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ABSTRACT

Relevance: Gastric cancer (GC) morbidity is growing in Kazakhstan every year. In 2022, 2 915 new GC cases were detected (15 per
100,000 population), making GC the third most common cancer. The early detection rate of GC does not exceed 10-20%, and advanced
forms of GC are over 40%. Mortality increases in the first year after the diagnosis (up to 40%).

The best way of solving early detection of gastric cancer is carrying out diagnostics at the stage of pre-tumor stomach diseases.
Timely diagnosis and treatment of surgical and borderline diseases of the upper gastrointestinal tract (metaplastic and dysplastic
changes in the mucous membrane of the esophagus, stomach, and duodenum and adenocarcinomas and early cancer arising against

this background) are a complex medical and social problem.

Endoscopic methods for diagnosing esophagus, stomach, and duodenum diseases are the most highly informative nowadays. How-
ever, precancerous changes (atrophy, metaplasia, and dysplasia) in conventional endoscopic examination may not have specific fea-
tures. It is necessary to improve the results of endoscopic diagnosis. The chromoscopy method may be one of the methods used to identify

precancerous pathology and GC methods.

The study aimed to increase the efficiency of early detection of gastric cancer by adapting the Japanese Gastric Cancer Association

(JGCA) morphological classification for the Kazakh population.

Methods: We conducted endoscopic studies of 500 residents of the Republic of Kazakhstan using chromoscopy and morphological
studies of the biopsy obtained during endoscopic examination. These patients had digestive system problems but previously did not have
a GC diagnosis. We formed the risk groups according to JGCA (editions 13" and 14™).

Results: We identified 3(0.6%) morbidity of severe dysplasia according to the results of 500 patients’ biopsy samples morphological
study. This morphological structure is classified as a well-differentiated adenocarcinoma. We recommended a surgical treatment for

identified patients.

Conclusion: The detected cases of obligate pre-cancer with an extremely high probability of malignancy prove the importance of
using the JGCA classification for GC early diagnostics and allow us to recommend the use of chromoscopy in endoscopic examination

of the stomach.

Keywords: gastric cancer (GC), chromoscopy, severe dysplasia, morphological classification of the Japanese Gastric Cancer As-

sociation (JGCA).

Introduction: According to the national cancer regis-
try, the number of newly diagnosed gastric cancer (GC)
cases is growing annually in Kazakhstan, increasing by
1.9% in 2021 and 11.0% in 2022. However, it declined by
2.5% in 2018 and 8.1% in 2020. In 2022, 2,915 new cases of
GC were revealed (15 per 100,000 population). GC ranked
3 in the structure of oncopathology (8.3%) in both sexes,
2"4in men (12.5%), and 6™ in women (5.12%) [1]. In 2020,
GC ranked 2™ in the structure of deaths from cancer in
Kazakhstan, with a one-year lethality of 44.1% in 2021 and
40.0% in 2022. The ratio between one-year mortality and
advanced cases (stage IV) was 2.2 in 2021 and 1.9 in 2022

[1]. Itis worth noting that the annual mortality rate reach-
es 40.0%, while the early detection rate for GC does not
exceed 10-20%. Over 40% of cases are detected at stages
-1V of the disease [2].

Early diagnostics followed by the treatment of precan-
cerous diseases of the gastrointestinal mucosa (atrophic,
metaplastic, and dysplastic changes of the mucous mem-
brane of the esophagus, stomach, and duodenum) is a
daunting challenge for the oncology service [3-5].

These facts urge the search for methods of new early
diagnostics at the stage of precancerous lesions and im-
proved treatment efficacy for stomach diseases. A com-
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plicated, controversial issue in early GC diagnostics is the
discrepancy in assessing the condition of patients with
newly established GC or precancerous diseases. First, it
stems from different malignant neoplasm (MN) classifi-
cations adopted in various countries, which ultimately af-
fect the adequacy of a patient’s condition assessment to
assign this patient to a particular risk group.

For example, the Japanese MN classifications adopt-
edin 1998-2010 were not used in European and American
clinics due to their more complex numbering of region-
al lymph nodes and significant differences from the UICC
international classification [6-9].

The second, equally important point in the Japanese
Classification of Gastric Carcinoma indicates the tumor’s
predominant location in the stomach (C - upper part, M
- middle part, A - lower part). The degree of tumor in-
vasion into the stomach wall is denoted by the index S,
pointing out the invasion of serosa: S, - no invasion of
serosa; S, - suspect for invasion of serosa; S, - the inva-
sion of serosa; S, - tumor invasion into the neighboring
organs [7, 8].

The third distinction between the Japanese and the
generally accepted European classifications is the more
detailed description of the lymph node condition. The
Japanese classification considers the number and the
group of lymph nodes (groups I-IV); each group is num-
bered depending on the lymph node size (1 to 16 cm).
Usually, Japanese oncologists perform histological exam-
ination of up to 30 lymph nodes. In contrast to the com-
monly accepted European classification, the Japanese
one uses “P” and “H" instead of the “M” symbol, where “H"
characterizes the presence of metastases in the liver and
their number (H, - no metastases in the liver, H - the pres-
ence of metastases in one lobe of the liver, H, - the pres-
ence of several metastases in both lobes of the liver, H, -
the presence of multiple metastases in the liver), and “P" is
the degree of tumor dissemination over the peritoneum
(P, - no peritoneal metastases, P, - the presence of dis-
semination in the peritoneum above the colon, P, - the
presence of separate sites of dissemination on the perito-
neum distant from the stomach; P, - the presence of mul-
tiple dissemination in the abdominal space). Considering
all differences in the compared classifications, the GC stag-
es are designated as follows: SN P H -stagel, SN .PH

-stagell, S,N, 2P H - stage ll, S3lgl3ij:3H173 - stage1 I\(/) 1[7,08](3

Since the release of the 14™ edition of the classifica-
tion (2010) recommended by the Japanese Gastric Can-
cer Association (JGCA), the previous classification was
remodified and brought closer to the commonly accept-
ed international one. In the new classification, the lymph
node dissection is taken into account only depending on
the type of surgery (resection, gastrectomy), and the cat-
egory N is taken into account by the number of nodes af-
fected by the tumor [4-11].

Endoscopic methods of diagnosing gastrointestinal
tract diseases are the most informative from the point of
view of the amount of information [4]. However, conven-
tional endoscopic examination, even when the high-tech
equipment of the latest generation is used, makes it chal-
lenging to diagnose the degree of atrophic, metaplastic,

and dysplastic changes in the mucous membrane that
may be the cause of malignant neoplasm development
[5]. This is especially essential in screening for MNs of the
gastrointestinal tract [12-18].

Chromoscopy is a method to detect precancerous
pathologies and GC. Even though chromoendoscopy has
shown the potential to expand the use of endoscopic
studies in diagnosing gastric diseases in some countries,
Kazakhstan started to apply this method only in 2021.
Therefore, there is a need to adapt the JGCA morpholog-
ical classification for the population of Kazakhstan. This
method focuses on the early detection of GC to perform
organ-preserving surgery to rapidly recover these pa-
tients’ working ability and improve their quality of life.
Therefore, we applied several internationally recognized
classifications to assess the findings of conducted mor-
phological examinations.

The project aims to improve endoscopic diagnostics
of GC using chromoscopy.

The study aimed to increase the efficiency of ear-
ly detection of gastric cancer by adapting the Japanese
Gastric Cancer Association (JGCA) morphological classifi-
cation for the Kazakh population.

Materials and Methods: The JGCA morphologi-
cal classification was adapted for the Kazakh popula-
tion during the morphological study of biopsy materi-
al obtained from 500 endoscopic examinations (using
chromoscopy by methylene blue staining) of Kazakh-
stani residents aged 40 and above. The inclusion crite-
rion was the presence of “gastric problems” but with-
out a previously diagnosed “gastric cancer.” The study
was carried out in four oncology centers: “The Kazakh
Institute of Oncology and Radiology” JSC, Almaty (170
examinations), “Multidisciplinary Center of Oncolo-
gy and Surgery” MSE on REM of the Healthcare Depart-
ment of East Kazakhstan in Ust-Kamenogorsk (142 exa-
minations), “Center for Nuclear Medicine and Oncology”
MSE on REM of the Healthcare Department of Abay re-
gion in Semey (69 examinations), and “Atyrau Regional
Oncology Dispensary” MSE on REM in Atyrau (119 exam-
inations). The JGCA classification was used to interpret
the findings of the morphological examination of biop-
sy material obtained during chromoscopy in addition to
the generally accepted European classification since the
Japanese classification considers factors that significant-
ly impact the prognosis. According to the JGCA classifica-
tion, patients with severe dysplasia were classified as at
high risk of developing GC. After clarification of the diag-
nosis, they were classified as patients with high-grade GC
adenocarcinoma.

Results: The analysis of the results of 500 patients ex-
amined in four regions of Kazakhstan showed that their
average age was 67.74+2.61 years, suggesting that the
patients were mainly older. The x2 test showed a statis-
tically significant correspondence between the sex and
the GC detection: x2=45.97; df=1; p=0.000. The GC was
statistically less common in women than the expected
MN=-4.2; p<0,001. Statistically, the odds for detection
of GC in men were significantly higher than in women:
OR=2.471, Cl=1.883-3.242.
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The findings of the endoscopic examination (by
chromoscopy) of 500 patients from four regions of
Kazakhstan showed the following results accord-
ing to the generally accepted European classification:
stomach without pathology - 0 cases, inflammato-
ry diseases of the stomach - 439, stomach ulcer - 14 (3
patients had severe dysplasia), gastric submucosal tumor —
7, gastric polyp with a thin pedicle - 2, a gastric polyp on
a wide pedicle - 5, malignant gastric tumor up to 3 cm in
size — 13, and malignant gastric tumor over 3 cm - 20 pa-
tients. However, three of 14 patients in the “GS 4 stomach
ulcer” group had severe dysplasia (obligate pre-cancer),
so they were assigned to a separate risk group under the
JGCA morphological classification (Table 1). Those patients
were recommended surgical treatment.

The X2 criterion showed a statistically significant corre-
spondence between the locations of the surveyed by re-
gion and the study findings: x2=57.47; df=10; p=0,000. For
example, for the “city” location, when compared to expect-
ed, less frequently have been statistically detected, the re-

sults of “GS7. Gastric polyp with a wide pedicle” (MN=-2.2;
p<0.05) and “GS11. Malignant gastric tumor with a focus over
3 cm, pathomorphologically verified” (MN=-3.1; p<0.01). For
the “village” location, when compared to expected, more
frequently have been statistically detected the results of
“GS7. Gastric polyp with a wide pedicle” (MN=2.7; p<0.05)
and “GS11. Malignant gastric tumor with a focus over 3 cm,
pathomorphologically verified” (MN=3.8; p<0.01).

In light of the study findings, we adapted the JGCA
morphological classification and developed an algo-
rithm for GC detection at the earliest stage of the dis-
ease (Figure 1). According to this algorithm, the findings
of a pathomorphological examination of biopsy mate-
rial obtained during chromoendoscopy (after morpho-
logical verification of the pathological site) shall be re-
viewed to assign the patient to one of the three risk
groups: pre-cancer, severe dysplasia (according to the
morphological classification with consideration of the
JCGA adaptation), or cancer. Further patient routing de-
pends on their risk group.

Table 1 - Distribution of cases under the adapted morphological classification of the Japanese Gastric Cancer Association

(using chromoscopy (n=500)

Total cases, abs. (%)
Underhthle Eurclnpf-:an Under tl;e Eluropelan
g morphological clas- morpho-logica
Distribution into groups based on study results psificagtjion classificgtion v%ith o
account of the adapted
JGCA classification
GS 1 Stomach without pathology - -
GS 2 Hereditary stomach diseases, con-genital abnormalities - -
GS 3 Inflammatory diseases of the stom-ach 439 (87.8%) 439 (87.8%)
GS 4 Stomach ulcer 14 (2.8%) 11 (2.2%)
GS 5 Gastric submucosal tumor 7 (1.4%) 7 (1.4%)
GS 6 Gastric polyp with a thin pedicle 2 (0.4%) 2 (0.4%)
GS 7 Gastric polyp with a wide pedicle 5 (1.0%) 5 (1.0%)
GS 8 Malignant gastric tumor with a fo-cus up to 3 cm, without - -
morphological verification (double gastroscopy)
GS 9 Malignant gastric tumor with a fo-cus of up to 3 cm, 13 (2.6%) 13 (2.6%)
pathomorphologically verified
GS 10 Malignant gastric tumor with a focus size of larger than 3 cm, without - -
morphological verification (double gas-troscopy)
GS 11 Malignant gastric tumor with a focus size of larger than 3 cm, 20 (4.0%) 20 (4.0%)
pathomor-phological verified
Severe dysplasia (obligate pre-cancer)* - 3 (0.6%)
Total number 500 500

Note: *Severe dysplasia (obligate pre-cancer) under the morphological classification of the Japanese Gastric Cancer Association

Pre-cancer

|

Biopsy (morphological verification)

Pathology

| Follow-up by an oncologist

Inpatient treatment

Figure 1 - Algorithm of endoscopic examination with chromoscopy with the account of the adapted
morphological classification of the Japanese Gastric Cancer Association
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Discussion: The proposed algorithm of endoscopic
examination of the stomach with chromoscopy with the
account of the adapted JGCA classification provides an
attending physician with the results that help to choose
an appropriate treatment method at an earlier stage of
the disease. However, different approaches to GC clas-
sification in Japan and Western countries make it very
difficult to compare the treatment outcomes of the two
surgery schools.

A distinctive feature of GC diagnostics from the
JGCA standpoint is a different approach to determin-
ing the morphological form: severe dysplasia is classi-
fied as a well-differentiated adenocarcinoma, and these
patients undergo surgical treatment [11, 12]. This aspect
has been tested in this study.

The Japanese classification considers the factors
that significantly impact the disease prognosis. First,
the chromoscopy method is based on the exception-
al properties of methylene blue used for vital staining
of the mucous membrane of the digestive tract epithe-
lium. This allows visual detection of lesions during en-
doscopy and taking a biopsy from the most suspicious
site. At that, the dye pigment binds to glycogen con-
tained in the tissues. The afflicted mucous membrane is
not stained, even at the earliest stage of the disease, be-
cause glycogen is found only in healthy cells. Unstained
spots on the mucosa are well visible during endoscopy
and require further examination. Thus, the probability
of detecting cancer at stages 0 and | approaches 100%.

The difference from the generally accepted Europe-
an classification is that the Japanese standards, repre-
sented by the JCGA morphological classification, are
evident and detailed due to using a more accurate en-
doscopic examination method by applying chromosco-
py. For example, in our study, the JGCA classification al-
lowed identifying patients who would not be assigned
to any groups under the generally accepted European
classification widely used by clinicians in most coun-
tries. Morphological examination of biopsy materials
obtained during 500 chromoscopy procedures to form
a risk group based on the JCGA morphological classi-
fication revealed 3 (0.6%) cases with severe dysplasia.
These three cases were determined to be obligate pre-
cancerous lesions with an extremely high likelihood of
malignancy. The JCGA morphological classification (edi-
tions 13 and 14) determines this morphological struc-
ture as a well-differentiated adenocarcinoma. There-
fore, all three patients diagnosed with severe dysplasia
were assigned to a high-risk group and recommended
surgical treatment.

Conclusion: The detected three cases of obligate
pre-cancer with an extremely high probability of ma-
lignancy prove the importance of using the JGCA clas-
sification for GC early diagnostics and allow us to rec-
ommend the use of chromoscopy in endoscopic
examination of the stomach. This approach is justified
since severe dysplasia of the gastric mucosal epitheli-
um can indicate the presence of undetected adenocar-
cinoma foci, which is essential for GC early detection at
stages 0-1.
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7KAIIOH ACKA3AH OBbIPBI KOFAMBIHBIH MOP®OJIOTI UAJIBIK )KIKTEMECIH KABAKCTAH
XAJIBIKBIHA BEUIMJIEY HOTUKEJIEPI

C.K. Menéaes', E.b. Hacanos*3, /I.P. Kaiidaposa'?, T.I'. ['onuaposa', 3.K. Canaposa*, T.H. beauxuna®,
A.A. Bopombaes', P.K. Packanues', A.M. Kaoopaxuesa®, K.K. Cynmanzasun®, E.P. Hacubyinun’

«Ka3ak OHKONOrus XaHe pagnonorus FuinbiMKU-3epTTey HCTUTYTHI AK, Anmatel, KasakcTaH Pecnybnukachs;
Z«Xupyprusi uHcTUTYThI» XKLIC, Anmatsl, Kasakctan Pecny6nukace;
3«C.K. ActheHansipoB aTbiHAarbl kasak ynTTelk MeauunHa yHusepcuteTi» AK, Anmathl, KasakcTan Pecnybnukacsi;
“«ATblipay 06nbicTblk oHkonorusnblk aucnarcepi» WXKK KMK, Ateipay, KasakctaH Pecny6nukacs!;
S«Abait 0bnacblHbIH AeHCaymbIK cakTay 8HIpiHiK «Aaepnblk MeauunHa xaHe oHkonorus opTanbiFbly LXK KMK, Cemeit, KasakctaH Pecny6nukacs!;
S«LLIbiFbic KasakcTaH fieHcaynblk cakTay eHipiHiH kencananbl oHKonorus xeHe xupyprus optansirbly LLXKK KMK, ©ckemen, KasakcTan Pecnybnukach

O3exminizi: Kasaxcmanoa scvln cativin ackasan 06vipul (AO) aypynapuinsiy canvt apmuin keaedi. Convimen, 2022 scvinvt 2915 adam anvik-
manowet (100 000 mypavinza 15 adam), onkonamonocus KypoliblMblHOA 3 OpbIHObL anadbl, Oy pemme acKa3an oObIPbIHbIY epme hopmManiapsit
anvikmay xepcemxiwi 10-20%-0an acnaiiovl, ackwinean mypaepi — 40%-oan scoeapel, [Juaenos Kotivinean commen 6acman Oipinuti Hcolibl
enim-ocimim apmaowt (40% Oeiiin).

Bacmankul kezenoe ackasannvly 00bIpbl A10bL AYPYIAPLIHGIY CAMBICHIHOA OUACHOCIMUKA HCYPI3Y ACKA3AH 00bIPbIH epme OUA2HOCIMUKAAY
Mocenecin weulyoiy JHcouvl 60abin maodwvliadsl. Koaapavl ACKa3an-iulex HCoN0aPbIHbIY XUPYPUSIbLK JCOHE WEKAPATLIK AYPYIapblH (OHewmiy,
ACKA3AHHBIY JICOHE OH eKi el TWeKMIK WbIpblumyl KaOamviHOd2bl MEMANIACMUKAIBIK, HCOHE OUCTIACMUKANBIK, 032epicmep MeH d0eHOKApYU-
HOManap HcoHe 0cbl POHHAH MYbIHOA2AH epme 00bipbl) Oep Ke3IHOe OUACHOCMUKALAY HCOHE eMOey KypOel MeOUYUHAIbIK-9LeyMemmiK Moceie
bonvin maodwLLIAObL.

Kasipei yakeimma eyewimiy, acKa3anHHbly JHCoOHe OH eKi el iueKkmiy aypyiapbii OUazHOCMUKaIayobly SHOOCKONUSIbIK d0icmepi ey akna-
pammuliviesl dcozapul. [ecenmen, ooemmeei IHOOCKONUSIBIK, 3epmmey Kezinoe obvipea Oetiinei o32epicmep (ampodus, Memaniaszus, OUcn-
nasus) epexwe bencinepee ue 6oamayvl mymin. Ocvlean 6alIAHLICHbL SHOOCKONUSLIbIK OUACHOCIUKA HOMUNCENEPIH JHCAKCAPMY HCOIOAPBIH
iz0ecmipy Kasicem. Kamepui o6vipviea Oetlinei namono2us Men ackasan Kamepii 00bIpbli aHblKmayea bazeimmanaan o0icmepoiy 6ipi xpomoc-
Konus 90ici.

3epmmeyoin maxcamur — Kanon ackasan obvipsl Koeamvinwiy (JGCA) mophonocusnvik acikmemecin Kazaxcman xanvikvina oetiimoey
apKbLIbL ACKA3AH 00bIPLIHBIY epme OUACHOCIUKACLIHbIY MUIMOINIZIH apmmulp)y.

Qoicmepi: Xpomockonuanwix odicnen sndockonuanviy sepmmeynep Kasaxcman Pecnyonukacvinviy 500 ackopeimy scyiieci aypynapel, 6y-
PbIH AHLIKMANI2AH ACKA3AH 00bIPbl OUACHO3bL JHCOK AHCOHE IHOOCKONUANBIK 3epmme) Ke3inoe anbiHean OUONCUAHbIY MOPPOLOSUAILIK 3epmmey-
nepi, mayeken moovin Kypa omuipbin scypeizinoi. Kanou ackasan o6vipur Koeamvina (JGCA) cotikec (13-wi scone 14-wi scapusnanvimoap).

Homuocenepi: 500 naykacman anvinean 6uoncus yiiiepin Mopghonrocusivlk 3epmmey Homudiceaepi O0UublHua ayblp OUCHIA3UACsl bap
3(0,6%) srcazoaii anvixmandwl. byn mopgonozusnvix Kypwlivim dcakcyl ougdepenyuayusianaan adenokapyunoma peminoe sxcikmenedi. Anvig-
manaan HayKacmapaa Xupypeusanslk emoey yColHbliaobl.

Kopuimuinowi: Ocvinativia, Kamepii 06bIpblna alinany bIKMUManoblabl ome Hco2apvl Minoemmi Kamepai 00bipbina Oetlinel scaz0aliapol
ackasan oOvipbiH epme ouazHocmukanay yuwin JKanown ackasan oowipsl Kozameinsiy (JGCA) mopghonozusnvik scikmemecin KoI0aAHYObIH Ma-
HbL30bLIbIZBIH 00100l JCOHE ACKA3AHObL IHOOCKONUSIbLK 3epmmey0e XPOMOCKONUsL d0ICiH KOIOAHYObl YCbIHAObL.

Tyiinoi cesdep: ackasan obwvipel (AO), xpomockonus, ayvlp oucniasus, Kanon ackazan obvipsi Koeamvinviy (JGCA) mopghonozusinbik
Jicikmemeci.

AHHOTANMSA

PE3YJIBTATBI AJIAIITAITAU MOP®OJIOTHTYECKOM KJIACCUPUKAIINA ATTOHCKOTI' O
OBIIECTBA IO U3YUEHUIO PAKA KEJYIKA K KASAXCTAHCKOM HOITYJISAILIANA

C.K. Menbaes', E.b. Hacanos*, JI.P. Kaiioaposa'®, T.I'. F'onuaposa', 3.K. Canaposa*, T.H. Beauxuna®,
A.A. Bopomoaes', P.K. Packanues', A.M. Kaoopaxuesa', K.K. Cyrimanzazun®, E.P. Hacuoynnun®

AO «Kazaxckui HayyHo-1CCrIe0BaTENbCKHIA MHCTUTYT OHKONOMAM 1 paguonoriny, Anmarsl, Pecnybnnka Kasaxcrar;
ZTOO «MHcTUTyT Xupyprumy, Anmatel, Pecnybnuka Kasaxctas;
*HAO «Kasaxckuii HaumoHanbHblit MeauumHckuii YHueepcuteT umenn C.1. Accheramsipoar, Anmarsl, Pecnybnvka Kasaxcra;
KM Ha MXB «ATblpayckuii 06nacTHOM OHKONMOrMYECKuiA ucnaxcepy, Atbipay, Pecnybnnka Kasaxcrar;
KM Ha MXB «LieHTp sinepHoit MeauumHbl 1 oHkonoruny Y3 obnactu Abait, Cemelt, Pecnybnuka KasaxcraH,
KM Ha MXB «BKO MHoronpodunbHsiii Lientp Onkonorum n Xupyprums» ¥3 BKO, YcTb-Kameroropck, Pecny6nmka Kasaxcran

Axmyanvrnocms: Edicecoono 6 Kazaxcmane ysenuuugaemcs uucio 3abonesuwiux paxom sxcenyoxa (PXK). Tak, ¢ 20222. gvisigneno 2915 ye-
nosek ¢ P)K (15 uenosex na 100000 nacenenus), sanumasn 6 cmpykmype oHkonamonozuu 3 Mecmo, npu 3mom 4acmoma 0OHAPYHCeHUs PAHHUX
@opm PK ne npesviwwaem 10-20%, 3anywennvix ghopm — ceviwe 40%,; ysenuuusaemcs 1emaibHOCmb Ha NEPEOM 200y ¢ MOMEHMA YCMaHOo61e-
Hus ouaznosa (00 40%).

Ilposedenue ouazHocmuku Ha cmaouu npedonyxonesvix 3a001e6aHUll JHCelYOKA HA HAYANbHOU CMAOuu — nymv K peueHur npoonemol
panneti ouacnocmuxu PK. Pannsas ouaznocmuxa ¢ nociedyioweil opeanuzayuelt 1ederus npedonyxonessix 3a001e6aHull Ciu3ucmou iH#eiyoou-
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HO-KUWEYHO20 MPaKma (ampoguueckue, Memaniacmuyeckue u OUCHIACMUYecKue U3MeHeHUs CIu3ucmotl 000NI04KU nuwueeooa, dJceryoxKd u
08eHAOYAMUNEPCMHOU KUWKY) NPeOCMABIsIoN CLOACHEUUYI0 npoOiemMy O OHKOIOSUYeCKOU cyacovl. Jlns smotl yeau naubonee ungopma-
MUBHLIMU 8 HACIMOAUee 6PeMA CHUMAIOMCA IHOOCKONUYeCKUue Menmoobl OUASHOCIUKU.

IIpu smom sndockonuueckoe ooHapystcenie NPeopaKosbIX usMeHeHull mpedyem HaIuyUus 8blCOKOMeEXHON02UYecK020 000pY008aANUS U UC-
NONb308AHUS MEMOOOLOULECKUX NOOX0008, OPUECHIMUPOBAHHBIX HA Oughpepenyuanvryio ouaznocmuxy. OOHUM U3 Memo0os, HANPABLEHHbIX Hd
svisgeHUe npedpakosoll namonoeuu u P)K, sensemca memoo xpomockonuu.

Ilenv uccnedoeanun — nosvluienue 3¢hppexmuseHocmi panHeli OUAZHOCMUKU PAKA JCeLyOKa nymem adanmayui Mop@ono2uveckou Kiaccu-
@uxayuu Anonckozo obuecmsa no uzyuenuio paxa sxcenyoxa (JGCA) k kasaxcmanckoi nonyiayuu.

Memoowi: [Iposedenvi sHOOCKONUUECKUE UCCAEO08AHUS ¢ NpUMeHeHuem Memoda xpomockonuu y 500 pezudenmos PK, umerowux 3abonesa-
HUS 0p2ano8 nuujesapenus bes pamee yCMano8IeHHO20 OUASHO3A KPAK HCeYOKay U MOpponocutecKue uccie008ans Guonmamd, NOIY4eHHO20
npu SHOOCKONUYECKOM UCCAe008AHUU, ¢ (hopmuposarHuem epynn pucka coenacHo JGCA (13-e u 14-e uzoanus).

Pesynomamur: Coznacno pes3ynmaman Mopghonoeudeckozo ucciedosanus noayyennsix 6uonmamos 500 nayuenmog svisgaeno 3 (0,6%)
cayuas ¢ majcénou oucnaaszueil. Jlannaa mopghonozuveckas cmpykmypa omHecena K 6bicoKoOupdepenyuposantoil adeHokapyurHome. Boias-
JIEHHbIM NAYUEHMAM PeKOMEeHO08AHO ONepamusHoe nevenue.

3axniwouenue: Taxum obpa3om, viseleHHblE CLYYAU 00IUAMHO20 NPEOPAKA C KPALHe 8blCOKOL 6ePOAMHOCIIbIO NEPEPONUCOCHUS 6 310~
KawecmeenHoe Hooobpaszosanue 0okaszvigaiom gasicnocms npumenenus JGCA ons panneti ouacnocmuxu PXK u nozeonsiom pexomenoosamo
npuMeHeHe Menood XpoMOCKONUY NPU IHOOCKONUYECKOM UCCIe006aHU JCELYOKd.

Knioueswte cnosa: pax swcenyoxa (PXK), xpomockonus, masicenas oucniasus, mopgonoeuueckas kraccugurayus Anonckozo obwecmea no
usyuenuro paxa sxcenyoxa (JGCA).
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