH2bl YCHIHLICIMAP Kapacmulpblaadvl. Kexmamuvipiwinix memu-
Jlet KOKneH emMoey HayKacnully MblHbIC ALy JHCA20atibHbLY JHCLIOAM HCAKCAPYbIHA OKENOI.

Kopoimuinowt: XKype naiioa 6onzan memeemoznoounemus — Oy kobinece onimee 9Kenyi MyMKIiH 6enzini 6ip npenapammapmeH dHcoHe KOCbl-
ALICMApMeH YIanyoan myblHOaumvlin omxip sicaz0ail. byn kaunukanvix scazoariiap memeemoero0uHeMusinbl OUASHOCMUKALAYObIY KUbIHObIK-
mapuin kepcemeoi, AHAMHeCMUKANbIK MOTIMemmepoi anyoblH, KblUKbLIObIK-He2I30IK Kyl H#CoHe KaH 2a30apblH 3epmmeyoil Maybl30bllbl2blH,
COHbIMEH Kamap emoeyoe Memuiel KOKiH anmudom peminoe Koaoanyovly muimMoiniein kepcemeoi.

Tyuiinoi co30ep: Memeemoznobunemus, MemuieH KoK, SUNOKCUS, YUAHO3, AKPOYUAHO3.

AHHOTANMUSA

PEAKHUE CAYYAU METTEMOIJIOBUHEMHUHU Y OHKOJIOIT' TYECKUX MTAIIUEHTOB:
KJIMHUYECKHUE CJIYYAU

A.A. Abunoaesa', b.b. Anuesa', A.A. Apvinos', B.T. Onzapéaes', I.b. Paes', C.H. Maoanueg'
!«Kasaxckuit Hay4HO-UCCNEAOBATENBCKMA MHCTUTYT OHKONOTUN U paguonoriny, Anmarsl, Pecnybnuka KasaxcraH

Axkmyanshocms: Memeemoznodbunemus npedcmagisem coboil cepvesnoe 3a001esanue, XapaKkmepusyloweecs HapyueHuem cesa3bl8aHusl
KUCTIOPOOA C dIceNe30M 6 2eM02100une ¢ NOCAeOYIOWUM Hapyuwenuem 00Cmasku KUciopooa K mkauam opeanusma. Pasnuuneie npenapamul,
BKIIOUAS, AHMAYUOHBLE CPEOCMBA, COOepIcalyie 8 COcmage OEH30KAUH, MO2YM Bbl3bI6AMb NPUOOPEMeHHYI0 Memeemo2noounemuio. Ilpeocmas-
JleHHble KIUHUYeCKUe CyYau ONUCBI8AION MemeemMo2i100uneMulo, Komopas 603HUKLA 6 CB53U C UCNONb308AHUEM AHMAYUOHO20 cpedcmea An-
mazenv Ay 32-nemueil sceniyunbl, nepeHecuieli onepayulo Ha 20pmano2iomie, cmpaoarowei pakom copmanoziomru T3INxMO St 11T u y 45
Jemmuell HCeHWUHbL ¢ OUazHo3om pak nesoii nouku St 1. Cocmosnue nocie pezexkyuu 1601 NOYKU.
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Lens nyénukayuu — onucamo KIUHUYECKUE CLyUay NPpUoGPEemenHol MemeemMo2ioouneMuu, uHoyyuposantoi Aimacerem A — anmayuo-
HbIM CPeOCmBoM, KOMOopoe WUpOKO UCNONb3YeMcs 8 IeYeHUU OHKOI02UHeCKUX OONbHBIX ¢ 3A601e8AHUAMU OP2AHO8 NUWeBAPEHUs NOCIE NPOGe-
OeHuUsl RPOMUBOONYX0NEB0T MePanuu.

Memoowi: [Ipeocmagnenvl KIuHuvecKue cayuau memeemozioounemuu y nayuenmos (32 u 45 nem), Haxoouswuxcs Ha CMayuoHaApPHOM Jjie-
yenuu 6 AO «Kasaxckuil HayuHO-UCcIe008amenbCKUll UHCIUMYM OHKOL02UU U paouonocuuy. [Ipoananusuposanst pempocnekmusHo 1eaiodsl,
anamues 601e3HU, KIUHUYECKAs KAPMUHA, Pe3Vabmanbsl KIUHUKO-TA00PAMOPHBIX U UHCIPYMEHMATbHBIX MEMOo008 UCCIe008aAHUIL.

Pesynbmamer: B Oannoli cmamve ONUCAna KIUHUYECKAs KAPMUHA Y NAYUEHIMO8 C Mem2eMo2i00unemuell, 00Cyrcoaiomes npULunsl u
MEXAHU3Mbl B03MONCHO20 OMPABTIEHUS, 4 MAKHCE PACCMAMPUBAIOMCI NOCTeOHUE PEKOMEHOAYUU N0 NeYeHUIo Memeemoznoournemuu. Jlevenue
GHYMPUBEHHBIM 66€0CHUEM MEMULEHO8020 CUHE20 NPUBEILO K ObICIPOMY VIYHULEHUIO PECRUPAMOPHO20 CINAMYCA RAYUEHMA.

3axntouenue: Ipuobpemennas memeemocnoduremus, npedcmasisiem coboii ocmpoe cOCMoAHUe, KOMopoe Yauye ce2o A6JAemcs pe3yib-
Mamom ompagienus HeKOMoPbLMU NIEKAPCMEAMU U COCOUHEHUSMU U MOJICEeM NPUSecmu K 1emanibhomy ucxody. [lpedcmasnennoie Kiunuueckue
cayuau 0eMOHCMPUPYION CIOHCHOCHb OUACHOCTUKYU MemeeMo2I00uHeMUl, NOOYePKUBAIOM YeHHOCMb CO0PA AHAMHECIMUYeCKUX OAHHbIX, UC-
C1e006aAHUS KUCTOMHO-0CHOBHO20 COCIMOSHUS U 24308 KPOSU, d MAKICEe I(PPEeKMUeHOCMb UCHONIb308AHUS MEMULEHO8020 CUHE20 8 Kauecmee
AHMUOOMHO20 NPenapama npu Je4eHun MemeemMonioouHeMul.

Kniouesvte cnosa: Memeemoznobunemus, MEMuieHo8blll CUHULL, 2UNOKCUS, YUAHO3, AKPOYUAHO3.
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FEATURES OF ENDOSCOPIC DIAGNOSIS
OF DIFFUSE GASTRIC CANCER

K. BATYRBEKOV', A. GALIAKBAROVA'

"Department of expert endoscopy and interventional radiology, National Research Oncology Center, Astana, the Republic of Kazakhstan

ABSTRACT

Relevance: Linitis plastica denotes a diffuse type of carcinoma, which accounts for 3-19% of gastric adenocarcinoma. It is charac-
terized by rigidity of most or all of the stomach without a filling defect or extensive ulceration.

The article describes the experience of endoscopic diagnostics of patients diagnosed with Linitis Plastica during 2019-2022 and the
Ist half of 2023 at the Center for Expert Endoscopy and Interventional Radiology of the National Research Oncology Center (NROC),
Astana, Kazakhstan.

The study aimed to evaluate the features of the use of endoscopic diagnostic methods in diagnosing diffuse gastric cancer.

Methods: a retrospective analysis of diagnosed cases of diffuse gastric cancer in the center of expert endoscopy was carried out
Sfrom 2019 to the Ist half of 2023.

Results: All patients were initially examined in polyclinics at their place of residence by computed tomography gastroscopy with
biopsy and, upon receiving a negative morphological examination, were sent to us for expert examination and repeated biopsy. The
cohort included seven patients (2 men and five women) with an average age of 54.6 years (33 to 71 years). Expert gastroscopy and a
special technique for taking biopsy material from the gastric mucosa helped make the correct morphological diagnosis for all seven
patients with suspected diffuse gastric cancer. Considering the local and generalized metastases and concomitant pathologies, only
four patients underwent surgery, and three were administered only chemotherapy. Five patients have died, and two continue palli-
ative chemotherapy.

Conclusion: Plastic gastritis is a form of adenocarcinoma that usually manifests itself at an advanced stage when drug therapy is
usually unsuitable. The prognosis can be improved with complete resection. Surgical intervention should be performed only in cases
where complete resection is expected. Expert gastroscopy and the use of a special technique for taking biopsy material (according to
J. Rohl) from the gastric mucosa increases the morphological value of biopsies and gives a chance to confirm the diagnosis of diffuse

gastric cancer and quickly begin surgical treatment or palliative chemotherapy.

Keywords: Linitis Plastica (LP), diffuse gastric cancer, gastrointestinal cancer, Bormann IV, endoscopy.

Introduction: Linitis Plastica (LP) is a diffuse form
of gastric cancer and accounts for about 10% of all
cases of gastric adenocarcinoma; its exact distribu-
tion in the general population is unknown. LP affects
women more often than men and is more common
for Asians than Caucasians. The age group of patients
is lower than in classic gastric adenocarcinoma, and
the disease often begins below 40 years, sometimes
among very young patients (20 to 25 years old). There
are no distinctive or specific indicative symptoms; the
symptoms are similar to other forms of gastric can-
cer and can include fullness after eating, nausea and
vomiting, epigastric pain, weight loss, and progres-
sive dysphagia [1]. LP is characterized by malignant
glandular proliferation of cricoid cells in the fibrous
stroma, ultimately leading to thickening and rigidity
of the stomach wall. There are two types of LP: the 1
type of lesion begins from the proximal part of the
stomach (body) in the folds thickening form; the 2
type, the so-called “flat,” begins from the antrum and
is characterized by the folds flattening and stiffness
(Figure 1).

These methods of radiation diagnostics give the
right to suspect the presence of a diffuse process in
the stomach wall but also require morphological verifi-
cation. Thus, with this disease, the stomach fluorosco-
py reveals a decrease in the stomach size, walls thick-
ening, loss of motility, and pylorus ostium (Figure 2).

Computed tomography of the stomach shows
diffuse walls thickening, decreased stomach lumen,
and lymphadenopathy of paragastric lymph nodes
(Figure 3).

The gastric endosonography reveals the thicken-
ing and blurring of the first three sonographic layers
and a significant thickening of the 4" layer (Figure 4).
The endosonographically guided needle biopsy (EUS
with FNA) ensures a sensitivity below 30% since the
cells are located in the fibrosis thickness both in a
chain and alone.

Unlike other gastric cancers, LP often and quickly
leads to lymphatic and peritoneal dissemination. Gas-
tric LP can be primary or secondary due to infiltrating
lobular breast carcinoma. LP is commonly sporadic,
but family cases have also been reported [2].
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Figure 1 - Endoscopic types of diffuse gastric cancer: a-b — normal gastric mucosa, c-d — type 1 diffuse gastric
cancer, e-f — type 2 (flat) diffuse gastric cancer [1]

Figure 2 - X-ray picture of diffuse gastric Figure 3 - Computed tomography of the stomach
cancer [1] in diffuse gastric cancer [1]

Figure 4 - Endosonographic picture in diffuse
gastric cancer [1]

Materials and methods: This study is part of a sin-  diffuse gastric cancer. The case histories of 7 patients
gle-center retrospective study evaluating the effec- with diffuse gastric cancer, diagnosed and treated in
tiveness of endoscopic technologies in diagnosing the clinic of the National Research Oncology Center
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(NROC, Astana, Kazakhstan), have been retrospective-
ly analyzed. Patients diagnosed with LP were identi-
fied from the cancer database, and their clinical and
pathological data have been extracted from relevant
case histories. All cases were discussed in a multidisci-
plinary group, and their clinical progress and outcome
have been noticed.

Results: All patients were initially examined at their
local polyclinics and referred for CT and esophagogas-
troduodenoscopy with biopsy. Upon receiving a nega-
tive morphological examination, patients were sent to
the NROC for expert examination and repeated biop-
sy. Their demographics, symptoms, endoscopy results,
treatment details, and survival statistics are summa-
rized in Table 1. The cohort included seven patients (2
males and five females) with an average age of 54.6 (33
to 71 years). The main manifested signs and symptoms
were dysphagia and weight loss. The stomach was af-
fected in 100% of cases. LP was detected in 100% of
cases after a second biopsy by J. Rohl method, per-
formed at the NROC. Primary and repeated biopsies
were negative in all patients, and chronic hyperplastic
gastritis was concluded.

Table 1 - Details of patients with diffuse gastric cancer

In order to improve the accuracy of subsequent mor-
phological examination, all patients referred to NROC
with suspected diffuse gastric cancer during expert gas-
troscopy were biopsied using a special technique (accord-
ing to J. Rohl, 2013). Namely, the biopsy material from the
gastric mucosa has been taken polytopically from several
points, step by step, using the Adson forceps. Besides, for
reliability, the protruding part of the mucous membrane
was resected using the diathermic loop and subsequent
sampling of the biopsy specimen from the resected bed.
One patient (case 1) was examined thrice since the first
endoscopy revealed diffuse mucosa inflammation, and
the biopsy showed only chronic inflammation without
dysplasia signs. CT scan suspected LP but without a his-
tological verification. A second endoscopy and biopsy
were negative. Surgery was not offered to two patients
with metastatic disease and one with extensive local or-
gan involvement. Only four patients had local lymph
node damage and no serious comorbidities, making per-
forming a gastrectomy and subsequent chemotherapy
possible. Five of 7 patients died within 2-7 months of fol-
low-up period. At this point, the maximum survival rate
recorded in that patient cohort was seven months.

Age Endo- No. of Outcome at
Ne er?d'er Symptoms scopic | negative Morphology Treatment data collec- | Survival time
9 picture | biopsies tion time
Type 2 Gastrectomyf+ b af
66 - - - 6 courses o 6 months after
1 (female) Dysphagia, weight loss S}cg:; 3 Colloid cancer neoadjuvant Death gastrectomy
PCT
Dysphagia, loss of 4 courses of
2 g’gmale) appetite, rapid food Type 1 1 Colloid cancer neoadjuvant Death 4 Tj%mmfi?er
saturation PCT 9
Dysphagia, vomiting
33 . . . 3 courses of 7 months after
3 of food, rapid food Type 1 2 Colloid Cancer Foci P Death : .
(female) saturation palliative PCT diagnosis
Dysphagia, weight loss, Diffuse
4|4 vomiting of food, loss Tvoe 1 5 undifferentiated | Gastrectomy by Death 2 months after
(female) | of appetite, vomiting yp adenocarcinoma with Billroth-2 gastrectomy
of food colloid cancer foci
55 Dysphagia, loss of Non-differentiated 2 courses of 3 months after
> (male) appetite, weight loss Type T ! cancer palliative PCT Death diagnosis
7 Dysphagia, loss of Gastrectomy + 3 months
6 appetite, rapid food Type 1 2 Colloid cancer 3 courses of Alive
(female) saturation adjuvant PCT after surgery
Dysphagia, loss of Gastrectomy +
58 : . . . 2 months
7 appetite, rapid food Type 1 1 Colloid cancer 4 courses of Alive
(male) saturation adjuvant PCT after surgery

Note: PCT - polychemotherapy

Discussion: Gastric carcinoma is notorious for its in-
ability to cause early symptoms, so patients do not seek
care until the late stage of the disease. Due to the abun-
dant lymph supply, the cancer quickly spreads beyond
the reach of surgical resection. Consequently, the pa-
tients with symptoms tend to have a far-reaching ma-
lignant tumor. Diagnosing diffuse cancer is often chal-
lenging because there are endoscopically inactive and

endoscopically active phases. In the endoscopically in-
active phase, there are complaints on dysphagia, but
there are no visually visible changes in the endoscop-
ic picture, such as the folds thickening or flattening and
the rigidity of the walls. In the endoscopically active
phase, the folds thinning, walls rigidity, and absence or
weakening of peristalsis are already observed, but mul-
tiple superficial biopsies are often negative, and by that

24

Oncology and Radiology of Kazakhstan, Ne3 (69) 2023



@) KazIOR
”" KAZAKH INSTITUTE OF ONCOLOGY AND RADIOLOGY

&

DIAGNOSTICS

time, the peritoneal and lymphogenous dissemination
is manifested [3]. Therefore, a deep sequential biopsy
with morphological verification of colloid cells in the fi-
brous stroma of the stomach wall is required. X-ray of
the stomach with contrast is one of the final stages of
diagnosis and gives a distinctive picture of the lumen
narrowing, reduction of stomach size, folds thickening,
and lack of peristalsis. Endosonography reveals blurring
and thickening of the first three layers and a significant
thickening of the 4™ layer of the stomach wall to 10-20
mm. Computed tomography and endosonography may
be useful for diagnosing and assessing the local spread.
The differential diagnosis should include malignant dis-
eases (adenocarcinoma and lymphoma) and some be-
nign diseases with thickening of the stomach wall (Men-
etrier’s disease, lymphoid hyperplasia, and amyloidosis).

The surgical treatment is possible only in 20-25%
of cases of that disease due to observed early perito-
neal dissemination and distant metastases. The surgery
in the volume of total gastrectomy is indicated only in
case of localized lesions.

In most cases, LP chemotherapy is the only alterna-
tive to treatment, but its effectiveness in this form of
cancer is very low. Even with complete surgical remov-
al of the tumor, adjuvant chemotherapy does not have
such a positive effect as observed in the case of classi-
cal gastric adenocarcinoma [4]. Consequently, the av-
erage survival rate is 6 months without gastrectomy
and 14 months with gastrectomy. Due to early perito-
neal dissemination, lymphatic invasion, and metastasis
to neighboring organs, the prognosis for this disease is
unfavorable. In Europe and Japan, the 5-year survival
rate amounts to only 10-20% [5].

Recently, much attention has been paid to the use
of preoperative hyperthermic intraperitoneal chemo-
therapy (Hyperthermic Intraperitoneal Chemotherapy,
HIPEC) in gastric cancer, both for prevention and treat-
ment of peritoneal diseases, and several randomized
trials are currently underway [6]. Given the strong peri-
toneal tropism of cirrhosis and LP tumors, HIPEC may
come to the forefront soon as routine management of
this patient subgroup.

It is known that the neoadjuvant therapy has many
theoretical advantages. Among them, a higher degree

of treatment adherence compared to postoperative
therapy and the possibility of reducing the tumor stage
or size [7]. Since LP tumors are often advanced, neoad-
juvant therapy may be of prime importance for improv-
ing local control and increasing the incidence of poten-
tially curative gastrectomy.

Primary plastic gastric cancer is a diffuse carcinoma
with a scirrhous stroma that invades the submucosa,
occupying more than 1/3 of the stomach surface. Pre-
or postoperative HIPEC may represent an alternative
strategy, especially given this tumor’s high peritoneal
spread rates. Further progress is required in develop-
ing targeted therapies that will affect the cancer cells
and their stroma.

Conclusion: Early diagnostics of diffuse gastric can-
cer is challenging. However, thickened folds, wall rigid-
ity, and peristaltic movement deficiency shall alert the
doctor. Multiple biopsies and loop resection of the af-
fected area by the J. Rohl method increase the morpho-
logical value of the biopsy material, help verify the dif-
fuse gastric cancer diagnosis, and quickly start surgical
treatment or palliative chemotherapy.
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AHJATIIA
JU®DY3Ibl ACKA3AH KATEPJI ICITTHIH DHJOCKONUSLIIBIK JIMATHOCTUKACBIHBIH

EPEKIIEJIIKTEPI

K.Y. Bamuipoexos', A.A. Fanuaxobaposa'
LY¥NTTIK FBINbIMU OHKONOrMsANbIK opTanbiFbiy XLWC, ActaHa, KasakcTan Pecnybnukacs!

Osexminizi: Linitis plastica ackaszan adenoxapyunomacvinviy 3-19% gypaiimein kapyunomanviy oug@ysoer mypin 6indipedi. On acka-
3anHbIY KON Ooni2iniy Hemece OYKin 6Oni2iHiY KAMMbLIbIZbIMEH CUNAMMAnabl, MOIMulpy akaybl Hemece Key dcapanap xcox. Makanaoa ynim-
MbLK, 2bLABIMU OHKON02UATLIK opmanviebinby (YFOO) capanmamanvlk 3HOOCKONUS JcoHe UHMEPBEHYUSNbIK paduoocus opmanviebinoa 2019-
2022 sncwinoap scone 2023 sncvinoviy 1 scapmuicel itinoe nAACMUKATBIK TUHUM OUAZHO3bL KOUbLI2AH NAYUeHMmepoi SHOOCKONUALIbIK OUACHOC-

muxanay moxcipubeci cunammanean, Acmana, Kasaxcman.
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3epmmeyoin maxcamol: — Oudghy30ei ackazan 06bIPbIH OUASHOCMUKALAY Ke3IHOe IHOOCKONUSNbIK, OUACHOCMUKA d0ICMeEPIH KOIOAHY epeK-
wenikmepin bazanay.

Aoicmepi: 2019 scornoan bacman 2023 scolioviy 1-uii H#eapmuloicbliObl2blHa Oellin capanmamanslk IHOOCKONUS OPMANbI2bIHOA ACKA3AH-
HbIH U Py3061 Kamepi icieiniy OUAZHOCTUKANBIK HCA2O0AUIAPbIHA PEMPOCHEeKMUgmi maaoay xHypeizinoi.

Homuacenepi: bapnvik nayuenmmep 6acmanksloa mypewlislkmol Jcepindei emxanaiapoa komnviomepiix momoepagpus (KT), 6uoncus-
JbIK 2ACMPOCKONUS APKbLIbLL MEKCEePinoi JcoHe MOPHON02UANLIK 3epmmeyOiy, mepic HOMUICEeCiH aleannan Kelin Oizee capanmama men Kaii-
manama buoncusiza xcibepindi. Kocopmxa opmawa sicacet 54,6 (33-men 71 scacka oetiin) sgcemi nayuenm (2 ep adam sxcone bec otien) Kipoi.
AcKazaHHbIH WbIPbIUUMbL KAObI2bIHAH OUONCUATBIK MAMePUaiobl aiyobly OLIIKmMi 2acmpocKonusacel MeH aphaiivl s0icmemeci Oudgy3zovl acka-
3an Kamepii icieine KyOikmi Oapavlk dcemi HayKacka 0ypulc MOPGOL02UsLIbIK OUA2HO3 Kolo2a Komekmecmi. HKep2inikmi dcone Hcainvlianaan
Memacmazoap mMen iiecne namonouanaposl eckepe omulpbin, mex mopm nayueHmre onepayus JHcacaiobl, an yuleyine mexk XuMuomepanus
maezaiivinoanovl. bec naykac Kaiimoic 6010b1, i ekeyi NALIUAMUSIT XUMUOMEPANUAHbL JHCAT2ACMbIPYOA.

Kopoimoinowvi: KopvimsiHObinail Kene, niacmukaiblk 2acmpum adeHOKapyuHoMansly 0ip mypi 6onein mabwinadsl, on a0emme KON dHcaa-
oatida dopi-0opmernen emoey MyMKin boamazan kesoe ketiinei kezenyoe kopinedi. Tonvik pesexyus kezinoe 60aicamobl ycakcapmyea 60aa0bL.
Xupypausnvlk apanacy moavlk pezekyus Kaxcem 6onzan jeazoanoa eana jcacanyst kepex. Capanmamanbly 2acmpoCcKonus JHcone acKasaHtbly
WoIpbImel KaObleblHaH OUONCUSLILIK MAmepuaiosl aiyobiy apHaibl 90icin Koaoany (J. Rohl 6otibinua) buonmammapowiy Mopponocusiivik
KYHObLIbI2bIH apmmulpaobl dHcoHe Oup@hy30el ackazan 00bipbl OUASHO3bIH PACIAY2d HCOHE XUPYPSUSLILIK eMOeyOl Hemece NALTUAMUemi Xumuo-
mepanusinbl mesipek 6acmayaa MyMKiHOIK 6epeoi.

Tyuinoi co3oep: Ilnacmukanvlk iuHum, acKazan Kamepai icieiniy ouggy3ovl mypi, ackasan-iwex Kamepaii iciei, Bopman IV, snoockonusi.

AHHOTAIMUA

OCOBEHHOCTH 3H}IOCKOHI/IIIECKOI71 JAUATHOCTUKHU JUDPDPY3ZHOI'O PAKA XKXEJYJIKA
K.U. Batyrbekov', A.A. Galiakbarova'

TOO «HaumonanbHbI HayuHeih OHkonoruyeckuit LieHtpy, Actana, Pecnybnuka Kasaxctat

Axmyanvnocme: Linitis plastica oboznauaem oudghy3nviii mun KapyuHomsl, Ha 0010 KOMOPo2o npuxooumcs 3-19% adenoxapyunom sice-
ayoka. OH xapaxkmepuszyemcs pusuOHOCmbvio OoIbulell Yacmu Ul 6ce20 HeayoKd npu omcymcmeuu 0egpekma HanoOIHeHUs Uil OOUUPHBLX
U3bA361€HULL.

B cmamve onucan onvim sHOOCKONUHECKOU OUASHOCMUKY RAYUEHNMO8 € NAACIMUYECKUM JUHUNOM.

Lens uccnedosanusn — oyenxa ocobenHocmeil NPUMeHeHUs Memoo08 IHOOCKONUYECKOU OUA2HOCMUKY 8 OuacHocmuke oupghysnoeo paka
Jrcenyoxa.

MeTtoawbi: [Iposeden pempocnekmugnwlil anaius 7 cayuaes oughgysnoeo paxa dceryoka, ouaenocmuposannvix 6 Llenmpe sxcnepmuoii
9HOOCKONUU U UHMEPBEHYUOHHOU paduonoeuu Hayuonanvnoeo nayunozo onkonozuveckoeo yenmpa (HHOL], Acmana, Kazaxcman) ¢ 2019
no 2023 ze.

Pesynvmamui: Bee nayuenmol 6b11u nepguino 00c1e008aHbl 6 NOIUKIUHUKAX NO MeChLY dcumenscmesa, 2oe oviau Hanpagaenvl Ha KT u 930-
pacozacmpooyodenockonuio ¢ 6uoncueil. Ilpu noryyenuu ompuyamenibHo2o MOpHOI0SULEcKo20 UCCIe008AHUSL NAYUCHMbL ObLIU HANPABIEHb 6
HHOIL] ons1 skcnepmHo2o ocmompa u nogmopHoul 6uoncuu. Kocopma nayuenmos cocmosna u3 2 Mys#cuut u 5 s#CeHWuH co CpeOHUM 803PACHIOM
54,6 200a (Ouanason 33-71 200). /[ns mopghonozuueckoii sepugpurayuu ougpghysnozo paxa sxcenyoka ecem nayuenmam ¢ Llenmpe sxcnepmuotu
anoockonuu HHOL] nposoounace eacmpockonusi ¢ 6uoncueil ¢ UCNOIb308AHUEM CNeYUATbHOU MemoOuKu 3a60pa 6UONCULIHO20 Mamepuad.
C yuemom HaAnuyus MECmHo20 U 2eHepaIu308aHHO20 MeMACmAasuposanus U COnYmMcmayioweti Namoio2uu, OnepamueHoe ieyenue npo8eodeHo
monvko 4 nayuenmam, 3 nayueHmam HA3HAYeHa MOIbKO Xumuomepanus. JlemanoHvlii ucxo0 3apuxcuposan 'y 5 nayuenmos, 2 nayuenma npo-
002HCANU NATTUATMUBHYIO XUMUOMEPANUIO HA MOMEHM cOOPA OAHHBIX.

3aknouenue: Ilnacmuveckuil TuHUM AGAAEMCs 0OHOU U3 (POPM AOEHOKAPYUHOMBL, KOMOpas 0ObIYHO NPOseIsiemcs Ha Oonee no3oHel
cmaouu, koeod 6 DONbWUHCIEE CYYaes MeOUKAMEHMO3Hoe JeyeHue Heo3ModcHo. TIpoenos moacem Ovims yayuuien npu NOIHOU pe3eKkyuil.
Xupypeuueckoe emewamenbcmeo ciedyem npogooOUunts Moabko 8 mex CIVUdax, Koe0a npeonondazaemcs nOIHAs pesekyus. Dkcnepmuas 2a-
CMPOCKONUS U NPpUMEHeHUe CReYUAIbHOU MemoouKy 3abopa buoncutinoeo mamepuana (no J. Rohl) co ciuzucmoii sicenyoxa yseauuusaem mop-
Ghonocuueckyio yeHHoCcmes buonmamos u 0aem WaHc NOOMEepoOUms OUacHo3 OuUGhysHozo paka sxcenyoka u Ovicmpee HaA4AMb XUPYPSULECKOe
Jeyenue Uy NALIUAmUSHYI0 XUMUOMeEPAnuio.

Kanruesvie cnosa: Inacmuueckuii aunum (I171), oughdysueiii mun paxa sxcenyoxa, pax sxncenyoouHo-kuuieunoeo mpaxma, bopman 1V, on-
oockonus.
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ABSTRACT

Relevance: Argon plasma coagulation (APC) is a minimally invasive, non-contact electrosurgery method. This procedure is performed
in the following conditions: bleeding in hollow organs, including ulceration after radiation therapy, Barrett’s esophagus, with the germina-
tion of a malignant tumor through a stent, benign neoplasms, precancerous conditions, and some malignant tumors at the earliest stages.
In this article, the authors present the first successful experience of using APC in Kazakhstan during endoscopic interventions in patients
with various pathologies.

The study aimed to evaluate the effectiveness of introducing APC as an endoscopic treatment in patients with precancerous pathology
and complications of surgical treatment in oncological patients.

Methods: A retrospective analysis of the use and effectiveness of AIC involved 15 patients with various pathologies treated inpatiently
at the National Research Oncology Center (NROC), Astana, Kazakhstan, in 2022.

Results: Barrett’s esophageal APC was successfully performed in the NROC hospital in 6 patients; the biopsy showed no intestinal-type
metaplasia of the esophageal epithelium. Two patients with post-radiation hemorrhagic proctitis underwent coagulation in Pulse 15Wt
mode and argon flow of 0.4-1.0 L/min. A patient with GAVE syndrome with hemorrhages underwent two sessions of APC in 35Wt mode with
a gas flow of 0.8 L/min. In 3 patients with fistulas of the suture of the main bronchus, coagulation was performed after pulmonectomy, and
closure of the fistula was observed for one week. Two patients with esophagus-enteric anastomosis failure received two sessions of APC
with 40-watt argon at a 5-day interval. After anterior rectal resection, the patient had a failure of the anastomosis with a multi-chamber
cavity and purulent contents. Four courses of APC were administered with a 2-week interval. After APC, the mouth of the main chamber
narrowed, and the discharge of pus stopped. The result was a blind pocket up to 2.0 cm, without additional chambers or inflammation signs.

Conclusion: The presented article describes the results of the introduction of APC as an endoscopic method of treating patients
with various pathologies in an oncological clinic, and based on these results, APC can be recommended for widespread implementation

throughout Kazakhstan.

Keywords: argonoplasmic coagulation (APC), Barrett’s esophagus, endoscopy, neoplasms, anastomosis failure.

Introduction: Argon plasma coagulation (APC) is a
minimally invasive, non-contact electrosurgery method.
During this procedure, the tissue is exposed to high-fre-
quency electrical energy delivered by ionized argon gas.
An argon plasma torch is created by an electric current
that strongly heats the tissue. As a result, the liquid evap-
orates, the proteins coagulate, and the tissue completely
burns out. This process is called coagulation.

APC is used in all areas of surgery, including cancer.
This procedure is performed in the following patient con-
ditions:

- Bleeding in hollow organs, including ulceration, eso-
phagus varicose veins, and postradiation proctitis;

- Barrett's esophagus, a precancerous condition when
uncharacteristic intestinal-type epithelium is found in the
esophageal mucosa;

- Germination of tumor tissue into the lumen of the
stent — APC is used for recanalization;

- Benign neoplasms and some malignant neoplasms in
the early stages;

— A progressive malignant tumor that clogs the lumen
of a hollow organ. APC is used as palliative treatment in
this case;

- Gynecological pathologies: Erosion and dysplasia of
the cervix, polyps, papillomatosis, hyperkeratosis, condy-
lomas, leukoplakia.

For the patient, APC looks like a regular endoscopic ex-
amination. The operation usually takes less than an hour
and can be performed without hospitalization. The coagu-
lation device is a metal rod electrode placed inside a tube
filled with argon. When alternating current is applied to
the electrodes, argon transforms into a plasma state, pro-
ducing flashes resembling sparks or miniature flashes. This
“lightning” is used instead of a scalpel. The tool does not
touch the tissue; the distance is 2-10mm [1].

This article presents the first and most successful expe-
rience of using APC in Kazakhstan during endoscopic in-
terventions in patients with precancerous and oncological
pathologies.

Materials and methods: This work is part of a retro-
spective study that assesses endoscopic technologies’ ef-
ficiency in treating patients with pretumor pathology and
complications of surgical treatment in cancer patients. The
medical histories of patients treated in the multidiscipli-
nary surgery department of the National Research Oncol-
ogy Center (NROC, Astana, Kazakhstan) were retrospec-
tively analyzed.

The study included patients with the following diag-
noses:

1. Barrett’s esophagus with signs of low-grade dysplasia;

2. Gastric arteriovenous malformation (GAVE syn-
drome) with recurrent gastric bleeding;
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3. Esophageal anastomosis failure is not more than 0.5
c¢m and is not amenable to endoscopic clipping;

4. Bronchial stump suture failure up to 0.5 cm after
pneumonectomy;

5. Rectal anastomosis failure in the presence of a func-
tioning colostomy;

6. Chronic proctitis grade 2-3 according to the post-
radiation proctitis severity scale (Rectal Toxicity Scale,
1995), proposed by the Radiation Therapy Oncology
Group (RTOG) and the European Organization for Research
and Treatment of Cancer (EORTC);

7. Bleeding from the rectum, which is often an indica-
tion for blood transfusion;

8. Ineffective conservative therapy with 5-aminosalicyl-
ic acid (5-ASA) and rectal glucocorticosteroids for 30 days.

Exclusion criteria:

1. Barrett’s esophagus with severe dysplasia;

2. Diffuse arteriovenous malformation of the stomach
without bleeding events;

3. Esophageal anastomotic failure greater than 0.5 cm
and amenable to endoscopic clipping;

4. Bronchial stump failure more than 0.5 cm requiring
surgical treatment;

5. Chronic post-radiation proctitis without signs of rec-
tal bleeding;

6. Severe general condition.

The following parameters of the early postoperative
period (Days 0-7 after APC) were assessed: the clinical
APC effect includes stopping bleeding from the rectum
in chronic post-radiation proctitis, the absence of gas-
tric bleeding events in patients with arteriovenous mal-
formation of the stomach, and the cessation of airflow
through the Bulau catheter in patients with broncho-

pleural fistulas, terms of inpatient treatment, patients’
quality of life.

Changes in the patient’s quality of life after APC were
assessed according to certain parameters: discomfort,
pain, and number of bowel movements per day.

No complications were recorded in all patients after
APC use.

Findings were statistically processed with the Statistica
6.0 applied software package (StatSoft, Inc., USA) and the
statistical criteria online calculator at medstatistic.ru.

The study conclusion report of the National Research
Oncology Center local ethics commission was received on
May 20, 2023, under number No. 12. Informed consent was
obtained from all patients who underwent medical and
surgical interventions in NROC and whose data was includ-
ed in this review article.

Results:

Barrett’s esophagus APC

APC is the most effective method of endoscopic treat-
ment for Barrett's esophagus without severe dysplasia
(pronounced changes in the mucous membrane cells) and
malignant degeneration. Data shows that if the length of
the affected organ area is not more than 3-4 cm, the APC
effectiveness is 80-90% [2]. From May 2021, since the in-
troduction of APC in the Scientific Research Center as an
endoscopic ablation method for Barrett’s esophagus, the
multidisciplinary surgery department of the Scientific Re-
search Center has successfully performed endoscopic
treatment of Barrett’s esophagus in 6 patients (Figure 1).
Subsequent endoscopic monitoring with a collection of
biopsy material did not find any signs of intestinal-type
metaplasia of the esophageal epithelium in the morpho-
logical material.

Figure 1 - APC application in Barrett’s esophagus

Rectum APC in chronic post-radiation proctitis

APC is highly effective for chronic post-radiation proc-
titis, a pelvic organ radiation treatment complication. The
disease causes the rectum bleeding and is recalcitrant. The
frequency of this symptom in patients with pelvic cancer

was 5-15% within six months after radiation treatment.

In the NROC multidisciplinary surgery department, en-
doscopic APC treatment was given to two patients with
post-radiation proctitis complicated by bleeding (Figure
2). Rectal bleeding events stopped after the st session
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of argon coagulation in a man after radiation therapy for
bladder cancer and in a woman after radiation therapy for
cervical cancer. In order to stop bleeding, all patients un-

7 il

-

derwent APC of the rectal mucosa with areas of angioec-
tasias with 15 Watts Pulse mode and an argon flow of 0.4-
1.0 L/min.

Figure 2 - Application of APC for post-radiation proctitis

APC in arteriovenous malformations of the gastrointesti-
nal tract mucous membrane

Gastric antral vascular ectasia (GAVE) is a rare acquired
vascular lesion of the gastric antrum. Iron deficiency ane-
mia is the most common manifestation of GAVE. Endo-
scopic therapy is the mainstay of treatment. However, no
consensus exists on the optimal treatment method [3].

Endoscopic treatment of a patient with GAVE syn-
drome suffered from gastric bleeding events with a de-
crease in hemoglobin to 49 g/L was performed success-
fully in our department. This patient underwent two APC
sessions in 35 Wt coagulation mode with 0.8 L/min gas
flow and had no bleeding episodes for two years after ab-
lation (Figure 3).

Figure 3 — APC application for GAVE syndrome

APC in bronchial stump suture failure

Tracheomediastinal fistula is a rare complication arising
from lung cancer. These airway fistulas are often connect-
ed with the esophagus or pleural cavity. The bronchop-
leural fistula etiology is different. However, lung resection,
various infections, chemotherapy, and radiation therapy,
among others, are used to treat lung cancer; spontaneous

persistent pneumothorax and tuberculosis are usually as-
sociated factors.

Most fistulas associated with lung cancer develop as a
complication of lung resection [4].

Three patients with bronchopleural fistulas of the main
bronchus stump suture after pneumonectomy were treat-
ed endoscopically in the NROC multidisciplinary surgery
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department. The fistula opening was coagulated circum-
ferentially using a 40-watt coagulator (Olympus, Japan),

and the opening has closed within one week after the pro-
cedure (Figure 4).

Figure 4 ~APC for the main bronchus stump fistulas after pneumonectomy

APC in esophageal anastomosis failure

Suture failure occurs in 0.5-33% of esophagogastric
anastomosis. The failure of esophagointestinal anasto-
mosis develops in 5.9-12% of patients who underwent
gastrectomy and is accompanied by high mortality,
which approaches 100%. One of the most compelling
prerequisites for developing esophageal anastomo-
sis failure is a violation of the nutritional status of pa-
tients who need surgical operations in the upper gas-
trointestinal tract. We should not forget about the role

of technical errors: misalignment of the mucous mem-
branes, very frequent sutures, excessive tight knotting,
needle piercing of the mucous membranes during the
formation of the second row of sutures, the tension of
the sutured organs, etc. [5].

Two patients with failed esophagojejunostomy af-
ter gastrectomy underwent endoscopic treatment us-
ing a 40-watt APC at the NROC clinic. Successful fistu-
la closure took two sessions with an interval of 5 days
(Figure 5).

Figure 5 - Application of APC for esophageal anastomosis failure

APC for rectal anastomosis failure

Failure of the rectum anastomosis, one of the most
severe complications, occurs in 1.5-1.0% of rectum re-
section, and the associated postoperative mortality
reaches 6.0-9.3%. Both intraoperative and preoperative

risk factors determine the development of complica-
tions. The height of the tumor location, radiation ther-
apy exposure, male gender, and smoking are impor-
tant predisposing factors for the development of rectal
anastomotic failure.
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APC was used in a patient after anterior resection
of the rectum for rectal cancer at the NROC multidisci-
plinary surgery department. Anastomosis failure with a
multi-chamber cavity with numerous mouths and puru-
lent contents was found in the patient at the control colo-
noscopy 3@ month after the operation. 40-watt APC was

performed in 4 courses with 2-week intervals. After en-
doscopic treatment, small mouths and cavities closed,
the main chamber mouth significantly decreased, and
the release of purulent contents stopped. A blind pocket
up to 2.0 cm without additional chambers or inflamma-
tion signs remained after treatment (Figure 6).

Figure 6 — APC application for rectal anastomosis failure

No complications were recorded in all patients after using
APC in the early postoperative period. APC was performed
on an outpatient basis in patients with post-radiation procti-
tis and rectal anastomosis failure. On average, patients with

Barrett’s esophagus and GAVE syndrome stayed in a hospital
for 2.2 days. APC usage in patients with esophageal anasto-
mosis failure, main bronchus stump failure, and rectal anas-
tomosis failure averaged 8 to 14 days (Table 1).

Table 1 - Criteria for the effectiveness of the APC application

q o e Esophageal Rectal
Nosology Barrhett s o rad!qtlon GAVE syndrome | Bronchial fistula anastomosis anastomosis
esophagus RICSULE failure fail-ure
Clinical effect + + + + + +
Presence or
ab-sence of - - - - - -
complica-tions
Length of stay in out-patient out-patient
hospital 2.2+0.69 treatment 2.0 8.0+0.82 14+2.0 treatment
Presence of ) ) ) ) ) )
relapse

Discussion: Endoscopic techniques described in
the literature, such as electrocoagulation, ligation
of vascular transformations, and radiofrequency ab-
lation, have not been widely used due to the small
amount of data on their effectiveness and safety.

APC is a non-contact electrocoagulation meth-
od that uses ionized gas to deliver high-frequency
alternating current to the lesion. The risk of perfo-
ration, stenosis, or fistula is low due to the shallow
coagulation depth of 0.5-3 mm. Unlike traditional bi-
polar devices, the APC can be applied in the axial
and radial directions, which allows tangential coag-
ulation of lesions around the flexures of the rectum
without significant loss of efficiency. In addition,

the APC generator is mobile and can be quickly used
anywhere and anytime. Thus, APC is an established
treatment for many pathologies, including vascu-
lar dysplastic lesions and bleeding from polypec-
tomy areas. Additionally, APC therapy does not re-
quire sedation or anesthesia during the procedure
and, therefore, can be performed in an outpatient
setting.

The advantages of APC include ease of use, tar-
geted coagulation of telangiectasia and fistulas,
depth control and safety, and lower cost compared
to radiofrequency ablation. The advantages of APC
include the ability to rotate the probe in axial and
radial directions that enable adequate coagulation
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of the mucous membrane of the esophagus, stom-
ach, bronchi, and rectum in curved areas.
Conclusion: The authors presented cases of success-
ful and, most importantly, clinically effective use of APC
as an endoscopic minimally invasive treatment for sur-
gical treatment complications in patients with onco-
logical and non-oncological pathologies in this clinical
review. The endoscopic treatment method was often
chosen due to the concomitant pathology, the patient’s
general condition that did not allow surgical treat-
ment, and the possibility of conducting argon coagu-
lation sessions on an outpatient basis without hospital-
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ization. Based on the study results, we can recommend
the widespread use of APC in all oncological and sur-
gical hospitals for minimally invasive treatment of such
complications.

AHIATIIA

SHAOCKOIIUAJA APTTOHOIIVIASMAJIBIK KOAT'YJIALIUAHBI KOJIAAHY
K.Y. Bamuipoekos', A.A. Fanuaxoaposa'

1«¥nTTbIK OHKOMOrUsANbIK 3epTTey opTanbifby XKLLIC, ActaHa, KasakctaH Pecnybnukach

Osexminizi: Apeononnazmanvix koazyisyus (AIK) — snexkmpoxupypeusinviy a3 uneasuemi oatlianviccols 90ici. by npoyedypa ke-
qect acaz0aunapoa opelHOAIaobl. Kyblc Myuenepoei Kan Kemyiep, COHblY iwinoe coyaenik mepanusoan Keinei ouvlk xcapa, bappem-
miKy eyeui, cmeHm apKolivl Kamepii iCIKmiy 6Hyi, Kamepcis ociHOiiep, Kamepi icikke Oellinel dcazoaunap, keubip kamepai icikmep.
Byn makanaoa asmopnap opmypai namonozusicel bap nayuenmmepee 3H00CKONUALbLIK apanacy kesinoe Kasaxcmanoa AIIK Konoanyowiy
aneauKbl HoHe madvlcmol MONCIPUOECIH YCIHAObI.

3epmmeyoin makcamol — Kamepni icikke Oetlinei nAMONO2UACHL OaAp JHCOHe OHKOJIOLUALIK HAYKACMAPOd XUPYPIUSLLbIK eMOeyOil
ackvinyaapul bap emoenyuiinepoe sHO0CKonuAblK em peminoe AIIK eneizyoiy muimoinicin bazanay.

Aoicmepi: 2022 scorn iwinde Yammuolk avlivimu onkonocusivik opmanvikma (YFOO, Acmana, Kazakcman) cmayuorapivik emoeyoe
bonean op mypai namoaozusicol 6ap 15 nayuenmme AIIK Kondany men muimoinicine pempocnekmugmi maioay Hcypaizinoi.

Homuowcenepi: YFOO cmayuonapwinoa 6 nayuenmre 6appemmiy oyewr AIIK commi ocypeizindi, 6axviiay Ke3iHoe 6uoncusiivlk
Mamepuanoa iwex muni 60UbIHWA OHew INUMENULIHIY Memania3usicolusly Oeiciiepi anbikmaimaosl. Paouayusoan retiinei cemoppa-
2UANBIK NPOKMUMnNen ayvlpambin eki nayuenmee Pulse 15wt pescuminoe koazynayus scone apeon azvinol 0,4-1,0 1/mun. eemoppacusicol
6ap GAVE cunopomsl 6ap nayuenmre 35wt pescuminoe 2 AIIK ceccusicol emkizindi, 2az azoinol 0,8 1/ mun. He2izei 6ponx mizici ¢uc-
mynanapel 6ap 3 nayuenmme NYIbMOHIKMOMUAOAH KeUlH KOA2ynayus x#yp2izinoi dcone pucmynansviy sHcabwviiysl dauxaiovl 1 anma
iwinoe. D30¢azosnmepoanacmomos0viy 0opmencizoiei bap exi nayuenmre 5 KyH apanviknen 40 eamm apeoHObl NA0ALIAHa OMbIPLIN,
2 AIIK ceancer omxizindi. Haykacma mix iwiexmiy anoviyevl pe3ekyuscblhan Keiin Kon Kamepaivl Kyblcbl 0ap anacmomosobly coni-
cizoiei dscoHe ipinoi Kypamol 6010vl. AIIK-niy 4 kypcwl 2 anma apanviknen emkizinoi, AIIK-men keilin Hezi3ei Kamepanvly ca2dcol
mapweliowsl, ipiHHIK OONIHYI MOKMAObL, HOMUNCECIHOE KOCLIMILA KAMepalapcols dcone Kabviny benzinepinciz 2,0 cm-2e Oeilin coKblp
Kaama Kauiool.

Kopoimuinowl: Maxanada oHKOIO2UATIBIK KIUHUKAOA SpMYpPIi namoao2usiiapsl 6ap nayuenmmepoi emoey 90ici peminde AIIK enzizy
Homudcenepi YCblHblA2AH JHcoHe ocbl Homucenep Heeizinoe AIIK oykin Kazaxcman 6oubiHua Keyinen enei3y Yulin YColHblaYbl MYMKIH.

Tyiinoi ce3oep: apeornonaaszmanvix koazyaiayus (AIK), bappemmiy eyewi, 9HOOCKONUS, HEONLAZMALAD, AHACMOMO30bIH COMCI30iei.

AHHOTAIIUSA

IPUMEHEHWE APTOHOILJTASMEHHOM KOAT VJISIIMA B SHIOCKOIIUN
K.Y. Bamuipoexos', A.A. I'anuakoaposa’

TOO «HauvmoHanbHbI HayuHbiin OHkonoruyeckuit LienTpy, AcTana, Pecnybnuka KasaxctaH

Axkmyanvnocme: Apeononnazmennas xoazyaisyus (AIIK) — manounsasusnvlii 6eCKOHMAKMHBLL MemoO 1eKmpoxupypeuu. dmy
npoyeoypy 8blNOIHAIOM NPU CAEOYIOWUX COCTNOAHUAX. KPOBOMEUCHUS 8 NOLbIX OP2AHAX, 8 MOM YUCIe NPU U3BAZBIECHUU NOCIE NYUeBOll
mepanuu, nuwesod bappemma, npu npopacmanuu 310Ka4ecmeenHol OnyxXoiu yepes cmennt, 000poKa1ecmeentvle Ho8000PaA306aHUS,
npeopaxosvie coOCMOANUSA, HEKOMOPble 310KA4eCmEenHble ONYXOU HAd CAMbBIX PAHHUX CMaousx. B omoil cmamve asmopul npedcmagis-
tom nepewiil u ycnewtnvlil oneim npumenenus AIIK ¢ Kazaxcmane npu 3H00CKONUYeCKux eMeuamenbcmeax y nayueHmos ¢ pa3iuiHou
namoJozuetl.

Iens uccneoosanusn — oyenxa s¢pghexkmusnocmu enedperus AIIK 6 kauecmse 3HOOCKONUYECKO20 IeYeHUs Y NAYUEHMO8 ¢ NPeOPAKO8oll
namono2uetl u 0CAOACHEHUAMU XUPYPSULECKO20 IeYeHUs Y OHKOIO2UYECKUX NAYUECHIOB.

Memoowi: [Iposeder pempocnekmusHblil aHaiu3 npumerenus u sgppexmusnocmu AIIK y 15 nayuenmos ¢ pasiuynoil namono2uetl, Ha-
XOOUBWUXCSL HA CMAYUOHAPHOM JedeHuu 6 Hayuonansnom nayunom oukonocudeckom yewmpe (HHOL], Acmana, Kazaxcman) 6 meuenue
2022 zo00a.

32 Oncology and Radiology of Kazakhstan, Ne3 (69) 2023



%) KazIOR DIAGNOSTICS

Pesynomameor: B cmayuonape HHOL] ycnewrno nposedena AIIK nuwesooa Bappemma 6 nayuenmam, npu KOHmMpose 8 OUONCUTIHOM
mamepuane He 8bls6ACHbl NPUSHAKU MEMANIA3UY INUMeNUus Nuueso0d no KUWeyHoMy muny. /leym nayuenmam ¢ noCmiyuesblm 2emoppa-
2UYECKUM NPOKMUMOM 8bINOJIHEHA Koazyisiyus 6 pexcume Pulse 15Wt u nomoke apeona 0,4-1,0 n/mun. Iayuenmy ¢ GAVE-cunopomom ¢
eemoppazusamu npogedeno 2 ceanca AIIK 6 peacume 35Wt c nomoxom easa 0,8 1/ mun. ¥V 3-x nayuenmog co ceéuwjamu wea 21aeHo2o0 6pouxa
nocie nyibMOHIKIMOMUU NPOBeOeHd KOAYIAYUs U 3aKpblmue ceulyd Habaooanrocs 6 medenue 1 nedenu. JJeym nayueHmam ¢ HecoCmosmeib-
HOCmbIO 230azodnmepoanacmomosa nposedeno 2 ceanca AIIK ¢ ucnonvzosanuem 40-eammnozo apeona ¢ unmepeanom no 5 oueil. Y na-
yuenma nocie nepeoneil pe3ekyuu NPAMOol KUWKU UMELACh HeCOCMOSMeNbHOCHb AHACMOMO3d ¢ MHO2OKAMEPHOU NOLOCMbIO U HATUYUEM
2HOUHO020 coOepaicumoco. Ilposederno 4 kypca AIIK c unmepsanom 6 2 nedenu, nocie AIIK ycmoe 21a8Holl Kamepsi Cy3uloCh, NPEKPAMuioch
gvloeienue eHosl, 8 umoze ocmaincs caenou kapman 00 2,0 cm 6e3 00NOIHUMENbHbIX KaMep U NPUSHAKOE 80CNANCHUSL.

3aknruenue: B cmamve npeocmasaensvt pesynvmamol neopenusn AIIK kax memooa nevuenus nayueHmos ¢ pasiudnblmu NAmoi02usimu
6 OHKON02UYeCKOU KIUHUKe U HA OCHO8anUU dmux pe3yrbmamos AIIK moocno pexomenoosams ons wupoko2o enedpenus no ecemy Kazax-
cmany.

Knioueswte cnosa: apeononnasmennas xoazynayus (AIIK),nuwyesoo Bappemma, s3n0ockonus, H08000pa3o6anus, HecoOCmosmenabHoCs
anacmomosa.
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UDC: 616-006.66

ABSTRACT

Relevance: Colorectal cancer (CRC) is one of the five most common cancers worldwide and is characterized by trends in incidence,
disabi lity, and mortality. A significant recurrence rate and early metastasis characterize CRC. Many meta-analyses in the world liter-
ature are aimed at finding factors that determine the probable outcome of the disease.

The study aimed to evaluate the role of the parenchymal-stromal ratio in the progression of colorectal cancer.

Methods: When microcopying at 40x magnification, the parenchyma (Sp) and stroma (Sm) area were measured in superficial tumor
growth and deep invasion. The parenchymal-stromal ratio (PSR) was calculated using the formula PSS=Sp/Sm, and the correlation with
tumor metastasis was determined.

Results: With an increase in the depth of tumor invasion, the frequency of metastasis to the liver also increased. The metastasis rate
for invasion into the muco-submucosal layer (T1) and the muscular layer (T2) was 4%, respectively. The rate increased to 80% with the
involvement of the subserous membrane (T3). Metastases in regional [ymph nodes worsened the outcome of the disease threefold. With
locally widespread and locally regional in the zone of deep invasion, the parenchymal component predominates over the stroma. PSS
is 2.5:1.0 and 1.6:1.0. With CRC disseminated growth in the zone of deep tumor invasion, PSS was 1.0:1.4 with a predominance of the

stromal component up to 57%.

Conclusion: There is a decrease in PSS in superficial growth zones in disseminated forms of colorectal cancer compared with local
and local-regional types of cancer. The predominance of the stromal component in the zone of deep invasion is directly proportional to

the high adverse outcome.

Keywords: colorectal cancer (CRC), tumor microenvironment, parenchymal-stromal ratio (PSR).

Introduction: Colorectal cancer (CRC) ranks 3rd among
all malignancies globally. The CRC incidence is more than
1 million patients annually, and the mortality rate is about
700 thousand. According to data from several authors, the
progression of CRC depends on the stromal microenviron-
ment of the tumor: the extracellular matrix, blood vessels,
inflammatory infiltrate cells, and fibroblasts. Dysregulation
between the parenchyma and stroma leads to a change in
normal stromal cells with the acquisition of abnormal phe-
notypes that promote neoplasm growth and progression.

There are relevant publications on determining the new
morphological signs of the tumor progression risk, charac-
terizing the internal properties of parenchymal cells, and
interaction of the tumor microenvironment components.
The AJCC study (1996-2015 years) of tumors in five locations
(lung cancer, CRC, melanoma, breast, and prostate cancer)
identified 176 prognostic tools (formulas, risk scores, calcu-
lators, nomograms, etc.) to establish additional independent
prognostic markers that compensate the shortcomings of
the system for determination of adverse outcomes risks [1].

In order to predict the survival of patients with CRC, 53
models have been identified [2]. These techniques com-
bine clinical data and information from the pathology re-
port of the tumor characteristics to assess the probability
of a particular outcome occurring at a specific time [3, 4].
However, these models do not consider the tumor microen-

vironment’s components. The analysis of the scientific pub-
lications showed the absence of universal systems for patho-
morphological assessment of the probable outcomes of the
disease. We could not find the model of pathomorphologi-
cal characteristics of the primary tumor, which enabled us to
predict the development of metastases in patients with lo-
calized CRC. The personification of the prognosis of adverse
outcomes is required at disease stages | and Il since the fre-
quency of distant metastases after radical surgery can reach
up to 10%. The permits above set the goal of the study.

The study aimed to evaluate the role of the parenchy-
mal-stromal ratio in the progression of colorectal cancer.

Materials and methods: The clinical data of the medi-
cal records of 50 patients of the age range of 30-75 years old
who were treated at the “Marat Ospanov West Kazakhstan
Medical University” NCJSC from 2021 to 2022 have been
studied—male and female patients composed 26 (52%) and
24 (48%), respectively. Of them, 21 patients had a tumor in
the sigmoid colon, 11 (22%) - in the rectosigmoid region,
9 (18%) - in the colon, 6 (12%) - in the rectum, and 3 - in
the cecum gut. Depending on the degree of tumor growth
form, all patients have been divided into three groups: 1 -
with locally advanced CRC, 2 - with local-regional CRC, and
3 - with disseminated growth of CRC. The patients were di-
vided into groups: Group 1 included 17 people (9 men and
eight women; 12 had CRC in the sigmoid colon, and 5 — in
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the colon), Group 2 of 18 people (9 men and nine women; 3
had CRCin the cecum, 9 —in the sigmoid colon, 4 - in the co-
lon, and 2 - in the rectosigmoid region), and Group 3 of 15
people (8 men and seven women; 6 had CRC in the rectum,
and 9 - in the rectosigmoid region).

In order to check the normality of the distribution of
the studied quantitative indicators in the groups, the KS
test has been used. The statistical processing has been
done using the Mann-Whitney U test of the Statistica 8.0
software package.

In fragments of the removed large intestine, a standard
pathomorphological study assessed the degree of differen-
tiation of the tumor, depth of invasion into the intestinal wall,
and presence or absence of lymphogenous and hematog-
enous metastases. Using a Nikon Eclipse E200 microscope
(Japan) with the application of Genesis software (Genesis
Software, India) to assess the quantitative and qualitative mi-
croenvironment in 5 fields of view at 40-fold magnification,
the area of superficial growth and deep tumor invasion was
scanned, followed by measurement of the area of the paren-
chyma (Sp) and stroma (Sm). The parenchymal-stromal ratio
(PSR) was calculated using the formula PSR=Sp/Sm.

Results: In analyzing clinical data, it was found that ad-
enocarcinoma progression did not depend on gender, age,
and the degree of tumor differentiation. However, the num-
ber of hematogenous metastases proportionally depend-
ed on the tumor’s location, depth of invasion, and pres-
ence of lymphogenous metastases. When the tumor was
localized in the sigmoid colon, hematogenous metastases
reached 48%. The degree of depth of tumor invasion into
the intestinal wall is directly proportional to the frequen-
cy of metastasis to the liver. The metastasis rate for invasion
into the muco-submucosal layer (T1) and the muscular lay-
er (T2) was 4%, respectively. The rate increased to 80% with
the involvement of the subserous membrane (T3). Metasta-
ses in regional lymph nodes worsened the outcome of the
disease threefold.

With locally advanced and locally regional in the zone of
deep invasion, the parenchymal component predominates
over the stroma. PSS is composed of 2.5:1.0 and 1.6:1.0.

With disseminated growth of CRC in the zone of deep
tumor invasion, the PSR is 1.0:1.4 with a predominance of
the stromal component up to 57% [5].

Discussion: For colorectal cancer, “degree of differenti-
ation” is often used rather than the “degree of histological
malignancy.” There is no explicit link between the degree
of differentiation and invasiveness or metastasis. The de-
gree of differentiation does not mean the tumor aggressive-
ness in CRC. The ability to lead to an unfavorable outcome
relatively quickly is based on the whole complex of prop-
erties of neoplastic cells and their microenvironment. Re-
searchers describe the transition probability from one type
to another depending on the tumor microenvironment [6-
8]. The individual type of invasion is developed according
to the epithelial-mesenchymal transition (EMT) mechanism.
The morphological manifestation of the EMT phenomenon
is considered to be so-called “budding,” that is, the appear-
ance of individual tumor cells in the invasive front of the tu-
mor. “Budding” shows the degree of readiness for the sep-
aration of tumor cells at an early stage of the metastatic

process and is one of the high-risk factors. “Budding” has a
higher prognostic value compared to the degree of tumor
differentiation [9-11].

Colorectal adenocarcinomas are characterized by a “ka-
leidoscope” of stromal-parenchymal elements. Many cell
cooperation and collaboration variants, established dur-
ing each tumor morphotype’s development, determine the
tumor’s further behavior and the disease outcome. With
maximum approaching of characteristics of the tumor pa-
renchyma and stroma to the structure of normal mucous
membrane of the colon and with retention of the “protec-
tive” function of the immune system, the CRC tumor is char-
acterized by slow progression and a tendency to metastat-
ic spread.

Conclusion: In summary, we have established the dif-
ference in PSR depending on the degree of tumor invasion.
There is a decline of PSR in superficial growth zones in dis-
seminated forms of CRC compared to local and local-re-
gional distribution.

The predominance of the stromal component over the
parenchyma in areas of deep invasion characterizes a high
degree of metastasis.

The modern approach to cancer epidemiology and car-
cinogenesis qualifies malignant tumors as an invasive para-
site. It occupies an appropriate place in the ecosystem of pri-
mary organs. Then, it spreads, forming regional and distant
communities around metastases, forming a single system
of interconnected ecosystems throughout the body. Dur-
ing metastatic spread, the tumor cells are exposed to cer-
tain risks [12, 13]. They acquire a metastatic phenotype, alter
metabolism, lose their proliferative advantage, and trans-
form from an epithelial to a mesenchymal cell. When the cell
initiates an invasion, successfully evading the immune sur-
veillance and infiltrating the blood vessels, it is exposed to a
high risk of death during circulation in the bloodstream. The
risks associated with metastatic spread explain the need for
an external signal to start metastasis. Thus, the acquisition
of metastatic capacity does not mean that the tumor cell
necessarily has to leave the ecosystem of the maternal tu-
mor. The metastatic migrants respond to the signal for the
invasion to start. The existing angiogenic process does not
provide rapid local cell proliferation, so the tumor outgrows
the vascular network. Anabolically, the process entails lo-
cal hypoxia and dystrophy, accumulation of metabolic de-
cay products, and decreased pH, leading to an unproduc-
tive toxic swamp — tumor swamping [14, 15]. All of the above
becomes a signal for the initiation of metastatic spread.

Considering that, according to several authors, the pro-
gression of colorectal cancer also depends on the stromal
microenvironment of the tumor (extracellular matrix, blood
vessels, inflammatory infiltrate cells, and fibroblasts), we will
highlight that issue in the subsequent scientific publication.

References:

1. Amin M.B., Greene F.L., Edge S.B., Compton C.C., Gershenwald
J.E., Brookland R.K., Meyer L., Gress D.M., Byrd D.R., Winchester D.P.
The Eighth Edition AJCC Cancer Staging Manual: Continuing to build a
bridge from a population-based to a more «personalized» approach to
cancer staging // CA Cancer J. Clin. - 2017. - Vol. 67(2). - P. 93-99. https://
doi.org/10.3322/caac.21388

2. Mahar A.L, Compton C.,, Halabi S., Hess K.R., Weiser M.R.,
Groome P.A. Personalizing prognosis in colorectal cancer: A systematic

Oncology and Radiology of Kazakhstan, Ne3 (69) 2023 35



DIAGNOSTICS

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

review of the quality and nature of clinical prognostic tools for survival
outcomes // J. Surg. Oncol. — 2017. - Vol. 116(8). — P. 969-982. https://doi.
0rg/10.1002/js0.24774

3. Kratochwil C., Flechsig P, Lindner T.,, Abderrahim L., Altmann A.,
Mier W., Adeberg S., Rathke H., Rbhrich M., Winter H., Plinkert P.K., Marme
F.,Lang M., KauczorH.U.,, JdgerD., Debus J., Haberkorn U., Giesel F.L. 68Ga-
FAPI PET/CT: tracer uptake in 28 different kinds of cancer // J Nucl Med. -
2019. - Vol. 60. - P. 801-805. https://doi.org/10.2967/jnumed.119.227967

4. Barrett R.L., Puré E. Cancer-associated fibroblasts and their
influence on tumor immunity and immunotherapy // Elife. - 2020. - Vol.
9. - Art. no. e57243. https://doi.org/10.7554/eLife.57243

5. Petrelli F.,, Pezzica E., Cabiddu M., Coinu A., Borgonovo K.,
Ghilardi M., Lonati V., Corti D., Barni S. Tumour Budding and Survival
in Stage Il Colorectal Cancer: a Systematic Review and Pooled Analysis
// J. Gastrointest. Cancer. — 2015. — Vol. 46 (3). — P. 212-218. https.//doi.
0rg/10.1007/512029-015-9716-1

6. Van Wyk H.C., Roseweir A., Alexander P., Park J.H., Horgan P.G.,
McMillan D.C., Edwards, J. The relationship between tumor budding,
the tumor microenvironment, and survival in patients with primary
operable colorectal cancer // Ann. Surg. Oncol. - 2019. - Vol. 26(13). - P.
4397-4404. https://doi.org/10.1245/510434-019-07931-6

7. Ray K.M., Kerlikowske K., Lobach V., Hofmann M.B., Greenwood
H.I., Arasu V.A., Hylton N.M., Joe B.N. Effect of background parenchymal
enhancement on breast MR imaging interpretive performance in
community-based practices // Radiology. - 2018. - Vol. 286. — P. 822-
829. https://doi.org/10.1148/radiol.2017170811

8. Patil N.S., Nabet B.Y., Miiller S., Koeppen H., Zou W., Giltnane
J., Au-Yeung A., Srivats S., Cheng J.H., Takahashi C., de Almeida P.E.,
Chitre A.S., Grogan J.L., Rangell L., Jayakar S., Peterson M., Hsia A.W.,
O’Gorman W.E., Ballinger M., Banchereau R., Shames D.S. Intratumoral
plasma cells predict outcomes to pd-L1 blockade in non-small cell lung
cancer // Cancer Cell. - 2022. — Vol. 40(3). - P. 289-300.e4. https://doi.
0rg/10.1016/j.ccell.2022.02.002

9. Fridman W.H., Miller 1., Sautés-Fridman C., Byrne A.T. Therapeutic
targeting of the colorectal tumor stroma // Gastroenterology. — 2020. —
Vol. 158(2). - P. 303-21. https://doi.org/10.1053/j.gastro.2019.09.045

10. Menon H., Ramapriyan R., Cushman T.R., Verma V., Kim H.H.,
Schoenhals J.E., Atalar C., Selek U., Chun S.G., Chang J.Y., Barsoumian
H.B., Nguyen Q.N., Altan M., Cortez M.A., Hahn S.M., Welsh J.W.
Role of radiation therapy in modulation of the tumor stroma and
microenvironment // Front Immunol. — 2019. — Vol. 10. — Art. no. 193.
https://doi.org/10.3389/fimmu.2019.00193

11. Wu J., Liang C., Chen M., Su W. Association between tumor-
stroma ratio and prognosis in solid tumor patients: a systematic review
and meta-analysis // Oncotarget. — 2016. — Vol. 7. — P. 68954-68965.
https://doi.org/10.18632%2Foncotarget.12135

12. Huijbers A., Tollenaar R.A., Zeestraten E.C., Dutton S., McConkey
C.C., Domingo E, Smit V.T.H.B.M., Midgley R., Warren B.F., Johnstone
E.C., Kerr D.J., Mesker W.E. The proportion of tumor-stroma as a strong
prognosticator for stage Il and Ill colon cancer patients: validation in
the VICTOR trial // Ann. Oncol. - 2013. - Vol. 24. - P. 179-185. https://doi.
org/1093/annonc/mds246

13. Ribeiro Franco P.l, Rodrigues A.P, de Menezes L.B., Pacheco
Miguel M. Tumor microenvironment components: Allies of cancer
progression // Pathol. Res. Pract. - 2020. — Vol 216. — P. 152729. https://
doi.org/10.1016/j.prp.2019.152729

14. Van Pelt G.W., Sandberg T.P., Morreau H., Gelderblom H., van
Krieken J.H.J.M., Tollenaar R.A.E.M., Mesker W.E. The tumor-stroma
ratio in colon cancer; the biological role and its prognostic impact //
Histopathology. — 2018. — Vol. 73. - P. 197-206. https://doi.org/10.1111/
his.13489

15. Isella C., Terrasi A., Bellomo S.E., Petti C., Galatola G., Muratore
A., Mellano A., Senetta R., Cassenti A., Sonetto C., Inghirami G., Trusolino
L., Fekete Z., De Ridder M., Cassoni P., Storme G., Bertotti A., Medico E.
Stromal contribution to the colorectal cancer transcriptome // Nat.
Genet. - 2015. - Vol. 47. - P. 312-319. https://doi.org/10.1038/ng.3224

AHJATIIA

KOJIOPEKTAJIBIK PAKTBIH ICIKTEPIHAEI'I HAPEHXHUMATAJIBIK-CTPOMAJIIBIK
KATBIHACBI METACTA3JAPIABIH KOPCETKILII PETIHJIAE
H.M. Hmanoaes', EM. H3mneyos', A.K. Kouwvioaes', E.JK. Bekmyxambemos®, B.B. Bezynos',
O.H. Ypasaeé', D.A. Kviovipoaesa'

«Mapat OcnaHos aTbiHaarbl batbic KasakctaH MeauunHanslk yHuepeuteTi» KEAK, Aktebe, KasakcTan Pecnybnukacsi;
2¥nTeIk [lencaynbik Cakray Manatacki» KP, Actana, Kasakctan Pecnybnukacs!

Oszexminizi: Konopexmanvovl Kamepii icik onemoeei ey kon mapanean Oec icikmiy 6ipi 60abin mabwliadbl HeoHe aypy, My2e0eKmiK Hcone
onim mendenyusnapviver cunammanaoel. KKI eneyni katimanany scolioamobi2blMeH Jicone epne Memacmaszoer cunammanaovl. Onemoik
a0ebuemmepoeci kKonmezeH Mema-manoayiap aypyoviy bIKMUMAal HOMUNCECIH AHbIKMAUMbIH (pakmopaaposl madyaa bazelmmanean.

3epmmeyoin maKcamuol — KO10PEKMANbLOLL KAMEPL ICIKMIK OPULYIHOE2] NAPEHXUMANLObL-CMPOMATbObI KAMbIHACMbIY PONIH 6a2anay.

Aoicmepi: 40 ece yakeiimy Ke3inoe MUKPOKOWIpY Ke3inOe napeHxumanvly (Sp) scone cmpomanwiy (Sm) ayoauul icikmepoiy ycminei ecy
JICOHE mepen UHBA3US aUMAKmapblHoa enwenol. Tlapenxumanvik-cmpomansovl Kamvinac PSS=Sp/Sm ¢opmynacer apiviie ecenmenoi sicone

icik MemacmasvlMen KOppensyus aHblKmanobl.

Homuocenepi: Icik unsasusicolHolly mepenOi2iHiy JHCO2apbliayblMeH 0ayblpaa Memacmaszobly HCULLI2IHIY dcozapbliaybl 6atukanaowl. [lvi-

poiwmul-cy acmol Kabamuina (T1) scone oynuvikem kabamuvina (T2) uneaszusa ywin memacmazowly H#colidamoviebl couxecinuie 4% Kypaosi.
Cybceposovt memopananviy (T3) kamuicyvl keszinde kopcemxiue 80%-2a deilin ocmi. Atimakxmulx aumeha myiinoepindezi memacmasoap aypy-
Obiy Homudicecin 3 ece Hauwapaammol. Tepey UH8A3USA AUMALIHOA HCEP2INIKMI KeH MApaieaH HCoHe Hepeiiikmi aumMakmolx, 0012aHObLIKMAH,
NAPEHXUMANBIK KOMRNOHEHm cmpomadan baceim 6onaowvl. PSS 2,5:1,0 oicone 1,6:1,0. Icikmepdin mepen uneasusicol aiimazvinoazbl CRC ducce-
munupnenzen ocyimern PSS cmpomanvovl komnonenmmiy 57%-2a Oetiin 6acvim bonyvimen 1,0:1,4 kypaiiovl.

Kopvimutnowl: icikmin dcepiikmi Jeone Heepeilikmi-aiuMakmolk mypiepiMeH CaiblCmulp2anod KoI0PeKmanbobl 00bipObll OUCCEMUPIIeH-
een mypnepinde ycmiyei ocy aumaxmapvinoa PSS memenoeyi oaiikanaosi. Tepey uneasus anumazviHOa cmpomanbobl KOMROHEHMMIY Oacblm
601yl Jco2apbl KOAAUCHI3 HOMUdICeee mikenetl nponoPYUOHAIObL.

Tyuiinoi co30ep: xonopekmanvovl Kamepai iCiK, iCIKk MUKPOOPMACHL, NAPEHXUMATbObI-CINPOMATbObL KAMBIHAC.

AHHOTADIUA

IMAPEHXNMATO3HO-CTPOMAJIBHOE COOTHOIIEHHUE B OITYXOJISAX
KOJIOPEKTAJIBHOI'O PAKA KAK UTHIANKATOP METACTA3ZUPOBAHU S
H.M. Hmanoaes', EM. H3mneyos', A.K. Kouuwvioaes', E.JK. Bekmyxamoemos®, B.B. Bezynog',
O.H. Ypasaes', 3.A. Kviovipoaesa'

'HAO «3anagHo-KasaxcTaHckuit MeauunHckiin yHueepeuteT umenn Mapata OcnaHosay, Aktobe, Pecnybnuka KasaxctaH;
20UMutON «HaumoHanbHas nanara sapaBooxpaHeHusi», AcTaxa, Pecnybnuka KasaxcTaH

Axmyansnocmo: Konopexmanwvuwiii pax (KPP) 6xooum é namepky camulx pacnpocmpanénublx pakog 60 6Cem mupe u Xapakmepusyemcs
mpenoamu 3aboneeaemocmu, unéanuouzayuu u cmepmuocmu. KPP xapaxmepu3syemcs 3nauumenbHol 4acmomotl peyuousa i panHum mema-
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cmasuposanuem. MHodcecmeo memaananiuzos 6 MUpogoll Jumepamype HanpasieHvl Ha NOUCK QaKmopos onpeoeieHis 6eposamHo20 Ucxooa
3a001€6aHUSL.

Lenv uccnedosanusn — oyenumo pob NapeHxXUMamo3Ho-CmpoMaiIbHO20 COOMHOUEHUS 8 NPO2PECCUPOBAHUI KOTOPEKMAbHO20 PAKA.

Memoowvi: npu muxpokonuposanuu 6 40-kpammom yeeauvenuu usmepaiu niowaos napenxumsl (Sp) u cmpomul (Sm) 6 30nax nogepxnocni-
HO20 pocma onyxonu u 2nyookotl unéasuu. Paccuumoléanu noxasamenb napenxumamosno-cmpomaivio2o coomuowenus (IICC) no gpopmyne
TICC=Sp/Sm u onpedensinu KOpPeIAYUOHHYIO 83AUMOCEAZL C MEMACMAZUPOBAHUCM ONYXOTU.

Pesynvmamur: C yeenuyenuem 21youHbl UHEA3UU ONYXONU OMMeEUAemcs NOBbIUIEeHIe YACHOMbl MeMACMa3upo8anus 6 neyennv. Ilokazamens
Memacmaszuposanus npu uneasuu & causucmo-noocausucmotii caoil (T1) u mviwmeunyio ovonouxy (12) cocmasun 4% coomeemcmeenno. Ioxa-
samenb 6o3pacman 00 80% npu eoeneueruu cyoceposnou obonouku (13). Memacmasul 6 pecuonaprble tumpamuyeckue y3ivl yXyoulaiu ucxoo
3abonesanus 6 3 pasa. Ilpu mecmno-pacnpocmpanénnom u 10KAIbHO-PESUOHAPHBIM 6 30He 27YO0KOll UHBA3UY NPeodadaen napeHxumamos-
Hbltl Komnonenm Hao cmpomou. IICC cocmasnsiem 2,5:1,0 u 1,6:1,0. Ilpu ouccemunuposarnnom pocme KPP 6 30ne 2ny6oKkoil uneaszuu onyxonu
1ICC pasen 1,0:1,4 ¢ npeobradanuem cmpomanvpiozo komnonenma 0o 57%.

3axniwuenue: ommeyvaemcs crudicenue IICC 6 nogepXHocmuwix 30Hax pocma npu oucceMuHuposanuvlx gopmax KPP no cpasnenuio c
MeCmHBIM U TOKATbHO-pe2uonapom munax paka. Ipeobnadanue cmpomanivioeo KOMnOHenma 6 301e enyboKoll uHeda3sul npsamo nponopyuo-
HAJIbHO € 6bICOKUM HeONa2onpUAmMHbIM UCXOOOM.

Kniouegvle cnoga: xonopexmanvrulii pak, MUKPOOKPYIICEHUE ONYXOIU, NAPEeHXUMAMO3HO-cmpomanvioe coomuowenue (IICC).
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ABSTRACT

Relevance: Acute lymphoblastic leukemia (ALL) is the most common cancer among children, accounting for nearly a
quarter of all childhood cancers.

The study aimed to determine the risk factors and signs of critical conditions in children with acute lymphoblastic leu-
kemia admitted to an intensive care unit (ICU).

Methods: The approach used was a systematic review. Data was collected from sources published in 2019-2023. Four
cohort studies, four retrospective analyses, two literature reviews, one case-control study, and one case study were included
in this systematic review.

Results: The prognosis in pediatric ALL depends on the initial number of blast cells in the peripheral blood. Patients
with B-cell precursor acute lymphoblastic leukemia (BCP ALL) and low blast cell numbers survived better than patients
with T-cell acute lymphoblastic leukemia (T-ALL) and low cell count. ILIB and NLRPI genetic polymorphisms enhanced
ALL risk and reduced infectious comorbidity. However, these gene polymorphisms must be confirmed in juvenile leukemia.
KRAS, FLT3, NRAS, PTPN1I, KMT2D, PTEN, and NOTCHI gene mutations affected pediatric ALL patient features
and treatment results. These mutations demonstrate the relevance of genetic profiling in risk classification and tailored
management. Gene variations and availability of effective medication contributed. Pediatric BCP-ALL patients with the
PAX5P8OR mutation had worse 5-year overall survival, higher white blood cell counts, male preponderance, and more genet-
ic abnormalities. Pediatric BCP-ALL focused on genetic analysis and risk stratification. Children of African American and
European American ancestry showed varied incidence, recurrence, and outcome rates for ALL. African American children

exhibited lower incidence but greater recurrence rates and poorer prognosis than European American children.

Conclusion: Risk factors for these patients’ admission to ICU include comorbidities, infectious diseases, hypoxia, and
hemodynamic instability, as well as age and baseline white blood cell count at diagnosis.

Keywords: Clinical deterioration, signs of critical conditions, intensive care unit (ICU), acute lymphoblastic leukemia

(ALL), children.

Introduction: Acute lymphoblastic leukemia (ALL) is the
most common cancer among children, accounting for near-
ly a quarter of all childhood cancers [1].

More than 6,600 new cases were diagnosed in the Unit-
ed States in 2022, and nearly 1,600 people died from ALL.
Children make up about 60% of all cases, with the highest
incidence rate occurring between the ages of two and five.
A second peak in incidence comes beyond the age of fifty.
Most childhood cancers and 75% of leukemia diagnoses in
children below 15 years are ALLs. It ranks behind only acci-
dents as the second-leading cause of death for children un-
der 15 years. After reaching its mid-20s low, the risk progres-
sively starts to grow again. This process continues until age
50. About 20% of adult acute leukemias are caused by ALL.
For both sexes, the lifetime risk of ALL is around 0.1% (1 in
1000 Americans). Even though the overall survival rate for
children with ALL has significantly increased over the last
several decades, some kids still need to be brought to the
critical care unit because of a decline in their clinical condi-
tion. This is the case even though the overall survival rate for
children has significantly improved. Identifying signs or early
warning indicators of severe conditions in children with ALL

admitted to an intensive care unit (ICU) is vital for improving
outcomes and reducing morbidity and mortality rates. It has
been shown that the following criteria are both clinically and
physiologically important predictors of prognosis in pediat-
ric ALL: age, initial white blood cell count, leukemic blast ge-
netics and immunophenotype, and treatment response.

It is significant to emphasize that over 80% of children
with cancer live in LMICs, where treatment results are not
optimum. This is mostly brought on by factors that lead to
higher treatment-related mortality rates, such as delayed
presentation, malnutrition, and a lack of supporting and
critical care facilities. A high desertion rate further decreas-
es the survival rates in LMICs. Anemia, thrombocytopenia,
and neutropenia are common signs of bone marrow loss in
children with ALL, along with visceromegaly and lymphad-
enopathy [2]. For severely sick patients, the ICU offers exten-
sive monitoring and treatment. Children with ALL admitted
to ICU often have a variety of clinical symptoms, such as or-
gan failure, sepsis, respiratory distress, and fever. The under-
lying causes of clinical deterioration in these cases can vary
widely, such as infectious complications, chemotherapy-re-
lated toxicities, or organ involvement by leukemia itself [2].
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The diagnosis, therapy, and supplementary care of pa-
tients with malignancies of the blood have made signifi-
cant strides over the last several decades, increasing surviv-
al rates. However, it is not yet known what the outcome will
be for hematologic cancer patients who need admission to
the critical care unit. According to recent statistics, these
patients’ in-hospital death rates vary from 46% to 90%.
This is significantly higher than the mortality rates in gener-
al medical patients admitted to the ICU over the same peri-
od. Through a multivariable analysis, six factors are signifi-
cant predictors of ICU admission. These factors relate to the
patient’s health, such as acute leukemia and curative intent
chemotherapy, to the patient’s laboratory results, such as
a platelet count below 50 109/L, albumin levels below nor-
mal, and elevated LDH at the time of admission, and to the
patient’s doctor, such as discussions about advanced direc-
tives. These indicators are paramount and may aid health-
care personnel in starting timely and thorough dialogues
with patients about treatment objectives, enabling proac-
tive choices before the patient’s health deteriorates. It is
essential to remember that most patients diagnosed with
hematologic cancers will need admission to ICU at some
point during treatment. This highlights the significance of
using the found predictors to enable efficient discussion
with patients about their treatment choices [3].

Detecting early signs of impending clinical deteriora-
tion is crucial for timely intervention and improving out-

comes in this vulnerable population. Identifying predic-
tors or early harbingers of critical conditions in children
with ALL admitted to the ICU is paramount. It allows
healthcare providers to recognize subtle changes and initi-
ate appropriate management strategies promptly. Howev-
er, recognizing these predictors can be challenging, espe-
cially in the pediatric population, where symptoms can be
nonspecific, rapidly evolving, and influenced by the child’s
age and developmental stage.

The study aimed to determine the signs in children
hospitalized in the critical care unit with acute lympho-
blastic leukemia.

Materials and Methods: For this systematic review of
early signs of critical conditions in children with ALL admit-
ted to ICU, the data was collected from sources published
in 2019-2023. To conduct a PubMed search for early signs of
critical conditions in children with ALL admitted to ICU, we
use the keywords (“prognosis” AND “pediatric ALL"). Four
years: There are 115 articles identified within a specific four-
year timeframe. It implies that the search was conducted
with a focus on a particular period or interval. Free full: Out of
the total results, 66 articles are marked as “free full.” This in-
dicates that these articles can be accessed without payment
or subscription restrictions. Selected: The dataset includes 17
articles marked as “selected.” These articles were reviewed or
curated to identify the most relevant and high-quality data.
12 of 295 articles were considered relevant (Fig. 1).

rPuincations identified by literature A f Records excluded after applying A
Identification searching in PubMed —> year filter “2019-2023”
(n=295) (n=180)
\, J \ J
v
4 N f . N
Records excluded after applying
Screening Inclusion / Exclusion Criteria > free full text “Article”
(n=49)
\. J \. J
{ ‘ N
I Records excluded irrelevant
Eligibility Record ass?ﬁ:?%fm eligibiity 1L, publications
(n=5)
\ J \ J
v
7 N
Included Highly rilne=v1azn)t studies
\ J

Figure 1 - A Four-Phase Literature Review Flow Diagram

The inclusion and exclusion criteria were:

1. Time Frame: The search was limited to a specific four-
year period, possibly to focus on recent developments or
to align with a particular study timeline.

2. Availability: “Free full” articles were preferred to
open-access materials freely accessible without paywalls
or subscription requirements to ensure broader access to
the selected articles.

3. Manual Selection: 17 articles were manually selected
for a more targeted review. Then, they were scrutinized to
identify those of higher quality and relevance.

4. Relevance: Finally, 12 articles were considered rele-
vant, meaning they were especially important or coinci-
dent with the research objectives.

Results: According to Table 1, a retrospective co-
hort study by Dai Q. et al. involved 367 patients with
ALL aged 0 to 14 years [4]. F.S. Alves et al. conducted a
case-control study involving 158 patients with ALL and
192 healthy individuals aged 2 to 15 years [5]. D. Shen
et al. conducted a single-center cohort study with 219
patients diagnosed with pediatric ALL, ranging in age
from 0.05 to 16.25 years, with a median age of 3.75 years
[6]. W. Burke et al. performed a literature-based evalua-
tion without specifying a sample size, focusing on indi-
viduals up to 15 years [7]. M. Jung et al. conducted a ret-
rospective analysis involving 1237 patients with B-cell
precursor ALL (BCP-ALL) over ten years [8]. J. Chu et al.
conducted a retrospective analysis involving a large
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sample of 5,161 children diagnosed with ALL, covering
the age range of up to 18 years [9]. A.L. Brown et al. de-
signed a prospective cohort study involving 208 pedi-
atric patients with ALL, aged between 2 and 18 years
[10]. F. Liu et al. conducted a retrospective analysis in-
volving 178 patients with ALL, ranging in age from 1 to
13 years [11]. L. Kipfer et al. performed a retrospective
analysis involving 110 unselected pediatric patients
without specifying the age range [12]. J.T. Nearing et al.

Table 1 - Overview of study characteristics

conducted a combined 16S rRNA gene and metagen-
omic shotgun sequencing study in an independent
pediatric ALL cohort without providing a specific sam-
ple size [13]. A. Kashef et al. conducted a case study in-
volving 241 observations of patients with ALL, ranging
in age from 0 to 17 years [14]. Q. Zou et al. performed
a literature review and analysis of existing studies, col-
lecting 44 samples from individuals between 0.75 and
11.12 years of age [15].

Sr.No Study Study Design Sample Size Age Range
1 Dai Q. et al. [4] Retrospective Cohort Study | 367 patients with ALL 0to 14 years
2 | AlvesFS.etal.[5] Case-Control Study 192 healthy and 158 ALL patients 2to 15 years old
3 | ShenD.etal.[6] Single-Center Cohort Study | 219 patients with pediatric ALL 0.05-16.25, median: 3.75years
4 | Burke W.etal.[7] Literature-based evaluation | Not applicable Upto 15
5 |JungM.etal.[8] Retrospective analysis 1237 patients with BCP-ALL Tenyears
6 | Chul.etal.[9] Retrospective analysis 5,161 children with ALL Upto 18
7 | BrownA.L.etal.[10] | Prospective cohort design 208 pediatric patients with ALL 2-18 years.
8 | LiuF.etal.[11] Retrospective analysis 178 patients 1-13 years
9 | KupferL.etal.[12] Retrospective analysis 110 unselected pediatric patients Not specified.
10 | Nearing JT. etal.[13] | Cohort Study An independent pediatric ALL cohort | Not specified
11 | Kashef A.etal.[14] Case study 241 observations 0to 17 years
12 | ZouQ.etal.[15] Literature review 44 samples were collected 0.75-11.12 years of age
Early Signs of ALL ed patient-reported symptoms such as fatigue, pain, sleep

Table 2 of the systematic review examined a range of sign
variables concerning pediatric ALL. Q. Dai et al. focused on
the initial peripheral blood blast cell count at diagnosis [4].
F.S. Alves et al. investigated genetic polymorphisms, includ-
ing IL1B and IL18, NLRP1, NLRP3, and P2RX7, genotyped us-
ing PCR-RFLP and gPCR [5]. D. Shen et al. utilized targeted
sequencing through Next-generation sequencing (NGS) to
identify gene mutations [6]. W. Burke et al. explored signs
such as ALL incidence, relapse rates, prognostic indicators,
environmental risk exposures, gene variants associated with
treatment response, and access to treatment [7]. M. Jung et
al. examined signs, including PAX5P80R status, white blood
cell counts, sex, and copy number variations (CNVs) of IKZF1,
PAXS5, ETV6, RB1, BTG1, EBF1, CDKN2A, CDKN2B, and ERG [8].
J. Chu et al. assessed the response to dexamethasone, cate-
gorizing patients into dexamethasone good response (DGR)
and dexamethasone poor response (DPR) groups based on
peripheral lymphoblast count [9]. A.L. Brown et al. investigat-

Table 2 - Study Early Signs of ALL

disruptions, and nausea using surveys completed by patients
or caregivers [10]. F. Liu et al. analyzed predictors, including
the ETV6-RUNXT fusion gene, CNS state at diagnosis, pred-
nisolone response, risk level, gene positivity after induction
chemotherapy, minimal residual disease (MRD) positivity, and
gene positivity at the 12th week [11]. L. Kiipfer et al. examined
the impact of treatment with a reduced intensity ALL-Mos-
cow Berlin (MB)-91 protocol [12]. JT. Nearing et al. focused on
the gut microbiome composition and its association with in-
fectious complications during the initial six months of ther-
apy [13]. A. Kashef et al. conducted an extensive analysis in-
volving 31 attributes as potential signs in pediatric ALL [14].
Q. Zou et al. investigated genetic mutations (NOTCH1/FBXW?7,
PTEN, RAS, and KMT2D) and abnormal activation of the JAK-
STAT signaling pathway as potential signs in ALL [15]. These
studies contribute to understanding the diverse factors that
may influence the development, prognosis, and treatment
response of pediatric ALL.

Sr.No Study

Sign Variables

1 DaiQ.etal. [4]

Initial peripheral blood blast cell count at diagnosis

2 | AlvesFS.etal. [5]

IL1B and IL18 genetic polymorphisms (genotyped by PCR-RFLP), NLRP1, NLRP3, and P2RX7 genetic
polymorphisms (genotyped using qPCR)

3 Shen D. et al. [6]

Gene mutations identified through targeted sequencing based on Next-generation sequencing (NGS)

4 Burke W. et al. [7]

ALL incidence, relapse rates, prognostic indicators, environmental risk exposures, gene variants
associated with treatment response, access to treatment

5 |JungM.etal.[8]

PAX5P8O0R status, white blood cell counts, sex, copy number variations (CNVs) of IKZF1, PAX5, ETV6, RB1,
BTG1, EBF1, CDKN2A, CDKN2B, and ERG

6 | Chul.etal.[9]

Response to dexamethasone (classified as dexamethasone good response [DGR] and dexamethasone
poor response [DPR] groups based on peripheral lymphoblast count)

7 Brown A.L.etal.[10]

during the treatment

The signs variables were patient-reported symptoms, including fatigue, pain, sleep disruptions, and
nausea. The patients or their primary caregivers completed symptom surveys at specific time points

8 LiuF.etal. [11]

positivity at the 12" week

ETV6-RUNX1 fusion gene, Central nervous system (CNS) state at diagnosis, Prednisone response, Risk
level, Gene positivity after induction chemotherapy, Minimal residual disease (MRD) positivity, Gene
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Table 2 (continued)

9 | KupferL.etal.[12]

Treatment with a reduced intensity ALL-Moscow Berlin (MB)-91 protocol

pathways (JAK-STAT pathway)

10 | Nearing JT. etal.[13] | Gut microbiome composition, infectious complications during the first six months of therapy
11 | Kashef A. etal. [14] 31 attributes
12 | ZouQ.etal.[15] Genetic mutations (NOTCH1/FBXW?7, PTEN, RAS, and KMT2D), abnormal activation of signaling

Table 3 summarizes important findings regarding
pediatric ALL. Q. Dai et al. found that the initial pe-
ripheral blood blast cell count influenced the clinical
prognosis of pediatric ALL. Specifically, patients with
B-cell precursor acute lymphoblastic leukemia (BCP
ALL) and low blast cell counts had better survival rates,
while those with T-ALL and low counts had worse sur-
vival rates than intermediate and high counts [4]. F.S.
Alves et al. focused on inflammasome gene polymor-
phisms and their association with ALL risk and infec-
tious comorbidities. They discovered that certain ge-
netic variants, such as IL1B and NLRP1, were linked to an
increased risk of ALL and decreased susceptibility to in-
fectious comorbidities. However, larger-scale investiga-
tions are required to validate the significance of these
gene polymorphisms in juvenile leukemia [5]. D. Shen
et al. identified 381 mutations in 66 different genes in
pediatric ALL patients. They found that specific mu-
tations, including KRAS, FLT3, NRAS, PTPN11, KMT2D,
PTEN, and NOTCH1, were associated with particular
patient characteristics and treatment outcomes. This
highlights the importance of genetic mutations in risk
stratification and personalized management of ALL [6].
W. Burke et al. investigated the disparities in ALL inci-
dence, relapse rates, and prognostic markers between
African American (AA) and European American (EA)
children. They discovered that AA children had lower
incidence but higher relapse rates and worse prognos-
tic markers than EA children. Environmental risk factors
had a limited impact, while gene variations and differ-
ential access to effective therapy contributed to these
disparities. Precision medicine was suggested as a po-
tential solution to address these gaps [7]. M. Jung et
al. examined the presence of the PAX5P80R mutation
in pediatric BCP-ALL patients and its impact on clinical
outcomes. They found that patients with this mutation
had worse 5-year overall survival, higher white blood
cell counts, male predominance, and additional genetic
abnormalities. This highlights the importance of genet-
ic profiling and risk stratification in pediatric BCP-ALL
[8]. J. Chu et al. focused on the response to dexameth-
asone as a prognostic factor in pediatric ALL. Based on
the peripheral lymphoblast count, they divided the pa-
tients into groups for dexamethasone’s excellent reac-

Table 3 - Main results of the studies included in the analysis

tion and dexamethasone’s poor response. DPR patients
had higher relapse rates and lower 6-year event-free
survival and overall survival rates, emphasizing the im-
portance of early therapeutic response assessment and
tailored management [9]. A.L. Brown et al. investigat-
ed the association between patient-reported symp-
toms and the incidence of relapse in pediatric ALL.
They discovered that certain symptoms at various stag-
es of treatment — such as weariness, discomfort, dis-
turbed sleep, and nausea, were connected to an elevat-
ed chance of recurrence. Symptom clusters and higher
symptom load were also associated with recurrence
[10]. F. Liu et al. evaluated the prognostic factors and
treatment outcomes in pediatric ALL. They reported fa-
vorable outcomes in ETV6-RUNX1-positive patients but
highlighted the need to carefully consider CNS involve-
ment and minimal residual disease levels for appropri-
ate treatment decisions [11]. L. Kiipfer et al. studied the
outcomes of reduced-intensity ALL-MB-91 treatment in
pediatric ALL patients. They found a 3-year event-free
survival rate of 34.9% and suggested that tailored treat-
ment intensity and improved platelet infusion might
enhance outcomes [12]. J.T. Nearing et al. explored the
relationship between gut microbiota composition and
infectious complications in pediatric ALL patients dur-
ing treatment. They discovered that specific gut micro-
biome characteristics were associated with increased
vulnerability to viral problems, highlighting the poten-
tial role of the microbiome in patient outcomes [13]. A.
Kashef et al. examined the necessity of cranial radio-
therapy (CRT) in pediatric ALL patients and developed
a classifier to predict the need for CRT based on disease
recurrence. They found that CRT was cost-effective and
beneficial for patients with a higher risk of recurrence
[14]. Q. Zou et al. reviewed prognostic factors, genet-
ic and molecular characteristics, and optimal treatment
modalities in adult T-LBL. They emphasized the impor-
tance of genetic mutations, such as NOTCH1/FBXW?7,
PTEN, RAS, and KMT2D, and abnormal signaling path-
ways, particularly the JAK-STAT pathway. The study rec-
ommended specific treatment approaches while con-
sidering the benefits and risks of radiotherapy and
highlighted the significance of prognostic models in
guiding therapy selection [15].

Sr.No Study Outcome Measure Results Findings
Dai Q. etal. [4] The clinical progno-| BCP ALL was 91.6%, T-ALL 8.4%. BCP BCP ALL patients with low blast cell
sis of pediatric ALL | ALL and T-ALL patients’ prognoses de- | counts (<1x10%L) showed better sur-
pended on their initial peripheral blood | vival rates than those with large counts
1 blast cell count (>30%10°/L). T-ALL patients with low

counts had worse survival rates than
intermediate counts
(1-29.9x10%L) and high counts
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Table 3 (continued)

Alves F.S.etal. [5] | Inflammasome IL1B C/T rs19644 genotype increases | Larger-scale investigations are needed
gene polymor- ALL risk by 2.48-fold, whereas NLRP1 | to validate the relevance of inflam-
phisms and ALL A/T rs12150220 genotype decreases | masome gene polymorphisms in juve-

2 and infectious co- | infectious comorbidities by 0.37-fold. | nile leukemia.
morbidities NLRP3 and P2RX7 polymorphisms did
not affect risk

Shen D. et al. [6] Patient charac- 381 gene mutations were identified KRAS, FLT3, NRAS, PTPN11, KMT2D,
teristics, cytoge- | in 66 different genesin 152/219 pa- | PTEN, and NOTCH1 mutations were
netics, genetic tients related to particular patient features
subtypes, risk (P<0.050). PIK3R1 mutation was more

3 stratification, and common in babies (P=0.021). ETV6 and
treatment results PHF6 mutations lowered steroid sensi-
are correlated with tivity (P=0.033 and 0.048, respectively)
gene mutation

Burke W. et al. [7] ALL disparities AA children had a lower ALL inci- AA children had lower incidence,
between African | dence but greater recurrence rates greater relapse rates, and worse prog-
American (AA) and| and worse prognostic markers than | noses than EA children. Due to insuf-
European Ameri- | EA children. Due to limited evidence, | ficient data, environmental risk expo-
can (EA) children | environmental risk factors for ALL sures on ALL are unknown, whereas

4 had little effect, although treatment | gene variations and differential access
response gene variations increase AA| to effective therapy contribute to
children’s recurrence rates. Risk-di- the reported discrepancies. Precision
rected treatment, case management, | medicine may address these gaps by
and no out-of-pocket payments may | personalizing treatment techniques
reduce ALL recurrence rates for varied patient groups

Jung M. et al. [8] 5-year overall sur- | PAX5P80R was detected in 2% of Pediatric BCP-ALL patients treated
vival BCP-ALL patients, with greater white | with the AIEOP-BFM ALL 2000 regimen

blood cell counts and male sex. Most | who had PAX5P80R had worse clinical
PAX5P80R-positive individuals were | results, including poorer 5-year overall

5 >10 years old and had PAXS5, IKZF1, survival. PAX5P80R’s association with
CDKN2A, and CDKN2B deletions, other genetic abnormalities and in-
leading to lower 5-year overall sur- termediate-risk pediatric BCP-ALL risk
vival than in PAX5P80R-wildtype classification requires more study
BCP-ALL

Chu J. et al. [9] The prognosis Compared to DGR, DPR had greater | Dexamethasone caused an early ther-
(recurrence rate, | age, white blood cell counts, BCR/ apeutic response. Dexamethasone re-
6-year event-free | ABL1 and TCF3/PBX1 fusion genes sponse and low residual disease were
survival, and over- | frequency, and central nervous sys- | prognostic in the intermediate-risk
all survival rates) | tem recurrence (P<0.001). The DGR group, possibly directing early man-

6 group had reduced recurrence rates | agement to minimize recurrence
(18.6% vs. 11%) and greater 6-year
event-free survival (73% vs. 83%) and
overall survival (86% vs. 92%). Only
the intermediate-risk group differed
(P<0.001)

Brown A.L. etal. The main outcome| A total of 208 patients were followed | The research found substantial con-

[10] measure was the | up for a mean period of 2.6 years. A nections between recurrence and
incidence of re- relapse occurred in 22 patients certain symptoms at different treat-
lapse in pediatric ment phases. Fatigue at the onset
ALL patients of delayed intensification (DI) and

maintenance cycle 1 (MC1), pain at

7 DI, nausea after induction, and sleep
problems at the end of induction, DI,
and MC1 all increased relapse risk.
Symptom clusters with greater aver-
age DI symptom load were also relat-
ed to recurrence

LiuF. etal. [11] The induced The median white blood cell count ETV6-RUNX1-positive ALL has a good
remission rate, at diagnosis was 9.46x10°/L, and the | prognosis, although individuals with
cumulative relapse| median age was 4 years. The initial CNS2 at diagnosis or high MRD levels
incidence, 5-year | induction treatment achieved a at 12 weeks should have stem cell
and 10-year OS/ 97.8% remission rate, while 15.9% of | transplantation
EFS rates, and re- | patients relapsed, predominantly as
lated prognostic | isolated bone marrow relapse (83.3%)

8 variables affect and late relapses (79.2%). The medi-
medical research | an relapse to first full remission was
results 35.5 months. ETV6-RUNX1-positive

children had 5-year and predicted
10-year overall survival rates of 89.4%
and 88.6% and event-free survival
rates of 82.1% and 77.3%
42 Oncology and Radiology of Kazakhstan, Ne3 (69) 2023
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Table 3 (continued)
Kupfer L. etal.[12] Event-free survival | No patients stopped therapy, and 57% | The lower intensity ALL-MB-91 treat-
(EFS) and overall were high-risk. 65.5% obtained full ment in a charity-funded public hospital
survival (OS) remission on day 36. The 3-year event- | in Cambodia had a 3-year event-free
free survival (EFS) and overall survival survival rate of 34.9% for pediatric ALL
9 (OS) rate was 34.9%, with infections patients. Infections and bleeding killed
(53.3%) and bleeding (20%) causing the | most. The research also implies that leu-
most fatalities. Standard-risk (SR) indi- | kemia treatment may be justified with
viduals had 50.5% 3-year EFS selective lowering of treatment intensity
and enhanced platelet infusion
Nearing J.T. etal.[13] |Gut microbiota com-|Infectious problems within six months  [This research examines the gut microbi-
position and pedi- |of medication were associated with ota and infectious problems in pediatric
atric ALL infectious |[unique gut microbiota alpha diversity, |ALL patients following therapy. The
complications beta diversity, species abundance, and |findings emphasize taxonomic and func-
functional pathways. These results show [tional microbiome differences. Machine
that the gut microbiome’s makeup and [learning models employing patient
10 activity determine patients’ vulnerability [information and bacterial species had an
to viral problems during treatment 84.09% classification accuracy. Bacterial
species were the most relevant charac-
teristics. This connection and its implica-
tions for future research and therapeutic
practice need more study
Kashef A.etal.[14]  [The necessity of Cra-|The stacked ensemble classifier used in |In pediatric ALL patients, disease recur-
nial Radiotherapy |the study demonstrated highly reasona- |rence is the main predictor of CRT thera-
1 (CRT) treatmentin  |ble performance with an Area Under the |py, which is cost-effective and beneficial
pediatric ALL pa- Curve (AUC) of 87.52%
tients
Zou Q. etal.[15] Prognostic factors, |Genetic mutations (NOTCH1/FBXW?7, The review study covered adult T-LBL's
geneticand molec- [PTEN, RAS, KMT2D) and aberrant JAK-  [genetic and molecular features, rec-
ular characteristics, |STAT signaling were studied in adult ommended treatment options, and
optimal treatment  |T-LBL. Leukemia treatment, CNS proph- |[emphasized the significance of genetic
12 modalities ylaxis, and cranial radiation-free proce- |mutations and abnormal signaling path-
dures were used. 5-miRNA, 11-gene, and |ways. It also highlighted the importance
4-CpG classifiers predicted outcomes  |of prognostic models and recommended
specific therapies while considering the
benefits and risks of radiotherapy

Discussion: This systematic review on Early Signs
and risk factors of Critical Conditions in Children with
ALL Admitted to ICU includes 4 cohort studies, 4 retro-
spective analyses, 2 literature reviews, 1 case-control
study, and 1 case study.

Different research discovered that several clinical
and laboratory prognostic markers utilized for B-pre-
cursor ALL were much less predictive in T-ALL; other cri-
teria, such as the time to relapse and the relapse loca-
tion, were significant prognostic factors for survival [16].
A separate study has also shown that ALL children be-
low 15 years have a very good prognosis, with cure rates
exceeding 85%. However, the prognosis for ALL grows
less promising as people age. In the past, only 30% to
40% of individuals over 40 years were cured. Relapsed
ALL continues to cause cancer-related deaths in people
of all ages [171].

The systematic review of the original question focus-
es on various sign variables; the search results cover a
broader range of topics related to ALL. Regular laborato-
ry tests for pediatric ALL include lumbar puncture, bone
marrow aspiration and biopsy, complete blood count,
and peripheral blood smear [18]. Overall, the search re-
sults provide a more comprehensive understanding of
the diagnosis, treatment, and prognosis of pediatric
ALL, including the use of risk-adapted treatment proto-
cols and the importance of genetic and molecular fac-
tors in determining prognosis. This systematic review

focuses on signs of critical conditions in pediatric ALL,
including initial peripheral blood blast cell count, ge-
netic polymorphisms, gene mutations, prognostic in-
dicators, treatment response, and access to treatment.
Other literature from 2019 to 2023 provides additional
insights into prognostic factors, treatment outcomes,
genetic and molecular characteristics, and disparities in
ALL. Pharmacological heterogeneity of ALL exists, and
drug response varies across molecular subtypes [19].
Patient-reported symptoms such as fatigue, pain, sleep
disruptions, and nausea are associated with the inci-
dence of relapse in pediatric ALL. The gut microbiome
composition is associated with infectious complications
during ALL treatments. Genetic mutations and abnor-
mal activation of signaling pathways play a role in ALL
prognosis and treatment responses.

According to a study of pediatric patients, the typi-
cal risk factors for ICU admission are the following:

- Infectious and respiratory diseases, comorbidities,
acute respiratory distress syndrome [20, 21];

- Hyperleukocytosis, neural leukosis, infections,
hemorrhagic syndrome [22];

- Severe course of the underlying disease, hypoxia,
inability to eat and drink [23];

- Age, neurologic impairment, chronic disease, and
immunodeficiency [24].

These risk factors highlight the importance of mon-
itoring and managing comorbidities, infectious diseas-
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es, and respiratory and cardiovascular function in pedi-
atric patients to prevent ICU admission.

The available information describes the primary
reasons for patients with ALL admission to ICU. How-
ever, comparing these results with other research
studies is crucial for a more comprehensive knowl-
edge of the reasons for ICU admissions. The most fre-
quent causes of ICU admission in the United States, ac-
cording to research published in the BMC Emergency
Medicine journal, were chest discomfort, heart failure,
and pneumonia [25]. According to the Ottawa Hospi-
tal data, cancer patients sometimes require ICU ad-
mission for bleeding or infection, usually after chemo-
therapy or bone marrow transplantation. Overall, the
reasons for ICU admission can vary depending on age,
sex, type of hospital, and geographic location. How-
ever, respiratory issues, cardiac problems, renal issues,
and sepsis are common reasons for ICU admission in
various studies. Unified approaches to early precursors
of critical conditions in children with ALL are required
to prevent critical conditions and reduce adverse out-
comes of the disease [26].

Conclusion: Based on the data presented, sever-
al conclusions can be drawn regarding prognostic fac-
tors, signs, and underlying reasons for admission to the
ICU of pediatric patients with ALL and hematologic ma-
lignancies: age, initial white blood cell count at diagno-
sis, ALL subtypes, and initial response to treatment are
important prognostic factors. However, genetic abnor-
malities and recurrence are also important for progno-
sis. Comorbid conditions, infectious diseases, hypox-
ia, organ dysfunction, etc. are common risk factors for
ICU hospitalization. Larger studies show that sepsis, res-
piratory, cardiac, neurological, and renal diseases are
frequent causes of ICU hospitalization. Hematologic
malignancies require further examination of prognos-
tic variables and prognosis of ICU admission. This will
help to improve the understanding and management
of these diseases. Pediatric patients with ALL, especial-
ly those at increased risk of ICU admission, require close
monitoring and follow-up to address potential compli-
cations in due time and reduce the need for intensive
care. Healthcare providers should allocate appropriate
resources, including trained staff, equipment, and infra-
structure, to effectively manage pediatric patients with
ALL. This will optimize patient outcomes and reduce the
burden on intensive care units.
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PEAHUMAIIUS BOJIMIHE TYCKEH KEJEJ JUM®OBJIACTHKAJBIK JEUKEMUSMEH
AYBIPATBIH BAJIAJIAPIAFBI AYBIP )KAFIANWJIAPABIH AJIFAIIKBI BEJTIJIEPI
KOHE KAYIII ®PAKTOPJIAPbI
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2«[Nenumatpus xaHe 6ananap xvpypruscsl FbinbiMu opTanbiFsiy AK, Anmarsl, KasakctaH Pecny6nukacs!;
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Oszexminizi: JKeoen numpoobracmurxanvix netikos (KJIJI) 6anarap apacvinoazvl ey kon mapanzan Kamepii icik 6o1vin madwliadvl, o1 6ap-

abIK Oananap icikmepiniy mepmmen 0ip 6onicin Kypauowl.

3epmmeydin maxcamol — peanumayus dcone KapkuiHObl mepanus oenimine (PKTE) mycken oceden numepobiacmuxaivik ieiko30er ayul-
pamuln b6ananrapoazel Kayin paxmopiapel meH ayelp icaz20aiioviy benziiepin aHblkmay.
AQoicmepi: Peminoe scyiieni wiony Konoanwsinowl. Jepekmep 2019-2023 sucvinoapul sicapusiianaan 0epekko30epoeH scunanovl. JKyieni uwio-

Jy2a mepm Ko2opmmulK 3epmmey, mopm pempocneKmusmi manoay, exi o0ebuemxe womy, 6ip «xcaz0auovi-oaKpiiay»y zepmmeyi sxcone Oip
Jlcaz0auovl 3epmmey Kipoi.

Homuocenepi: Ileouampusnvix KJIJI bonoxcamvina nepughepusnvik Kanoazvl O1acm xHacyuaiapsbinbly 6acmanksl canvl ocep emeoi. bracm
Jlcacyuanapulibly canvl momer oeneetioeei B-JKJIJI nayuenmmepi, memen Oeneetini T-)XKJIJI nayuenmmepine Kapazanoa 00ndjcamol jHarcoi.
ILIB oicone NLRPI cenemuranvik noaumopgusmoepi stceden aumpooiacmuKkaibli 1eiuko30blly 0amy KAyinin apmmuipadsl JcoHe UH@DEeKyus-
JbIK yiiiecimoinikmi memendoemmi. Anaiioa, 6yn eendepoiy norumoppuzmoepi weenunvoi netikemusioa pacmanysl kepek. KRAS, FLT3, NRAS,
PTPNI11, KMT2D, PTEN owcone NOTCHI zendepiniy mymayusanaper neouampusavix XKJIJI 6ap nayxacmapovly cunammamanapvl meH HOmMu-
Jicenepine acep emmi. byn mymayusnap Kayin kamepoi Jcikmey dcone emoeyoi 0apaiay yuiH 2eHemuKaivlk npo@uiboeyoiy 03eKminicin kopce-
meoi. byzan eendix eapuayus sxcone muimoi 0opi-oopmexmepoiy bonyel viknan emmi. PAXSPSOR mymayusacer 6ap emoenywinepoe 5 sHcoliovblK
JHCANNbL OMIP CYpPY Y3AKMblebl MOMEH, JIeUKOYUM KIemKAIApbliHblY 0eH2elll Jco2apbl, epiepoe 0ACHIM JHCOHE 2eHeMUKANbIK AYblMKYIap Kon 001-
vl [Teouampusinvix, B-XKJIJI eenemuxanvix manoay men Kayin kamepoi cmpamuguxayusiayea oazeimmanean. Agppoamepuxanvix (AA) scone
eypoamepuranvix (EA) mexmec bananapoa JKJII aypyvinvly, KaumaianyslHblH JCOHe HOMUdICENePIHIY opmypai kKepcemkiwmepi baukaniovl. AA
bananapeinsly sHcuiniei memeH, 6ipax Kaumanauy xcuiniei sxcozapbol sHcone bonxcam EA banarapvina kapasanoa nawap.

Kopvimuinowv: Ocvl nayxacmapOuiy peanumayus 001iMiHe ACAmMKbI3bLLY Kayin pakmopirapsl Kamap jHcypemin aypyiap, dCyKnaivl aypy-
nap, 2UNOKCUSL HCOHE 2eMOOUHAMUKATBIK MYPAKCHI30bIK, COHOAl-AK, OUASHO3 Ke3iHOe MHCAChl MeH NelKoyummep CaHblHblY 6ACmankl Kepcem-
Kiwmepi 60.16in maodwiIAObL.

Tyiiinoi co3oep: Knunuxanvlx Hawapaay, KpUmukauislk aca20aiuiapoviy bencinepi, Kapkuinovl emoey bonimuweci (KED), oceden aumpoo-
nacmuxanvik netikemus (JKJLI), baranap.
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Axmyansnocmy: Ocmpuiii aumgpooracmuwiii aeiixos (OJ1/1) — naubonee pacnpocmpanentoe onkonozuyeckoe 3abonesanue cpeou oemel,
cocmasnAujee NOYMu 4emsepns 6cex 0emCKUX OHKON02UYECKUX 3a001e8aAHUIL.

Oncology and Radiology of Kazakhstan, Ne3 (69) 2023 45



@) KazIOR

KAZAKH INSTITUTE OF ONCOLOGY AND RADIOLOGY

DIAGNOSTICS

Ilenv uccnedosanusn — onpedenums Qaxmopvl pucka u NPUHAKU KPUMUYECKUX COCIMOAHUL Y 0emell ¢ 0CMmPbIM TUMPOOIACMHbIM 1eliKo-
30M, nocmynusuiux ¢ omoenenue peanumayuu u unmencusuoui mepanuu (OPUT)

Memoowi: B xauecmee nooxo0a ucnonb306aicsa cucmemamuyeckuii 0o3op. Jlannvie 0binu coOpanbl U3 UCMOYHUKOB, ONYOIUKOBAHHBIX 6
2019-2023 2. B cucmemamuueckuii 00630p Obliu 6KIIOUEHBL HeMbIpe KO2OPMHBIX UCCACO08AHUS, YeMblpe PeMPOCNeKMUGHbIX AHAIU3d, 08d
0030pa numepamypbol, 00HO UCCIE008AHUE MUNA (CTYYAL-KOHMPONbY U 00HO UCCLe008AHUE CYYAA.

Pesynvmamui: [Ipocnos npu neouampuueckom OJIJI 3asucum om ucxoono2o Koauuecmsa O1acmuvlx Kiemok 8 nepugepuieckoti Kposu.
Bonvnvie ¢ B-OJIJT u huskum koruuecmeom O1aCmHulX KAemoK ebidcusanu ayvue, yem oonvnuie ¢ T-OJII ¢ nuskum wuciom kremox. I'enemu-
yeckue nonumopgusmel ILIB u NLRPI nogviwanu puck pazsumus OJI/I u chuscanu ungpexyuonnyio komopouonocmo. OOnaxo norumop@us-
Mbl 3MUX 2€HO8 OONNHCHBL ObIMb NOOMBEPAHCOCHbL NPU t08eHULbHOM JNetikoze. Mymayuu cenoe KRAS, FLT3, NRAS, PTPNI11, KMT2D, PTEN
u NOTCHI noenusnu na xapaxmepucmuxu u pe3ynvmamol jedenus nayuenmog ¢ neouampuieckum OJLI. Dmu mymayuu demoncmpupyrom
AKMYAnbHOCHb 2eHeMUYECKO20 NPOPUIUPOSAHUS O KIACCUPUKAYUU PUCKA U UHOUBUOYANUZAYUY NedeHUs. DMOMY CnOcOOCME08ANU 2eHHbIE
sapuayuu u 0OCMynHOCHb IPHekmusnvix 1ekapcmeennvix npenapamos. Ilayuenmer ¢ neouampuveckum B-OJIJI ¢ mymayueii PAXSPSOR
UMeNU XYOuLy1o S-nemHiio 00wy 6bloicusaemMocmy, 6ojee 6biCOKUL YPOEeHb NeUKOYUMO8, NPeodadan MylcuuHbl i umMenu 6oblue 2eHemuye-
ckux anomanuil. [pu neouampuueckom B-OJI/I ocnosnoe snumanue yoensiemces enemuyeckomy aHanusy u cmpamugurayuu pucka. Y oemei
appoamepurarckozo (AA) u eepo-amepurarckozo (EA) npoucxosicoenus Habaooanucsy pasiuunsle nokazamenu 3a001e6aemMocmu, peyuougos
u ucxo006 OJIJL. Y oemeii AA 3ab01e6aemocmsb Hudice, HO UACMOMA PeyuUOUS06 8blule, A NPO2HO3 Xydice, uem y Oemetl EA.

3axnruenue: Daxmopamu pucka 20CRUMAIU3AYUL 6 OMOeNeHUe UHIMEHCUBHOU Mepanuu y makux nayuenmos A1A0mcs Conymcmeyio-
wue 3a00ne6anus, UH@exyuouHvle 6oNe3HU, 2UNOKCUA U 2eMOOUHAMUYECKAs. HeCMAOUILHOCb, d MAKHCe 803PACH U UCXOOHOE KOIULECHBO
JIeUKOYUMO8 6 KpO8U Npu NOCMAHOEKe OUAHO3A.

Kniouesvte cnosa: xiunuveckoe yxyoulenue, npusHaKu KpUmuueckux cocmosanutl, omoenenue unmencusnot mepanuu (OHUT), ocmpuiii
aumepobracmmuutil netikos (OJII), demu.
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ABSTRACT

Relevance: In modern medicine, evaluating patients’ nutritional status is a priority for many specialists. The incidence of malnutri-
tional in cancer pathology increases annually by 65-85%. The nutritional status of patients is represented by a decrease in life expectancy,
deterioration of immediate and long-term treatment results, a decrease in the tolerability of therapy, and a decrease in the quality of life.
Early detection of nutritional insufficiency and evaluation of the patient’s nutritional status makes it possible for early provision of nutri-
tional therapy and has a positive effect before the operation, during and after the operating period, reduces postoperative complications,
and reduces the duration of stay in the hospital. This article reflects on the features of evaluating the nutritional status and methods of
correction of clinical nutrition.

The study aimed to analyze the effectiveness of cancer patients’ nutrition in the early postoperative period and determine the optimal
method of nutritional support.

Methods: We compared the clinical effectiveness of enteral and parenteral nutrition methods in the complex of postoperative thera-
peutic measures on the hepato-pancreatic-duodenal zone.

Results: On Days 10-12 afier surgery, 12 out of 17 control group patients had normal nutritional status judging by their Subjective
Global Assessment (SGA) and Nutritional Risk Index (NRI), and five had moderate malnutrition. After enteral nutrition was added (on
Days 13-15), no malnutrition cases in this group were detected. The total blood protein in the subjects showed a significant difference
between the average values of indicators in clinical groups for the entire study period (p<0.05). The average total blood protein by Day 8
after surgery was 62.5%£10.0 g/L in the study group and 57.5+10.1 g/L in the control group. The change in the blood biochemical compo-

sition was due to the volume, duration, and nature of the surgical intervention.
Conclusion: When using nutritional therapy in cancer patients operated on for tumors of the hepato-pancreatic-duodenal zone in the
early postoperative period, the enteral route of administration of nutrient mixtures is preferred, provided there is no pronounced intestinal

paresis and purulent discharge from the stomach.

Keywords: malnutritional, nutritional support, cancer, cancer patients, enteral nutritional supplements, parenteral nutrition.

Introduction: Treatment of hepato-pancreatic-duode-
nal zone tumors is a priority for modern clinical cancer. The
growth of the hepato-pancreatic-duodenal zone tumors
leads to cancer pathologies, and finding treatment meth-
ods is a priority task. Among the hepato-pancreatic-duo-
denal zone pathologies, those accompanied by a decrease
in the permeability or closure of the central biliary tract,
with the subsequent development of obstructive jaun-
dice, can be recognized as the most severe. Malnutrition-
al is one of the most important indicators of the onset of
the tumor process. It is based on the following factors: loss
of appetite, localization of the tumor, which makes it dif-
ficult to eat normally (depending on its localization in the
oropharyngeal zone or gastrointestinal tract), tumor com-
plications, antitumor therapy (dyspepsia, pain syndromes).
The main changes in oncopathology are manifested by
cancerous cachexia [1, 2].

More than 50% of patients in intensive care units have
symptoms of malnutrition. Despite early preventive exami-
nations and the proposed modern diagnostic measures, in
most cases, patients continue to be hospitalized if various
complications of tumors of the organs of the hepato-pan-
creatic-duodenal zone (obstructive jaundice, duodenal ob-

struction, liver and kidney failure, tumor invasion of hollow
organs and bleeding of the gastrointestinal tract) develop.
Eating disorders significantly affect the outcome and prog-
nosis of the disease, dramatically increase the duration and
cost of treatment, and contribute to an increase in the num-
ber of deaths and complications. Complications include a
decrease inimmunity, secondary infection of the body, slow
wound healing, a decrease in the concentration of blood
plasma proteins, changes in drug metabolism, and a de-
crease in the body’s tolerability to surgical treatment [2, 3].

In evaluating these indicators, the priority task is to
evaluate the state of nutrition and carry out nutritional
therapy in the clinic at all stages of treatment in cancer pa-
tients.

The study aimed to analyze the effectiveness of cancer
patients’ nutrition in the early postoperative period and
determine the optimal method of nutritional support.

Materials and methods: We reviewed the literature
and an analysis of various medical studies on cancer pa-
tients’ nutritional support methods in the early postoper-
ative period.

The International Associations of Clinical Nutrition AS-
PEN (American Society for Parenteral and Enteral Nutrition)
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and ESPEN (Europen Society for Parenteral and Enteral Nu-
trition) recommended screening methods to identify mal-
nutrition, including patient questionnaires. These standard
anthropometric and laboratory data allow for evaluating
the nutritional status and the degree of impairment.

We evaluated the patient’s clinical condition using the
screening protocols Nutritional Risk Screening (NRS, 2002),
Subjective Global Assessment (SGA), and Nutritional Risk
Index (NRI) on Days 5, 10, and 15 before and after surgery.

We also evaluated some indicators of nutritional sta-
tus in the cancer dispensary. These are body mass index
(measured weight before surgery and after surgery on
Days 5, 10, and 15), basal metabolic rate (Harris-Benedict
Equation based on patient’s anthropometric data, taking
into account gender, age, weight, and total volume), labo-
ratory indicators (hemoglobin in the blood, lymphocytes,
total protein, serum albumin, serum transferrin, total and
direct bilirubin, ALT and AST for evaluating nutritional sta-
tus). Our study involved 17 people in the study group, 17
in the control group, and men and women aged 18 to 80.
An appropriate volume of radical or palliative surgical in-
terventions has been performed depending on the tu-
mor size, cancer severity, and prevalence. We compared
the clinical effectiveness of enteral and parenteral nutri-
tion methods in the complex of postoperative therapeutic
measures on the hepato-pancreatic-duodenal zone.

Results: We should evaluate the patient’s nutritional sta-
tus from cancer detection. There are screening methods to
identify malnutrition, including a survey of patients, using
standard anthropometric and laboratory data to evaluate
the nutritional status and the degree of its violation.

The malnutritional indicator is evaluated in cancer pa-
tients using screening protocols: NRS 2002 (Nutritional
Risk Screening), SGA (Subjective Global Assessment), and
NRI (Nutritional Risk Index) [3, 4].

When evaluating NRS 2002 screening results, it is rec-
ommended to answer “yes” or “no” to four questions:

- Is the patient’s body mass index below 20.5?

- Has the patient lost weight in the last three months?

- Has the patient’s food intake decreased in the last
week?

— Does the patient belong to the group of “serious
illness"?

After receiving one positive response, a final screen-
ing is carried out to determine the degree of risk and fur-
ther tactics. In case of negative answers to all four questions,
re-screening is done at intervals of 1 per week to monitor
the patient’s condition. The SGA protocol can be an alterna-
tive to NRS 2002 [1, 2, 5]. SGA evaluates not only changes in
anthropometric data but also the physiological parameters
of the body. SGA includes the following evaluation criteria:

- Weight loss;

- Amount of food consumed;

- Gastrointestinal symptoms;

- Functional abilities;

- Effects depending on the underlying disease;

- Physical signs of malnutrition (loss of subcutaneous
fat or muscle mass, edema, ascites).

According to the above criteria, patients were divided
into three groups (A, B, C) - regular, moderate, and severe
malnutrition.

An additional screening method for evaluating nutri-
tional status is the NRI (Nutritional Risk Index). This proto-
col evaluates changes in body weight and serum albumin
levels [5, 6].

The formula calculates the NRI: (1.519 x serum albumin, g/
dL) + {41.7 x actual body weight (kg)/ideal body weight (kg)}.

After evaluating the test, the patient can be assigned
to one of 3 groups:

1) no malnutritional (NRI>97.5),

2) moderate malnutrition (97.5 = NRI > 83.5),

3) severe malnutrition (NRI <83.5).

This type of screening is effective and used in cancer
patients with gastrointestinal tumors [7-9].

We evaluated the nutritional status or violation risk dur-
ing treatment using the screening protocol data to choose
the method of treatment tactics.

The ASPEN recommends starting nutritional support
as early as possible (within 24-48 hours) after stabilizing
the patient’s condition.

It is necessary to qualitatively determine the dosage of
the drugs used and their composition to achieve the goal
of therapeutic effect from nutrition.

Malnutrition correction is based on the patient’s
needs and requires consideration of the energy con-
sumed and the quantitative combination of substrates.
Considering energy consumption and preventing ener-
gy deficit, the required number of calories is set for each
patient [10-12].

One of the methods for evaluating the energy needs of
cancer patients is the calculation of constant indicators of
body weight (energy - 35 kcal/kg, protein — 1.5 g/kg). Cal-
culating the leading indicators is possible using modern
computer programs to consider the peculiarities of the dis-
ease course and each patient treatment. These programs
also allow calculating the individual patient’s need for en-
ergy and essential nutrients.

Cancer patients need a systematic approach to nutri-
tion. It is necessary to continue at all treatment stages, in-
cluding in the future, in providing outpatient care. Patients
with special metabolic needs and with primary metabol-
ic disorders require special care before and after the sur-
gery [13-15].

Scheme for determining the nutritional support:

1. Evaluation of nutritional status.

2. The patient’s nutritional costs evaluation regarding
essential nutrients (energy, protein).

3. Determination of correction methods of clinical nu-
trition (parenteral, enteral, or combined).

4. Monitoring the patient’s condition.

48 Oncology and Radiology of Kazakhstan, Ne3 (69) 2023



=2 kamnmsmmum or ancotocr amprastotor

TREATMENT

The cancer patient’s nutritional supply is based on ther-
apeutic diet programming, considering energy and plas-
ticity needs, which are a prerequisite for achieving the goal
of cancer treatment and rehabilitation. Clinical nutrition in
intensive care should begin from the first days [16, 17].

The study groups of nutritional support:

- Parenteral nutrition, partial or complete;

— Enteral nutrition;

— Combined nutrition (parenteral and enteral).

With parenteral nutrition, the mixture should be ad-
ministered on the first day at a 50 mmL/h rate. Each sub-
sequent day, the injection rate increases by 25 mmL/h.
In this case, the mixture consumption should not exceed
125 mmL/h. The mixture introduction continues for 18-20
hours during the day [1, 2, 18].

The daily volume of 250-500-1000 ML is evenly distrib-
uted in 6-8 doses for 12-14 hours.

Basic requirements for food quality:

- sufficient caloric content (not less than 1 kcal / ML);

- lactose-free or low lactose;

- adapted, that is, it contains all the vitamins and min-
erals;

- low osmolarity — no more than 340 mmol/L;

- low viscosity for regular injection;

- high quality of ingredients texture (easily digested
and absorbed);

- balanced, with an optimal ratio of ingredients;

- calorie content of the nutrient mixture and intro-
duced nitrogen (under stress, the calorie/nitrogen ratio is
considered optimal - about 120-180 non-protein kcal per
1 g of nitrogen);

- when the mixture is administered outside the gastro-
duodenal section of the digestive tract, it contains a small”
slag” residue;

- does not cause dangerous stimulation of intestinal
motility and evacuation activity of the large intestine [19].

Contraindications to enteral nutrition:

1. Ischemia and intestinal perforation;

2. Gastrointestinal bleeding;

3. Intestinal obstruction;

4. Severe nausea and vomiting that do not correspond
to the standard regimens for taking antiemetics;

5. Abdominal compartment syndrome;

6. Persistent incurable diarrhea.

Parenteral nutrition is the introduction of nutrients into
the body, bypassing the gastrointestinal tract (root bed).
Parenteral nutrition can be complete or incomplete. In gen-
eral, parenteral nutrition provides the entire daily caloric re-
quirement of the body. Incomplete parenteral nutrition is
necessary to partially compensate for the lack of nutrients
that cannot be fully assimilated with enteral nutrition.

Semi-parenteral nutrition should be considered
as an aid. Nevertheless, this type of nutritional supply
is widely used in the pre-and postoperative period to
meet the daily requirement for energy and plastic sub-

strates to restore and maintain water-electrolyte and
acid-base balance in cases where complete enteral nu-
trition is impossible.

The main components of parenteral nutrition:

1. Energy sources-glucose Solutions (10%, 20%, 30%)
and oil emulsions.

2. Sources of plastic material for protein synthesis are
solutions of crystalline amino acids.

3. Multivitamin complexes (water and fat-soluble vita-
min preparations).

4. Microelement complexes for parenteral administra-
tion.

5. Mixed vessels “two in one” (@amino acid solution+
glucose) and “three in one” (amino acid solution+glu-
cose-+fat emulsion) [1, 3, 20].

Parenteral feeding modes:

Round-the-clock input:

- Optimal for hospital patients;

- Best durability and use of substrates;

Infusion lasting 18-20 hours:

— Good endurance;

- It is recommended to introduce 5% glucose at inter-
vals;

Cyclic mode-infusion for 8-12 hours:

- Convenient for Parenteral Nutrition at home;

- Good endurance after a period of adaptation.

Contraindications to parenteral nutrition:

- Shock (increase in the dose of vasopressors)

— Anuria or hyperhydration without dialysis;

— Fat embolism (for Fat Emulsions);

- Serum lactate>3 mmol/L, hypoxia pO,<60 mmHg.St.;

- pCO,>80 mmHg.St., acidosis-pH<7.2;

- Intolerance to individual food components or ana-
phylaxis.

Mixed food.

In the postoperative period, the patient can be adminis-
tered simultaneously with a gradual increase in enteral and
parenteral nutrition and a decrease in parenteral nutrition.

Patients nutritional status on Days 10-12 of the preop-
erative and postoperative period confirmed the nutrition-
al status in two groups as usual and insufficient according
to the NRI evaluation methods - 11/6 for the study group
and 15/2 for the control group.

Thus, in 26 patients, the NRI index was considered
harmful (normal nutritional status), and in 8 patients - ac-
tually positive (moderate malnutrition).

Before surgery, according to the SGA assessment, 11 pa-
tients in the study group ate usually, and six did not eat mod-
erately. In the control group, SGA scores showed normal in
15 patients and average nutritional status in 2 patients.

Patients in the control group (n=17) on Days 10-12 were
in a state of normal nutrition according to the SGA and NRI.
2 patients were in moderate malnutrition. After enteral nu-
trition was added (on Days 13-15), no malnutrition cases in
this group were detected. According to the report, the aver-
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age values of metabolic needs, namely energy and protein
requirements, were 35.2+3.5 kcal/kg or 2200-2500 kcal/day
and 1.50.09 kcal/kg/day in both groups or 80-100 kcal/day,
respectively. The central metabolism showed that at the be-
ginning of the control period — before the operation and lat-
er on postoperative Days 3, 8, and 15 there were no signifi-
cant differences between the groups (p<0.1) [6, 7].

Thus, the magnitude of this difference was due to the
preservation of parietal digestion in the gastrointestinal
tract in the early postoperative period despite postopera-
tive intestinal paresis. Patients’ average weight of the lead-
ing and control groups was 79.2+4.11 and 80.8+6.1 kg, re-
spectively, on Days 2-3 of the postoperative period, and
there was a slight but significant difference between the
groups in the comparative aspect up to Days 8-10.

The total blood protein in the subjects showed a sig-
nificant difference between the average values of indica-
tors in clinical groups for the entire study period (p<0.05).
The average total blood protein by Day 8 after surgery was
62.5+10.0 g/L in the study group and 57.5+10.1 g/L in the
control group.

The dynamics of the number of lymphocytes on Days
3-5 after the surgery revealed a significant, more than
2-fold decrease in the level in groups up to 10.5+4.8%,
which was subsequently replaced by an increase and nor-
malization of lymphocytes on Day 10 - up to 21.9+5.6%
and the optimal level by the time of transfer of patients to
a specialized department, on average 24.6 +4.4%.

When evaluating the results of Days 5-7 of total bil-
irubin in both groups, the range of its values averaged
17.6+8.3 umol/L. in patients with obstructive jaundice, bil-
irubin in the blood directly exceeded the norm on the first
day of the preoperative and postoperative period more
than 7-8 times. On Days 5-7, there was a tendency to re-
duce its level by 5-6 times, persisted until discharge from
the hospital [10, 11].

The results of ALT and AST analysis of blood transami-
nases in groups reached a 10-fold increase on Day 1 after
surgery, primarily ALT, as a more specific test for damage
to the liver parenchyma, - 412.3+105.5 and to a lesser ex-
tent AST-102.3+£17.9 EB/L, and then on Days 4-5 a decrease
in ALT on average 153.8+55.6 EB/L.

Discussion: Analysis of the dynamics of clinical efficacy
indicators of treatment in the study group, the duration of
stay in the postoperative hospital was 13.0+5.0 days, sig-
nificantly less than in the control group - 17.5+10.8 days
(p<0.09). The results within the numerical values’ limits ad-
equately reflect more detailed information and are con-
firmed in a few literary sources [6, 10, 14, 16, 17].

According to the leading and control groups, the av-
erage time spent in the intensive care unit of patients has
differed depending on the surgery volume. It amounted to
2.942.7 and 4.3+2.1 days (p>0.06).

Based on the results of this work, according to a consol-
idated analysis of clinical and laboratory data, the enteral

method comes to the fore in the context of the compara-
tive effectiveness of nutritional support, confirmed in sev-
eral literary sources [2-7, 15, 18].

In the absence of pronounced intestinal paresis and
persistent purulent discharge from the stomach in the ear-
ly postoperative period, the effectiveness of enteral/tube
nutrition prevails in this group of patients.

In general, the results obtained based on a specific
contingent (cancer patients in the early postoperative pe-
riod) adequately reflect the positive aspects of the use of
the enteral/tube route of nutrition support compared to
the parenteral method only in the absence of pronounced
postoperative intestinal paresis and dynamic intestinal ob-
struction [1, 2,9, 14, 16].

Each type of nutrition support has its characteristics
of implementation. Of course, the natural way of eating is
usually in the first place. It is preferable if the absorption
of energy substrates and nutritional components is main-
tained in the gastrointestinal tract.

Conclusion: We conducted clinical trials to study the
timing of the onset of nutritional support and methods
for its implementation despite the proven relationship be-
tween the use of certain species (enteral, parenteral nu-
trition) worldwide for many years. In various pathological
conditions, its duration remains the subject of clinical re-
search.

However, not all of them found a significant effect of
diet therapy on immediate and long-term outcomes, espe-
cially in patients with normal nutritional status or moder-
ate malnutrition. The conducted studies are distinguished
by the heterogeneity of the contingent of patients and the
use of different options for nutritional support (parenteral
nutrition, enteral nutrition) [1, 2, 20].

In patients with a general surgical profile, the positive
effect of nutritional therapy is manifested mainly in se-
vere nutritional insufficiency before the start of treatment
or in the absence of complete enteral nutrition for a long
time. The nature of the operation at that time and the ef-
fectiveness and expediency of nutritional support in pa-
tients with tumors of the oropharyngeal zone and esopha-
geal cancer were beyond doubt and have been confirmed
by numerous studies.

Conducting clinical nutrition before and after the sur-
gery is crucial to treating cancer patients. Ineffectiveness
and insufficient feeding of cancer patients can lead to a
deterioration in the immediate and long-term treatment
results, a decrease in the tolerability of therapy, and a de-
terioration in the quality of life.

Nutritional support is paramount for patients who can-
not ensure a healthy diet for more than 14 days in the post-
operative period. When planning nutritional therapy, prefer-
ence should be given to its simplest and most physiological
version — the oral intake of mixed and balanced nutrition-
al mixtures. If oral administration is impossible, they resort
to tubular enteral nutrition; only the last turn is parenteral.
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Thus, nutritional support at various stages of cancer
patients’ complex treatment makes it possible to reduce
the frequency of postoperative complications and the du-
ration of hospital stay, prevent interruption of the course
of treatment, and increase the tolerability of conservative
anti-cancer therapy.
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AHJIATITIA
OHKOJIOTUAJIBIK HAYKACTAPABI ONNEPAIUAIAH KEWUIHI'T EPTE
KE3EHJIE KOPEKTIK KOJIJIAY
ILK. Tasanoé', JI.C. Mycuna'

I«KaparaHabl MeauumHa yHusepeuTeTi» KEAK, KaparaHabl, KasakctaH Pecnybnukacs!

Oszexminizi: Kazipei samanabl meOuyunada Haykacmapobly Mamakmany sHcaz0aivii 6a2aniay KenmeeeH KIUHUKAIbIK MeOUYUHa MAmMaH-
oapuiHbly Ha3apbiHOa. OHKOIO2USLILIK NAMOI02USAAPObIH [UIHOE MA2AMObIK HCeMICREYUINIK Hea20auiapulibly cabl 65-85% dcemedi dicone

ecy ypoici bap.

Hayxacmapoviy mamaxmany srcaz0aiivinbly OY3vl1ybl OMIp Cypy Y3AKMbleblHbIY KbICKAPYbIMEH, eMOey Homuoiceaepiniy oepey dcone y3ak
Mep3imMOi KopcemKiumepiniy HAWAapaaybiMeH, MepanusiHoly Me3iMOLNICIHIH HCOHe eMIP CYPY CaAndcblHblY memeHoeyimeH bipee Hcypeoi.

OHKONO2UANBIK HAYKACMAPObLY MAMAKMAKY HCA20alibli epne 6a2anay JcoHe KOpeKmixk 3ammapobiy Jcemicneyuinicin aHblkmay mamax-
MaHy mepanusicblH YaKmlivl bacmayaa MyMKiHOIK 6epedi, onepayusza Oellinei dcone onepayusioan Kelinei Ke3eHO0epoiy emyiHe oy ocep
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emeoi. Caiibin Keneende, 6y onepayusioan Keuinei acKplHy1apobly MoOMeHOeYIiHe oKeledl JHCOHe HAYKACMApOblY AypyXanaoa 601y y3aKmuolablt
KbicKapmaowl. Makaniaoa oHKOI02USIbIK HAYKACMAPOblY Onepayusioan Ketinei epme kezeqoe mamakmany jHcaz0ativii Oazanday epekuenixmepi
MeH KAUHUKATBIK MamMakmanyovl mysemy o0icmepi KopceminzeH.

3epmmeyoin maxcamol — OHKOIOSUSIBIK HAYKACMAPOd ONepayusoan Ketinei epme kezeyoe mazamobik mamaKmanyoblyy muimMOiniein mai-
oay dcone oMbl Jicy3eze acbipyobly OHMAllibl J0ICiH AHBIKMAY.

Qoicmepi: ['enamonankpeamodyo0enaibovl aimakma onepayusoan Ketiinei eMoix wapanap Keweninoe mamaxmanyowl Koaoay odicmepin —
9HMepPanbOI HeoHe napeHmepanboi MamMakmaHyosbl KOIOAHYObIH KIUHUKATIBIK MUIMOLIIZIHE CAlblICmblpMaibl 6a2anay Heypeizinoi.

Homuacenepi: Onepayusioan ketiinei kezeyniy 10-12 kyninoe oaxuviiay moowvinoazel 17 nayuenmmiy 12-ci Cyowvexmuemi dcahanovix baza-
nay (SGA) scone mazamowik moyexen unoexci (NRI) 6otiviHuia Kaneinmsl mamakmany Kyuinoe, an 5 aoam Kyioe 6010bl. Opmauia Heemriniikcis
mamaxmany. [lapenmepanvoi Kopexmeny sumepanvoice ayvickannan oepi (13-15-wi kynoepi) — ocet monma mamaxmanoay beneinepi b6ap nay-
Kacmap anelkmaimaosl. 3epmmeneminoepoin Hcainvl KaH aKybl3blH maioay sepmmeyoiy OyKil Ke3eHiHOe KIUHUKAIbIK MONmapodzabl Kopcem-
Kiwimepoiy opmawia MoHOepi apacvinodzsl aumapivlkmail atbipmawslivikmsl kopcemmi (p<0,05). Heeizei monma sicaninvi Kan axybi3blHbly
opmawa menwepi 62,5110,0 2/n, bakviiay mobvinoa onepayusoar Ketiinei keseyniy 8 kynine 57,51 10,1 2/n1. Kanuviy 6uoxumusnsl Kypamois
Manoay HoMudICeaepiniy 032epyi Xupypeusivlk apaiacyoblly Koiemine, Onepayusinolly Y3aKmoiebl MeH CUNAMbIHA OAUIAHBICTIbL.

Kopoimuinowvi: Onepayusioan xeiiinei epme KezeHoe 2enamo-nankpeamooyo0eHanibobl AuMakmoly icikmepi OOUbIHUA ONEPayUsL HCACAN2AH
OHKONO2USLILIK HAYKACMAPOd Ma2amobl mamakmanyobl Koi0aneanod, e2ep aukpli iuex napesi Jcone ackazannan ipiyoi boninicmep 6oima-
ca, KOpeKmik KoCnanapowl enzizyoiy SHmMepaiboi HCoubl KOAAUIbL.

Tyiiinoi co30ep: mazamobvik dcemicneywinix, mazamovik K010ay, Kamepii icik, OHKOIO2UAILIK HAYKACmap, SHMepaiv0i mamakmany, na-
penmepanboi mamakmauy.

AHHOTALUA

HYTPUTUBHASA NOAJEPKKA OHKOJIOI'MYECKUX BOJIBHBIX
B PAHHEM NNOCJIEOIIEPAIIMOHHOM IIEPUO/JIE

IILK. /lasanoé', JI.C.Mycuna'
'HAO «MepmumHckmit yHusepeuteT Kaparaxabl», Kaparanza, Pecnybnuka Kasaxcrax

Axkmyansnocms: Oyenxa HympumueHo2o cmamycd 60JbHbIX AGIAEMC NEPEOOHePeOHOl 3a0adell 0 MHO2UX CHeYUAIUCINO8 COBPEMEHHOT
Meouyunbvl. 3a601€6aemMocmb OHKOI02UYEeCKOU Namoo2uell Ha (poHe HYyMpUmuEHoU HedOCMamoyHOCMuU exce200HO o3pacmaem Ha 65-85%. Hy-
MPUMUBHBLL CIMAMYC DONLHBIX PEKOMEHOYEMCsi KOHMPOTUPOBAMb NPU YMEHbULEHUU NPOOONIHCUMENLHOCIU JCU3HU, YXYOUEHUU HenOCPeOCmEeH-
HBIX U OMOANEHHBIX Pe3YAbManos Je4eHsl, Pe3UCMeHnmHOCHU K 1eYeHUI0, CHUNCEHUU I GeKMUSHOCHU NPO8OOUMOL MePanuul U Kauecmed iHus3-
nu. Pannee gvisenenue nympumusHol HeOOCMAMoOYHOCU U OYEHKA HYMPUMUBHO20 CIMAMYCA OOIbHBIX NO3GOIAIOM CBOEBPEMEHHO HAZHAYUMD
HYMPUMUBHYI0 Mepanuio u OKA3bI6arom NONONCUMETbHBII IPPeKnm 00, 80 8peMs U NOcae ONepayull, CHUNCAs 4acnomy nocieonepaytOHHbIX
0CN0ICHEHUIL U CPOKU npebbleanus 6 cmayuonape. B dannoil cmamve noxasamnsl 0cobenHocmu oyeHKu HympumuHo2o Cmamycd u Memoobl Kop-
Ppexyuu n1ewebHo20 NUMaHus.

Lens uccneoosanus — ananus dpghexmuenocmu NUManus OHKOI02UYECKUX DObHBIX 8 PAHHEM NOCICONePAYUOHHOM nepuode u onpeoeie-
HUe ONMUMANLHO20 CHOCOOA e20 NPOBEOeHUs.

Memoowr: [Iposedena cpasnumenbHas OyeHKa KAUHUYECKOU hpekmusHocmu npumMeHeHus Memooo8 IHMePaiIbHO20 U NAPEHMEPANIbHO2O0
numanus 8 KOMnieKce NOCIeONePaYUOHHbIX 1e4eOHbIX MEPONPUAMULL HA 2eNAMONAHKPeamooyo0eHalIbHOU 001acmu.

Pesynomameur: Ha 10-12 cymxu nocie onepayuu, 12 u3 17 nayuenmos KOHMpoibHOU 2PYRnbl HAXOOUIUCH 8 COCMOSHUU HOPMATbHO20 NULe-
8020 cmamyca coenacto Cyovexmushoii I nobanvnou Oyenke (SGA) u Hnoexcy nympumusrnozo pucka (NRI), a 5 nayuenmog 6vinu 6 cocmosinuu
ymeperHo2o Hedoedanusi. C MOMeHmMA NOOKII0UeHUs SHmMepaibho2o numanus (13-15 cymxu), nayuenmog ¢ npusnakamu He0oeoaHus 6 OAHHOU
epynne e gulsgnsnocs. Ipu ananuze obujeco beaxa Kposu y 00caedyemulx 6bla61eHo 00CMOEEpHOe PA3IudUe MedcOy CPEOHUMU 3HAYEHUSMU
nokazameneu 8 KIUHUYECKUX SPYRNAX 8 meyeHue 6ce2o nepuoda ucciedoganus (p<0,05). B ocnognoii epynne cpednee cooepaicanue 0oue2o
benka kposu cocmasuno 62,5£10,0 o/n, ¢ konmponvnoti epynne — 57,5+10,12/n k 8 cymxam nocrneonepayuonnozo nepuooa. Hsmenenue o6uoxu-
MUYECKO20 COCMABA KPOBU 00YCI08TIEHO 00BLEMOM XUPYP2ULECKO20 BMEULAMeNbCMEd, OIUMENbHOCIbIO U XAPAKMEPOM Onepayuu.

3aknwuenue: [pu ucnonb308anuu LympumugHo20 NUMAaHUs y NAyuermos OHKOL02ULeCKo20 NPOoPUsL, nPpOONepupoOBaRHbIX N0 NOBOOY ONY-
Xonetl eenamonanKpeamooyoO0eHaibholl 001acmu, 6 paHHem NOCIeONepayuoHHOM nepuooe npeonoymumenet SHMePaIbHulll Nyms 66e0eHUs
NUMamensHblX cmecetl npu yCiosul OMcymcmeUst 8blpadiCeHHo20 NApe3a KUMeYHUKA U 2HOUHBIX GbLOeIeHUL U3 JICeTYOKd.

Kniouesvie cnosa: nympumusnas He0OCmamouHOCy, HYMPUMUGHAs no00epiIcKd, paxK, OHKoL02u4eckue 00bHble, DHMepalbHoe NUmatue,
napenmepanehoe numanue.
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THE EFFECT OF THE EXTENT OF SURGERY
AND LYMPH NODE DISSECTION
ON THE DEVELOPMENT OF METACHRONOQOUS
PERITONEAL DISSEMINATION IN GASTRIC CANCER

M.Yu. REUTOVICH', O.V. KRASKO?, A.V. IVANOV?

'State Educational Establishment «Belarusian Medical Academy of Postgraduate Education» Minsk, Belarus;
2United Institute of Informatics Problems, National Academy of Sciences of Belarus, Minsk, Belarus;
3N.N. Alexandrov National Cancer Center of Belarus, Minsk, Belarus

ABSTRACT

Relevance: Metachronous peritoneal dissemination (MPD) is among the top factors in the structure of gastric cancer (GC) progres-
sion, considerably worsening radical surgery outcomes. Since cancer cell dissemination in the peritoneal cavity is often triggered during
surgery, assessing its role in MPD development is important.

The study aimed to assess the effect of the extent of radical surgery and lymph node dissection on the MPD development in radically
operated gastric cancer patients.

Methods: The results of radical surgery performed on 1080 patients with gastric cancer (pT1-4N0-3M0) without spreading to the
esophagus were assessed (647 males and 433 females) depending on the extent of surgical treatment (proximal/distal subtotal gastric
resection (SGR), n=639/gastrectomy (GE), n=334; standard/combined surgery, n=973/107) and the extent of lymph node dissection
(LD) — DI (n=151) or D2 (n=929). Also assessed were survival rates (Kaplan-Meyer multiplier estimation method), cumulative inci-
dence (CI) of competing events — MPD, metastases of other localizations, and mortality cases unrelated to gastric cancer (competing
risks analysis).

Results: The analysis showed a statistically significant increase in the cumulative incidence (CI) of GC progression after com-
bined operations (55.614.9%) as compared with the standard radical treatment (GE — 42.312.7%, SRG — 25.6%1.7%, respectively),
including an increase in MPD CI in each of applied surgical procedures: after combined operations — 36.8%4.7%, after standard
GE - 21.6%2.3% and after SRG — 11.1£1.2% (p,,, <0.001). In the presence of lymphohematogenous metastases of other localizations,
the relevant figures were 9.4%2.9% after combined operations, 9.3%1.6% after standard GE, and 5.0£0.9% after SRG (p  =0.022).
Lymph node metastases increased MPD CI after LD DI from 8.3%2.8% (pN0) to 29.1£6.2% (pN1-3) (p,;,,<0.05), and after LD D2 —

from 9.4%1.3% (pN0) to 27.3+2.1% (pN1-3) (p,,, <0.05).

Conclusions: It is advisable to assess the extent of the planned surgical treatment and the condition of local lymph nodes when evalu-
ating the probability of MPD development. The applied lymph dissection procedure did not affect the GC CI progression, including MPD

development.

Keywords: gastric cancer, metachronous peritoneal dissemination (MPD), cumulative incidence (CI), surgical treatment.

Introduction: According to A. Agnes et al., the com-
bination of standard stages of T (pT3-4) and pN (pN2-3)
gastric cancer (GC) has a consequence of the risk of me-
tachronous peritoneal dissemination (MPD) of the order
of 30% [1]. In this case, exfoliation of tumor cells from
the surface of the serous membrane and lymphogen-
ic spread of tumor cells along the subperitoneal lymph
plexus will be possible mechanisms [2, 3]. These factors
contribute to the dissemination of tumor cells in the
peritoneal cavity before the start of surgical treatment.
Unfortunately, they are not limited to the list of all possi-
ble mechanisms of MPD, which has a high proportion in
the structure of GC progression [1, 2, 4]. In particular, as-
sessing the probability of progression of GC ignores the
possibility of dissemination of tumor cells during the
mobilization of the stomach and lymph dissection (LD)
[1, 5]1. This research is devoted to assessing the impact of

the extent of surgery on its long-term results in the con-
text of the possibility of further progression.

The study aimed to evaluate the effect of the ex-
tent of radical surgery and lymph dissection on MPD
development in radically operated gastric cancer pa-
tients.

Materials and Methods: The material for the re-
search was the data of 1080 patients who have under-
gone radical surgery for GC (rT1-4N0-3M0) without
spreading to the esophagus (647 men and 433 women).
In these patients, neoadjuvant and adjuvant treatment
was not carried out according to the standards in force
in the Republic of Belarus in 2012-2018 [6]. The choice of
this cohort was due to the need to determine the fea-
tures of the structure of GC progression in patients who
have undergone radical surgery under the condition of
different extent of surgeries and LD but in the absence
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of the influence of antitumor drug treatment aimed at
preventing the development of various variants of GC
progression.

The research assessed the effect on the develop-
ment of MPD of the extent of radical surgery (proximal/
distal subtotal gastric resection (SGR), n=639/gastrecto-
my (GE), n=334; standard/combined surgery, n=973/107)
and the extent of LD - D1 or D2. LD in D2 was performed
in 929 patients and included monoblock removal of fib-
er together with lymph nodes of stages |-l of metasta-
sis according to the recommendations of the Japanese
Association for the Study of GC [7]: Stage | (N1) — peri-
gastric lymph collectors (No. 1-6); Stage 1l (N2) - lymph
nodes located along the branches of the celiac axis (left
gastric (No. 7), common hepatic (No. 8) and splenic (No.
11) arteries), the celiac axis (No. 9), in the splenic hilum
(No. 10), as well as lymph nodes of the hepatoduode-
nal ligament (No. 12). LD in D1 was performed in 151 pa-
tients and included removal of lymph nodes of the first
stage of metastasis, as well as lymph nodes of the left
gastric artery (No. 7).

The assessment of long-term treatment outcomes
included the calculation of the following survival rates:

Overall survival (OS) - the events included deaths
from cancer-related causes, antitumor treatment, or a
concomitant pathology.

Adjusted survival rate (AS) — the events included
deaths caused by underlying diseases.

Progression-free survival (PFS) — the events included
GC progression and deaths from GC-associated causes.

Dissemination-free survival (DFS) - the events in-
cluded tumor dissemination along the peritoneum and
deaths from GC-associated causes.

Survival was assessed with a standard error (SE) us-
ing the Kaplan-Meyer multiplier method (comparative
survival analysis by log-rank test). SE was calculated us-
ing the Greenwood formula. The monitoring was con-
sidered complete when a relevant event was reported;
in other cases, the monitoring was «censored.»

The study assessed the cumulative incidence (Cl) of
competing events: Cl of MPD and Cl of distant lympho-
hematogenous metastases (DLHM) (in cases when MPD
and DLHM were the only variants of distant metastases
at the time of confirmation of GC progression); Cl of a
combination of MPD and DLHM; Cl of deaths from caus-
es not related to GC progression; Cl of deaths from com-
plications of treatment. The competing nature of the
above events suggests the inevitability of the occur-
rence of one of them as the first during the period after
the completion of radical treatment.

The assessment of Cl of various events mentioned
above used the analysis of competing risks [8]. The in-
cidence for different groups was compared using the
Gray test (pGray) [9]. When identifying the general heter-
ogeneity by the log-rank test, posterior (post-hoc) pair-
wise analysis of groups with Holm’s correction for multi-
ple comparisons was carried out.

Statistical data analysis was performed using the GC
statistical package. 3.1.1 (GPL license) using survival [10]
and cmprsk [11] packages.

Results: The median follow-up in the sample under
consideration was 97 months.

An increase in the extent of surgery from standard
radical GRF to standard radical GE and, for a more com-
mon tumor process, to combined operations was ac-
companied by decreased survival rates (Table 1).

Table 1 - Five-year survival in groups with different types of surgery

Test criterion Survival rates
0S (%+SE) |  AS(%+SE) |  PFS(%xSE) |  DFS (%+SE)
Type of surgery
Gastrectomy, n=334 47.4+2.7* 58,5+2.9* 53.9+2.9% 55.8+2.9%
Combined operations*, n=107 31.3+4.5% 40.0+5.21 36.9+5.1% 39.5+5.2%
Subtotal gastric resection**, n=639 64.5+1.9 76.2+1.8 72.5+1.8 74.3£1.8
P oqan <0.001 <0.001 <0.001 <0.001
Extent of lymph dissection
D1, n=151 51.0+4.1 68.9+4.1 65.714,2 67.5+4.2
D2, n=929 56.8+1.6 67.2£1.6 63.2+1,7 65.0+1.6
P g 0.04 0.826 0.551 0.519
Notes:

When the DFS indicators are calculated, the development of MPD, both isolated and in combination with DLHM, was taken into account as an event;

* — combined gastrectomy/subtotal gastric resection;
** _ proximal/distal subtotal gastric resection;

# — statistically significant differences in post-hoc pair-wise comparisons between the group of patients who have undergone gastrectomy and the

rest with Holm’s correction;

t - statistically significant differences in post-hoc pair-wise comparisons between the group of patients who have undergone combined operations

and the rest with Holm’s correction

The expected worse treatment results with low
survival rates and high Cl of GC progression were re-
ported in the group of patients who have undergone

combined operations and were due to both a more
common pT4b tumor process and a higher Cl of treat-
ment complications in these patients compared to the
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cohort in which standard operations have been per-
formed (Table 1, 2):

1) a more common tumor process that usually re-
quires GE (in comparison with SGR), as well as combined
operations, which resulted in a more frequent progres-
sion of the tumor process, where Cl was 42.3+2.7%
and 55.6+4.9%, respectively, exceeding that for SGR
(25.6%1.7 (p,, <0.001);

2) a higher incidence of complications and the asso-
ciated Cl of deaths from complications of treatment af-

ter performing GE and combined surgery, i.e., 3.6+1.0%
and 4.7+£2.1%, respectively, compared to GRF 11.0£1.2%
(Pg,,,=0.006).

Previously, a similar dependence of survival on the
extent of surgery performed was described by J. Deng
et al. (2015) [12] and FF. Chen et al. (2016) [13].

A detailed analysis of the progression structure es-
tablished that an increase in MPD Cl was the main rea-
son that harmed the long-term results of treatment af-
ter performing combined operations (Table 2).

Table 2 - Five-year cumulative incidence of variants of gastric cancer progression and cases of mortality not related to the
progression of the tumor process in groups with different types of surgery

Five-year cumulative incidence (%=SE)
Type of surgery Deaths from non-oncological
MPD DLHM MPD +DLHM pathologies and treatment
complications
Gastrectomy, n=334 21.6+2.3% 11.4+1.7 9.3t£1.6"% 13.5+1.9
Combined operations*, n=107 36.8+4.7t 9.4+2.8 9.4+29 15.0+£3.5
Subtotal gastric resection**, n=639 11.1£1.2 9.1£1.1 5.0+0.9 12.4+1.3
Poay <0.001 0.657 0.022 0.757
Notes:

* — combined gastrectomy/subtotal gastric resection;
** _ proximal/distal subtotal gastric resection;

# — statistically significant differences in post-hoc pair-wise comparisons between the group of patients who have undergone gastrectomy and the

rest;

t - statistically significant differences in post-hoc pair-wise comparisons between the group of patients who have undergone combined operations

and the rest of the groups:

¥ - statistically significant differences in post-hoc pair-wise comparisons between the patients who have undergone gastrectomy and those who

have undergone subtotal gastric resection.

The latter can be explained by the more intensive
dissemination of tumor cells in the peritoneal cavity in
the case of combined operations compared to standard
ones, which is due not only to the more intensive dis-
semination of cells from the tumor surface but also to
the dissemination of cells from metastatically altered
regional lymph nodes. Thus, the extent of surgery per-
formed allows us to consider a possible variant of GC

progression, particularly MPD, and can be used to assess
the likelihood of progression.

Comparison of groups with different LD extent did
not reveal statistically significant differences in surviv-
al functions and progression Cl (Table 1, 3), which corre-
sponds to the literature data stating that there is no clear
relationship between the increase in LD extent and the
frequency of GC progression, in particular, MPD [14].

Table 3 - Five-year cumulative incidence of adverse events in groups with different extent of lymph dissection

Extent of lymph Five-year cumulative incidence (%=SE) '
dissection gastric cancer progression deat?grg‘g“r‘ré;%ﬁrsnent deaths frg::hrl)?gé?gscologlcal
D1, n=151 29.8+3.7 4.6+1.7 16.6£3.0
D2, n=929 343+1.6 1.9+£0.5 9.6+1.0
Gray test 0.229 0.331 0.002

Attention is drawn to the statistically significant in-
crease in Cl of deaths from non-oncological pathology
in the group of patients with D1 LD, which is explained
by the implementation of this reduced extent of LD in
patients with concomitant pathology, which is often
competitive in comparison with the underlying disease.

However, the assessment of Cl of the considered
variants of progression in the pN+ and pNO groups re-
vealed an increase in Cl of MPD in patients with lesions
of regional lymph collectors, regardless of the variant

of MPD (Table 4), which confirms the results of sever-
al studies demonstrating the possibility of increasing
the frequency of MPD if LD is performed in patients
with pN+ and the absence of adjuvant intraperitoneal
chemotherapy [4, 15].

Thus, the development of MPD does not depend on
the variant of LD (D1 or D2) but on the presence of a
metastatic lesion of regional lymph collectors when LD
(as a mandatory component of radical treatment) caus-
es intraoperative dissemination of tumor cells.
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Table 4 - Five-year cumulative incidence of variants of gastric cancer progression and cases of mortality not related to
gastric cancer in groups with different extent of lymph dissection

Extent of lymph Five-year cumulative incidence (%=SE)
dissection; state deaths from non-oncological
of regional lymph MPD DLHM MPD+DLHM pathology and treatment
nodes pN complications
D1-pNO, n=96 8.3+2.8*t 8.3+2.8 0 19.8+4.1%**
D2-pNO, n=488 9.4+1.3% 3.9+0.9% 3.1+0.8% 11.7£1.5
D1-pN1-3, n=55 29.1£6.2** 20.0+5.5 1.8£1.8 23.6+5.8°
D2-pN1-3, n=441 27.3£2.1 15.5+1.7 11.1£1.5 11.6x1.5
Pey <0.001 <0.001 <0.001 0.002
Notes:

* —for pairwise comparisons, groups D1- pNO and D2-pNO do not differ;

** _ for pairwise comparisons, groups D1-pN1-3 and D2-pN1-3 do not differ;

t - Statistically significant differences in post-hoc pair-wise comparisons between group D1-pNO and groups D1-pN1-3, D2-rN1-3;
¥ - Statistically significant differences in post-hoc pair-wise comparisons between group D2-pNO0 and groups D1-pN1-3, D2-rN1-3;
**¥ _ statistically significant differences in post-hoc pair-wise comparisons between group D1-NO and group D2-rN1-3;

S - statistically significant differences in post-hoc pair-wise comparisons between group D1-pN1-3 and group D2-N1-3.

In connection with the above, assessing the probability
of MPD should consider both the extent of surgery and the
presence of metastatic lesions of regional lymph nodes
(pN+). The latter may be associated with such character-
istics of the tumor process as an infiltrative form of prima-
ry tumor growth, a non-adhesive variant of adenocarcino-
ma, subtotal gastric lesion, etc. In other words, developing
prognostic models requires comprehensive consideration
of several potential predictors of poor prognosis.

Discussion: The analysis of survival rates, which is tra-
ditional for oncological studies, indicates that it needs
to be more informative to clarify the influence of certain
factors, particularly the extent of surgery and LD, on the
structure of GC progression, including its variants. It is due
to the lack of the possibility of distinguishing cases of mor-
tality unrelated to the underlying disease (in this case, to
GC), e.g., when calculating the indicators of OS. The sec-
ond reason for the lack of information content is the need
for more possibility of distinguishing specific progression
variants, which implies taking into account the occurrence
of various localizations of metachronous distant metasta-
ses, particularly MPD.

The analysis of competing risks carried out in this study
made it possible to determine the Cl of various GC progres-
sion variants for a more accurate picture of the factors (in
this case, the extent of surgery and LD) responsible for the
development of a particular variant of progression, and
separating them from lethality not related to GC progres-
sion. It has been established that the development of MPD,
where Cl prevails in the progression structure, is the main
variant of progression that determines the poor progno-
sis after performing radical surgeries, both in the standard
and combined variants. According to the literature, the as-
sessment of the effect of the extent of surgery on the fre-
quency of MPD after treatment of GC needs to be clarified.
In particular, according to Kang L.-Y. et al. (2013) [16], there
were no differences in the number of disseminated peri-
toneal lesions in the long term after standard radical and

combined surgeries. On the contrary, the results of our re-
search demonstrated a high frequency of MPD, which oc-
cupies a leading position in the structure of cases of GC
progression after combined operations. It was also report-
ed that the number of MPD cases in the follow-up dynam-
ics is determined not by the LD variant but by the pres-
ence of a metastatic lesion of regional lymph collectors.
The latter requires adjuvant intraperitoneal chemother-
apy to eliminate tumor cells disseminated in the perito-
neal cavity.

Thus, the analysis of Cl of GC progression variants
shows a relative radicality of surgical treatment when
the tumor process extends beyond the stomach. This is
due to a high probability of metachronous distant me-
tastases, MPD being their most common variant. All of
the above justifies the need to develop and adminis-
ter adjuvant treatment (e.g., intraperitoneal chemother-
apy) to prevent carcinomatosis long after radical sur-
gery. At the same time, it is more rational to supplement
the standard extent of therapeutic measures with intra-
peritoneal chemotherapy under an individual approach
with an assessment of the likelihood of MPD develop-
ment based on the predictors of possible GC progres-
sion, which may include both the extent of surgery and
clinical and morphological features of the tumor process
(pN+ and associated morphological characteristics of
the primary tumor).

Conclusions:

1. The conventional approach with the assessment of
survival rates does not allow for determining the impact
of the extent of surgery on the nature of the progression
of the tumor process, which determines the feasibility of
using the approach based on the assessment of the cu-
mulative incidence of competing events which, for locally
advanced GC, maybe metachronous peritoneal dissemina-
tion and its combination with distant lymphohematoge-
nous metastases, deaths from complications of treatment
and deaths from concomitant pathology.
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2. An advanced tumor process requiring combined op-
erations causes a statistically significant increase in the
5-year cumulative incidence of progression (55.6+4.9%) as
compared with standard radical treatment (42.3+2.7% af-
ter GE, 25.6+1.7% after GRP), including an increase in 5-year
Cl of metachronous peritoneal dissemination in an iso-
lated variant (36.8+4.7% after combined operations and
21.6£2.3% and 11.1£1.2% after standard GE and GRF, respec-
tively (pGray<0.001) and combination with distant lympho-
hematogenous metastases of other localization (9.4+2.9%
after combined operations or 9,3+1,6% and 5,0+0,9% after
standard GE and SGR, respectively (pGray=0.022).

3. The variant of the performed lymph dissection does
not affect the cumulative incidence of gastric cancer pro-
gression, which is 29.843.7% after D1 LD, 34.3+1.6% af-
ter D2 LD (p=0.229), including the cumulative incidence
of metachronous peritoneal dissemination, which is
15.943.0% and 17.0+1.2% after D1 and D2 dissections, re-
spectively (p=0.530).

4. Metastatic lesion of regional lymph collectors caused
more frequent tumor progression during D1 and D2 dissec-
tion. In contrast, the 5-year Cl of progression for D1 and D2
LD was 52.7+6.9% and 53.9+2.4%, respectively, for patients
with rN1-3, exceeding similar indicators for patients with
pNO - 16.7+3.8% and 16.6+1.7% (pGray<0.001), including
MPD Cl after D1 LD - 8.3+£2.8% at pNO to 29.1+6.2% at rN1-
3 (pGray<0.05); after D2 LD 9.4+1.3% at pNO to 27.3+2.1% at
pH1-3 (pGray<0.05).

5. It seems relevant to develop risk assessment models
for an individual approach to the scope of antitumor treat-
ment to prevent MPD. Considering the extent of surgery
and the condition of regional lymph collectors is reasona-
ble when assessing the MPD probability.
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AHJATIIA

ONEPAIIA MEH JIUM®OJIUCCEKIIUA KOJEMIHIH ACKA3AH KATEPJII ICITTHAEI'T
METAXPOH/ABbI IEPUTOHEAJIBAI AIUCCEMUHAIIUAHBIH JTAMYBIHA 9CEPI

M.IO. Pesmosuu', O.B. Kpacvko?, A.B. Heanog*

l«Benapycb MeauLMHanbIK XOFapbl 0Ky OpHbIHAH kewiHri 6inimM akagemusicbl» MemnekeTTik binim 6epy mekemeci, MuHck, benapych;
2«benapycb ¥nTTblK FbinbiM akafemMuscoiHbiK GipikkeH MHhopMaTIKa Macenenepi UHCTUTYTbI» MeMnekeTTik Mekeme, MuHck, Benapych;
3«H.H. Anekcanppos atbiHarbl benapyck ¥nTThik OHKONOTMSNbIK OpTanbIFLI» MeMnekeTTik Mekeme, MuHck, benapych

Oszexminizi: MemaxpoHovl nepumoneanvoi OUCCEMUHAYUS ACKA3aH Kamepii ICIIHIK NPOSPecCUsiCbIHbIY KYPblLIbIMbIHOA2bl JHcemeKili (hak-
mopnapoviy Gipi, 6y oHbl mybezellni emoey Homudicenepin aumapavikmail Hawapaamaovl. Ilepumoneym KyvicblHOA2bl iCIK JHCACYUATAPbIHBIY
mapany npoyecmepi kobinece Xupypeusiivlk, emoey npoyecinoe 6acmanadsl, 01apobly MemaxpoHObl NEPUmMoHeaibOl OUCCEMUHAYUsL OAMYbIHA

acepin bazanay Mayvi30ul.
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3epmmeyoin makcamol — mybeceilni onepayus MeH IUMPOOUCCeKYUsl KONEeMIHIH ACKA3aH Kamepiii iCiciMeH ayblpamsiH HAyKAcmapoa Memax-
POHObL NEPUMOHEANbOL OUCCEMUHAYUSHBIY OAMYbIHA dCepPin bazanay.

Qoicmepi: Opvinoanzan onepayus konemine daliianvicmvl oyeuike ayvicnaii (epaep 647, otiendep 433) ackazan odvipuina (pT1-4N0-3M0) my-
bezetini onepayus xeacanzan 1080 nayuenmmiy (ackasanuvly RPOKCUMATBOBI/OUCMANbObI CYOMOManbobl pesekyuscsl, n=639 / cacmpakmomusi,
n=334) mybeceiini Xupypeusivlk, emoey Homudiceiepine mauoay jeypeisinoi; cmarndapmmel/apanac onepayus, n=973/107) scone opvindaramoin
aumgpoouccekyus kenemi — DI (n=151) nemece D2 (n=929). Conoati-ax, emip cypy oeneeiii (Kannan-Metiepdiy kebeiimy o0ici), uo2blpiaHbLMObIK,
UHYUOCHMMIHIY — MEeMAaxpoHObl NePUMOHedbOl OUCCEMUHAYUSL, OACKA TOKATUZAYUSHBIY MEMACMAa30apbl, AcKa3an Kamepii icicimen daiiansic-
mol emec enim xHcazoailnapsl (bocekenec moyexendepoi manoay) bazananowl.

Homuowcenepi: Cmanoapmmor mybezellii eMoeymen caublcmulpeanod (2acmpakmomusioan keuin 42,312,7%, ackazaunoiy cybmomanbobl
pesexyusicoinan keuin 25,6%1,7%) woavipaaneimOblK npocpeccus UHYUOeHMIiHiY CMamucmukaivlk maybi3oel ocyi (55,614,9%) anvixkmanowl,
OHbLY [WIHOE OKWAYIAH2AH HYCKAOd2bl MeMAXPOHObl NEPUMOHEAIbOi OUCCEMUHAYUSIHBIY WORLIPIAHLIMObIK UHYUOCHMIHIY JICO2apbliaybl (apa-
nac onepayusnapoan Keuin 36,8y4,7%, cmanoapmmul 2acmpIKmoMusiOan HcoHe acKa3aHHbly CYOmMomanbobl pe3eKyuscblHaH Kellin CollkeciHue
21,6%22,3% owcone 11,121,2% (pGray<0,001)) scone bipixmipineen kezoe memaxpoHobl nepumoneanboi OuccemMunayus, 6acKka 10Kaiu3ayusHoly
anvic aumpozemamozendix memacmazoapvimer (apanac onepayusnapoan xeuin 9,4%2,9%, cmanoapmer eacmpdxmomus dcone acKa3aHHbly
cybmomanvovl pesexyuscul Keiin cotikecinue 9,3%1,6% ocone 5,0£0,9%, (pGray=0,022)) xypaiiovl. JTumgha myuindepinde memacmamuKkanvi,
3aKbiMOanyvinbly 6oayvl DI num@poouccekyusacvinan Ketiinei Memaxporobl nepumoHneanvoi OUCCeMUHAYUAHbIY WUO2bIPAAHBIMObIK, UHYUOCHMIHIY
8,312,8%-nen (pNO) 29,1£6,2%-2e Oeiiin (pN1-3) (pGray<0.05) scone D2 numehoouccexyuscovinan xeuin 9,4%1,3%-0an (pNO) scozapeinayvina
oxenol. 27,312,1%-ee oeiiin (pNI-3) (pGray<0.05).

Kopvimuinowi: /lamy vikmumanovievin 6azanay Kezinoe Memaxponobl nepumoneanvoi OUCCEMUHAYUsL ONEPaAyUst KOIEeMIH JHCOHE AUMAKMbLK
aumea myuinoepiniy xcazoaiivin bazanay ycvinviiaovl. Konoanwinean aumgpoouccekyus npoyedypacsl Memaxporobl nepumonediboi OUccemMuHd-
YUsIHbIY OAMYbIH KOCA AN2aHOd, ACKA3AH Kamepiii ICIeIHIK OaMYbIHbIH HCUbIHMBIK JHCULLIZIHe ocep emneoi.

Tyuiinoi cozoep: acxasan Kamepai iciei, MemaxpoHObl NepUMoHeanbOl OUCCEMUHAYUS, UOLLIPIAHBIMObIK UHYUOCHN, XUPYDSUSILIK eMOeY.

AHHOTALNMUSA

BJIMSAHUE OFBEMA OINEPALIUU U JIMM®OJIUCCEKIINN HA PABBUTHUE METAXPOHHOM
NMEPUTOHEAJBHOM JANCCEMHUWHAIUMU ITPU PAKE XKEJIYJIKA
M.IO. Pesmosuy', O.B. Kpacvko®, A.B. Heanoe*

TocynapcTeeHHoe yupexaeHue obpasoBanus «benopycckas MefnUMHCKas akaaemus nocneauninomHoro obpasosanus», MuHck, benapych;
206beanHeHHbIt MHCTUTYT Npobnem Hdopmatukn HAH Benapyci, Munck, Benapych;
3PecnyBnmukaHCKni HayYHO-NPaKTUYECKNI LLEHTP OHKOMOTN U MeANLMHCKOI paguonoruv um. H.H. Anekcanaposa, MuHck, benapych

Axmyansnocme: Memaxponnas nepumoneanvuas ouccemunayus (MII/]) cocmasnsiem eblcoKull yOeabhbvlil 86eC 8 CIMPYKMype npoepeccu-
posanus paka sicenyoxa (PXK), cywecmeenno yxyowas pe3ynomamol e20 paouxanibho2o nevenus. Ipoyeccol oucceMunayuu onyxonesulx Kie-
MoK 8 NOOCIU OPIOWUHBL 3A4ACHIYIO 3ANYCKATONCS 8 NPOYecce bINOIHEHUS XUPYPSULECKO20 JledeHus, Ymo onpeoensien yenecoodpasHocms
OyeHKU ux eausHus na pazeumue MILJJ.

Lenv uccnedosanusn — oyenums gausiHue 06veMa paouKaibHoU onepayuu u iumpoouccekyuu na pazeumue MI1/J y nayuenmos, paouxais-
HO OnepuposanHvlx no nosooy PXK.

Memoowr: [Iposeden ananusz pe3yiomamos paouKkaibho2o xupypeuieckozo aevenus 1080 nayuenmos, paouxkaibno onepupo8anvix no
nosooy PXK (pT1-4N0-3M0) 6e3 nepexoda na nuujeod (mysxcuur 647, scenwun 433) 6 3agucumocmu om o0vema 6bINOIHEHHOU onepayuu (npok-
cumanvraa/oucmanvias cyomomanvhuas pesexyus scenyoxa (CPIXK), n=639/eacmpaxmomusn (I'3), n=334; cmanoapmunasn/komounuposannas
onepayus, n=973/107) u o6vema svinonnsemou aumegpoouccexkyuu (JI{) — D1 (n=151) unu D2 (n=929). Oyenenvi nokazamenu 8bI4cu8aemocmu
(memoo muodcumensuvix oyenok Kannana-Metiepa), kymyismusHnou unyuoenmmocmu KoHkypupyiowux coovimuil — MI1/{, memacma3zos opy-
2011 TOKANU3AYUL, CLYYaAes TeMmanibHOCmu, He c6a3aHHoll ¢ P)K (ananusz KoHKypupyouux puckos).

Pesynomameol: Ycmanogneno cmamucmuyecky 3Ha4umoe yseauyenue KymyasmueHou unyuoenmuocmu npozpeccuposanus (35,6+14,9%) ¢
CpasHeHUl co CMAaHOApPmMHbIM PAOUKAIbHBIM JeyeHuem (nocie eacmpakmomuti 42,3+12,7%, nocre CPK 25,6%1,7%), 6 mom uucne ysenuvenue
KU MI1J] 6 usonuposannom eapuanme nocie komounuposannvix onepayuti — 36,8%4,7% u nocae cmanoapmuvix 1'9 u CPXK — 21,6£2,3% u
11,1%1,2%, coomeemcmeenno; p, <0,001) u npu covemarnuu MII/] ¢ omoarennvimu aumpozemamozennvlmu memacmasamu Opy2ou 10Ka-
JZMSLIL;MM (nocne komounuposannvix onepayuti — 9,4%2,9% u nocie cmanoapmuvix 1'9 u CPXK — 9,3%11,6% u 5,0£0,9%, coomsemcmesenno;

P 0,022). Hanuuue memacmamuyeckoeo nopadxiCeHus, pe2uOHaApHuiX IUM@oKoiiekmopos ooycrosiusaem yeeauvenue KU MIIJ] nocne JIJ]
DI = ¢ 8,3%2,8% (pN0) 00 29,126,2% (pNI-3) (p,,,<0.05); nocae JI] D2 — ¢ 9,4%1,3% (pN0) 0o 27,3%£2,1% (pN1-3) (p,,, <0.05).
3axnrwuenue: Ilpu oyenxe eeposmuocmu paseumus MITJ] yenecoobpasnoil npedcmasisiemcs oyenka 00vema onepayuu u COCmosHus pe-
2UOHAPHBIX TUMPOKOIIEKMOPOs. Bapuanm svinonnennoil JI/] ne enusem na Kymyaamugnyio uHyuoeHm1ocme npoepeccuposanis PIK, exnouas
pazeumue MITJ].
Kniouegwie cnosa: pax scenyoka, MemaxpoHHas nepumoneanbias OUCCEeMUHAYU, KYMYTAMUSHAS UHYUOEHMHOCHIb, XUpYpeuieckoe jeuenue.
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ABSTRACT

Relevance: Ovarian cancer is the most aggressive form among all nosologies of the female reproductive system. More than 75%
of women are diagnosed at advanced stages, and about 60% have metastases to other organs at diagnosis. Systemic chemotherapy
has a limited effect on the peritoneum and a high incidence of side effects. There is a need for more effective approaches to prolong
survival and preserve quality of life by reducing disease symptoms and treatment side effects, especially in countries with limited
health resources.

The study aimed to evaluate the preliminary results of using pressurized intraperitoneal aerosol chemotherapy (PIPAC) in pa-
tients with ovarian cancer with peritoneal metastases.

Methods: 18 women with disease stage T3a-cNOMO treated at the Republican Cancer Research Center for 2022-2023 were stud-
ied. The first group included six patients who underwent cytoreduction + PIPAC at the Ist stage, and the second group (12 women)
underwent exploratory laparotomy + biopsy + PIPAC at the Ist stage. Patients in both groups received two courses of chemotherapy
followed by a repeat of PIPAC. Taxanes + platinum-containing drugs were used in the PIPAC process — cisplatin or carboplatin with
doxorubicin. Each patient received 2 PIPAC sessions and 4 to 6 chemotherapy courses with cytoreductive surgery. All patients un-
derwent laparoscopic control with a reassessment of the Peritoneal Carcinomatosis Index (PCI) by Sugarbaker (2010) and repeated
biopsy of the peritoneum.

Results: The use of cytoreductive surgery + PIPAC at the first stage made it possible to level the symptoms of peritoneal carcino-
matosis, to achieve a complete radiological response in 12 (67%) cases, a complete morphological response in the form of complete
regression in 44%, a moderate response in 39% of cases

Conclusion: Using PIPAC with a cytoreductive component at the first stage of combined treatment of ovarian cancer with peri-
toneal metastases improves immediate results and the patient’s quality of life and reduces the hospital stay. The research is ongoing.

Keywords: PIPAC, ovarian cancer, peritoneal carcinomatosis.

Introduction: There is no need to remind that ovar-
ian cancer (OC) is the most aggressive form among all
nosologies of the female reproductive system. More
than 75% of women are diagnosed at advanced stag-
es, and about 60% have metastases to other organs at
diagnosis [1, 2].

Usually, OC remains local; it metastasizes directly
to neighboring organs or by transperitoneal dissem-
ination of detached cancer cells to all intraperitoneal
structures.

Secondary peritoneal cancer occurs due to me-
tastasis and is the most common cancer of the abdo-
men. OC, gastric, and colorectal cancer metastases are
associated with high recurrence and mortality rates [3].

The best approach to treating peritoneal cancer
from ovarian cancer metastases is multimodal, includ-

ing surgical, chemotherapy components, and targeted
therapy.

The effect of systemic chemotherapy (SCT) on the
peritoneum remains limited due to poor vasculariza-
tion and low penetration. The side effects after SCT of
peritoneal metastases are relatively frequent. The qual-
ity of life of these patients is constantly deteriorating
due to the disease itself and the drug therapy.

Therefore, there is a need for more effective ap-
proaches to prolong survival and preserve quality of
life by reducing disease symptoms and treatment side
effects, especially in countries with limited health re-
sources.

One such approach is the pressurized intraperito-
neal aerosol chemotherapy (PIPAC), proposed by Ger-
man colleagues in 2011. Using the physical properties

Oncology and Radiology of Kazakhstan, Ne3 (69) 2023 59



TREATMENT

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

of gas and pressure by creating an artificial pressure
gradient contributes to increased absorption of cyto-
statics by tissues and their homogeneous distribution
in the abdominal cavity.

Based on relevant experience and support of Russian
colleagues in their use of PIPAC in recent years for gastric
cancer, we also decided to introduce and test this tech-
nique in our institution for patients with OC [4, 5].

The PIPAC technique isimplementable in practice and
well tolerated, also stabilizes and improves the quality of
life of patients even with terminal stages, and can cause
severe therapeutic pathomorphosis with the use of sig-
nificantly lower doses of cytotoxic drugs (up to 10% of
the commonly used dose), which reduces toxicity, allows
the patient to be discharged the next day after manipu-
lation, and thereby reduce the economic costs. Besides,
there is an opportunity for recurrent PIPAC implementa-
tion in contrast to cytoreductive surgery (CS) and hyper-
thermic intraperitoneal chemotherapy [6-11].

The study aimed to evaluate the preliminary results
of using pressurized intraperitoneal aerosol chemo-
therapy (PIPAC) in ovarian cancer patients with perito-
neal metastases (OCPM).

Materials and Methods: The study involved 18
women with OCPM at T3a-cNOMO stage by FIGO classi-
fication examined and treated at the Republican Can-
cer Research Center from October 2022 to March 2023.

In the study, the patients’ age averaged 55 years.
The main complaints included pain, palpable abdomen
swelling, enlargement, and dysuric disorders (Table 1).

Table 1 - Characteristics of patients with OCPM (n=18)

Parameters Abs. %

Median age 55.5+10.5
NMT, kr/m? (M£m) 27.7£6.5
Complaints:

- Increasing the abdomen volume 1 61.1

- Pain in the lower abdomen and 18 100

lumbar region

- Palpable tumor 6 333

- Pain in the epigastric region 14 77.8

- Dysuric disorders 6 333

- Constipation 10 55.6

- Discharge from the genital tract 2 11.1

- Weight loss 6 444

During an ultrasound examination, 83% of patients
had less than 5 L of free fluid in the abdominal cavity; in
61%, the ovarian tumor volume did not exceed 5 cm?3; in
89%, the tumor was hyperechoic or had a mixed struc-
ture (Table 2).

In 78% of cases, the tumor histology represented a serous
adenocarcinoma with moderate differentiation (Figure 1).

The tumor differentiation was G2 in 11 (61.1%) cases
and G3in 7 (38.9%) cases.

Table 2 - Results of ultrasound examination of the abdominal
cavity and pelvic organs of patients with OCPM (n = 18)

Signs Abs. %

Ascites (amount of fluid, L):

-upto5l| 15 83.3

-upto 101 2 11.1

-more than 10| 1 5.6
Tumor volume:

-upto5cm n 61.1

-upto10cm 3 16.7

- more than 10 cm 4 22.2
Tumor structure:

- Tissue 9 50.0

- Liquid 2 1.1

- Mixed 7 38.9

77.8%

Serous adenocarcinoma
= Mucinous adenocarcinoma
= Carcinosarcoma

Figure 1 - Histological options of ovarian tumors in patients
with OCPM (n=18)

Half of the patients had the T3aNOMO stage, 33%
had the T3cNOMO stage, and the remaining proportion
(16.7%) accounted for the T3bNOMO stage by FIGO clas-
sification of the tumor extent.

Based on the study design, the patients were di-
vided into two groups. The first group included six
patients who received the CS + PIPAC at the 1%t stage,
and the second group received the exploratory lap-
arotomy, biopsy + PIAC at the 15t stage. Subsequent-
ly, patients in both groups received two courses of
SCT followed by a repetition of PIPAC. SCT scheme
included taxanes + platinum-containing drugs, and
PIPAC utilized cisplatin or carboplatin with doxoru-
bicin. Overall, each patient received two sessions of
PIPAC and from 4 to 6 courses of SCT with CS. All pa-
tients underwent a comprehensive laboratory (in-
cluding tumor markers), cytological, histological,
and instrumental examination, as well as laparoscop-
ic control with a reassessment of the peritoneal car-
cinomatosis index (PCl) by Sugarbaker method (2010)
[12] (Figures 2, 3).
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Figure 2 — Schematic illustration of the PIPAC methodology performance [12]

Peritoneal carcinomatosis index (PCI)

Z.one Score|| Score | Definition

0 Center LSO No tumor elements

1 Right hemidiaphragm LS1 Formations up to 5 mm
2 Epigastrium LS2 Formations up to 25 mm
3 Left hemidiaphragm LS3 Over 25 mm or solid

4 Left paracolic gutter

5 Left iliac region

6 Lower pelvis

7 Right iliac region

8 Right paracolic gutter

9 Proximal part of jejunum

10 Distal part of jejunum

11 Proximal part of ileum

12 Distal part of the ileum

PCI

Figure 3 - PCindex rating scale according to Sugarbaker P.H. (2010) [12]

Results: Within the study, during six months of
2022-2023, at stage 1, we performed CS with a simulta-
neous PIPAC in 9 (50%) cases. Due to the technical dif-
ficulties and the process prevalence, the remaining pa-
tients underwent only diagnostic laparotomy + biopsy
+ PIPAC at stage 1 (Table 3).

Table 3 - Results of surgical treatment of patients with OCPM

Surgical interventions Abs. %
Cytoreduction:
- Optimal 9 50
- Suboptimal 5 27.8
- Nonoptimal 4 222

Subjective assessment of patients after combined
treatment showed a leveling of symptoms associated
with peritoneal carcinoma (Figure 4).

During an assessment of the effectiveness of treat-
ment after 2 PIPAC sessions according to the RECIST sys-
tem, a complete radiological response was achieved in 12
(67%) cases, and progression was noted in only one case.

Assessment of the morphological response showed
that complete regression with an absence of cancer cells
took place in 44%, a moderate response was obtained in
39% of cases, and a minor response in 17% of cases. No
cases of lack of morphological response to therapy have
been registered (Table 5).
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Figure 4 - Dynamics of the severity of symptoms of peritoneal carcinomatosis before and after PIPAC

Laboratory parameters also showed a marked decline of the tumor markers Ca-125 and HE4 (Table 4).

Table 4 - Laboratory parameters of the tumor markers Ca125 and HE4 before and after two PIPAC sessions

Parameters Before PIPAC After PIPAC
Ca125, Me(1g-3q) 595.58 (55-2000) 15.4 (12.9-59)
HE4, Me(19-3q) 222.5(46-372) 77.7 (44.9-153)
Table 5 - X-ray and morphological responses after two PIPAC sessions
Response according to the RECIST scale Abs. %
X-ray response:
Complete response 12 66.7
Partial response 3 16.7
Stabilization 2 11.1
Progression 1 5.6
Morphological response:
PRGS 1 (complete regression with absence of tumor cells) 8 444
PRGS 2 (moderate histological response with signs of regression, residual tumor cells
predominate) 7 38.9
PRGS 3 (insignificant histological response with a predominance of residual tumor cells
over regressive features) 3 16.7

Discussion: Our preliminary data showed PIPAC to
be safe and effective in treating peritoneal cancer from
OC metastases. This inspires to continue the study in
our country.

Several studies also demonstrated a higher quali-
ty of life in patients treated by the new method than
those who underwent a traditional multi-course SCT.

Conclusion: The newly developed approaches in
diagnosing and combined treatment of OCPM using
PIPAC with CS at the first stage will allow determining
the effectiveness of radiation methods depending on
the tumor prevalence degree, as well as improve the
immediate and long-term treatment outcome in this
category of patients and their quality of life and reduc-
ing the hospital stay. The research is ongoing.
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AHJIATIIA

TOKIKCTAHIA AHAJBIK BE3 KATEPJII ICITT KE3TH/IE IIITMEPIETE TAPAFAH
METACTA3IAPFA KYPCAKIIILIIK KbICHIM APKBLIBI A9PO30JIbI XUMHUOTEPATTUSIHBI
(PIPAC) KOJIIAHYIBIH AJIJIBIH AJTA HOTHKEJEPI

M.M. Xoosxcuesa'?

I« [leHcaynblK cakTay oHe XamnblKTbl drieyMeTTik kopray MUHUCTPAIriHiH «Pecnybnukanbik OHKONOrUsnbIK FoinbiMy opTanbirbi»» MM, fywan6e, TaxikctaH Pecnybnukacs!;
2«TexikcTaH PecnybnmkacbiHbiH [leHcaynblk cakTay canachiHarbl XoFapbl 0Ky OpHbIHaH keiiHri 6iniv 6epy uHctutyTbi» MM, [ywanbe, ToxikcTan Pecnybnmkacs!

Oszexminizi: Ananvix 6e3 Kamepii iciei — atlen0epoiy ypnakmel OOy Jicylieci Myuenepiniy 6apivlK HO30102UsIAPbIHbIY iWiHOe2] ey azpec-
cuemi mypi. byn coipkam ouiendepoiy 75%-0an acmamvlHOa Keud camvlcblHOA AHLIKMAA0bL HCOHe OUAeHO3 Kolbli2an Kezoe wamamer 60%
backa opeanoapea memacmas bepin yneepeoi. JKyiienik xumuomepanus Kypcakka wexmeyiui ocep emeoi dHeoHne Hcanama dcepiepoiy dco2apol
Jrcuinieine uenix emedi. Aypyovly Oencinepi MeH mepanusiHbly HCAHAMA dCePiepin A3aimy apKblibl OMIP CypyOi Y3apmy dcoHe oMip cypy cand-
CbIH cakmay yulin, ocipece 0eHCaynvlk caKmay pecypcmapbl wlekmeyii eroepee muimoi mocinoep Koioany Kasjicem.

3epmmeydiy maKcamol ananvlk 6e3 Kamepii iciei kesiHOe iunepoeze mapazan Mmemacmasoapad KypcaKiuinix KblCblM apKblibl A3p030a60i
xumuomepanusnvt (PIPAC) Kondanyowvly andvin ana nomudicenepin 6azanay.

Aoicmepi: 2022-2023 oucvinoaper T3a-cNOMO (FIGO) aypy camvicvl 6ap pecnyOiukaivik OHKOJIOZUSLIBIK 2bLIbIMU OPMALbIKMA MeK-
cepinin, emoenin dcamkan nepumoHeanbol memacmazoapvl 6ap aumanvlk Oe3 o0bvipbimen aybipamuinl8 otien zepmmendi. Ilayuenmmep
2 monka 6eninoi: Gipinwi monmasel 6 nayuenmrke I-wi keseyoe + PIPAC yumopedykyuscein opeinoanovl, an exkinwi mon (12 otien) — I-wi
Keseyoe skcnaopamuemi aanapomomus + ouoncus + PIPAC opwinoanowl. Exi monmoviy nayuenmmepi 0e Jicyuenik Xumuomepanusiibly
2 kypcwin anoel, cooan ketin PIPAC-mul Katimanaowt. XKytienik xumuomepanus peminoe makcanoap + niamunacel 6ap npenapammap cxemdacol
Konoanwlica, PIPAC npoyecinOe yucniamun Hemece KapooniamuHr 00KCopyoOuyunmer Koaioausliovl. Kainel anreanoa, apoip nayuenm 2 PIPAC
CeaHCbIH HCOHEe YUmopedyKmueni onepayusmeH 4-men 6-2a Oetlin xHcyluenik xumuomepanus Kypcoln anovl. bapavix naykacmapea Sugarbaker P.H.
(2010) o0ici bouvinwa nepumoneanvoi kanyepomamos unoexcin (PCI) xatima bazanaymen dcorne nepumoneanvoi OUONCUsL Ay ApKblibl KeuleHol
3EPMXAHATBIK, YUMOTIOLUSILIK, CUCHONIOLUSLIBIK JHCOHE ACNANMbIK d0icmep mekcepy, COHOAal-aK AanapocKOnUsIblK OAKbLIAY HCypei3inoi.

Homuocenepi: bipinwi xezenyoe [JO+PIPAC kondany nepumoneanvoi kanyepomamo3sovly bencinepin nugeaupaeyee, 12 (67%) scazoaiioa
MOJIBIK PEHM2eHON02USANBIK HCAYANKa, 44% monvik pecpeccus mypinoe moavlk MOpghonocusnvlk xcayanka, 39% scazoaiioa opmawia sxcayanka
KOJL JicemKizyee MyMKiHOIK GepOi.

Kopvimuotnowt: bipinwi xezenoe yumopedykmusmi komnonenmi 6ap PIPAC-mul oceden nomuoicenepoi scakcapmy, oaapoviy omip cypy
Canacwlt Jcakcapmy, cmayuoHapoa 60y YaKslmslH KblcKapmy mypinoe oipikmipineen emoeyoe KoN0awny muimoinici kepcemineeH. 3epmmey
Jrcanzacyoa.

Tyuinoi cezoep: unmpanepumorneanboi KolcbiMObl aspo30b0i xumuomepanus (PIPAC), ananvix Oes oOvipul, nepumoneansoi Kanye-
pPOMAmos.

AHHOTANUA

IPE/IBAPUTEJBHBIE PE3YJIbTATHI BHYTPUBPIOIIIMHHOM ADPO30JIbHOM
XUMHUOTEPAIINU ITOJA JABJEHUEM (PIPAC) IIPU PAKE SAMYHUKOB
C IIEPUTOHEAJIBHBIMUA METACTA3AMMU B TAJVKUKUCTAHE

M.M. Xooxcueea'?

1Y «PecnyBnukaHCKii OHKONMOTMYECKUI Hay4HbIA LIEHTP» MUHUCTEPCTBA 3APaBOOXPAHEHMS U CoLManbHON 3alunTbl HaceneHus, Ayiwanbe, Pecnybnuka TagkukucTaH;;
TOY «MHcTUTyT NocrieannnoMHoro obpasoBaHins B chepe 3apaBooxpaHeHns Pecnybnuku Tamkukiuctany, Lywanbe, Pecrybnuka TamkukucTan

Axkmyansnocme: Pax auunukoe (PA) sensemcs camoil azpeccusHoll popmoil cpeou 8cex HO30102Ull OP2AHO8 HCEHCKOU PenpooyK-
mueHot cucmemsl. bonee uem 75% orcenuyun 8via8110MEsl HA NO30HUX CMAOUsIX, U 0Kk010 60% Ha MoOMeHm NOCMAHOBKU OUAZHO3A UMEIOM
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memacmasvl 6 Opyeue opzamvl. Cucmemnasn xumuomepanus (CXT) umeem oepanuvennoe siusinue Ha OPIOWUHY U BbICOKYIO UACTNOMY
nobounvix a¢ppexmos. Cywecmeyem nompedonocms 6 boaee I¢hghekmusnsvix n00X00ax 015 NPOONCHUS BLIHCUBAEMOCMU U COXPAHEHUS
Kauecmea JdCU3HU 3 cuem YMenbeHUus CUMNIMOMO8 3a001e8aHus u NOOOUHBIX Ihdexmos mepanuu, 0COOEHHO Ol CMPAH ¢ 02PAHUYEH-
HBIMU pecypcamit 30pasooXpaHetus..

Henv uccnedosanusn — oyenums npedgapumenvHule pe3yibmamvl NPUMeHeHUs 6HYMPUODIOUWUHHOT AdPO30IbHOU XUMUOMEPANUU NOO
oasnenuem (PIPAC) y 601bHbIX pakom auunukos ¢ nepumonedaivuvimu memacmaszamu (PAIIM).

Memoowr: HUccredosanwr 18 ocenwun ¢ PAIIM, naxoouswuxcs na obciedoganuu u ievenuu 6 Pecnyoiukanckom oHKOL0SULECKOM
Hayunom yeumpe ¢ 2022-2023z2. co cmaoueti 3a60neéanusi T3a-cNOMO (FIGO). Ilayuenmrku 6viau pacnpedeienvl Ha 2 epynnvi: nepeas
epynna — 6 nayueHmox, KOmopviM Ha NepPeoM dImane yO0anioch ulnoanums yumopedykyuio + PIPAC, u emopas epynna — 12 nayuenmox,
Komopuvim Ha Im amane Ovina npogedena sxcniopamusenas aanapomomus + ouoncusn + PIPAC. Ilayuenmku obeux epynn noxydaiu no 2
kypca CXT c nocnedyiowum nosmopenuem PIPAC. B kauecmee CXT npumenanaco cxema maxcanvl+niamunocooepicaujue npenapamol,
6 npoyecce PIPAC — yucnaiamun uau kapb6oniamun ¢ 0okcopyouyurnom. B yearom xascoas nayuenmra noayyuia no 2 ceanca PIPAC u om
4 00 6 kypcose CXT ¢ yumopedykxmugrou onepayueti (L{O). Bcem 60nbHbIM NPOGEOEHO KOMNIEKCHOE 1AOOPAMOPHOE, YUMOI02U1eCcKoe,
2UCMONI02UYECKOe U UHCMPYMEHMANbHble Memoobl 00C1e008aHUe, d MAK4Ce 1ANnapoCKONUYecKull KOHMpOoib ¢ NepeoyeHKoll uHoeKca ne-
pumoneanvhoeo kanyepomamosa (PCI) no memooy Sugarbaker P.H. (2010) u nosmopnoti buoncueii oprowunb.

Peszynomamur: Ilpumenenue [JO+PIPAC na nepgom smane no3601ui0 HUGEAUPOBAMb CUMNIMOMbL NEPUMMOHEANbHO20 KAHYEPOMAamo3d
(TIK), 0obumucs noanoco penmeenonozuveckoeo omeema 6 12(67%) cayuasnx, noiHo2zo Mmop@onozuieckozo omseema 6 ude NoiHoU pezpec-
cuu 6 44%, ymepennoco omeema 6 39% cayuaes.

3akniouenue: Iloxkasana s¢ppexmusnocme npumenenus PIPAC ¢ yumopedykmugnvlim KOMIOHEHMOM HA NePEOM dnane 6 KOMOUHUPO-
eannom nevenuu PAIIM, 6 sude ynyuuienus nenocpeocmeenHulx pe3yibmamos, NOGbIUEHUs KA4eCmad uX JHCUHU, COKPAWEHUs 8peMen
npebvisanus ¢ cmayuonape. Hccredosanue npooondcaemcs.

Knrwueevte cnosa: enympubprowunuas asposonvias xumuomepanus noo oasaenuem (PIPAC), pak auunuxoe (PA), nepumoneanvhulii
KaHyepomamos.
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ABSTRACT

Relevance: The incidence of malignant neoplasms in various localizations is growing worldwide and in Kazakhstan. The mortality
rate from oncological diseases is also alarmingly high. To facilitate early diagnosis and optimal therapy, scientists are exploring
molecular diagnostics, including PET/CT, using various markers, like *F-fluorodeoxyglucose, widely used in oncology but lacking
specificity for certain types of tumors. The finding of Fibroblast Activation Protein (FAP) has sparked interest in FAP-targeted
radiolabeled inhibitors (FAPI), which could serve as a universal marker for diagnosing different types of cancer. Various FAP markers

for PET/CT are being studied, with special attention given to 68Ga-FAPI.

The study aimed to analyze the potential value of FAPI PET/CT for detecting malignant tumors.

Materials: A literature review was conducted using the MEDLINE, Embase, Scopus, PubMed, and Cochrane Central Register of
Controlled Trials databases for the past decade using the following keywords: “malignant lesions,” “PET/CT,” and “FAPL.” This review
analyzes 48 literature sources with Al-level evidence dedicated to the ®*Ga-FAPI PET/CT diagnostic accuracy in detecting and staging

malignant tumors and assessing treatment efficacy.

Results: According to the analyzed sources, the “Ga-FAPI PET/CT sensitivity and specificity in diagnosing cancer are 95% to
100% and 62% to 100%, respectively. However, clear indications for use in clinical practice require further study of *Ga-FAPI PET/CT
diagnostic capabilities on larger cohorts and more homogeneous datasets.

Conclusion: The available literature data on FAPI PET/CT diagnostic capacity shows this marker’s potential in diagnosing
oncological disorders. Information provided by **Ga-FAPI PET/CT supplements the existing methods and generally impacts the

treatment strategy for each unique case.
Keywords: malignant lesions, PET/CT, FAPI.

Introduction: To date, cancer of various localizations
ranks high in the global morbidity structure. The num-
ber of cancer cases has been growing worldwide and in
Kazakhstan in recent years. In 2020, GLOBOCAN report-
ed 19,292,789 new cases and 9,958,133 deaths from can-
cer worldwide [1].

According to Kaidarova et al., in Kazakhstan, cancer
ranked 7" in total morbidity in 2020 but with a very high
mortality rate. Over 13 thousand deaths from cancer per
year post it second in mortality structure after circulato-
ry system diseases. More than 37,000 new cancer cases are
registered annually in Kazakhstan, and the number of pa-
tients under dynamic follow-up exceeds 205,000 [2].

Early diagnostics improvement and timely initiation
of optimal therapy are of particular importance to reduce
cancer mortality. For that reason, scientists worldwide
conduct relevant clinical studies to reinforce the mission
for health, increase life expectancy, and reduce the burden
of disease and disability.

Global medicine has focused on morphological char-
acteristics when diagnosing tumors for a long time. To-

day, special attention is paid to molecular diagnostics,
which seeks to identify physiological activity in tissues
and allows for the assessment of tumor biological prop-
erties [3]. Molecular diagnostics enables visualizing the
body’s processes at the cell level. Positron emission to-
mography/computed tomography (PET/CT) is a hybrid
method that provides additional information about the
tumor’s functionality and structure [4].
8F-fluorodeoxyglucose (*®*F-FDG), originally devel-
oped in the late 1970s to study brain metabolism, to-
day is the most widely used PET marker with numerous
applications in oncology and other fields [4, 5]. Despite
its undeniable clinical value, the capture of ®F-FDG is
a sign of glucose transport and metabolism and is not
specific to tumors. Further studies led to the develop-
ment of more specific markers, such as radiolabeled
agents targeting the somatostatin receptors and lig-
ands of prostate-specific membrane antigen, which
have been successfully implemented in modern meth-
ods of diagnosis and treatment of neuroendocrine tu-
mors and prostate cancer [6]. The search for cellular
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targets has led to the discovery of the fibroblast acti-
vation protein (FAP). This transmembrane glycoprotein
has been expressed on activated fibroblasts, includ-
ing cancer-associated fibroblasts (CAFs) [7]. Preliminary
data have sparked interest in FAP as a promising marker
for diagnosing various types of cancer in nuclear med-
icine [8]. Several radiolabeled fibroblast activation pro-
tein inhibitors (FAPIs) are currently being investigated
as markers for PET/CT.

The study aimed to analyze the potential value of
FAPI PET/CT for detecting malignant tumors.

Material and methods: A literature review was con-
ducted using the MEDLINE, Embase, Scopus, PubMed,
and Cochrane Central Register of Controlled Trials da-
tabases for the past decade using the following key-
words: “malignant lesions,” “PET/CT,” and “FAPL.”

A total of 253 articles on the search topic were
found, of which 48 literature sources with an A1 level of
evidence were included in this literature review.

Results: FAP is a transmembrane protein actively
synthesized in the tumor stroma and inflamed tissues
during the wound healing. FAP is actively synthesized
on the surface of cancer-associated fibroblasts, which
play an important role in tumor cell growth, aggres-
siveness, and migration. The elevation of the CAFs and
FAPs expression was most commonly recorded in de-
veloping epithelial cancers [9]. In addition, FAP is syn-
thesized on the tumor tissue stromal cells surface. In
this microenvironment, tumor cells grow, proliferate,
and spread, and drug resistance develops [9, 10].

The molecules that can be selectively connected
with specific markers are required to create imaging
techniques. Of all FAP markers developed up-to-date,
%8Ga-FAPI has the most promising characteristics that
largely meet the specified requirements, supported by
a growing number of clinical evidence.

It should be noted that FAP expression is practical-
ly absent in healthy tissues, except for stromal cells in
the tissues of the uterus and placenta, alpha cells of the
pancreas, as well as some dermal fibroblasts [10]. Due
to the low FAP expression in normal tissues, it acts as
a promising marker for diagnosing and treating cancer
using radiopharmaceuticals [9, 10].

In 2018, Loktev et al. conducted a study of the FAPI
PET/CT concept, in which, for the first time, they demon-
strated a high level of marker capture in tumors in three
patients with breast cancer (BC), lung cancer and pan-
creatic cancer [11]. Subsequently, Kratocwill et al., from
the same group of researchers, presented the results
of ®®Ga-FAPI-04 PET/CT in 80 patients with 28 different
types of tumors. The accumulation values varied signif-
icantly depending on the tumor type and the patient’s
individual characteristics. The highest accumulation of
®Ga-FAPI (SUVmax >12) was found in patients with sar-
coma, esophageal cancer, breast cancer, cholangiocar-
cinoma, and lung cancer. In contrast, pheochromocyto-
ma, renal cell carcinoma, differentiated thyroid cancer
(TC), and gastric cancer (GC) had the lowest accumula-

tion (SUVmax <6). Despite the intratumoral and interin-
dividual variability, low background activity provided
excellent contrast in the images, even with low tumor
activity [12].

In the published literature sources, there are data on
the sensitivity of PET/CT using %8GaFAPI in diagnosing
cancer of various localizations, which vary from 95% to
100%, and specificity indices range from 62% to 100%
[12-39]. However, the study sample was small - from 12
to 80 patients.

The positive results from previous studies on various
cancers have led to follow-up studies using ®®Ga-FA-
PI PET/CT in certain types of cancer, including head
and neck cancer. In a cohort of 45 patients with naso-
pharyngeal cancer, ®Ga-FAPI-04 PET/CT showed its ef-
ficacy, surpassing "®F-FDG PET/CT in detecting primary
tumors, metastatically affected lymph nodes, and dis-
tant metastases, resulting in treatment change in 18%
of patients [13]. Another study included 14 patients
with head and neck cancer, including a comparison of
%8Ga-FAPI-04 PET/CT and "®F-FDG PET/CT to distinguish
between healthy and tumor tissues [40]. As a result, it
was demonstrated that %8Ga-FAPI-04 PET/CT increased
the staging accuracy in a cohort of 12 patients with ad-
enocystic cancer [41]. Besides, the possibility of using
%8Ga-FAPI-04 PET/CT was studied in 10 patients with
oral squamous cell carcinoma, while the authors did
not come up with conclusions [14].

The Serfing et al. study demonstrated the excel-
lent efficacy of 68Ga-FAPI and 18F-FDG PET/CT for de-
tecting primary pharyngeal lymphoid ring tumors [15].
However, '8F-FDG was more effective in staging lymph
nodes than %Ga-FAPI.

It was established that '®F-FDG PET/CT had limited
importance in diagnosing malignant brain tumors and
was most useful for differential diagnosis of tumor re-
currence and radiation necrosis. On the other hand,
studies with FAPI PET/CT show high image contrast due
to the absence of background activity, and this advan-
tage over ®F-FDG PET/CT has been highlighted in vari-
ous publications, especially in the context of brain me-
tastases. Concerning primary brain tumors, two studies
focused on using FAPI PET/CT for glioblastoma. In the
research of Windisch with co-authors, a group of 14 pa-
tients with glioblastoma was studied within the frames
of the radiation therapy planning [16]. The diagnos-
tic study of Rohrich M. et al., conducted on 18 patients
with glioma, highlighted the prospects of applying
FAPI PET/CT as a new tool for identifying differences
between poorly differentiated and highly differentiat-
ed tumors [17].

CAFs in tumor tissues are positively associated with
loss of differentiation and aggressive course of thyroid
cancer [18]. Fu and co-authors were the first to describe
the case of differentiated thyroid cancer with elevated
thyroglobulin levels and negative iodine scintigraphy
results, in which ®Ga-FAPI-04 PET/CT revealed an in-
tensive accumulation in the foci of local recurrence and
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distant metastases [19]. In a follow-up study, the same
group reported the additional metastatic foci that were
detected by %®Ga-FAPI-04 PET/CT but not by 'F-FAPI
PET/CT in a patient with differentiated thyroid cancer,
which was explained by a better ratio between the fo-
cus and background on %®Ga-FAPI PET/CT [20].

Breast cancer and other gynecological malignancies
are characterized by a high degree of genetic and mo-
lecular diversity. The receptor expression plays an im-
portant role in the biological behavior of various breast
cancer subtypes, directly affecting the diagnostic and
treatment strategies [21].

In a study of patients with various gynecological tu-
mors by Dendl et al., 14 women with breast cancer had
a strong and moderate accumulation of the marker in
the stroma of the mammary gland formations [22].

In a pilot study by Komek et al., where 58Ga-FAPI PET/
CT and "8F-FAPI PET/CT were prospectively compared in
20 women with breast cancer, ®®Ga-FAPI showed a high-
er sensitivity (100% vs. 78.2%), compared to "®F-FDG
PET/CT, while maintaining a comparable specificity
(96.5% vs. 100%) in detecting primary breast tumors.
%8Ga-FAPI showed a significantly higher accumulation
in primary tumors of the breast, lymph nodes, and pul-
monary and bone metastases compared to 'F-FDG
(p<0.05) [23].

In a retrospective study, Elboga et al. found that
%Ga-FAPI PET/CT had a higher ability to detect foci and
exhibited higher marker activity than '®F-FDG PET/CT in
48 patients with invasive breast cancer [24].

The accumulation properties of '8F-FDG in primary liv-
er tumors, especially for hepatocellular carcinoma (HCC),
are complex due to factors such as low metabolism and
physiological activity of the liver [25]. A study involving
17 patients showed that ®3Ga-FAPI-04 accumulated more
in liver malignancies than benign tumors [26].

Another study evaluated patients with HCC (n=14)
and cholangiocarcinoma CGC (n=3) and found the pre-
dominance of ®8Ga-FAPI-04 PET/CT over "8F-FDG PET/CT
in the detection of primary liver tumors. The efficacy of
%8Ga-FAPI-04 PET/CT was confirmed in 20 patients with
HCC and 12 patients with CGC; the results were equiva-
lent to contrast-enhanced CT and MRI. There were also
two cases of benign liver tumors in which %Ga-FAPI was
negative, emphasizing its potential to distinguish be-
tween benign and malignant liver tumors [27].

Roéhrich et al. compared the diagnostic efficacy of
%8Ga-FAPI PET/CT and contrast-enhanced CT in patients
with primary and recurrent pancreatic tumors. Applica-
tion of %8Ga-FAPI PET/CT led to stage reversal in 10 out
of 19 patients [28].

Of particular interest is the study of the effective-
ness of *GaFAPI PET/CT in the visualization of esopha-
geal and breast cancer. According to the results of sev-
eral studies, it was noted that GC was characterized by
a high accumulation of 8Ga-FAPI [29, 30]. Quin et al., in
a study involving 20 patients with GC, also demonstrat-
ed high efficacy of PET/CT using *®Ga-FAPI for imaging

both primary and metastatic lesions [31]. Similar results
were obtained by Pang et al. on a sample of 20 patients
with GC. The study also included two patients with du-
odenal cancer and 13 with colon carcinoma. 8Ga-FAPI
PET/CT revealed all foci and was characterized by high
image contrast due to high SUVmax values in patho-
logical foci and low SUVmax values of background ac-
cumulation, contributing to more precise tumor differ-
entiation [32]. Lin et al. reported an additional benefit
of ®8Ga-FAPI-04 PET/CT as the control of therapy effica-
cy in patients with GC [33].

S. Koerber et al. studied the efficacy of ¢3Ga-FAPI
PET/CT in patients with colon, sigmoid colon, rectal,
and anal cancer. They confirmed this marker’s high effi-
cacy in detecting primary and metastatic foci, which af-
fects the determination of the process stage and treat-
ment tactics [34].

Several studies evaluated the %Ga-FAPI PET/CT sen-
sitivity and specificity in patients with abdominal carci-
nomatosis. One study enrolled 46 patients, the other —
35. Both groups of researchers obtained a high sensi-
tivity and specificity of the method in detecting peri-
toneal metastases regardless of the type of carcinoma-
tosis [35, 36].

Visual diagnostics of colorectal cancer by apply-
ing nuclear medicine technologies is difficult due to
the peculiarities of the histological structure of can-
cer of these localizations and frequent physiological
conditions leading to increased radiopharmaceuti-
cal capture and follow-up increase of the number of
false-positive results. It has been revealed that the de-
gree of FAP expression was directly proportional to the
high aggressiveness and poor prognosis for colorectal
cancer [37].

Numerous studies confirm that ¢Ga-FAPI PET/CT
improves the detection of malignant lesions in the ab-
dominal cavity, which are often difficult to detect using
standard imaging methods [38, 39].

Almost simultaneously, studies have been conduct-
ed in several countries to assess the accumulation of
%8Ga-FAPI in patients with ovarian, cervical, endometri-
al, and fallopian tube cancer.

Depending on the age and hormonal status of the
woman, there is a physiologically increased accumula-
tion of FAPI in the endometrium [22]. However, in the
presence of the tumor, the high image contrast is main-
tained due to the high accumulation of the marker in
the tumor tissue [22]. Dendl et al. investigated the de-
gree of marker accumulation in tumor foci in a diverse
group of 31 patients with various gynecological tum-
ors [22]. The ratio of standardized assimilation of tumor
foci to background assimilation for distant metasta-
ses remained significantly high, contributing to the de-
tection of metastatic foci. Some studies have demon-
strated that FAP was highly expressed in the majority
(>90%) of ovarian malignancies but had little expres-
sion in normal ovarian tissues, as well as in benign and
borderline ovarian tumors [42, 43].
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Based on the results of their work, K.Kessel and
co-authors proved that ®Ga-FAPI PET/CT was not inferi-
or in effectiveness to other markers and could be used
as an additional method for imaging of prostate cancer
in assessing the prevalence of the process and search-
ing for distant metastases [44].

%8Ga-FAPI PET/CT is a technique with high potential
for visualization of various subtypes of sarcomas. For ex-
ample, Koerber et al. conducted %®Ga-FAPI PET/CT in 15
patients and noted the qualitative signal-background ra-
tio in primary tumors and metastases. A special feature
was the preservation of high image contrast when visu-
alizing poorly differentiated sarcomas. The researchers
also found that the degree of accumulation of the mark-
er was directly proportional to the degree of malignan-
cy and severity of the clinical course of the disease [45].

L. Kessler et al. analyzed the relationship between
marker accumulation and the degree of FAP expres-
sion in 47 patients with bone and soft tissue sarcomas.
%Ga-FAPI PET/CT demonstrated a high sensitivity due to
the detection of additional foci in 8 patients, which ac-
counted for 13% of the total number of participants [46].

There is no consensus on the effectiveness of
%Ga-FAPI-04 PET/CT in diagnosing lymphomas. X.Jin
et al. found a high accumulation of %Ga-FAPI in Hodg-
kin’s lymphoma (n=11) and moderate accumulation in
non-Hodgkin’s lymphoma (n=62) [47].

Discussion: %8Ga-FAPI PET/CT opens a new chapter
in nuclear medicine, having a high potential for identi-
fying, staging, and evaluating the effectiveness of treat-
ment of malignant tumors. However, its clinical role and
application in practice are not fully determined.

Based on the results of that review, it can be con-
cluded that most of the studies focused on oncologi-
cal disorders that have difficulties in diagnostics by use
of other markers. Besides, most studies have limitations
in the methodology due to a small sample of patients,
heterogeneity of the sample, and imperfect study de-
sign, which does not permit the final conclusions.

FAP expression by inflamed tissues and further in-
creased accumulation of the marker in chronic diseas-
es allow the use of %Ga-FAPI PET/CT in the diagnos-
tics of non-oncological diseases. Most studies in this
area are devoted to cardiovascular and rheumatolog-
ical diseases [48].

In any case, the diagnostic capacities of %8Ga-FAPI
PET/CT still require further research to form clear indi-
cations in practical use.

Conclusion: The increase in cancer morbidity and
mortality worldwide encourages the creation and de-
velopment of new diagnostic approaches that include
nuclear medicine and molecular diagnostic capabilities.

The review of available literature data on FAPI PET/
CT diagnostic capacity demonstrates this marker’s po-
tential in diagnosing oncological disorders. Informa-
tion provided by %Ga-FAPI PET/CT supplements the
existing nuclear medicine methods and generally im-
pacts the treatment strategy for each unique case.
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AHJATITA

KJINHUKAJIBIK TOXIPUBEJE “GA-FAPI IDT/KT-HbI KOJIIAHY — KATEPJII ICIKTEPAI
BU3YAJIM3ALUAJAY HEPCIIEKTUBAJIAPBI:
9JEBUETKE HIOJY

JK.IK. JKonowoair', JK.K. JKaxenosa', A.C. Aiinaxynosa'?, M.O. I'a6oynnuna', JK.M. Amankynoé’,
E.B. ®uaunnenxo', b.K. Hcamamos', A.C. Anaxosa', IO.T. laypimosa’

«C.[A. AcheHamspos aTbiHgarsbl Kasak ¥nTTelk Meguumnha YHusepcuteti» KEAK, Anmatsl, KasakcTaH Pecny6nukachl;
2«Kasak OHKOMOrus xaHe pagmnonorns FoinbiMU-3epTTey MHCTUTYThI» AK, AnMaTsl, KasakctaH PecnyGnukacs!

Osexminizi: Opmypai 1okaruzayuaniapoazvl Kamepii icikmepmen ColpKammanyuslivl 0ykin onemoe e, Kazaxcmanoa oa ecyoe. On-
KONO2UANBIK AYPYIapOaH 6ONamblH e1iM — Jdcimim Oe dcozapsl. Epme ouaznocmuxa dcone oHmaiiibl mepanus Yuin aanvlmoap MoneKynablk
ouaznocmuramsl, convly iwinde opmypii mapkepaepoi Koroanamuin IIDT/KT ooicin sepmmetioi. *F-ghmopoodesorcueniokoza onkoio2usoa Ke-
HiHeH KOI0aHbLIaobl, Oipak Keubip icikmepOiy mypaepin HaKmol axcvipama aimaiiosl. bencendipemin pubpodracmuranvix axkyvi30viy (FAP)
AHBIKMANYbl OPMYpIi Kamepii icikmepoi OuazHocmukaiayovly ombeban mapkepi 6ona aramoin FAP-6azetmmanean paouo manbaianeamn un-
eubumopnapea (FAPI) keizvizywsinvik myoviposi. Kaszipei yakvimma [I9T/KT ywin opmypni FAP mapkepnepi sepmmenyoe, onapobiy apacvinod
Ga-FAPI epexuie opbli anaobl.

3epmmeydin maxcamol — kamepni icikmepoi anvikmayoazvl FAPI [IDT/KT-noiy mMymxinOikmepin manoay.

Qoicmepi: MEDLINE, Embase, Scopus, PubMed Cochrane Central Register of Controlled Trials depexxopul botivinua keneci myiiindi
cezoepmen: "xamepni icikmep", "IIDT/KT" scone "FAPI" wiony scypeizindi. Byn wonyoa spmypni nokaiuzayusiapoazsl icikmepoi aHblKmay,
camuiiay, emoey muimoiniein Kapacmeipyoa *Ga-FAPI IIDT/KT-nviy ouacnocmuxansly Mymkinoikmepin 6azanayea apunanean Al 0onendey
Oeneetii bap 48 depekko30iy HoMudICenepi CUNAMmMAanl2an.

Homuoicenepi: 68Ga-FAPI PET/CT mapxepiniy ce3immanovievl Men o3zeuteniei mypanisl MoasiMemmepol HCUHAUMbIH HCYMbICmMapobl ma-
oay keneci kepcemkiumepoi aukbIHOaUObL.: colkecinue 95%-0an 100%-2a detiin sncone 62%-0an 100%-2a Oetlin. Anaiioa, mooicipubede Ko-
oanyaa nagmol kopcemkiumepoi Kanoinmacmoipy ywin Ga-FAPI IIDT/KT-nuviy 0uaznocmuxanisli MymKkiHOIkKmepi oi 0e KamvlCyubliapobly
camvl MeH OIpmeKminicin apmmulpa OMuIPbin KOCbiMula 3epmmeynepoi Kascem emeoi.

Kopvimuinowvi: FAPI IIDT/KT-nviy Ouaznocmuxanviy MymMKinOikmepi mypansl oepekmepee uiony mapkepoiy Kamepii icik OuaeHocmuxa-
CbIHOA Konoanwiny aneyemin kepcemedi. 68Ga-FAPI IIDT/KT-nviy komecimer anvinamoin aknapam saopovlk MeOUYUHAHbIY 632€ MAPKepaapbl
APKbLIbL ANbIH2AH MA2TYMAMMbL MOIBIKMbIPAObI HCOHE HAYKACMapObll opOip HaKmel dHcaedatidazbl emoey makmukacving ocep emeoi.

Tyuinoi ce3oep: xkamepai icixmep, [I9T/KT, FAPI.

AHHOTANMSA

IMPUMEHEHMUME 68GA-FAPI IIT/KT B KJIMHUYECKOM MPAKTUKE — MNEPCIHEKTUBbI JUIA
BU3YAJIN3AIIUUA 3JIOKAYECTBEHHBIX OIIYXOJIEM:
OB30P JIUTEPATYPHBI
JK.IK. JKonowvioait', K. K. Kaxenosa', A.C. Aunaxynosa'?, M.O. I'ab6oyrnuna',
JK.M. Amanxynoé’, E.B. @uaunnenxo', b.K. Hcamamos', A.C. Anaxosa', 1O.T. [Jayvimosa’

"HAO «Kasaxckuit HaumoHanbHblin MeguuuHckuit Yrusepeutet umedn C.1. AccheHansipoar, Anmarsl, Pecrybrinka Kasaxcrah,
A0 «Kasaxckuii Hay4HO-1CCreaoBaTeNbCKII MHCTUTYT OHKONOTMN 1 paanonoriny, Anmarsl, Pecnybnuka Kasaxcrax

AKkmyansnocms: 3a001e6aeMOCMb 310KAYECMEEHHLIMU ONYXONAMU PA3TUYHBIX TOKATUZAYUTL UMeem MEHOeHYUIo K Pocmy, KAk 80 6cem
mupe, max u 6 Kazaxcmane. Cmepmnocms om OHKOIOSUYECKUX 3A00Je8AHULL MAKICe UMeem 8blCcoKue nokazamenu. [{is panneil OudaeHoCmuKu
U ONMUMANLHOU MEPAnUL Y4eHble UCCIeOVIOM MOJEKYIAPHYIO OUazHOCMUKY, ekuouas memoo IIIT/KT ¢ ucnonbsosanuem pasnuiunbix Mapkepos.
SF-ghmopoesokcuenioko3a wupoko NpUMeHsemcs 6 OHKOAO2UU, HO He S6NAemcs Cheyupuunbiv Ons HeKomopwix onyxoreil. Omkpvimue
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akmusupyrougezo ubpobracmuueckozo denxa (FAP) npuseno k unmepecy k FAP-opuenmuposaruvim paouomeuenvim uneubumopam (FAPI),
KOmopbvle MO2ym CHamy YHUBEPCATbHIM MAPKEPOM 05l OUACHOCIUKY PA3TUYHBIX 61006 paka. Ha dannwiii momenm uccredyiomes pasnuynvle
FAP mapxepot ons [IDT/KT, cpeou komopwix ocoboe mecmo sanumaem **Ga-FAPI.

Lens uccnedosanus — npoananusuposams éosmodxcrocmu FAPI IIDT/KT 6 ouaznocmuxe 310Ka4ecmeentvlx OnyxoJel.

Memoowt: nposeden tumepamyprwiii 0630p no 6ase oannvix MEDLINE, Embase, Scopus, PubMed, Cochrane Central Register of Controlled
Trials 3a nocreonue 10 rem no credyiouum Kiouegsim ciosam: «3iokavecmeennvie nosoobpaszosanus’”, “IIOT/KT” u “FAPI”. B oannom 0630pe
onucanbl pe3yromamsl anHamuza 48 numepamypHelx UCMOYHUKOG C YpOoGHeM Ookazamenbhocmu Al, nocesuennvix oyenke OuazHOCMUYEeCKUX
sozmoocnocmeit “Ga-FAPI IIDT/KT 6 evisigienuu, cmaduposanuu, oyenke 3p@exmusnocmu Jewentis Onyxoei pasiutHblxX A0KAIU3ayuil.

Pesynomamor: Yyscmeumenvrocmo u cneyuguunocms “*Ga-FAPI TIDT/KT 6 ouacnocmuke paka paziuyHblX JOKAIUZAYUL COCMAGISION
om 95% 00 100% u om 62% 0o 100%, coomsemcmeenno. OOnaxo Ons1 PopMuposanus Hemrux noKa3anutl K NpUMeHeHuio 8 NpaKmu4eckoll
desimenvbrocmu, ouaznocmuueckue osmodcnocmu *Ga-FAPI TIDT/KT ece ewe mpebyrom 0anbHeuux uccie008anuil ¢ 00IbuUM KOIULECMEOM
YHACMHUKOS U D0Iee 00HOPOOHOU BblOOPKOIL.

Baknwuenue: Hmerwuecs mumepamypHvie Oanuble 0 OuacHocmuueckux 6o3moxcnocmsax FAPI TIDT/KT oemoncmpupyrom nomenyuan
Mapkepa Ost npuMeHenUst 8 OUACHOCMUKe OHKO02uYeckux 3aboaeeanuil. Hupopmayus, nonyuennas ¢ nomowwio *Ga-FAPI IIDT/KT, oonoansem
yolce ucnonb3yemoie Memoobl SA0EPHOU MEOUYUHBL U 8 COBOKYIHOCIU 6IUACH HA MAKMUKY Je4eHUs NAYUEHIMO8 8 KAXHCOOM KOHKDEMHOM Cyuae.

Kniouesvie cnoga: snoxauecmsennvle nogoobpaszosanus, fibroblast activation protein inhibitor (FAPI), I19T/KT.
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GENOME-WIDE ASSOCIATION STUDY
IN BREAST CANCER:
A LITERATURE REVIEW

D.R. KAIDAROVA", N.A. OMARBAYEVA"?, D.H. OMAROV?, A.J. ABDRAKHMANOVA',
K.K. SMAGULOVA', T.G. GONCHAROVA!

1«Kazakh Institute of Oncology and Radiology» NCJSC, Aimaty, the Republic of Kazakhstan;
%S.D. Asfendiyarov Kazakh National Medical University» JSC, Almaty, the Republic of Kazakhstan

ABSTRACT

Relevance: Breast cancer (BC) is one of the major health problems in the Republic of Kazakhstan. Genome-wide association studies
(GWAS) are used to identify genetic factors contributing to breast cancer development in Kazakhstan and worldwide. The GWAS method
consistently helps to find associations between certain single nucleotide polymorphisms (SNPs) in the genome and the development of
pathological conditions, including breast cancer, by identifying more than 170 genomic sites. In addition to searching for loci associated
with BC, these studies have expanded our understanding of BC heritability using SNPs located in regulatory areas and identifying DNA

variants associated with drug metabolism for treatment personalization purposes.
The study aimed to highlight the key concepts of modern methods in genetics based on GWAS.
Materials and methods: A literature search in PubMed, Scopus, GWAS Catalog, Cochrane Database of Systematic Reviews, etc.,

was performed to select and analyze relevant information.

Results: The article describes significant GWAS studies in the field of breast cancer, describes certain genes associated with the
development of the disease, identifies shortcomings, and identifies further strategies for the development of GWAS in the Republic of

Kazakhstan.

Conclusion: The results of this study have improved our understanding of the biological mechanisms that contribute to breast can-

cer risk and may ultimately lead to the development of new targeted therapies for the disease.
Keywords: Breast cancer, Genome-Wide Association Studies (GWAS), Single Nucleotide Polymorphism (SNP), polygenic risk score (PRS).

Introduction: Breast cancer (BC) is one of the most
common malignancies. In 2020, 2.3 million women
have been diagnosed worldwide [1]. Since 2011, breast
cancer has taken the 1t rank in the structure of malig-
nant neoplasm incidence in the Republic of Kazakh-
stan (RK). According to the statistics of indicators of
the oncology service of the Republic of Kazakhstan for
2021, the structure of patients with breast cancer com-
posed 15.4% for both sexes. Among women, this fig-
ure made up 27.1%. In the structure of causes of death
of the population, breast cancer occupies the 3" posi-
tion, accounting for 8.7% [2]. Despite higher detection
at stages I-1l, high 5-year survival rates comparable to
OECD countries (over 85.0%) are not achievable by in-
troducing breast cancer screening. In the Republic of
Kazakhstan, 5-year survival does not exceed 68.4% [3].
An individual’s genetic pattern is a major componentin
determining the risk for disease development. In order
to better understand the genetic factors that contrib-
ute to developing breast cancer, genome-wide asso-
ciation studies (GWAS) are being conducted to identi-
fy genetic variants associated with this disease. GWAS
research has been conducted since the early 2000s.
GWAS uses microarrays, or sequencing technologies,

to screen for hundreds of thousands or even millions of
Single Nucleotide Polymorphisms (SNPs) and other var-
iants in the human genome to look for disease-related
gene locus. GWAS is usually based on the prevalent dis-
ease-pervasive variation hypothesis using a case-con-
trol approach (Figure 1) [4].

Figure 1 shows the correlation between the allele
frequency and disease severity. Accordingly, diseases
with the Mendelian type of inheritance (left circle from
the top) strongly impact the patient, but the frequency
of such mutations is very rare. On the other hand, there
are very rare and ineffective variants (left circle from the
bottom). These traits hinder the establishment of a reli-
able correlation between the phenotype and genotype.
GWAS focused on identifying genetic variants, which
could be divided into common variants with a high ef-
fect (upper right circle) and common variants with a
clear low effect on human health (bottom right circle)
[5]. In order to determine the correlation of SNP with the
disease, the allelic frequency of the studied SNP mark-
ers has to differ significantly between the observation
group and the control group [4]. In order to visualize
the GWAS results depending on the location of chromo-
somes, Manhattan graphs are used (Figure 2) [6].
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Figure 2 - A Manhattan diagram presenting several closely related loci. Each dot is an SNP; the X-axis shows the genomic location,
and the Y-axis — the level of association [7]

The impetus for the start of GWAS was the develop-
ment of high-precision genotyping technologies and
the completion the Human Genome Project in 2003,
which provided a reference genome sequence that al-
lowed researchers to identify genetic variations associ-
ated with complex diseases and traits [8].

The first successful GWAS study was published in
2005 that identified genetic variants associated with
age-related macular degeneration [9].

Since then, GWAS studies have been conducted for
various diseases and conditions, including heart dis-
ease, diabetes, Alzheimer’s disease, and many types
of cancer. The technology used for GWAS has also

evolved over time: new techniques allow for analyzing
large data sets and identifying more complex genetic
associations [10].

The world’s first GWAS study in breast cancer was
published in 2007 and revealed the new predilection
loci. The study examined the data of 4398 patients
with breast cancer and 4316 subjects of the control
group. 227,876 SNPs were analyzed, accounting for
about 77% of known total SNPs among Europeans at
r’>0.5. As a result, five new independent loci associat-
ed with breast cancer (P<107 using the Cochran-Armit-
age stratified test) were discovered. The FGFR2,
TNRC9/TOX3, MP3K1, and LSP1 genes around the four
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loci have been identified as risk genes for breast can-
cer. The most strongly associated SNP was in intron 2
of the FGFR2 gene, a receptor tyrosine kinase ampli-
fied and overexpressed in 5-10% of breast tumors [11].
Locus 16q contains the candidate genes TNRC9/TOX3
and LOC643714. TNRC9/TOX3 plays an important role
in various cellular processes, including gene regula-
tion and transcriptional control [12]. MAP3KI1, located
at locus 5q, is a gene involved in signal transduction
and has not previously been reported to be involved in
cancer development. LSP1 is located at locus 11p, a cy-
toskeletal protein that binds F-actin expressed in he-
matopoietic and endothelial cells. Other evidence of
the association points to SNPs around the H19 gene,
a maternally imprinted gene that encodes untranslat-
ed mRNA closely involved in IGF2 regulation. The fifth
locus is a 110 kb interval not containing the known
genes and located in the 8924 genomic region. De-
spite the absence of genes in the 110 kb segment, the
824 region contains loci associated with prostate and
colorectal cancer [11].

In 2009, to obtain a more comprehensive under-
standing of the genetic factors that control devel-
oping breast cancer, the “Collaborative Oncological
Gene-Environment Study” (COGS) project was creat-
ed through the cooperation of four consortia. The pro-
ject comprised a meta-analysis of nine GWAS involving
10,052 breast cancer cases and 12,575 control cases.
29,807 SNPs were selected for further genotyping, and
the results from 41 Breast Cancer Association Consorti-
um (BCAC) studies using 45,290 cases and 41,880 con-
trols in a population of European ancestry have been
added. As a result of joint efforts, SNP was identified
in 41 new loci of predisposition to breast cancer with
genomic significance (P < 5x1078) [13].

Notwithstanding the GWAS's successes in identify-
ing multiple genetic variants, there is a gap between
the ability to detect these associations and meaningful-
ly interpret their biological significance [14]. Currently,
the challenges for GWAS include identifying loci asso-
ciations to address the challenges posed to research-
ers [15, 16]. The new trend in identifying susceptibility
loci has advanced to accurately describe the function-
al effects and target genes. Although identifying com-
mon risk variants is an emerging field, it will enable the
routine screening method for earlier diagnostics and
guide strategies for breast cancer treatment. The link
of SNPs with a particular disease is called the polygen-
ic risk score (PRS). A major challenge in developing and
using such scores is to ensure they are equally suitable
for patients of all ethnic groups. If not properly stud-
ied, the use of RPS in these populations will be limited,
exacerbating more existing ethnic disparities in health
care systems [17].

In studies by Wang S. et al., most of the gene vari-
ants associated with breast cancer were found in rep-
resentatives of the Caucasian population. Howev-
er, many of these genetic risks are not transferable
to other populations, with some variants causing risk
in one population and being protective in another.
This study showed that of the approximately 100 var-
iants identified that increased the risk of breast can-
cer in Europeans and Asians, 30-40% were protective
among the population of African origin [18]. These
findings suggest that GWAS studies should be pop-
ulation-specific, especially in non-European origin,
considering all hereditary factors, as risk stratifica-
tion is not automatically transferred from one popu-
lation to another.

Since using PRSs to predict breast cancer risk is
relatively new, the best approach for communicat-
ing personalized risk assessment to the patient and
the wish of patients to know this information com-
pared to standard screening are yet to be deter-
mined. PROCAS (Predicting Risk of Breast Cancer at
Screening), WISDOM (Women Informed to Screen
Depending on Measures of Risk), and MyPeBS (My
Personalized Breast Screening) are all large-scale
studies that are investigating the feasibility of PRS in
breast cancer and how clinical implementation can
be facilitated [19].

Materials and Methods: The literature data were
searched in PubMed and Scopus databases, GWAS Cat-
alog, Cochrane Database of Systematic Reviews, and
other sources. The search depth was 20 years, with a
focus on modern publications.

Inclusion criteria:

— Studies published within the last 10 years (2013
to 2023).

-Studies have used GWAS to analyze genetic fac-
tors associated with breast cancer development.

-Studies that provide sufficiently reliable data for
analysis.

Exclusion Criteria:

-Studies that do not focus on genetic factors asso-
ciated with breast cancer.

-Studies that do not provide enough reliable data
for analysis.

The search was performed using the following key-
words: “breast cancer,” “Genome-Wide Association
Studies (GWAS),” “Single Nucleotide Polymorphism
(SNP),” “polygenic risk score (PRS),” etc.

Results: Based on the exclusion and inclusion crite-
ria used, keywords in the PubMed, Scopus, GWAS Cata-
log Cochrane Database of Systematic Reviews, etc., we
selected 11 significant publications [20-30]. The results
of 8 studies that reflect specific data from the study
are presented in Table 1.
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Table 1 - List of significant GWAS publications with identified SNPs associated with breast cancer development

Number of | Examples
Study title Year of publi-cation new SNP | of detected SNP location Authors
found SNPs
Michailidou K. et al.| Large-scale genotyping identifies 2013 41 rs4808801 ELL
41 new loci associated with breast 153760982 LYPD5. KCNN4
cancer risk [13] .
rs132390 EMID1
rs6001930 MRTFA
rs13387042 RN7SKP43, LINCO1921
Michailidou K. et al.| Genome-wide association analysis 2015 15 rs6507583
of more than 120,000 individuals SETBP1
) p - . rs6507583
identifies 15 new susceptibility loci
for breast cancer [20] rs12405132 RNF115
Palomba G. et al. Genome-wide association study of 2015 2 rs2912780 FGFR2
susceptibility loci for breast cancer
in Sardinian population [21] rs2193094 TOX3
Han M.R. et al. Genome-wide association study 2016 2 rs12118297 LINC02801, LMO4
in East Asians identifies two novel
breast cancer susceptibility loci [22] rs16992204 LINCO1426, LINCO0160
Couch F.J.etal. Identification of four novel suscep- 2016 4 rs67073037 WDR43
tibility loci for estrogen receptor 156562760 RNY1P8 MARK2P12
negative breast cancer [23] ’
rs188686860 CLK1/PPIL3
rs115635831 PPIL3
Michailidou K. Association analysig identifies 65 2017 65 rs60954078 ESR1, CCDC170
new breast cancer risk loci [25] 1141061110 FOXN3, FOXN3-AST
rs2965183 GATAD2A
Milne R.L. et al. Identification of ten variants asso- 2017 10 rs200648189 NCOAT1
ciated with risk of estrogen-recep- 156569648 L3MBTL3
tor-negative breast cancer [26]
rs66823261 RPL23AP53
rs17350191 ANXA13
Zhang H. etal. Genome-wide association study 2020 32 rs5776993 GSTM2
identifigs 32 novgl breast cancer 1513277568 TRPS1
susceptibility loci from overall and
subtype-specific analyses [29] rs4742903 SMc2

Discussion: By 2015, more than 90 established pre-
dilection loci to breast cancer were identified by GWAS
studies. Data revealing new predilection loci are pub-
lished annually, so by 2020, their number exceeded 200
loci (Table 1).

The team of researchers conducted a meta-analy-
sis limited to women of European origin. They worked
with 11 GWASs, including 15,748 breast cancer cases and
18,084 control cases, and additionally used data from 41
studies, including 46,785 cases and 42,892 control cases,
genotyped to assess more than 11 million SNPs. As a re-
sult, 15 new loci associated with breast cancer (P<5x10%)
were identified (Table 1) [20]. Following the assumption
that the analysis of a genetically homogeneous popu-
lation may represent an additional approach to identi-
fy alleles with low penetrance, the GWAS study was con-
ducted, which compared the data of 1431 patients from
Sardinia with BRCA1/2-negative breast cancer and 2171
healthy patients. Overall, 2,067,645 SNPs have been ana-
lyzed. The study concluded the role of TNRC9/TOX3 and
FGRF2 as predisposition genes in patients with BRCA1/2
type breast cancer from the Sardinian population (Table
1) [21].

It is consistent with the widespread belief that breast
cancer patients from different regions may have different

genetic backgrounds, which affects the risk of the dis-
ease due to the expression of predisposition genes with
low penetrance.

In 2016, three GWAS studies describing the new ge-
netic predilection loci were published. One study includ-
ed 14,224 cases of breast cancer and 14,829 healthy wom-
en from East Asia, where two SNPs at two loci were found
to be associated with the risk of developing breast cancer
at the genome-wide significance level (one at 1p22.3 and
the other at 21922.12) (Table 1) [22].

The meta-analysis of 11 GWAS studies engaging 4,939
cases of hormone-negative breast cancer and 14,352
controls, combined with 7,333 hormone-negative cas-
es and 42,468 controls and 15,252 carriers of the BRCA1
mutation, genotyped from the Collaborative Oncologi-
cal Gene-environment Study (iCOGS), identified four pre-
viously unidentified loci: 1322 (KLF5), 2p23.2 (WDR43),
and 2933 (PPIL3) — with a significant genomic association
(Table 1) [23].

GWAS may also be useful in detecting SNPs associ-
ated with response to anthracycline-containing neo-
adjuvant chemotherapy in breast cancer patients. Two
SNPs were identified that were significantly associat-
ed with pathologic complete response after the neoad-
juvant chemotherapy. An analysis of the genomic struc-
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ture of 401 patients treated with anthracyclines revealed
that only one SNP located in the WT1 gene was associ-
ated with a pathological complete response, suggesting
that the WT1 gene may be a potential target of anthra-
cycline-based neoadjuvant therapy in breast cancer [24].

Sixty-five new predilection loci were identified in the
study of Michailidou et al. (2017) and another 10 in the
study of Milne et al. (2017), bringing the total number of
known genetic variants to more than 170 (Table 1) [25, 26].

Ferreira et al. (2019) identified 26 genes that had nev-
er been discovered and could be targeted for all vari-
ants of breast cancer risk genes. As a result of the study,
it was found that seven regions were associated with all
breast cancer phenotypes, and four regions were associ-
ated with hormone-negative breast cancer [27]. In addi-
tion, Morton et al. (2017) confirmed that the TAGLN gene
(rs74949440) on chromosome 11923 and the RPS6KCI
gene (rs17020562) on chromosome 1g32.3 were signifi-
cantly associated with the risk of developing breast can-
cer in women who underwent the chest radiation ther-
apy in childhood for any malignant pathology [28]. The
study of H. Zhang et al. examined the genes of more than
133,000 women with breast cancer, 113,000 controls,
and more than 18,000 women with the BRCA1 gene mu-
tation. As a result, 32 new SNPs were identified that in-
crease the risk of developing breast cancer, and 5 of these
loci demonstrated a reverse causality with hormone-pos-
itive and hormone-negative breast cancer. The authors
assume that these results permit a better understanding
of the genetic predisposition to breast cancer subtypes
and will be the basis for developing polygenic risk scores
for specific subtypes (Table 1) [29].

Pilot projects conducted in the Republic of Kazakh-
stan to study polymorphisms associated with breast can-
cer development have involved small cohorts [30]. A
GWAS study performed in 2021-2023 within the frame-
work of the scientific and technical program “National
Program for Introduction of Personalized and Preventive
Medicine in the Republic of Kazakhstan,” initiated by the
Ministry of Health and the Ministry of Education and Sci-
ence of the Republic of Kazakhstan, included over 1300
women of the Kazakh population diagnosed with breast
cancer. The project is at the stage of data analysis and
identification of polymorphisms specific to women of
the Kazakh population.

Conclusion: GWAS studies are important for under-
standing breast cancer’s genetic grounds. In those stud-
ies, many genetic variants have been found that were
associated with an elevated risk of developing breast
cancer. GWAS allows us to better understand the biolog-
ical underlying mechanisms for breast cancer and pro-
vides new opportunities for individualized approaches
to diagnostics, prevention, and treatment of that dis-
ease. An advanced understanding of the genetic basis of

breast cancer through the data obtained by GWAS opens
new prospects in breast cancer control.
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AHJATIIA

CYT BE3I KATEPJII ICITTHIH 'EHOM/IBIK ACCOIUMATUBTI 3BEPTTEVI:
9JEBUETKE LIOJY

J.P. Kaiwoaposa'?, H.A. Omapoaesa'?, /I.X. Omapoe?, 8.2K. 9odipaxmanosa', K.K. Cnazynosa', T.I'. l'onuaposa’

«Kasak OHKONOrUs XaHe pasnuonorus FuinbIMK-3epTTey HCTUTYTHI» AK, Anmatel, Kasakctan Pecnybnukacsi;
2C.[. Acthenansipos aTbiHaarsl Kasak ¥nTTelk MeanumuHa Yausepcuteti KEAK, Anmatsl, KasakctaH Pecny6nukach;

Oszexminizi: Cym 6e3i 0ovipvr (CHO) Kaszaxcman PecnybaukacvlHOazvl 0eHcayivlk cakmayoviy Hezisei npobiemanapuiisly 0ipi 601bin
mabuvinadel. Kazakemanoa sicone Oykin onemoe cym 0e3i Kamepai icieiniy 0amMyblHa bIKNAL ememin 2eHemuKaIblk Qakmoprapobl aHblKmay
YULiH 2eHOMOBIK accoyuamuemi sepmmeyiiep jcypeisinyoe (azviiut. genome-wide association studies, GWAS). GWAS o0ici 6enzini 6ip 6ip Hyk-
neomuomi nonumopguszmoep apacvinoazvl bailianvicmol mabyaa kemexmeceoi (azvinw. Single Nucleotide Polymorphism, SNP) zenomoa scone
NAmMONO2USIBIK, HCA20AULaApObly 0amybiHoa, cousi iwinde CBO, 170-men acmam cenomowik yuackenepoi anvikmay. CEO-men batlianvicmel
JOKycmapowl izoeyoen backa, byn sepmmeynep pemmeywii aimagmapoa opuanackan SNP apkwinot CEO myKbiym Kyanayuslivi mypaisl myci-
Hi2iMI301, COHOQl-aK emOeyOi diceKeNeHOIPy MaKCcamovlHOa 08pLLiK 3ammaposiy memabdonuzmimen dauranvicmol JJHK Hyckanapvln aneikmayovol
Keyetimmi.

3epmmeyoin maxcamol — GWAS necizinoezi cenHemuxa canacvinoazol 3aManayu 90icmepoiy He2izel MmydlcolpblMOAMALAPbIH KAMNLY.

AQoicmepi: Tuicmi aknapammul ipikmey dcone maroay ywin PubMed, Scopus, WOS Catalog Cochrane database of Systematic Reviews
Jicone m.0. bazanapeinoa s0ebuem depekmepit iz0ey KHcypeizinoi.

Homucenepi: Maxanaoa CbO canacvinoazvl manvi30vr GWAS sepmmeynepi cunammanaan, aypyoviy oamyvimen oauiausicmosl benci-
ai 6ip eendep cunammanaan, KemMuwiiikmep awvlkmanieas, conoau-ax Kaszaxeman Pecnybnukacoinoa GWAS odawn opi 0amy cmpamezusiiapsoi
AHLIKMAN2AH.

Kopvimuinowvt: GWAS nomuoicenepi cym 6e3i kamepii icieiniy 0amy Kaynine blKnai ememin OUOLI02UsLIbIK MeXAHUZMOep Mypaibl MyCiHicl-
Mi301 dHcaKcapmyaa KoMeKmecmi Heone caibin KeazeHoe, aypyosvl emoeyOin Hana MaKcammol o0iCmepiHiy OaMyblHa OKeLYi MYMKIH.

Tyiinoi cezoep: Cym 6e3i 06bipbl, monbIK 2eHOMObIK Kaybimoacmulpsiizan zepmmeyiep (Genome-Wide Association Studies), 6ip nykneo-
muomi norumoppusm (Single Nucleotide polymorphism), nonueenodix moyexen unoexci (polygenic risk score).
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AHHOTALNUS

MHNOJHOI'EHOMHOE ACCOIIMATUBHOE UCCJIEJOBAHUE
P PAKE MOJIOYHOM KEJIE3BI:
OB30P JIMTEPATYPbI

JI.P. Kaiioaposa'?, H.A. Omapoaesa'?, /I.X. Omapoé®, A.JK. A6opaxmanosa', K.K. Cmazynosa', T.I'. F'onuaposa’

AO «Kasaxckuit Hay4HO-MCCTIEJOBATENbCKUIA MHCTUTYT OHKOMOMW U paauonoruuy, Anmarsl, Pecnybnuka Kasaxcrar;
2HAO «Kasaxckuit HauMoHambHbI MeauLMHCKUA yHuBepeuTeT uMenm C.[1. Acdenamsiposar, Anmathl, Pecny6nmka Kasaxcta

Axmyanvnocms: Pax monounoi scenesvl (PMIK) sgnsiemes 00Hotl uz ocHosHuix npobaem 30pasooxpanenus 6 Pecnyonuxe Kasaxcman.
Jns gvisignenus cenemuieckux gaxmopos, cnocoocmsyrowux pazeumuto PMIK ¢ Kazaxcmane u 60 ecem mupe, nposoosamcs noiHo2eHoMHble
accoyuamugnvie ucciedosanus (anen. genome-wide association studies, GWAS). Memoo GWAS nociedosamenvho nomozaem HaxoOumas c8:13b
MeANCOY ONpeOesleHHbIMU 0OHOHYKIeOMUOHbiMU noaumopuzmamu (aunen. Single Nucleotide Polymorphism, SNP) 6 cenome u pazeumuem
namoaocuueckux cocmoanutl, ¢ mom uucie PMJK, eviasue bonee 170 cenommnuix yuacmxog. llomumo noucka 10Kycoe, accoyuuposanulx
¢ PMOK, smu uccredosanusi makace pacuupuiu Hauie nOHUManue Haciedcmeennocmu PMJK ¢ nomowwio SNP, pacnonosicenuvix 6
PecyIAmopHLIX 30HAX, a makdce udenmugurayuu éapuanmos JHK, accoyuuposannvix ¢ memaboausmom 1eKapcmeenHblx CpeoCns 6 Yenx
nepconu@urayuu neveHus.

Llenv uccnedosanun — oceewyenue Kuouegblx KOHYEenyull COBPEMEeHHbIX Memooos 6 oonracmu cenemuky Ha ocnoge GWAS.

Memoowi: I[Iposeden nouck oannwix aumepamypot 6 bazax PubMed, Scopus, GWAS Catalog Cochrane Database of Systematic Reviews u
Op. 05t OM6OPA U AHAIU3A PENeBANMHOU UHPOPpMAYULL.

Pesynomamor: B cmamve onucanwl 3nauumvie GWAS ucciedosanus 6 oonacmu PMJK, onucanvl onpedenentvie 2envl, accoyuuposantvie
¢ pazgumuem 3a001e6anus, GbIsIGAEHbI HEOOCMAMKU, d Maxdice Ovblau udeHmuguyuposansvl oarvhetiwue cmpameauu pazeumus GWAS 6
Pecnybnure Kazaxcman.

3aknwuenue: Pesynomamor GWAS nomoznu ynyuwume nawe nonumanue OUO1I02ULeCKUX MeXaHu3Mo8, CROCOOCMEYIOUWUX PUCKY DA3GUMUSL
PMOK, u 6 koneunom umoee mo2ym npugecmu K pazpabomre HO8bLX YeaeablX Meno0os 1eyeHus 3mo2o 3a001e6anus.

Kniouegvle cnoea: pax monounou ocenesvt (PMIK), noanocenommvie accoyuuposannsie ucciedosanus (GWAS), oononyxneomuomnwiii
noaumopghusm (SNP), nonruzennwiii unoexc pucka (PRS).
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THE DEGREE OF AWARENESS OF THE POPULATION
OF THE KARAGANDA REGION
ON THE INCIDENCE AND PREVENTION
OF COLORECTAL CANCER:
A LITERATURE REVIEW

A.M. MUTAN!

'«Karaganda medical university» NPJSC, Karaganda, the Republic of Kazakhstan

ABSTRACT

Relevance: Colorectal cancer (CRC) is the leading cancer in yearly morbidity and mortality. WHO forecasts that 2030 CRC incidence will
exceed 2.2 million cases yearly, and mortality will increase to 1.1 million yearly. More than 3,000 new cases of colorectal cancer are detected
annually in Kazakhstan. In disease control, it is necessary to develop preventive measures as much as possible. Preventive measures play a crucial
role in reducing mortality from this disease. One of the most critical issues is the lack of public awareness about the disease.

The study analyzes the global experience in preventing colorectal cancer to develop measures to raise public awareness.

Methods: A continuous search was performed in the PubMed, CrossRe, Scopus, and Cochrane databases for 2013-2023 for the keywords
“colorectal cancer,” “risk factors,” “public awareness,” “medical literacy,
articles and 500 abstracts were reviewed.

Results: The problem is aggravated by the fact that among patients with an oncological diagnosis, patients with colorectal cancer, or patients
with a confirmed diagnosis of the disease, there is insufficient information about this disease, and they neglect preventive measures. Firstly,
we insist that the population is not fully aware of the responsibility for their health (this is influenced by a false sense of shame and insufficient
awareness of the disease), and secondly, primary prevention is essential. Accordingly, it is necessary to increase the effectiveness of screening
programs, improve awareness, and organize full-fledged assistance from the state in disease control.

Conclusion: Colorectal cancer is an urgent disease that occupies an essential place in Kazakhstan’s list of oncological diseases. Due to the
increased awareness of the population about this disease and the correct solution to prevention issues, it will be possible to reduce the incidence
among patients. In this regard, it is necessary to widely disseminate information about the disease among the population and increase patients’

o P

‘morbidity,” and “prevention.” In total, more than 75 scientific

responsibility for their health.

Keywords: colorectal cancer, risk factors, public awareness, medical literacy, morbidity, prevention.

Introduction: Colorectal cancer (CRC) is the lead-
ing cancer in the most common non-contagious dis-
eases of the last 20 years. Colorectal cancer control is
becoming increasingly important and challenging to
solve. In particular, among socially significant diseases,
cancer incidence ranks second after cardiovascular dis-
eases. Colorectal cancer ranks second in men and third
in women in prevalence worldwide. According to statis-
tics, cancer is more common in men than women. The
disease got younger in recent years. A decade or more
ago, cancer was frequent in people over 65, and now it
is common below 50. However, the bold reforms of the
state in health control are decisive and vital for disease
prevention. In particular, thanks to the regular organi-
zation of screening measures and the public awareness
that these measures will be effective, it will be possible
to prevent the disease early.

The study analyzes the global experience in pre-
venting colorectal cancer to develop measures to raise
public awareness.

Materials and methods: A search was performed us-
ing PubMed, CrossRef, Scopus, and Cochrane databas-

es for 2013-2023, publications of the world scientific lit-
erature on the risk factors of CRC and their prevention
and on the issue of determining the degree of public
awareness were studied. A continuous search was used
for the keywords “colorectal cancer,” “risk factors,” “pub-
lic awareness,” “medical literacy,” “morbidity,” and “pre-
vention.” More than 75 scientific articles and more than
500 theses were reviewed.

Results: Colorectal cancer (CRC) consistently ranks
third in the structure of cancer cases. There is a tenden-
cy to increase the morbidity of CRC in people under 50.
The WHO considers colorectal cancer the third most
common after lung and breast cancer (1.9 million cases
in 2020). It accounts for 10.2% of all tumor types world-
wide and is the second leading cause of cancer mor-
tality (935 thousand cases in 2020). WHO forecasts that
2030 CRC incidence will exceed 2.2 million cases yearly,
and mortality will increase to 1.1 million yearly [1]. More
than 3,000 new cases of colorectal cancer are detected
annually in Kazakhstan. Colorectal cancer (CRC) screen-
ing has been carried out in Kazakhstan since 2011. Every
year, as part of CRC screening, about 850-980 thousand

" u

"ou
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men and women are examined at 50-70 years old. How-
ever, over the past 4-5 years, there has been a decrease
in CRC detection from 6 to 3 cases per 10,000 screened
patients, an increase in colonoscopy rejection with pos-
itive tests, and, as a result, an increase in missed CRC de-
tection cases.

The low awareness of the male population should be
noted in matters of awareness of the symptomatic and
prevention of colorectal cancer [2]. The International
Agency for Research on Cancer considers that the high-
est incidence of CRC is observed in Australia, New Zea-
land, North America, Europe, and Japan. The lowest is
in Asia and Africa (India, Oman, Pakistan, Algeria, etc.),
which may be due to changes in lifestyle and diet pat-
terns of the population. It is due to the need for timely
diagnostics, the low economic potential of these coun-
tries, and the poor quality of the information provid-
ed. In regions where the highest level of CRC morbidi-
ty is determined, morbidity trends are multidirectional,
so CRC morbidity is stabilized in Europe and declined in
North America [3-5]. A statistical analysis of epidemio-

logical data from 2015-2020 showed that CRC morbidity
and mortality are heterogeneous and vary in countries
with high and low human development indices (HDI).
According to these data, the division of countries into
three groups was carried out: in the first group, there is
a tendency to increase morbidity and mortality simulta-
neously; in the second group, thereis an increase in mor-
bidity but a decrease in mortality; in the third group -
a decrease in morbidity and mortality [6].

Lifestyle-related risk factors make a dominant con-
tribution to the increase in CRC frequency. However, ge-
netic predisposition plays a minor role (about 30% of
CRC cases are classified as genetically deterministic) [7].
Several epidemiological control studies data confirmed
it. It has been shown that CRC is more common in coun-
tries with a “Western lifestyle” (low dietary fiber con-
tent, mainly refined foods, high percentage of red meat
consumption). In addition, some countries with a low
CRC at first (Vietnam, India) can note their growth after
economic growth and adaptation to the “Western way
of life” [8].
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Figure 1 - Cartogram of standardized indicators of global colorectal cancer
(GLOBOCAN 2020 data, both sexes, all ages) [9]

CRC primary prevention aims to prevent the disease
by eliminating modifiable risk factors. These include
consuming foods rich in dietary fiber and ballast, a sed-
entary lifestyle, excessive consumption of refined fats
and red meat, smoking, alcohol abuse, and obesity [10].
A diet rich in dietary fiber (rich in vegetables and fruits)
is the most studied protective factor about the devel-
opment of CRC, characterized by a decrease in the inci-
dence of about 40%. However, the role of this factor in
CRC prevention of different localization is different: it is
effective in preventing proximal CRC. It practically does
not change the anus cancer morbidity.

On the other hand, eating large amounts of red
meat and refined fats increases the risk of developing

CRC [11]. Smoking increases the risk of CRC twice and
gives a poor standard of living [12]. Data on the impact
of alcohol consumption on the morbidity and mortal-
ity of CRC vary among the authors. It has been shown
that an increase in the incidence of CRC (distal and
proximal localization) is associated only with exces-
sive (more than 23 g per day) consumption of alcohol,
moderate and moderate use of which is not associat-
ed with an increase in the incidence [13]. The probabil-
ity of the occurrence of CRC in drinks consumed dai-
ly was studied. Drinking chlorinated water for 30 years
increases the risk of colon cancer by 1.4 times [14]. In-
flammation also plays a vital role in the pathogenesis
of CRC: activation of inflammatory signaling pathways
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is fundamental, the most important of which is the sig-
naling pathway regulated by the transcription factor
NF-kB; methylation of several sensitive genes in which
cytokines (especially tumor necrosis factor) play an im-
portant role [15]. However, bad diet, obesity, smoking,

alcohol intake, toxins exposure, and infectious diseas-
es activate signaling inflammatory pathways. The au-
thors of reports published in recent decades indicate
that inflammation plays an essential role in all stages
of malignant cell transformation [16].
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Figure 2 - Cartogram of standardized global colorectal cancer mortality
(GLOBOCAN 2020 data, both sexes, all ages) [9]

Many authors consider that the level of physical ac-
tivity is of great importance in preventing CRC. For the
first time in an experiment in mice in 1952, a decrease in
the risk of HPV of various localizations, including CRC,
was observed with increased physical activity [17-18]. A
meta-analysis of 52 studies showed that physical activi-
ty reduced the risk of CRC by 20-30%. At the same time,
the authors indicate that even a small load (walking 3-4
hours a week) contributes to a decrease in risk by more
than 15% [19]. The main mechanisms of a mobile life-
style’s preventive effect are stimulating the motility of
the gastrointestinal tract and preventing obesity [20].
Various meta-analyses and systematic reviews discuss
screening programs’ role in preventing CRC incidence
and mortality. In part of the studies, CRC screening has
been shown to reduce both the incidence and mortality
from cancer. However, the authors of many works note
that screening programs can reduce mortality but not
the incidence of CRC [21].

There are invasive screening methods (colonosco-
py, sigmoidoscopy) and non-invasive (stool and blood
tests, radiation examination methods). Fecal occult
blood tests are often used: (JFOBT and FIT. Gfobt) or
guaiac occult blood test (guaiac fecal occult blood test)
is based on the determination of heme peroxidase ac-
tivity in feces. This method is one of the most studied,
used since the 1970s for screening in many European
countries (Croatia, Portugal, Finland, etc.). The advan-
tages of the test include low cost and ease of execution.
To increase the effectiveness of Gfobt, its highly sensi-

tive modifications — Hemoccult Sensa and Hemoccult
ICT- have been developed, making it possible to detect
low hemoglobin concentrations. According to different
CRC results, the sensitivity of different Gfobt tests var-
ies from 31-63%, and the specificity is 92-96%. Colonos-
copy is the “gold standard” for CRC screening with high
sensitivity and specificity [22-24]. Precancerous signifi-
cant intestine diseases include one or more adenomas
(polyps) of the large intestine, nonspecific ulcerative
colitis, and Crohn'’s disease. Detecting polyps is vital in
cancer prevention, as colon cancer often develops from
polyps. The risk of a colon polyp becoming cancerous
is high: in a polyp less than 1 cm in size — 1.1%, 1-2 cm -
7.7%, more than 2 cm - 42%, in the middle — 8.7% [25].
Risk factors include whether the patient’s age is over 50
years, if he has previously suffered from female geni-
tal and breast cancer, or if he has colon cancer. Time-
ly detection of colorectal cancer involves early diagno-
sis, that is, in the absence of all clinical manifestations
of the disease and preclinical stages. Screening or early
detection of colorectal cancer is done through the fin-
ger, endoscopic, and hemocult tests. About 70% of all
rectal carcinomas are detected by a finger examination
of the rectum.

Therefore, digital rectum examination is manda-
tory in preventive examinations by a gynecologist,
urologist, and doctors of other specialties. When us-
ing modern flexible sigmoidoscopes with a length of
60 cm, it is possible to detect 55% adenoma and car-
cinoma of the de novo developing Sigmoid and rec-
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tum. The sensitivity of this method is 85%. The Ameri-
can Association of Doctors recommends performing a
sigmoidoscopy every 3-5 years from age 50 in people
who do not complain of intestinal dysfunction. Howev-
er, the possibility of using these methods for extensive
screening seems doubtful due to their complexity and
high cost. Therefore, most oncologists recommend
limiting themselves primarily to these examination
methods among people with increased risk factors for
colorectal cancer [26-27]. The primary and early symp-
tom of colorectal cancer is the appearance of blood in
the stool. That is why the fecal occult blood test is a
“classic” test used to diagnose colon and rectal cancer
early. To date, it is considered a laboratory study rec-
ommended for annual examination for the timely di-
agnosis of colorectal cancer in all people over 50 [28].
Patients face multifaceted problems resulting from
the disease due to a lack of awareness of CRC risk fac-
tors and symptoms [29]. Research has shown that rais-
ing awareness of CRC in the general population and
participating in cancer screening early treatment may
increase opportunities for disease control, decrease
prevalence, and increase survival [30].

Discussion: It was mentioned above that the main
event in colorectal cancer control is a preliminary ex-
amination. In this regard, the implementation of
screening programs in the country’s healthcare sys-
tem is supported as much as possible. As a result, we
can detect malignant diseases promptly, reducing the
mortality rate from diseases. Scientific articles in the
literature review show that colorectal cancer is increas-
ing over the years, is getting younger, and is more
prevalent in men than women. Adopting a healthy life-
style, as well as a healthy diet, reduces the risk of CRC.
Territorial levels of incidence of malignant neoplasms,
including CRC, showed that there are regions that are
leading in terms of annual incidence indicators (Pavlo-
dar, Kostanay, North Kazakhstan, East Kazakhstan, Kar-
aganda regions), which determines the need for active
primary and secondary prevention of CRIl in these re-
gions, as well as the work of other specialists. At the
same time, the South Kazakhstan region, Kyzylorda,
and Mangistau regions gave meager rates of CRC inci-
dence not only by the country’s standards but also on
a global scale. However, these indicators may be lower
due to other factors.

There are changes in indicators due to false feelings
of shame, lack of timely examination due to incorrect
information, etc. As noted, screening measures are es-
sential to prevent CRC mortality and morbidity. The
following simple rules can be included in the screen-
ing measures. On the day of the procedure, the num-
ber of patients who refused a colonoscopy and those
who gave consent but changed their minds during the
procedure should be recorded. According to the cal-
culations, on the day of the procedure, the number of
cases of cancellation of the consent to the study should
be less than 5%, and during the study — less than 1%
of cases of cancellation of the consent. The screen-

ing program must also guarantee compliance with the
consent procedure; it should include a detailed ex-
planation of the essence of the upcoming study and
the need to prepare for it, as well as a discussion of
all the risks and benefits associated with conducting
the study. Patients should also be aware that a severe
illness can be missed and that early and late compli-
cations are very likely. After the examination, patients
should be allowed to consult directly 24 hours a day
in case of complications after the procedure. In the
study, people can deny their consent. In addition, pa-
tients should be informed that there are cases in which
the study cannot be stopped immediately (for exam-
ple, during a polypectomy cycle). Cases of cancellation
of the agreement must be recorded and taken into ac-
count in the screening program. It is necessary to care-
fully periodically monitor the following indicators: the
level of participation in the screening program, the or-
ganization of re-screening, and subsequent examina-
tion of patients with positive screening results.

In the context of an increase in the incidence of
colorectal cancer CRC and its tendency to “rejuvenate,”
it is essential to improve the quality of endoscop-
ic studies that reduce the incidence of CRC. Current-
ly, the main obstacles in Kazakhstan are such prob-
lems as low awareness of the population about CRC,
a low percentage of prescribing hidden blood tests by
outpatient doctors, insufficient high-quality colonos-
copies, and the lack of unified national recommenda-
tions for managing patients with suspected CRC. Ear-
ly colon and rectal cancer diagnosis today is crucial in
minimizing cancer mortality risk. It should be borne in
mind that this is available to all people who come to
undergo an examination. In addition, colorectal can-
cer is more accessible to treat than many other can-
cers. The probability of successful cancer treatment at
an early stage is more than 80%. Priority should be giv-
en to developing and disseminating structured educa-
tional programs among representatives of the public,
supply and medical institutions, politicians, and polit-
ical leaders.

Conclusion: In conclusion, we can point out the fol-
lowing recommendations for preventing cancer:

- Effective educational programs are applied appro-
priately for each participant, and the development and
dissemination of cheap, easy-to-use, non-troublesome
clinical methods.

- It is essential to develop colorectal cancer screen-
ing as part of general preventive medicine, promoting
screening on a national and regional scale.

— It is necessary to determine the target group of
the population - for example, asymptomatic men and
women of a certain age with risk factors (e.g., family). In
addition, the decision to conduct screening for colorec-
tal cancer should be based on the assessment of the
prevalence of this pathology among the population be-
ing screened, as well as the screening strategy (the tests
being carried out, the frequency of their conduct, the
age of the subjects), the recommendations of the rel-
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evant medical guidelines, the availability of resources,
the degree of risk and the cultural level of the popula-
tion. In this regard, supporting reputable specialists, ac-
tive segments of the population, and the media is espe-
cially important.

Take up the assessment of the feasibility of the pro-
posed program- the availability and allocation of re-
sources (financial, personnel, diagnostic equipment). It
is essential to assess the population’s particular cultur-
al and linguistic characteristics. It is necessary to identi-
fy the places of screening and ensure interconnection
(training and training) with doctors who carry out the
examination (general practitioners, etc.) and with the
groups of the studied population.

Developing and disseminating patient-oriented
screening guidelines, diagnostic methods, treatment,
and monitoring is essential. It is necessary to involve pa-
tients in the screening program and improve the meth-
ods of their further monitoring. Future research should
include all recommended screening methods to under-
stand patient preferences in colorectal cancer screen-
ing. The recommended methods for screening for
colorectal cancer vary depending on their effective-
ness, safety, cost, and usability.
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AHJATIIA

KAPAFAH/IbI OBJIBICHI XAJIKBIHBIH KOJIOPEKTAJIbAbI KATEPJII ICIKITEH
CBIPKATTAHY )KOHE OHBIH AJIIBIH AJTY MOCEJIEJEPI BOMBIHIIIA
XABAPIAP BOJIY JIOPEXECI:
9JIEBUETKE HIOJY

A.M. Myman'
«Kaparanabl MeaunumHa yHusepcuteTi» KEAK, KaparaHgsl, Kasakctan Pecny6nukace

O3zexkminizi: Oukono2usiivlK aypyiaposiy miziminoe koiopekmanvovl Kamepii icik (KKI) owcoln cailblh aypyuanobliblk JcoHe o1im-
Jrcimim kopcemriwimepi OOUbIHWA dcemeKi OpbiHdbl Albin Keaeodi. [ynuescysinix oencayuvik cakmay yuvimoinviy (JAY) andvin ana
bonxcamoapsl botbinwa, 2030 xcvinza Kapai konopekmanvowl Kamepii icik (KKI) aypywanoviael sxcvlnvina 2,2 MAH-HAH acaobl, Al O1iM-
arcimim gmcwinvina 1,1 man-2a oeilin apmaovl. Kazakemanoa scwln catiblh Konopekmanvovl Kamepii icikmiy 3000-nan acmam scana srcaz-
oativl aHbIKManaovl. Aypymen Kypecme npo@uiakmuKkaibly ic-uapaniapovl 6apelniud 0amvimy Kepek. An0blH any wmapaiapoli KOiOAHy
amanzaan depmmeH OOAAMbIH OLIM-HCIMIMOI azaumyoa wewyui ponce ue. Onvly iwinOe2i Maybl30bl MOceaenepOiH OIpi — XaNbIKMbLH Aypy
mypanvl HCemkinikciz aknapammanybl.

3epmmeydin maKcamol — Koi0peKmanbObl Kamepii icikmen O01ambiH ColPKAMMAHYULLLIbIKMbLY AL0bIH ALy OOUbIHWA O1eMOIK Mo-
HCipubeHi natoaiana omulpsin, XaiblKmsl AKNAPAMmManoblpyObl ApMMmulpy YULiH KOIOAHbLIAMbBIH IC-UaAPaiapobl YCblHY.

Aoicmepi: 2013-2023 scvinoapoazer PubMed, CrossRef, Scopus socone Cochrane depekkopiapvlHan «KOJLOPeKmaibObl Kamepii iCiky,
«Kayin paxmopnapuvly, «xaivlKmully Xadapoapavlebly, «KMeOUYUHALBIK, CAYAMMBLIbIKY, «CHIPKAMMAHYUBLIbIKY, «AI0bLH YY) KIIM c030epi
botibiHwa y30ikciz i30ey naudananvinovl. Homuowcecinoe 75-men acmam avinvimu makaranap men 500-oen acmam mesucmep Kapaiosi.

Homuoiwcenepi: Onkono2usnnvl Ouaznoszvl 6ap Haykacmapowvly, KOLopekmanboi Kamepi iCiknen ayblpamuvii nemece aypy OuacHo3bl
pacmanean HAyKAcmap apacelhod amaiean 0epm mypaisl JICemKilikmi mypoe aknapam aiblHOa2anbvl JcoHe an0bli ALy Wapaiapbiia
HeMKYpauivl KapaumelHObIKmMapel — moceaeHeHi ywvikmoipezan. Cebebi, OipiHwioeH, XaiblKmoly 03 0eHCayabliabl al0blHOA HayanKep-
winikmi monvlk cesinbeyi (ozan op mypii cebenmepOoiy ocep emyi: dcaniz2an ysam ce3iMi, MoAblKKAHObl aKnapammanoay), eKiHuioeH,
npogpunaxmurada GipiHwinix anovii aryobly Mayel30vl exendiein area mapmamei3. Colikecinule CKpUHUHZMIK 6a20apiamanapobiy Ho-
muoiceniniein apmmaolpy, aknapammanyobl JHceminodipy dicone oepmnen Kypecme MemieKem mapanbiian moablKKaHobl KOMeKmi yiubim-
oacmulpy Kepex.

Kopovimuinowi: Konopexmanvoi kamepai icixk — Kazaxcmanoazol onkono2usnlx aypynaposiy miziminoe mMansi30bl OpblHObL AJIAMbLH,
e3ekmi depm 601bln Mabwvliadel. Xanvlk apacblHOa amaizan aypy mypaisl Xxabapoap 00a1y0bl apmmulpy HCoHe AN0bIH ANy MoceNelepiH
Oypbic wieury apKblivl, HAYKACMAp apacblHOdebl aypyuayobliblKmel azaumyaa MymKinoix myaoul. Ocel opaiioa aypy mypaisl aknapam-
Mol XANIK APACLIHOA KeHIHEeH Mapamy COHbIMeH Kamap, HayKacmapOobly 03 0eHCayiblebl dl0bIHOA JHCAYANKEePULILIZIH apMmMbLPY KAdICem.

Tyitinoi ceszoep: Konopekmanvovl Kamepii icik, Kayin ¢axmopiapsel, XaiblKkmsiy xabapoap 60nysl, MeOUYUHATbIK CAYAMMBLIbIK,
aypyuanovLIblK, Al0blH-AIL).

AHHOTADUSL

CTEINIEHb UTH®OPMHUPOBAHHOCTU HACEJIEHU S KAPAFAHI[I/IHCKOﬁ OBJIACTH
1O BOITPOCAM 3ABOJIEBAEMOCTHU U ITPOPUJIAKTUKHU KOJIOPEKTAJIBHOI'O PAKA:
OB30P JITUTEPATYPbI
A.M. Myman!

"HAO «MepuumHckmit YHuBepcuTeT KaparaHasi», Kaparanaa, Pecnybnuka KasaxcTaH

Axmyanvrocms: B cnucke onkonocuueckux 3aboneganuil koropexmanvHuli pax (KPP) edceco0no 3anumaem auoupyroujue no3uyuu no
nokazamenam zaboneeaemocmu u cmepmuocmu. Ilo npeosapumenvnvim npoerozam BO3, k 2030 200y 3abonesaemocms KP npegvicum 2,2
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MIH 8 200, a cmepmuocms yeeauuumcs 00 1,1 min 6 200. Escecoono 6 Kasaxcmane gvisisnsiemces 6onee 3000 nosvix ciyuaes KPP. B bopwvbe ¢
60713110 HEOOXOOUMO MAKCUMATLHO PA38UEAMb NpOduiakmuyeckue meponpuamus. Ilpumenenue npoguiakxmuueckux mep uepaem pewaro-
WYI0 PONIb 8 CHUMCEHUU CMEPMHOCIU O 0aHH020 3abonesanus. OOHA U3 CAMBIX 8AACHBIX NPOOIEM — HEOOCTNAMOYHAS UHPOPMUPOBAHHOCTIb
Hacenenus 0 Oone3HU.

Llenv uccnedosanus — npeonodcums mMepol O NOBLIUUECHUIO 0CEEOOMAEHHOCNU HACENCHUS HA OCHOBE U3YYEHUsL MUPOBO2O ONbIMA NPOPDU-
JaKMuKY 3a6071e6aeMoOCmu KOI0PEKMAIbHbIM PAKOM.

Memoowi: B 6azax dannvix PubMed, CrossRe, Scopus u Cochrane 3a 2013-2023 22. 6bin nposeden HenpepvieHblil NOUCK NO KIHUEBbIM
CIOBAM «KOJIOPEKMANbHLIIL PAKY», «(AKMOPLL PUCKAY, «OCBEOOMIEHHOCHb HACENCHUSY, «KMEOUYUHCKAS CPAMOMHOCIbY, (3A0071e6aeMOCHIbY,
«npogpunakmuray. Bceeo 6vino usyueno 6oaee 75 nayunvix cmameii u 500 me3ucos.

Pesynomamor: Ilpobnema ycyeyonsemces mem, ymo cpedu 60IbHbIX ¢ OHKOIOZUYECKUM OUA2HO30M, 60abHbIX KPP unu nayuenmos ¢ noo-
meepoicoennvim ouaenozom KPP nedocmamouno ungpopmayuu o 0annom 3a001e8anuu, u oHu npenedpeeaiom npopuiakmuieckumy Mepamu.
Bo-nepebvix, mbl nacmausaem na mom, umo naceienue He NOIHOCHbIO 0CO3HAENn OMEEMCMBEHHOCHIbL Neped CEOUM 300POBbEeM (HA MO GAUSIOM
Paznuunble NPUYUHBL: JIONHCHOE YYECHIBO CMbLOA, HEOOCMAMOYHOE 0C8e0OMAEHHOCIb 0 DONE3HU U MAK Odllee), d 60-6MOPbIX, NePEUUHAs NPO-
Gunaxmura sasicna. Coomeemcmeento, HeoOX00UMO NOGLICUMb Pe3VIbMAMUSHOCb CKPUHUHZOBLIX NPOSPAMM, YIVHULUMb UHDOPMUPOBAH-
HOCHb U OP2AHUZ0B8AMb NOTHOYEHHYIO NOMOUWb CO CMOPOHbL 20CYOApcmea 6 bopboe ¢ 601e31bIO.

3aknrouenue: KPP sgnaemcs akmyanbhvlm 3a601e6anueM, 3aHUMAIOWUM BAICHOE MECIO 68 CNUCKe OHKONIo2udeckux 3abonesanuti Kaszax-
cmana. Bnaeodaps nosviuenuio océedomarennocmu Haceienus 0 OAHHOM 3a00J1e8aHUL U NPABUTLHOMY PEUEeHUI0 8ONPOCO8 NPOPUIAKMUKU,
NOABUMCA B03MONCHOCINb CHUSUMNb 3A6071€8AeMOCb cpedu DONbHBIX. B 9moil ¢é43u Heobxo0umo wupoxoe pacnpocmpanenue un@popmayuu o
3a001e6anuU cpeOU HACeNeHUs, d MAKIICe NOGbIULEHIE OMBEMCNBEHHOCMU NAYUEHIN08 neped COOCMBEHHBIM 300POBbEM.

Kniouesvire cnosa: Konopexmanohuiii pak (KPP), hakmopwl pucka, oc6edomMaeHHOCMb HACeleHUsl, MEOUYUHCKAsL 2PDAMOMHOCTb, 3a60/1e-
saemocmy, npoGuIaKmuKa.
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