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Abstract

Introduction. Gastric cancer remains one of the leading causes of malignant mortality worldwide and occupies a
significant place in the oncological morbidity structure in Kazakhstan. Accurate preoperative assessment of the extent of the
disease is essential for choosing the optimal treatment strategy. Computed tomography (CT) is widely used for gastric
cancer staging, but its accuracy can vary depending on the stage of the disease, the biological characteristics of the tumor,
and the technical parameters of the examination.

Aim. To evaluate the concordance between the results of CT staging and the final pathological conclusion in patients
with gastric cancer in the clinical practice of Kazakhstan.

Materials and methods. A retrospective analysis of CT scans was conducted in patients with histologically confirmed
gastric cancer referred from various regions of the country and operated on at the National Research Oncology Center. Al
CT scans were performed before surgery. Staging results were compared with postoperative pathological data. Sensitivity,
specificity, accuracy, and the Kappa coefficient of agreement were calculated.

Results. The study included 42 patients. The accuracy of CT based on the T-score ranged from 73.2% (T3) to 95.1%
(T4a), with the highest concordance for T4a (k=0.72). For N-stage, the accuracy was 78.6% (x=0.46). When assessing M-
stage, the overall accuracy reached 87.8%, but the kappa coefficient was negative (k=—0.06), which is associated with the
rarity of M1 detection. The rate of understaging exceeded the rate of overstaging, especially at early stages T1-T2.

Conclusion. CT demonstrates high diagnostic efficacy in assessing late T-stage disease and distant metastases, but its
capabilities in early stages and in detecting lymph node metastases are limited. Optimization of protocols and integration of
CT with endoscopic ultrasound and staging laparoscopy can improve staging accuracy and clinical outcomes in patients with
gastric cancer.
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1 HauMoHanbHbIN HayYHbIA OHKOMOrMYeCKUin LIeHTP,
r. ActaHa, Pecny6nuka KasaxcraH.

BeepeHue. Pak xenyaka 0CTaéTcs OAHOM U3 BedyLLUMX NPUYMH CMEPTHOCTU OT 3MOKAYECTBEHHbLIX HOBOOOPa30BaHMI BO
BCEM MWpE U 3aHMMaeT 3HauMMoe MeCTO B CTPYKType OHKomornyeckon 3aborneBaemoct KasaxcraHa. TouHas
npesonepaLmoHHas OLeHKa pacnpoCTPaHEHHOCTM Mpouecca Heobxoguma Ans Bbibopa OMTUMANBHONA TaKTUKW JTEYEHMS.
KomnbloTepHas Tomorpacpust (KT) wupoko ucnonb3yetcs Ans CTaaupoBaHUs paka Kenyaka, O4HaKko eé TOUHOCTb MOXET
BapbWpOBaTh B 3aBMCUMMOCTM OT CTaauu 3abonesaHus, G1uonormieckux 0COBEHHOCTEN OMYXONM U TEXHUYECKUX NapamMeTpoB
“CCneaoBaHus.

Llenb. OueHntb cootseTcTBUE Mexay pesynbTatamu KT-CTagupoBaHWst U OKOHYATENbHBIM MaTOMOPGONOrMYECcKM
3aKITOYEHNEM Y NALMEHTOB C PaKoM XeIyaKa B YCMOBUSX KNMHUYECKON NpaKTUKi KasaxcTaHa.

Matepuanbl u metogbl. [poBeféH peTpocnekTUBHbIN aHanus KT-uccnegoBaHuii y nauMeHTOB C MACTONOMMYECKM
NOATBEPXKOEHHLIM PaKOM Kenydka, HarnpaBfeHHbIX W3  pasnuyHbIX PErMOHOB CTPaHbl M MPOONEpPUPOBAHHbIX B
HauuoHanbHOM Hay4YHOM OHKoMornieckom LieHTpe. Bee KT BbINOMHANMCL [0 XMPYPruyeckoro BMeLaTensCcTea. Pesynbratsl
CTaOMpOBaHUs  COMOCTABMSANUCL C  MOCMEONEepPaLyMoHHbIMU  MAaTOMOPONOrMYECKMMA  AaHHBIMK.  PaccumTbiBanuch
YYBCTBUTENBHOCTb, CNELMMUYHOCTb, TOYHOCTL W KO3dhdMLmMeHT cornacus Kanna.

PesynbTartbl. B uccnegosanme BoyeHbl 42 naumenta. TouHocTb KT no T-kputepuio BapbupoBana o1 73,2% (T3) go
95,1% (T4a), c HanbonbLuMM ypoBHeM cornacus npu T4a (k=0,72). Ans N-ctagum ToyHoCTb cocTasuna 78,6% (k=0,46). Mpun
oueHke M-ctagum obwas TouHocTb gocturana 87,8%, ogHako koadhdmumeHT Kanna 6bin otpuuatensHbiM (k=—0,06), 4to
CBSI3aHO C peaKocTbio BbisBNeHns M1. YacTtota HegooueHku (understaging) npeBbilana YacToTy nepeoLeHku (overstaging),
0coBEeHHO Ha paHHUX cTagusx T1-T2.

3akntoyenne. KT OeMOHCTPUpYET BbLICOKYID AMArHOCTMYECKYK 3(DheKTMBHOCTL MPU OLEHKe NO3gHuX T-CTaguit 1
OTHanéHHbIX MeTacTasoB, OOHAKo €€ BO3MOXHOCTW MNpu paHHUX copMax U OnpeaeneHut  NUMMEOreHHOro
MeTacTasupoBaHWs OrpaHuyeHbl. OnTUMM3aums MPOTOKONOB M uHTerpaumst KT ¢ 3HOOCKOMWYECKUM YNbTPa3BYKOM U
CTEMIKMHIOBOM Nanapockonueil MOryT MOBbICUTb TOYHOCTb CTaZMPOBAHWS M YNYYWWTb KIMHWYECKME pesynbTatbl Y
MaLMeHTOB C PakoM Xenyaka.

Knroyesnie crnosa: pak xernydka, KoMnelomepHas momozpaghus, cmadupogaHue, moYHoCMb, KazaxcmaH.
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L¥NTTbIK FbINLIMU OHKONOMUA OpTanbIfbl,
AcTaHa K., KazakctaH Pecny6nukacobl.

Kipicne. AckasaH 06bipbl anem OoiblHILA KaTepni icikTepaeH eniM-XiTiMHIH, Heriari cebenTepiHiv, Bipi Oonbin kana
Oepeqi xoHe KasakCTaHAarbl OHKONOTUSBIK aypylWwaHablk KypbibIMbiHAA Aa alTaprbikTal OpbiH anagpl. YAepicTiH,
TapanybiH [an onepauusira fAeiiHri Oaramay emaeydin OHTaWmbl TaKTMKachbiH TaWgay yiliH kaxeT. KomnbroTepnik
Tomorpacusi (KT) ackasaH obbIpbiH KE3eHAEY YLUIH KEHIHEH KongaHblnagbl, ananga OHbIH, 4aNir aypy caTbICbIHa, iCIKTiH,
BronormaAnbIK epekLLenikTepiHe xaHe 3epTTey TeXHUKaChIHbIH, NapameTpnepiHe 6ainaHbICTbl e3repyi MyMKiH.

Makcatbl. KasakCTaHgarbl KIMHUKanbIK Taxipnbe arganbiHoa ackasaH obbipbl 6ap Haykactapga KT apkbinbl
XKyprisinreH caTbinaydblH, HaTWXKENepiH TymnKinikTi  NaToMOpdonormsanbIk - KOPbITBIHABIMEH CanbICTLIPLIN, OnapabIH,
CaWiKeCTiriH baranay.

Matepuangap MeH Tacingep. luctonorusnblk Typfblda pactansaH ackasaH obbipbl 6ap kaHe enfiH, apTyphi
OHjprEpPIHEH XongaHrFaH, YNTTbIK FblbIMA OHKOMOMMS OpTanblfblHAA OTa XacanFaH HaykacTtapablH, KT-3epTTeynepiHe
peTpocnekTuBTi Tangay xyprisingi. bapnoik KT onepauwsfa periH opbiHgangsl. Catbinay HaTwkenepi oTajaH KewiHri
naToMopchonormsanblK -~ AepekTepMeH  canbicTbipbingsl.  CesiMTangblk, epekwenik, Aongik >sHe Kanna Kenicim
KoadphuumeHTi ecentengi.

Hatuxenepi. 3eptteyre 42 Haykac eHrisingi. T-kputepuit GoibiHwa KT gangiri 73,2% (T3)-TeH 95,1% (T4a)-ra pediiH
e3repfi, H, Xorapbl kenicim gexreii T4a kesiHge baitkangbl (k=0,72). N-ctagus ywin gangik 78,6% kypapb! (k=0,46). M-
cTagusHbl Oaranayga xannbl ganpik 87,8%-fa xetTi, ananga Kanna koaddumumenti Tepic 6ongel (k=-0,06), 6yn M1
KaFgannapbiHbiH, CUpeK aHblkTanybiMeH 6GainadbicTbl. Kem 6aranay (understaging) wminiri aptelk  Garanayda
(overstaging) xorapbl 6ongel, acipece T1-T2 epTe caTbinapbiHaa.

KopbiTbiHabl. KT kew T-caTbinapblH XoHe MeTactasfapdbl Oaranmayga xofapbl AMArHOCTUKaNbIK  TWIMAINIKTI
KepceTesi, anaiga OHblH, epTe hopmanapabl XeHe nuMdoreHai MeTacTasfaHyabl aHblkTayaarbl MyMKIHAIKTEpI WeKTeyni.
lMpoTokonaapabl OHTanaHAbIpy XaHe KT-Hbl 3HOOCKONWAMLIK, YNbTPaablbbICneH, CTEMMXMHITIK nanapockonuamMeH GipikTipy
cTagvsinay LargiriH apTTbipbin, ackasaH 0bbipbl 6ap HayKacTapablH, KNMHUKaMbIK, HITWXXENEPIH XaKkcapTa anagsl.

TyliHdi ce3dep. AckasaH 00bIpbl, KOMNbIOMepPik momozpachusi, cmadusinay, 0an0ik, KasakcmaH.
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Introduction

Gastric cancer is one of the leading causes of cancer-
related mortality worldwide, ranking fourth among causes of
death from malignant neoplasms and fifth among all
cancers [1]. Although advances in multimodal management,
particularly the introduction of neoadjuvant and adjuvant
chemotherapy, have improved outcomes, the overall 5-year
survival remains limited at approximately 35-45% [2].
Accurate clinical staging is essential for treatment planning,
prognosis  assessment, and optimizing healthcare
resources. In particular, computed tomography (CT) has
become the most widely used imaging modality for
preoperative staging of gastric cancer. Contrast-enhanced
computed tomography (CT) remains the primary imaging
modality for initial assessment of the tumor (T), nodal (N),
and metastatic (M) status. One of the major radiologic
challenges is achieving precise TNM staging to minimize
the likelihood of under- or overstaging [3]. Therefore,
evaluating the concordance between CT staging and final
pathological findings is of major clinical importance.

In Kazakhstan, gastric cancer ranks among the top four
most common cancers, accounting for 7.4% of all new
cases, and remains the second leading cause of cancer
mortality (12.0%), after lung cancer (16.3%) [4]. Despite
advances in oncology care, the proportion of patients
diagnosed at advanced stages (llI-1V) remains high, which
negatively affects survival outcomes and increases the
burden on the healthcare system. For example, regional
disparities in early detection rates are observed: in the
Aktobe, Atyrau, and Turkestan regions, early diagnosis
remains below 20%, far behind national targets [4]. This
reflects persistent difficulties in timely identification of
gastric cancer cases, which directly influences the reliability
of preoperative staging.

Computed tomography (CT), particularly multidetector
scan (MDCT), plays a key role in preoperative staging of
gastric cancer. High-quality thin-slice CT with water filling
allows for the reliable detection of advanced forms of the
disease, assessment of the depth of invasion, and
visualization of the histological features of the tumor,
including the mucinous component and the degree of
infiltration. However, this method has limitations such as
difficulties in visualizing flat mucosal cancer and
differentiating between stages T2 and T3 [5].

To improve the accuracy of clinical staging, a
combination of imaging techniques is used. Endoscopic
ultrasound has traditionally been considered the "gold
standard" for assessing T and N parameters, but the role of
CT has expanded significantly: it is used both to detect
distant metastases and to clarify the local stage. Magnetic
resonance imaging provides high soft tissue contrast and is
sensitive to small foci in the liver, while positron emission
tomography is effective in detecting lymph node metastases
and peritoneal carcinomatosis. The integration of multiple
methods improves the accuracy of TNM staging and
optimizes treatment strategies [6].

However, in Kazakhstan, the diagnostic performance of
CT may be affected by several factors, including
heterogeneous equipment quality, variability in protocols,
and unequal regional access to advanced imaging
technologies. These limitations contribute to discrepancies
between CT-based staging and postoperative pathological
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findings. Such discrepancies may lead to suboptimal
treatment decisions, highlighting the need for systematic
evaluation of CT accuracy in local practice. Thus, the aim of
this study is to assess the concordance between CT staging
results and final pathological findings in patients with gastric
cancer in Kazakhstan.

Materials and methods:

Study design and population

A retrospective single-center study was conducted at
the National Research Oncology Center (NROC, Astana,
Kazakhstan) between January 2024 and August 2025. The
study included patients with pathologically confirmed gastric
adenocarcinoma who had undergone CT scans of the chest
and abdomen prior to treatment and had available
postoperative pathology reports. Patients were excluded
from the analysis if reliable histological data were not
available, if CT scans were performed without intravenous
contrast, or if the contrast agent administration technique
was improper.

Visualization methods

Computed tomography was performed using 16-, 64-,
and 128-slice scanners. The reconstructed slice thickness
was 1-3 mm. Oral contrast was used sparingly, primarily to
improve visualization of the gastric lumen.

Staging assessment

CT images were interpreted by blinded radiologists at
the Scientific Research Center of Cancer Research. Tumor
staging was performed according to the TNM classification
(8th edition, AJCC, 2017). The CT staging results were
compared with the final postoperative pathology report.

Statistical analysis

To evaluate the diagnostic efficacy of CT, sensitivity,
specificity, overall accuracy, and the kappa agreement
coefficient (k) were calculated. Statistical processing was
performed using SPSS Statistics version 26.0 (IBM Corp.,
Armonk, NY, USA). Values of p < 0.05 were considered
statistically significant.

Results

The study included 42 patients with verified gastric
adenocarcinoma. The average age was 56 years (range,
38-74 years), with a predominance of men (71.4%).
According to the final pathological report, the majority of
patients were at stage Ill of the disease (47.6%), while
stages | and Il were detected less frequently (14.3% and
26.2%, respectively), and stage IV was recorded in 11.9%
of patients (Table 1). All patients underwent preoperative
computed tomography of the abdominal organs with
intravenous contrast, the results of which were compared
with postoperative histological data.

Table 1.
General characteristics of patients.
Variable n=42

Average age (years) 56

Men 30 (71.4%)

Women 12 (28.6%)

Stage | 6 (14.3%)

Stage Il 11 (26.2%)

Stage Il 20 (47.6%)

Stage IV 5(11.9%)

The analysis showed that the overall concordance
between clinical CT staging and pathological results was
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65.8% for the T parameter, 60.9% for the N parameter, and
87.8% for the M parameter (Table 2). CT demonstrated the
highest diagnostic accuracy in detecting distant metastases,
owing to the method's high sensitivity for liver, lung, and

coefficient was low, which is explained by a significant
sample imbalance: the vast majority of patients had stage
MO, while M1 cases were rare. Thus, the high concordance
rate is primarily due to the sample structure, rather than

peritoneal lesions. However, the kappa agreement  solely to the method's performance.
Table 2.
Diagnostic efficacy of CT in staging gastric cancer.
Stage Sensitivity Specificity Accuracy Kappa

T 00.0 92.5 90.2 -0.038
T2 33.3 94.3 85.4 0.32
T3 73.3 72.7 73.2 0.40
T4a 75.0 97.3 95.1 0.72
T4b — 87.8 87.8 00.0
NO 63.6% 83.9% 78.6% 0.47
N1 60.0% 74.1% 69.0% 0.38
N2 66.7% 90.0% 83.3% 0.56
N3 25.0% 94.7% 88.1% 0.15
Mo 94.74 0.00 87.80 -0.062
M1 0.00 94.74 87.80 -0.062

When analyzing the accuracy of CT in determining the
depth of invasion (T-stage), significant differences were
revealed. The most reliable results were achieved for T4a
diagnosis, where sensitivity and specificity were high, and
the level of concordance with pathology was the most
significant (k = 0.72). At the same time, the greatest
difficulties were observed in assessing early stages. For T1
tumors, sensitivity was 0%, indicating the limited ability of
CT to detect superficial forms of the disease. For T2
tumors, a tendency to underestimate the depth of invasion
was also observed, while for T3 tumors, in contrast, cases
of both overestimation and underestimation of the stage
were recorded. Overall, this reflects the difficulty of
differentiating between adjacent stages, especially in
infiltrative tumor growth.

CT demonstrated moderate accuracy in assessing
regional lymph node involvement (N stage). The highest
results were obtained for N2 (sensitivity 66.7%, specificity
90.0%, accuracy 83.3% (k = 0.56)), whereas both false-
positive and false-negative results were observed for NO
and N1. The greatest difficulties arose in determining the
N3 stage, where diagnostic sensitivity was minimal. These
results indicate that CT's capabilities in assessing lymph
node metastasis remain limited, particularly in the presence
of micrometastases that cannot be visualized by this
method.

Thus, the study demonstrated that CT remains highly
informative in detecting distant metastases and is relatively
reliable in diagnosing widespread forms of local invasion
(T4a). However, the method's accuracy significantly
decreases when assessing early stages and lymph node
metastases, confirming the need for a comprehensive
approach to staging that includes additional imaging
techniques and morphological verification.

Discussion

Staging gastric cancer using computed tomography
(CT) remains one of the most challenging tasks in clinical
oncology. Its accuracy is determined by many factors,
including tumor morphological features, standardization of
imaging protocols, and the experience of specialists [7].
These problems are particularly relevant for developing
countries, where the proportion of patients with locally
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advanced tumors at the time of presentation remains high
and diagnostic capabilities are limited [8]. Our study adds
new evidence from Kazakhstan, where CT staging has not
been systematically validated against pathology despite the
high national burden of gastric cancer. This local context is
important, because healthcare systems with limited access
to advanced imaging technologies face unique challenges
in ensuring staging accuracy.

Our study demonstrated that the accuracy of CT
depends on the stage of the disease. The most pronounced
limitations of the method are associated with early stages
(T1-T2). Not a single T1 case was correctly identified,
which confirms the literature data on the extremely low
sensitivity of CT in detecting tumors limited to the mucosa
and submucosa [9, 10]. Even at T2, accuracy remained
limited and concordance with histology was poor, which is
explained by the difficulty in differentiating between T2 and
T3, where inflammatory or fibrotic changes can mimic tumor
invasion. These results are consistent with the work of Yan
C. et al. (2009) and Makino T. et al. (2011), who showed
similar difficulties in distinguishing adjacent stages [11, 12].

Unlike early forms, CT has demonstrated high
diagnostic value in late stages. For T4a, high sensitivity and
specificity were achieved, comparable to data from
international studies [8, 12]. Visualization of signs of serous
invasion, such as irregularity of the serous surface or the
presence of ascites, makes the method particularly useful
for surgical planning. These findings are of practical
importance, as the extent of surgery is determined at stage
T4a. In T4b, CT also demonstrated high specificity, which is
critical for assessing tumor resectability. Thus, CT remains
an indispensable tool for identifying advanced forms of the
disease, although its role in early diagnosis remains limited.

A similar situation is observed in the assessment of
regional lymph node metastasis. In our study, the diagnostic
accuracy of the N stage was 60.9%, which is consistent
with the results of Gundavda K. et al. (2025), who reported
a range of 60.8-63.7% [13]. The classical criteria—the size
and morphological structure of the lymph nodes—proved to
be insufficiently reliable, which is confirmed by earlier data
[14, 15, 16]. Enlarged lymph nodes can be caused by
inflammation, while normal-sized nodes may contain
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micrometastases, significantly reducing the accuracy of
staging. Currently, there are no generally accepted CT
criteria for characterizing a lymph node as malignant,
including size, round shape, central necrosis, enhancement,
and clustering of 3 or more lymph nodes [17]. This
highlights the need to develop new assessment criteria,
including functional and textural parameters, as well as the
combined use of CT with endoscopic ultrasound or PET/CT.

The determination of the M stage deserves special
attention. CT has traditionally demonstrated high accuracy
in detecting distant metastases in the liver and lungs, which
is confirmed by our results (accuracy of 87.8%). However,
the method remains insufficiently sensitive to small
peritoneal implants. In our sample, three patients were
misclassified as MO0, although peritoneal metastases were
histologically confirmed. This result is consistent with the
data of Zviniene K. et al. (2015), who also noted a decrease
in the sensitivity of CT in carcinomatosis, especially in
cases of minimal implants [18]. The presence of ascites, as
shown by the works of Choi K. et al. (2018) and Xu M. et al.
(2024), can serve as an indirect predictor of carcinomatosis,
but even in this case the accuracy of the method remains
limited [19, 20]. In clinical practice, in such situations, the
use of PET/CT or diagnostic laparoscopy is justified, which
allows for increased detection of hidden metastases.

Thus, the results of our study confirm the strengths and
limitations of CT staging. The method is highly accurate in
diagnosing late stages (T4 and M0), but its capabilities in
early stages and lymph node assessment are limited. The
main problem remains the tendency to underestimate the
stage, which can lead to suboptimal treatment decisions. To
improve the informativeness of staging, standardization of
CT protocols, the implementation of new technologies, and
the integration of CT with other imaging modalities and
morphological verification are necessary.

Limitations of our study include its retrospective design,
small sample size, and single-center nature, which limit the
generalizability of our findings. However, the findings are
consistent with the results of international studies and
highlight the need for prospective, multicenter projects.
Looking ahead, a combined approach including CT, EUS,
MRI, and laparoscopy appears to be the most rational for
optimizing gastric cancer staging, particularly in resource-
limited settings.

Conclusion

Computed tomography remains a reliable method for
assessing advanced gastric cancer, particularly stage T4,
where the results directly influence the extent of surgical
intervention. However, its diagnostic accuracy is
significantly reduced in early stages and in detecting
regional metastases, requiring careful interpretation of data
and mandatory combination with other imaging modalities.
A promising direction is the standardization of CT protocols,
as well as the integration of this method with endoscopic
ultrasound, PET/CT, and laparoscopy, which will improve
staging accuracy and clinical outcomes, even in resource-
limited settings.
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