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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Objective: To investigate the correlation between HER2 

expression and lymph node metastasis in Kazakh gastric 
cancer patients, assess the clinicopathological characteristics 
of HER2-negative and HER2-positive patients, and evaluate 
the association of HER2 expression with advanced lymph node 
involvement, while assessing its impact on overall survival 
to enhance clinical understanding and treatment strategies. In 
this study, “prognostic marker” refers to markers that predict 
clinical outcomes such as overall survival; markers associated 
only with pathological features (e.g., nodal stage) are described 
as “associated with” or “linked to” those features.

Methods: A cross-sectional study was conducted on 
159 gastric cancer patients at NJSC West Kazakhstan 
Marat Ospanov Medical University. Histopathological and 
immunohistochemical assessments were performed, including 
HER2 evaluation using IHC. Statistical analysis with SPSS 
version 26 was used to identify predictors of lymph node 
metastasis.

Result: This study investigates the correlation between 
HER2 expression and lymph node metastasis in Kazakh gastric 
cancer patients. The mean age of participants was 58.87 ± 9.14 
years, with a predominance of males (70.4%). Most patients 
were diagnosed with locally advanced GC (56%), with tumors 
predominantly located in the body of the stomach (40.3%). 
HER2-negative patients had a higher incidence of localized 
GC (45.5%) and lower lymph node involvement compared to 
HER2-positive patients, who exhibited more extensive lymph 
node metastasis (36.0%), especially in the N3 stage (p = 0.027). 
Statistical analysis revealed a significant association between 
HER2 status and pathological lymph node stage (p = 0.027). 
Survival analysis showed no significant difference in overall 
survival between HER2-negative and HER2-positive groups (p 
= 0.58), suggesting HER2 status does not significantly impact 
survival.

Conclusion: This study identifies a significant association 
between HER2 overexpression and lymph node metastasis 
in gastric cancer, suggesting HER2 expression is associated 
with more advanced lymph node involvement in this cohort; 
no significant association with overall survival was observed 
(log-rank p = 0.58), though its impact on survival remains 
inconclusive.

Key words. HER2 protein, gastric neoplasms, lymphatic 
metastasis, immunohistochemistry, Kazakhstan.
Introduction.

Gastric cancer (GC) remains a significant global health burden 
and is one of the leading causes of cancer-related mortality 
worldwide. The rising incidence and mortality rates are largely 
attributed to population growth and an aging global population 
[1,2]. Gastric cancer is notably more prevalent in certain regions 
and ethnic groups, with Eastern Asia exhibiting the highest 
cumulative risk at 2.64%, compared to 0.42% in Southern 
Africa [3]. While some high-income countries have observed 
decreases in both incidence and mortality, GC remains a major 
health challenge. The burden of gastric cancer varies due to 
differences in dietary habits, socioeconomic status, and the 
widespread presence of Helicobacter pylori infection, which is 
a key risk factor for the disease [4,5].

Kazakhstan carries a significant gastric cancer burden, 
particularly among the indigenous Kazakh population, where the 
prevalence remains high, often diagnosed at late stages, leading 
to poor outcomes. According to GLOBOCAN, Kazakhstan 
ranks tenth globally in gastric cancer prevalence. Over the 
past decade, more than 19,672 gastric cancer-related deaths 
have been recorded, with an average annual age-standardized 
mortality rate of 13.2 per 100,000 and a five-year survival rate 
of less than 20%. In this study, “prognostic marker” refers to 
markers that predict clinical outcomes such as overall survival; 
markers associated only with pathological features (e.g., nodal 
stage) will be described as “associated with” those features 
[6]. These figures underscore the pressing need for improved 
diagnostic and prognostic tools tailored to the region's biological 
and ethnic context.

HER2, a member of the ERBB receptor tyrosine kinase family, 
is a key biomarker and therapeutic target in various cancers, 
including gastric cancer. HER2 regulates cell proliferation and 
survival, and its overexpression or amplification is associated 
with aggressive tumor behavior and poor clinical outcomes. 
In gastric cancer, HER2 status not only informs prognosis but 
also directs targeted treatment strategies, such as trastuzumab 
therapy [7,8]. Despite its global relevance, the specific 
biological implications of HER2 status in gastric cancer remain 
underexplored in certain ethnic cohorts, including the Kazakh 
population.
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Lymph node metastasis (LNM) is a crucial prognostic factor 
in gastric cancer, as it plays a pivotal role in disease staging, 
treatment decisions, and survival. In the absence of distant 
metastasis, disease stage is determined primarily by tumor 
invasion depth (T category) and the extent of nodal involvement 
(N category) [9]. The TNM staging system classifies LNM into 
N1 (1-2 nodes), N2 (3-6 nodes), and N3 (≥7 nodes), which 
directly correlates with advancing disease stages and poorer 
prognosis [10]. Even in early gastric cancer (T1), LNM is 
observed in approximately 10% of cases, underscoring the 
importance of comprehensive nodal evaluation during diagnosis 
and treatment planning [11].

The correlation between HER2 expression and lymph node 
involvement is pivotal for improving clinical decision-making 
and developing personalized treatment strategies. However, 
comprehensive data on this correlation within the Kazakh 
demographic is limited [12,13]. Despite advances in AI-
enhanced diagnostics and artifact-free MRI imaging, there 
is a notable gap in data specific to Kazakh patients, impeding 
the development of ethnicity-specific prognostic models and 
therapeutic approaches. This lack of knowledge restricts the 
creation of effective treatment strategies for gastric cancer in 
Kazakhstan’s unique epidemiological context [14]. 

The aim of this study is to investigate the correlation between 
HER2 expression and lymph node metastasis (LNM) in Kazakh 
patients diagnosed with gastric cancer. The study will evaluate 
the prognostic value of HER2 status within this specific 
population. By examining the relationship between HER2 
expression and LNM, the research seeks to determine whether 
a significant correlation exists that can inform clinical decision-
making and enhance the understanding of HER2’s role in the 
prognosis and treatment of gastric cancer in Kazakh patients.
Literature review.

A study evaluating HER2 status in 172 gastric cancer (GC) 
patients from Kazakhstan found 15.1% overexpression of HER2, 
predominantly in older males with poorly differentiated tumors 
located in the stomach body or gastroesophageal junction. 
HER2 detection was performed using immunohistochemistry, 
confirmed via FISH/SISH. Patients with HER2-positive tumors 
exhibited significantly better overall survival, highlighting 
HER2 expression as a crucial factor in tumor location, type, and 
grade. These findings underscore the prognostic value of HER2 
and its potential role in guiding targeted, personalized therapies 
[15].

In another study, a scientometric analysis of 536 publications 
from 1993 to 2024, focusing on biomarkers in diagnosing 
and predicting outcomes of GC in young patients, revealed 
a steady annual growth of 7.71% in related research. China, 
the USA, and Japan emerged as the top contributors, with 
leading institutions such as Sungkyunkwan, Sun Yat-sen, and 
Fudan Universities. Despite high national research output, 
international collaboration remained low at 19.4%. The study 
identified rising interest in diagnostics, immunohistochemistry, 
personalized treatment, and prognosis. This reflects a global 
shift towards precision medicine approaches for managing 
GC in younger populations and indicates evolving scientific 
priorities in oncology research [16].

A review examining treatment strategies for locally advanced 
gastric cancer (LAGC) emphasizes that standard care 
involves surgery combined with neoadjuvant and adjuvant 
chemotherapy. Some patients may benefit from targeted 
therapies and intraperitoneal chemotherapy (IPC) methods like 
HIPEC and PIPAC. While targeted therapies focusing on HER2 
and VEGF pathways show promise, the use and effectiveness of 
IPC require further investigation. HIPEC results are mixed, and 
the preventive role of PIPAC lacks sufficient clinical validation. 
The review highlights the need for additional research to define 
optimal treatment combinations, timing, and integration, which 
could significantly improve survival and quality of life for 
patients with LAGC [17].

A 2023 study analyzed 119 patients treated with perioperative 
FLOT chemotherapy and surgery to identify predictors of 
tumor pathomorphosis. The study found that patients with 
stage I disease responded better to FLOT than those with 
advanced stages. A strong association was observed between 
lower lymph node involvement and better tumor regression 
(TRG I-II). Tumor differentiation and histological subtype did 
not significantly affect treatment response. Although adjuvant 
chemotherapy did not show statistically significant effects in 
survival models, trends suggested it may lower risks, warranting 
further investigation with larger cohorts and longer observation 
periods [18].

An analysis of intertumoral heterogeneity of HER2, dMMR, 
and PD-L1 in 44 patients with locally advanced gastric 
adenocarcinoma revealed HER2 overexpression in 11.4% of 
cases, all showing heterogeneity. dMMR was present in 4.5%, 
with one case showing discordance between primary tumors 
and lymph node metastases. PD-L1 expression was mostly 
consistent, although 11.4% exhibited variation. These findings 
highlight the frequent heterogeneity of HER2 expression, 
supporting multi-block testing, and underscore the clinical 
relevance of dMMR and PD-L1 variability in guiding targeted 
therapy and improving diagnostic precision [19].

A study by the Uzbekistan Korea Oncology Consortium 
reviewed the challenges of managing gastric and colorectal 
cancers in Uzbekistan. With rising life expectancy and 
cancer burden, the authors emphasized the need for enhanced 
prevention, early detection, and treatment infrastructure. 
Gastrointestinal cancer screening, particularly through 
endoscopy, was identified as a cost-effective strategy. The 
study also called for public education on lifestyle and dietary 
habits, which contribute to cancer risk. Drawing from South 
Korea’s two decades of nationwide screening experience, the 
report recommended adopting proven Korean strategies and 
improving diagnostic services and research on local cancer risk 
factors to tailor cancer prevention strategies [20].

A clinical case report on the use of neoadjuvant immunotherapy 
in a patient with MSI-H locally advanced gastric cancer 
(GC) showed promising results. Traditionally, neoadjuvant 
chemotherapy rarely achieves pathological complete response 
in GC, but the patient, given the MSI-H tumor’s known 
sensitivity to PD-1 inhibitors, received preoperative nivolumab, 
resulting in significant tumor shrinkage. Post-surgical histology 
confirmed the complete absence of malignant cells. This case 
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demonstrates the potential of incorporating immunotherapy into 
neoadjuvant regimens for MSI-H GC and supports including 
MSI-H testing in diagnostic workflows and considering 
immunotherapy in treatment planning. The authors recommend 
further trials evaluating immune-based therapies for gastric 
cancer [21]. Recent studies highlight the growing importance of 
HER2 as a prognostic marker and therapeutic target in gastric 
cancer (GC). Research shows HER2 overexpression correlates 
with better survival outcomes and is linked to tumor location 
and type. Additionally, advances in precision medicine, such as 
targeted therapies and immunotherapy, are gaining traction, with 
significant studies on biomarkers like HER2, dMMR, and PD-
L1 in GC. The rising global focus on personalized treatments 
reflects a shift toward more tailored management strategies, 
though further validation, especially in regions like Kazakhstan, 
is needed to address regional variations and improve diagnostic 
and therapeutic approaches.
Materials and Methods.
Study design: 

A cross-sectional study with random sampling.
Study Setting:

The study was conducted at the Medical Centre of the NJSC 
West Kazakhstan Marat Ospanov Medical University and 
included clinical data from 159 patients diagnosed with gastric 
cancer (GC). All patients were residents of the Aktobe region 
and underwent surgical treatment between 01.01.2018 and 
01.06.2021.
Sample Size:

A total of 159 patients aged between 18 and 78 years (age 
range - 59 years [95% CI: 57.43–60.29]) were included.
Inclusion criteria:

(1) pathomorphologically confirmed diagnosis of GC, 
(2) stages I, IIa, IIb, IIIa, IIIb, IIIc according to the TNM 
classification (8th edition), (3) presence of tumours in any 
gastric location (cardia, body, or antrum), (4) resectable disease, 
and (5) histological type according to Lauren’s classification 
(intestinal and diffuse types).
Exclusion criteria:

Patients with multiple metachronous or synchronous 
cancers and newly diagnosed GC, those who received 
preoperative chemotherapy or radiotherapy, pregnant women 
with GC, patients after exploratory laparotomy or bypass 
gastroenteroanastomosis, and patients with neuroendocrine 
tumours, sarcomas, or lymphomas of the stomach.
Surgical Intervention:

After a preoperative diagnosis, all patients underwent planned 
laparotomy. The surgical extent was determined by individual 
tumour spread and included standard gastrectomy with D2 
lymphadenectomy (LD) or combined gastrectomy with D2 LD.
Histopathological and Immunohistochemical Assessment:

Postoperative gastric tissue was sent to the pathomorphological 
laboratory for histological and immunohistochemical (IHC) 
evaluation. Haematoxylin and eosin staining was performed 
using standard methodology. IHC slides were assessed under 

400x magnification using a Leica 10x10 microscope by two 
independent pathomorphologists (double-blind method) 
unaware of clinical details. HER2 expression was evaluated 
using rabbit monoclonal antibody (clone 4B5, DAKO, Arizona, 
USA). Tissue sections were cut at 4 μm, air-dried for 12 hours, 
deparaffinised in xylene, and processed in alcohol series. 
Epitope retrieval was done in a water bath at 95–99°C for 40 
minutes, followed by peroxidase blocking, incubation with 
HER2 antibody (1:100), and visualization with DAB solution 
(EnVision, DAKO A/S, USA). Counterstaining was done using 
haematoxylin.
Preparation Protocol:

Tissue samples were fixed in 10% neutral-buffered formalin for 
18-24 hours at a fixative: tissue volume ratio of 20:1. Sections 
were prepared using a rotary microtome (Accu-Cut SRM 
200) at 4 μm thickness, placed on Superfrost+ slides, floated 
on preheated water (≤45°C), and dried in a thermostat (TC-
80) at 56-60°C for 60 minutes. Staining was performed on an 
automated BenchMark XT stainer (VENTANA, Tucson, AZ). 
Slides were scanned using KF-PRO-120 telepathology system 
(Ningbo Konfoong Bionformation Tech Co., Ltd, China).
HER2 Scoring:

HER2 expression was classified per National Comprehensive 
Cancer Network (NCCN) criteria:

• “-” = no reactivity or membranous reactivity in <10% of 
cancer cells

• “+” = weak/barely perceptible membranous reactivity in 
≥10%

• “++” = complete basolateral/lateral reactivity (weak to 
moderate) in ≥10%

• “+++” = strong complete basolateral/lateral reactivity in ≥10%
Scores of “-” or “+” were considered negative; “+++” was 

positive. “++” cases were confirmed by in situ hybridization 
(ISH), with HER2 copy number ≥6.0 per cell deemed positive. 
The absence of fluorescence in situ hybridization (FISH) 
confirmation for the 2+ cases is considered a limitation of this 
study.
Statistical Analysis:

Data analysis was performed using SPSS version 26. 
Descriptive statistics summarized the demographic and 
clinicopathological characteristics. The Pearson Chi-square test 
assessed associations between categorical variables and HER2 
status. Kaplan-Meier survival curves were used to compare 
overall survival between HER2-negative and HER2-positive 
patients. Log-rank tests evaluated survival differences, with a 
p-value of <0.05 considered statistically significant.
Clarification of Prognostic Terminology:

In this study, the term “prognostic marker” referred to markers 
that predicted clinical outcomes such as overall survival. 
Markers that were associated only with pathological features 
(e.g., nodal stage) were described as “associated with” or 
“linked to” those features.
Results.

Table 1 presents the clinical and morphological characteristics 
of the study participants. The mean age of participants was 
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58.87 ± 9.14 years, with a majority (74.2%) aged under 65 
years, while 25.8% were over 65 years. The study population 
was predominantly male (70.4%), with women constituting 
29.6%. In terms of disease stage, 44% of patients had localized 
gastric cancer (GC), classified as stages I, IIa, or IIb, while 56% 
had locally advanced GC (stages IIIa, IIIb, and IIIc). Tumor 
localization predominantly involved the body of the stomach 
(40.3%), followed by the cardia and fundus (34%), and the 
antral and pyloric section (21.4%). Disease staging revealed that 
68.6% of patients were diagnosed with stage III GC, 28.3% with 
stage II, and 3.1% with stage I. These demographic and clinical 
features provide essential context for exploring the correlation 
between HER2 status and lymph node metastasis in the study 
population.

Table 1. Clinical and Morphological Characteristics of Study 
Participants.
Variables Subgroup Frequency (%)
Age in years (Mean 
± SD) 58.87 ± 9.14

Age groups <65 118 (74,2%)
>65 41 (25,8%)

Gender
Women 47 (29,6%)
Men 112 (70,4%)

pTNM stage
Localized GC (I, IIa, IIb) 70 (44%)
Locally advanced GC (IIIa, 
IIIb, IIIc) 89 (56%)

Localization of the 
tumor

Cardio and Fundus 54 (34%)
Body 64 (40,3%)
Antral and Pyloric Section 41 (21,4%)

Stage
Stage I 5 (3,1%)
Stage II 45 (28,3%)
Stage III 109 (68,6%)

Table 2 details the clinicopathological characteristics of 
patients according to their HER2 status, focusing on the 
distribution of various variables between HER2-negative and 
HER2-positive groups. ISH was used for 2+ cases, and FISH 
was not employed.

Table 2. Clinicopathological characteristics according to HER2 status 
(with ISH).

Variable
HER2
Negative 
n (%)

HER2
Positive n 
(%)

Df

Pearson’s 
Chi-square 
test
p-value

Stage (pTNM*) 1 0.378
Localised GC (Stages I, 
IIa, IIb) 61 (45.5%) 9 (36.0%)

Locally advanced GC 
(Stages IIIa, IIIb, IIIc) 73 (54.5%) 16 

(64.0%)
Tumour localisation 2 0.271

Cardia and Fundus 42 (31.3%) 12 
(48.0%)

Body 56 (41.8%) 8 (32.0%)
Antrum and Pyloric region 36 (26.9%) 5 (20.0%)
Stage 2 0.859
Stage I 4 (3.0%) 1 (4.0%)

Stage II 37 (27.6%) 8 (32.0%)

Stage III 93 (69.4%) 16 
(64.0%)

Histological type (Lauren’s 
classification) 1 0.245

Diffuse-type GC 80 (59.7%) 18 
(72.0%)

Intestinal-type GC 54 (40.3%) 7 (28.0%)
Tumour emboli in vessels 1 0.575

No 106 
(79.1%)

21 
(84.0%)

Yes 28 (20.9%) 4 (16.0%)
pN stage** 3 0.027

N0 49 
(36.57%) 9 (36.0%)

N1 28 
(20.90%) 1 (4.0%)

N2 38 
(28.36%) 6 (24.0%)

N3 19 
(14.18%) 9 (36.0%)

Tumour differentiation 3 0.441
Well-differentiated 3 (2.2%) 2 (8.0%)
Moderately differentiated 22 (16.4%) 3 (12.0%)

Poorly differentiated 88 (65.7%) 17 
(68.0%)

Undifferentiated 21 (15.7%) 3 (12.0%)

In terms of disease stage (pTNM classification), 45.5% of 
HER2-negative patients had localized gastric cancer (GC), 
whereas 36.0% of HER2-positive patients were in this category. 
54.5% of HER2-negative patients had locally advanced GC 
(Stages IIIa, IIIb, and IIIc), compared to 64.0% of HER2-
positive patients. This difference, however, lacked statistical 
significance (p=0.378). Tumor localization showed that 
31.3% of HER2-negative patients had tumors in the cardia 
and fundus, whereas 48.0% of HER2-positive patients did. 
However, no statistically significant difference was found 
(p=0.271). Regarding histological type (according to Lauren’s 
classification), 59.7% of HER2-negative patients had diffuse-
type GC, while only 72.0% of HER2-positive patients had this 
form. Statistical testing also showed no significant association 
(p=0.245). A statistically significant association was found in pN 
stage (pathological lymph node stage), where 36.0% of HER2-
positive patients were classified as N3 compared to 14.2% of 
HER2-negative patients. This represents a marked increase in 
lymph node metastasis (LNM) in the HER2-positive cohort (p = 
0.027). However, no significant differences were noted in other 
stages (N0, N1, and N2).

Figure 1 illustrates the Kaplan-Meier survival curves for 
gastric cancer patients stratified by HER2 status, comparing 
overall survival rates between HER2-negative (red) and HER2-
positive (blue) groups over a period of 50 months.

The survival curves show that both groups follow similar 
trajectories, with no significant divergence between them. The 
p-value of 0.58 indicates that the difference in overall survival 
between HER2-negative and HER2-positive patients is not 
statistically significant, suggesting that HER2 expression is 
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associated with more advanced lymph node involvement in 
this cohort; no significant association with overall survival was 
observed.
Discussion.

The findings of this study, which examined the correlation 
between HER2 status and lymph node metastasis (LNM) in 
Kazakh patients with gastric cancer (GC), align with several 
previous studies that highlight the significance of HER2 
overexpression as a prognostic biomarker in GC. In this study, 
“prognostic marker” was refered to markers that predicted 
clinical outcomes such as overall survival, while markers 
associated only with pathological features (e.g., nodal stage) 
was described as “associated with” or “linked to” those features. 
Similar to our study, a descriptive cross-sectional study found 
a male predominance in gastric cancer patients, with a male-to-
female ratio of 1.9:1 and a mean age of 58 years, consistent with 
our study’s demographic characteristics [22,23]. This suggests 
common epidemiological patterns across South and Central 
Asia, despite geographical differences. In terms of histological 
subtype, our findings are in contrast with a study conducted in 
Western countries, where diffuse-type gastric adenocarcinoma is 
more common. In our study, a significant proportion of patients 
had intestinal-type GC, which reflects regional variations in the 
prevalence of gastric adenocarcinoma [24,25].

Furthermore, the late-stage presentation of gastric cancer 
remains a major issue in regions such as Central Asia, 
contributing to poor prognosis and high metastasis rates, as 
reported in a 2020 study by Kim et al. [26]. Our study, which 
showed that a large proportion of patients presented with locally 
advanced GC (56%), corroborates this observation. The high 
burden of advanced-stage disease in countries with lower socio-
demographic indices (SDI), such as Kazakhstan, underscores the 
importance of early detection and timely intervention [27,28].

In line with other studies, our data also support the association 
between HER2 overexpression and aggressive tumor behavior. 
A study at King Abdulaziz University Hospital, which analyzed 
122 GC cases, found that HER2 overexpression occurred in 

13.5% of tumors, but no significant correlation was observed 
between HER2 status and clinicopathological parameters [29]. 
However, other studies have shown a significant association 
between HER2 positivity and increased LNM in gastric cancer. 
For instance, patients with HER2-positive GC were more likely 
to have distant lymphatic recurrence and para-aortic lymph 
node metastasis, highlighting the role of HER2 in promoting 
lymphatic spread [30].

Additionally, meta-analyses and radiomic studies have further 
supported the relationship between HER2 overexpression 
and poor prognosis in gastric cancer. For example, HER2 
overexpression correlates with tumor aggressiveness and 
microenvironment alterations, and HER2 status has been shown 
to be a significant predictor of LNM in undifferentiated early 
gastric cancer [31,32]. This is consistent with our study’s 
findings, where HER2-positive patients had a higher incidence 
of lymph node involvement, particularly in advanced disease 
stages.

The findings from our survival analysis are consistent with 
recent studies that have reported mixed results regarding the 
impact of HER2 overexpression on survival. HER2 expression 
is associated with more advanced lymph node involvement in 
this cohort; however, no significant association with overall 
survival was observed (p = 0.58). This lack of significant survival 
difference could be attributed to several factors, including the 
heterogeneity of gastric cancer, the relatively small sample 
size, and the lack of FISH confirmation for 2+ cases. The 
small cohort of HER2-positive patients (n = 25), particularly, 
may have affected the statistical power of this investigation. 
It is possible that the absence of a notable survival difference 
stems from inadequate power to detect a true difference (Type 
II error), rather than an actual lack of difference between the 
groups. These limitations may contribute to classification bias 
and affect the generalizability of the results.

The biological mechanism underlying the association between 
HER2 positivity and metastasis is likely related to HER2's role 
in activating signaling pathways such as PI3K/Akt and MAPK, 
which are known to enhance tumor cell proliferation, survival, 

Figure 1. Survival According to HER2 Status.
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angiogenesis, and invasion. HER2 overexpression may promote 
epithelial-mesenchymal transition (EMT), facilitating cancer 
cell detachment, migration, and the establishment of secondary 
sites like lymph nodes. This molecular insight supports HER2 
as not only a therapeutic target but also a biologically plausible 
marker of metastatic potential [33,34]. Several studies have 
also demonstrated that HER2 overexpression in gastric cancer 
is linked to increased tumor angiogenesis, which could further 
explain the poor prognosis and high metastasis rates in HER2-
positive patients [35].

In this study, the significant correlation between HER2 status 
and lymph node metastasis underscores the potential role of 
HER2 as a prognostic biomarker in gastric cancer. However, 
the survival analysis results suggest that HER2 alone may not 
be sufficient to predict patient outcomes. This highlights the 
need for a more comprehensive approach that integrates HER2 
status with other clinicopathological factors, such as tumor size, 
differentiation, and lymphovascular invasion, to better predict 
patient prognosis.

These findings are consistent with the increasing recognition 
of HER2 as an essential biomarker in gastric cancer. HER2-
targeted therapies, such as trastuzumab, have shown promising 
results in improving survival in metastatic cases [36,37]. Given 
the association between HER2 overexpression and LNM, HER2 
testing is crucial for guiding treatment decisions, particularly for 
patients with metastatic gastric cancer. The potential for HER2 
to serve as both a prognostic and therapeutic marker emphasizes 
the importance of incorporating HER2 assessment into routine 
clinical practice.

While this study provides valuable insights, it is important 
to note its limitations. The modest sample size and single-
center design may limit the generalizability of the findings. 
Additionally, the use of IHC alone for HER2 status assessment, 
without confirmation by FISH in borderline cases, may introduce 
classification bias. Future multicenter studies with larger sample 
sizes and more comprehensive HER2 testing, including FISH, 
are needed to validate these findings and establish HER2 as a 
reliable predictor of LNM and treatment response in gastric 
cancer.
Conclusion.

This study highlights the significant association between HER2 
overexpression and lymph node metastasis (LNM) in patients 
with gastric cancer. While HER2 positivity was correlated 
with more advanced disease stages and increased lymph node 
involvement, the overall survival analysis did not demonstrate 
a significant survival benefit for HER2-positive patients. These 
findings suggest that HER2 expression is associated with more 
advanced lymph node involvement in this cohort; no significant 
association with overall survival was observed. The observed 
heterogeneity in HER2 expression and its association with 
tumor aggressiveness underline the importance of personalized 
treatment approaches, especially in regions with high incidence 
rates of gastric cancer, such as Kazakhstan. Furthermore, the 
study underscores the need for comprehensive HER2 testing in 
gastric cancer, including the use of advanced techniques like 
fluorescence in situ hybridization (FISH) for more accurate 

classification. In this study, “prognostic marker” was refered 
to markers that predicted clinical outcomes such as overall 
survival, while markers associated only with pathological 
features (e.g., nodal stage) was described as “associated with” 
or “linked to” those features. Although HER2 overexpression is 
linked to poorer prognostic factors such as increased metastasis, 
further research with larger sample sizes and multi-center 
collaborations is essential to validate these results and establish 
standardized protocols for HER2 assessment in clinical practice. 
This would ultimately enhance personalized treatment strategies, 
particularly in the context of HER2-targeted therapies, which 
could improve patient outcomes, especially in metastatic cases.

Acknowledgements: None
Funding Statement: None
Approval: Ethical approval for the study was obtained from 

the appropriate institutional review board before data collection 
commenced.

Conflict of Interest: None
Ethical Declaration: All procedures followed ethical 

standards, and informed consent was obtained from all 
participants or their legal guardians.

Authors Contribution: All authors equally participated in the 
study design, data analysis, interpretation, and writing of the 
manuscript.

Data Availability: The authors declare that data supporting 
the findings of this study are available within the article.

Study Registration: None.

REFERENCES
1. Morgan E, Arnold M, Camargo MC, et al. The current 
and future incidence and mortality of gastric cancer in 185 
countries, 2020–40: A population-based modelling study. 
EClinicalMedicine. 2022;47:101404.
2. Yang WJ, Zhao HP, Yu Y, et al. Updates on global 
epidemiology, risk and prognostic factors of gastric cancer. 
World J Gastroenterol. 2023;29:2452-2468.
3. Wong MCS, Huang J, Chan PSF, et al. Global incidence and 
mortality of gastric cancer, 1980–2018. JAMA Netw Open. 
2021;4:e2118457.
4. Thrift AP, Wenker TN, El-Serag HB. Global burden of 
gastric cancer: epidemiological trends, risk factors, screening 
and prevention. Nat Rev Clin Oncol. 2023;20:338-349.
5. Mamun TI, Younus S, Rahman MH. Gastric cancer-
Epidemiology, modifiable and non-modifiable risk factors, 
challenges and opportunities: An updated review. Cancer Treat 
Res Commun. 2024;41:100845.
6. Igissinov N, Taszhanov R, Telmanova Z, et al. Trend in 
gastric cancer mortality in Kazakhstan. Asian Pac J Cancer 
Prev. 2022;23:3779-3789.
7. Roviello G, Aprile G, D'Angelo A, et al. Human epidermal 
growth factor receptor 2 (HER2) in advanced gastric cancer: 
where do we stand? Gastric Cancer. 2021;24:765-779.
8. Cheng X. A comprehensive review of HER2 in cancer 
biology and therapeutics. Genes. 2024;15:903.
9. American Cancer Society. Stomach (gastric) cancer stages: 
how far has stomach cancer spread?. Atlanta (GA): American 
Cancer Society; 2021.



147

10. Di Muzio B, Knipe H, Niknejad M, et al. Gastric cancer 
(TNM staging). Radiopaedia.org. 2025.
11. Kinami S, Saito H, Takamura H. Significance of lymph 
node metastasis in the treatment of gastric cancer and current 
challenges in determining the extent of metastasis. Front Oncol. 
2022;11:806162.
12. Yuriy R, Tatarina O, Kaminskyy V, et al. Modern methods 
and prospects for using artificial intelligence in disease 
diagnostics: a narrative review. Futurity Med. 2024;3:11-24.
13. Muhetaer A, Niyaz M, Ainiwaer J, et al. Amplification and 
clinicopathological significance of HER-2 in Kazakh esophageal 
squamous cell carcinoma. Mol Clin Oncol. 2020;13:64.
14. Tsekhmister Y, Stepanenko V, Konovalova T, et al. Analysis 
of physicochemical natures of modern artifacts in MRI. Int J 
Online Biomed Eng. 2022;18:89-100.
15. Kadyrbayeva R, Kaidarova D, Smagulova K, et al. The role 
of determining HER2neu status in patients with gastric cancer. 
J Clin Oncol. 2024;42:e16067.
16. Azbergenov NK, Akhmetova SZ, Nurulla TA, et al. 
Biomarkers used in the diagnosis and prognosis of gastric 
cancer in young patients: a scientometric analysis. Front Med. 
2025;12:1586742.
17. Semenova Y, Kerimkulov A, Uskenbayev T, et al. 
Chemotherapy options for locally advanced gastric cancer: a 
review. Cancers. 2025;17:809.
18. Kiselev NM, Klimin SA, Kolesnik YI, et al. Perioperative 
chemotherapy and morphological response in the treatment of 
gastric cancer: a retrospective study. J Mod Oncol. 2024;26:276-
283.
19. Belyak NP, Kutukova S, Orlova R, et al. Intertumor 
heterogeneity of locally advanced gastric cancer. J Clin Oncol. 
2023;41:435.
20. Rim CH, Lee WJ, Akhmedov O, et al. Challenges and 
suggestions in the management of stomach and colorectal 
cancer in Uzbekistan: the third report of the Uzbekistan–
Korea Oncology Consortium. Int J Environ Res Public Health. 
2023;20:5477.
21. Chubenko V, Inusilaev G, Imyanitov E, et al. Clinical 
case of the neoadjuvant treatment with nivolumab in a patient 
with microsatellite unstable (MSI-H) locally advanced gastric 
cancer. BMJ Case Rep. 2020;13:e236144.
22. Bhattarai S, Gyawali M, Regmi S. Prevalence of gastric 
cancers among patients undergoing upper gastrointestinal 
endoscopies in a tertiary care hospital in Nepal: a descriptive 
cross-sectional study. JNMA J Nepal Med Assoc. 2021;59:65-68.
23. Babi A, Issa T, Gusmanov A, et al. Prevalence of high-
risk human papillomavirus infection and genotype distribution 
among Kazakhstani women with abnormal cervical cytology. 
Ann Med. 2024;56:1-9.

24. Hirata Y, Noorani A, Song S, et al. Early stage gastric 
adenocarcinoma: clinical and molecular landscapes. Nat Rev 
Clin Oncol. 2023;20:453-469.
25. Shaimbetov Z, Satybaldiyeva U, Mamyrbaev A, et al. State 
of human resourcing for outpatient-and-polyclinic institutions 
conducting medical inspections of the population. Georgian 
Med News. 2018;278:194-199.
26. GBD 2017 Oesophageal Cancer Collaborators, Kamangar 
F, Nasrollahzadeh D, et al. The global, regional, and national 
burden of oesophageal cancer and its attributable risk factors 
in 195 countries and territories, 1990–2017: a systematic 
analysis for the Global Burden of Disease Study 2017. Lancet 
Gastroenterol Hepatol. 2020;5:582-597.
27. Ruiz Reyes D, Carvajal Otaño NM, Águila-Carbelo M, et 
al. Precision pediatric oncology: achievements, prospects, and 
current challenges. South Health Policy. 2025;4:232.
28. Pyurko V, Khrystova T, Pyurko O, et al. Information concept 
of the human health phenomenon as a guarantee of bioecosystem 
stability. IOP Conf Ser Earth Environ Sci. 2022;1049:68-74.
29. Bokhary RY. Prevalence of HER2 expression and its 
association with clinicopathological parameters in gastric 
and gastroesophageal junction adenocarcinoma: a 10-year 
experience of an academic center. Mol Clin Oncol. 2025;22:49.
30. Kung CY, Huang K-H, Lin S-C, et al. Clinicopathologic 
features and prognosis of HER2-positive gastric cancer. Int 
Surg. 2024;108:68-77.
31. Shen L, Li Y, Huang H, et al. HER2 in gastric cancer: a 
comprehensive analysis combining meta-analysis and DCE-
MRI radiomics. Cancer Control. 2024;31:10732748241293699.
32. Puga PP, Danyliuk PS, Gomonai AI, et al. Raman 
scattering in glassy Li₂B₄O₇ doped with Er₂O₃. Ukr J Phys Opt. 
2018;19:211-219.
33. Choi S, Kim M, Kim M. The role of HER2 in cancer and 
its influence on the tumor microenvironment. HER2 – role in 
cancer. London: IntechOpen; 2025.
34. Trikur I, Batori-Tartsi Z, Sichka M, et al. Design of 
chemically modified bacteriorhodopsin films for information 
protection systems. EEJET. 2022;5:6-14.
35. Li F, Meng G, Tan B, et al. Relationship between HER2 
expression and tumor interstitial angiogenesis in primary 
gastric cancer and its effect on prognosis. Pathol Res Pract. 
2021;217:153280.
36. Arigami T, Matsushita D, Okubo K, et al. Prognostic 
significance of HER2 expression for gastric cancer with 
clinically para-aortic lymph node metastasis. Anticancer Res. 
2021;41:3099-3107.
37. Franchuk VV, Trach Rosolovska SV, Selskyy PR, et al. 
Analysis of final judgements in cases of medical negligence 
occurred in Ukraine. Wiad Lek. 2018;71:757-760.


	Title

