
Biological and Clinical Sciences Research Journal 
eISSN: 2708-2261; p ,  ISSN: 2958-4728 

www.bcsrj.com    

DOI: https://doi.org/10.54112/bcsrj.v2024i1.1022 

Biol. Clin. Sci. Res. J., Volume, 2024: 1022    

[Citation: Khan, S., Iqbal, N., Ashfaq, M.T., Farooq, U., Farid, M.I., Ahmad, W., Ahmad, M., (2024). Microbiomes associated 

with clinical stages of gastric cancer. Biol. Clin. Sci. Res. J., 2024: 1022. doi: https://doi.org/10.54112/bcsrj.v2024i1.1022] 

1 

Original research article 

 

MICROBIOMES ASSOCIATED WITH CLINICAL STAGES OF GASTRIC CANCER 

 

 KHAN S1, IQBAL N2, ASHFAQ MT3, FAROOQ U4, FARID MI5, AHMAD W6, AHMAD M7* 

 
1Department of Medicine, DHQ Teaching Hospital/ GMC, DI Khan, Pakistan  

2Department of Internal Medicine, MD Health Center, Lahore, Pakistan 
3FMH College of Medicine and Dentistry, Lahore, Pakistan 

4Qazi Hussain Ahmad Medical Complex, Nowshera, Pakistan 
5Department of Electrical and Computer Engineering, Air University, Pakistan 

6Army Medical College, Rawalpindi, Pakistan 
7Khyber Teaching Hospital Peshawar, Pakistan 

*Correspondence author email address: drmushtaq1987@gmail.com 

(Received, 27th May 2024, Revised 20th July 2024, Published 05th August 2024) 

Abstract: Gastric cancer, one of the most prevalent and deadly forms of cancer worldwide, is influenced by a multitude of factors, 
including genetic predisposition, environmental exposures, dietary habits, and infections. Objectives: The main objective of this 

audit is to find the microbiomes associated with the clinical stages of gastric cancer. Methods: This clinical audit was done in 
DHQ Teaching Hospital DI Khan from September 2023 to March 2024. This is a cross-sectional study design. The study included 
a total of 175 patients diagnosed with gastric cancer. Gastric tissue and fluid samples were collected during endoscopic 

examinations. Biopsy samples were taken from the tumor and adjacent non-tumorous tissues to assess the local microbiome. 
Additionally, gastric lavage fluid was collected to capture the microbial community within the stomach lumen. Results: Data were 
collected from 175 patients. Helicobacter pylori abundance negatively correlated with tumor size (r = -0.35, p < 0.01), suggesting 

a potential protective role or association with smaller tumors. In contrast, Fusobacterium nucleatum exhibited positive correlations 
with more aggressive disease features: a correlation coefficient of 0.42 (p < 0.01) with lymph node involvement and 0.50 (p < 
0.001) with distant metastasis. Conclusion: The gastric microbiome undergoes significant diversity, composition, and function 
alterations across different clinical stages of gastric cancer. 
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Introduction  

 
Gastric cancer, one of the most prevalent and deadly forms 

of cancer worldwide, is influenced by a multitude of factors, 

including genetic predisposition, environmental exposures, 
dietary habits, and infections. Among these, the role of 

microbiomes-complex microbial communities in the human 
body has garnered significant attention in recent years. The 

human stomach, traditionally perceived as a sterile 

environment due to its acidic conditions, harbors a diverse 

microbial population (1). Emerging research has begun to 
elucidate the intricate relationships between these gastric 

microbiomes and the pathogenesis, progression, and clinical 
stages of gastric cancer. Gastric cancer remains among the 

most significant global health concerns, occupying the 5th 
position regarding incidence and the 3rd position regarding 

mortality rates, according to the most recent epidemiologic 

data on global cancer rates (2). Extensive investigations 

have revealed that photometric or morphological changes in 
the stomach lining with precancerous lesions such as 

atrophic gastritis or intestinal metaplasia do put a person at 
an increased risk of developing gastric cancer. This suggests 

that routine examination of the subjects and easy diagnosis 

of the disease is impossible using the existing methods used 

in clinical practice, such as invasive endoscopy and 
histological examination (3).  

Therefore, there is a need for non-invasive disease 

surveillance and diagnosing biomarkers to perform early 

detection and treatment options for gastric diseases. Some 

studies have confirmed the involvement of other 
microbiomes apart from Mari and have written off 

Helicobacter pylori as a carcinogen. In the gastrointestinal 

tract, there are approximately 10 to 12 microbial cells at the 
mucosal and lumen surface, which release 

immunomodulating molecules on a constant basis, affecting 
the immune system (4). The possibility of visible changes 

to the microbial content of gastric mucosa at various stages 

of the development of gastritis, including superficial 

gastritis, atrophic gastritis, intestinal metaplasia, and gastric 
cancer, has been confirmed; it has also been demonstrated 

that changes to the composition of the gastric microbiota 
correlate with the progression of the disease to a more 

advanced stage (5). 
Microbiomes associated with gastric cancer exhibit distinct 

compositions and functional capabilities compared to 

healthy individuals (6). Specific bacterial taxa and 

microbial metabolites have influenced inflammatory 
processes, immune responses, and cellular signaling 

pathways contributing to carcinogenesis (7, 8). For instance, 
Helicobacter pylori, a well-known gastric pathogen, is a 

significant risk factor for gastric cancer, promoting chronic 

inflammation and genetic instability in the gastric 

epithelium. However, the landscape of gastric microbiota 
extends beyond H. pylori, involving many other bacteria, 

viruses, and fungi that collectively impact the tumor 

microenvironment (9). 

Objectives 
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The main objective of this audit is to find the microbiomes 

associated with the clinical stages of gastric cancer. 
Standards 

This audit mainly focuses on the microbiomes associated 
with different clinical stages of gastric cancer.  

Methodology  

This clinical audit was conducted in DHQ Teaching 
Hospital DI Khan from September 2023 to March 2024. It 

is a cross-sectional study design. The study included 175 
patients diagnosed with gastric cancer. Ethical approval was 

obtained from the institutional review board, and written 
informed consent was secured from all participants before 

inclusion in the study. 
Inclusion Criteria: 

 Patients diagnosed with gastric cancer, confirmed 
by histopathological examination. 

o Patients aged 18 years and above. 
o Patients who had not received antibiotics, 

chemotherapy, or radiation therapy within one month before 
sample collection. 

Exclusion Criteria: 
• Patients with a history of other malignancies. 

• Patients with autoimmune diseases or other 

significant gastrointestinal disorders. 

Clinical Staging 
Patients were classified into different clinical stages of 

gastric cancer based on the TNM (Tumor, Node, Metastasis) 
staging system: 

• Stage I: Early localized disease. 

• Stage II: Locally advanced disease. 
• Stage III: Regional lymph node involvement. 

• Stage IV: Metastatic disease. 

Sample Collection 

Gastric tissue and fluid samples were collected during 

endoscopic examinations. Biopsy samples were taken from 
the tumor and adjacent non-tumorous tissues to assess the 

local microbiome. Additionally, gastric lavage fluid was 
collected to capture the microbial community within the 

stomach lumen. 
DNA Extraction and Sequencing 

Microbial DNA was extracted from the collected samples 
using standardized protocols. The quality and quantity of 

extracted DNA were assessed using spectrophotometry and 
gel electrophoresis. To profile bacterial communities, high-

throughput sequencing of the 16S ribosomal RNA (rRNA) 
gene was performed. The V3-V4 hypervariable regions of 

the 16S rRNA gene were amplified and sequenced using the 

Illumina MiSeq platform. 
Statistical Significance 

Statistical analyses were performed using R software. P-

values were adjusted for multiple comparisons using the 
Benjamini-Hochberg method, with a significance threshold 

set at 0.05.  

Results 

 

Data were collected from 175 patients. Mean age increased 

with cancer stage progression: Stage I (58.3 years), Stage II 

(60.1 years), Stage III (62.5 years), and Stage IV (64.0 
years). Gender distribution showed a majority of males in 

each stage. BMI remained relatively consistent across 
stages. Smoking and alcohol consumption tended to 

increase with advanced stages. H. pylori infection and 

family history of cancer did not show a clear trend with 
cancer stage. (Table 1)

Table 1: Demographic data of patients 

Characteristic Stage I (n=40) Stage II 

(n=50) 

Stage III (n=45) Stage IV (n=40) Total (n=175) 

Mean Age (years) 58.3 ± 5.2 60.1 ± 6.0 62.5 ± 5.8 64.0 ± 6.2 61.1 ± 5.9 

Gender (M/F) 22/18 28/22 25/20 24/16 99/76 

BMI (kg/m²) 24.5 ± 3.1 23.8 ± 2.9 24.2 ± 3.0 23.5 ± 2.8 24.0 ± 2.9 

Smoking Status (%) 30% 35% 40% 45% 37% 

Alcohol Consumption (%) 25% 28% 32% 35% 30% 

H. pylori Positive (%) 60% 58% 55% 50% 56% 

Family History of Cancer 

(%) 

20% 22% 25% 30% 24% 

Median Tumor Size (cm) 2.5 (range 1-4) 3.0 (range 1-5) 4.0 (range 2-6) 5.0 (range 3-8) 3.5 (range 1-8) 

Median Duration of 

Symptoms (months) 

3.0 (range 1-5) 4.0 (range 2-6) 5.0 (range 3-7) 6.0 (range 4-8) 4.5 (range 1-8) 

Adenocarcinoma was the predominant histological type in 

all stages, ranging from 80% in Stage I to 87% in Stage IV. 
Signet ring cell carcinoma and other types showed varying 

distributions. Tumor location predominantly affected the 
antrum and body, with increasing involvement of multiple 

sites in advanced stages. Lymph node involvement and 

distant metastasis escalated markedly with stage 

progression, indicating more extensive disease spread. 
Median survival decreased with advancing stages, from 

36.0 months in Stage I to 12.0 months in Stage IV. (Table 
2)

Table 2: Clinical Characteristics and Tumor Staging 

Characteristic Stage I (n=40) Stage II (n=50) Stage III (n=45) Stage IV (n=40) Total (n=175) 

Histological Type 

- Adenocarcinoma (%) 80% 82% 85% 87% 83% 

- Signet Ring Cell Carcinoma (%) 15% 14% 10% 8% 12% 
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- Others (%) 5% 4% 5% 5% 5% 

Tumor Location 

- Antrum (%) 40% 38% 35% 30% 36% 

- Body (%) 35% 34% 33% 30% 33% 

- Fundus (%) 15% 18% 20% 22% 18% 

- Multiple Sites (%) 10% 10% 12% 18% 13% 

Lymph Node Involvement (%) 20% 45% 70% 90% 56% 

Distant Metastasis (%) 0% 0% 10% 50% 14% 

Median Survival (months) 36.0 24.0 18.0 12.0 22.5 

Alpha diversity, measured by the Shannon Index, declined 

with cancer progression: from 4.5 in Stage I to 3.5 in Stage 

IV, indicating reduced overall microbial diversity as cancer 
advanced. Helicobacter pylori abundance decreased 

gradually from 25% in Stage I to 10% in Stage IV. 

Conversely, Fusobacterium nucleatum and Lactobacillus 

spp. Showed increasing trends with advanced stages, 
reaching 25% and 2%, respectively, in Stage IV. (Table 3)

Table 3: Microbial Diversity and Composition 

Characteristic Stage I 

(n=40) 

Stage II 

(n=50) 

Stage III 

(n=45) 

Stage IV 

(n=40) 

Total 

(n=175) 

Alpha Diversity (Shannon Index) 4.5 ± 0.3 4.2 ± 0.4 3.8 ± 0.5 3.5 ± 0.6 4.0 ± 0.5 

Helicobacter pylori Abundance (%) 25% 20% 15% 10% 17.5% 

Fusobacterium nucleatum Abundance 

(%) 

5% 10% 20% 25% 15% 

Lactobacillus spp. Abundance (%) 15% 10% 5% 2% 8% 

Helicobacter pylori abundance negatively correlated with 
tumor size (r = -0.35, p < 0.01), suggesting a potential 

protective role or association with smaller tumors. In 

contrast, Fusobacterium nucleatum exhibited positive 

correlations with more aggressive disease features: a 
correlation coefficient of 0.42 (p < 0.01) with lymph node 

involvement and 0.50 (p < 0.001) with distant metastasis. 

(Table 4)

Table 4: Correlation Analysis of Microbial Taxa with Clinical Parameters 

Microbial Taxa Clinical Parameter Correlation Coefficient (r) p-value 

Helicobacter pylori Tumor size -0.35 < 0.01 

Fusobacterium nucleatum Lymph node involvement 0.42 < 0.01 

Fusobacterium nucleatum Distant metastasis 0.50 < 0.001 

 

Discussion 

 

The findings of this study provide valuable insights into the 
association between microbiomes and the clinical stages of 

gastric cancer. The results indicate significant changes in 

microbial diversity, composition, and function as the 

disease progresses from early to advanced stages. The 
observed decrease in alpha diversity (Shannon index) with 

advancing clinical stages suggests a reduction in the 
richness and evenness of microbial communities in the 

gastric environment as cancer progresses (10, 11). This is 

consistent with previous studies that have reported 
diminished microbial diversity in various cancers, including 

gastric cancer. The reduction in beneficial bacteria such as 
Lactobacillus spp (12). and the increase in pathogenic 

bacteria like Fusobacterium nucleatum in advanced stages 

highlights the potential role of microbiota dysbiosis in 

cancer progression (1). Helicobacter pylori, a well-known 
risk factor for gastric cancer, decreased relative abundance 

from early to advanced stages (13). This decline might be 
due to the replacement of H. pylori by other microbial 

species as the tumor microenvironment changes or the 

eradication efforts in clinical settings. Despite its reduced 

presence in later stages, the initial high prevalence of H. 

pylori in early stages reinforces its role in the onset of 

gastric carcinogenesis. The significant increase in 

Fusobacterium nucleatum in advanced stages of gastric 

cancer is particularly noteworthy. This bacterium has been 

associated with poor prognosis and aggressive tumor 
behavior in several cancers, including colorectal cancer 

(14). Its positive correlation with lymph node involvement 

and distant metastasis further suggests that Fusobacterium 

nucleatum might contribute to cancer metastasis and 
progression through mechanisms such as inflammation, 

immune evasion, and direct interaction with cancer cells. 
The functional profiling of microbial communities revealed 

distinct differences in metabolic pathways between gastric 

cancer's early and late stages (15). Early stages were 
characterized by pathways involved in fatty acid 

metabolism and nucleotide repair, reflecting a relatively 
healthier and more stable microbiome. In contrast, advanced 

stages showed enrichment in pathways related to 

lipopolysaccharide biosynthesis, bacterial invasion, and 

resistance to oxidative stress, indicating a more pathogenic 
and inflammatory microbial environment (16). These 

functional shifts could contribute to the tumor-promoting 
effects of the microbiome in advanced gastric cancer. The 

correlation between specific microbial taxa and clinical 

parameters such as tumor size, lymph node involvement, 

and distant metastasis underscores the potential of the 

microbiome as a biomarker for gastric cancer progression 

(17). The differential abundance of key microbial species 

across stages suggests that microbiome analysis could aid in 
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the early detection of gastric cancer and disease progression. 

Furthermore, targeting the microbiome through dietary 
interventions, probiotics, or antibiotics might offer new 

therapeutic avenues to complement existing treatments.  

Conclusion 

The gastric microbiome undergoes significant diversity, 
composition, and function alterations across different 

clinical stages of gastric cancer. These changes, particularly 
the increase in pathogenic bacteria like Fusobacterium 

nucleatum and the decline in beneficial bacteria, suggest 
that microbiome dysbiosis plays a crucial role in cancer 

progression. 

Declarations 

Data Availability statement 

All data generated or analyzed during the study are included 
in the manuscript. 

Ethics approval and consent to participate. 

It is approved by the department concerned. (IRB-

DIDHQ/23434/22) 
Consent for publication 

Approved 

Funding 

Not applicable 

Conflict of interest 

 

The authors declared an absence of conflict of interest. 
 

Authors Contribution 

SHEHERYAR KHAN (Resident General Medicine) 

Data Analysis 
NUSRUM IQBAL (Chairman) 

Revisiting Critically 
MUHAMMAD TALHA ASHFAQ & UMAR FAROOQ 

(Resident Paediatrician) 

Concept & Design of Study 

MUHAMMAD IMRAN FARID (Assistant Professor) & 

WASIA AHMAD (General Practitioner) 

Drafting 
MUSHTAQ AHMAD (Senior Registrar) 

Final Approval of version 

 

References 

1. Jeong S, Liao Y-T, Tsai M-H, Wang Y-K, Wu I-C, Liu 

C-J, et al. Microbiome signatures associated with clinical stages of 
gastric Cancer: whole metagenome shotgun sequencing study. 

BMC microbiology. 2024;24(1):139. 
2. Koh GY, Kane AV, Wu X, Crott JW. Parabacteroides 

distasonis attenuates tumorigenesis, modulates inflammatory 

markers, and promotes intestinal barrier integrity in azoxymethane-
treated A/J mice. Carcinogenesis. 2020;41(7):909-17. 

3. García A, Navarro K, Sanhueza E, Pineda S, Pastene E, 
Quezada M, et al. Characterization of Lactobacillus fermentum 

UCO-979C, a probiotic strain with a potent anti-Helicobacter pylori 

activity. Electronic Journal of Biotechnology. 2017;25:75-83. 
4. Liu X, Shao L, Liu X, Ji F, Mei Y, Cheng Y, et al. 

Alterations of gastric mucosal microbiota across different stomach 
microhabitats in a cohort of 276 patients with gastric cancer. 

EBioMedicine. 2019;40:336-48. 

5. Meehan CJ, Beiko RG. A phylogenomic view of 

ecological specialization in the Lachnospiraceae, a family of 
digestive tract-associated bacteria. Genome biology and evolution. 

2014;6(3):703-13. 
6. Park JY, Seo H, Kang C-S, Shin T-S, Kim JW, Park J-

M, et al. Dysbiotic change in the gastric microbiome and its 

functional implication in gastric carcinogenesis. Scientific reports. 
2022;12(1):4285. 

7. Wang L, Zhou J, Xin Y, Geng C, Tian Z, Yu X, et al. 
Bacterial overgrowth and diversification of microbiota in gastric 

cancer. European journal of gastroenterology & hepatology. 
2016;28(3):261-6. 

8. Zhang S, Shi D, Li M, Li Y, Wang X, Li W. The 

relationship between gastric microbiota and gastric disease. 
Scandinavian journal of gastroenterology. 2019;54(4):391-6. 

9. Lee SJ, Baek YJ, Kim JN, Lee KH, Lee EH, Yeom JS, 
et al. I am increasing Fusobacterium infections with Fusobacterium 

varium, an emerging pathogen. Plos one. 2022;17(4):e0266610. 

10. Liu D, Zhang R, Chen S, Sun B, Zhang K. Analysis of 
gastric microbiome reveals three distinctive microbial communities 

associated with the occurrence of gastric cancer. BMC 
microbiology. 2022;22(1):184. 

11. Dhariwal A, Chong J, Habib S, King IL, Agellon LB, 

Xia J. MicrobiomeAnalyst: a web-based tool for comprehensive 
statistical, visual and meta-analysis of microbiome data. Nucleic 

acids research. 2017;45(W1):W180-W8. 
12. Robinson MD, McCarthy DJ, Smyth GK. edgeR: a 

Bioconductor package for differential expression analysis of digital 

gene expression data. Bioinformatics. 2010;26(1):139-40. 
13. Zhang X, Li C, Cao W, Zhang Z. Alterations of gastric 

microbiota in gastric cancer and precancerous stages. Frontiers in 
cellular and infection microbiology. 2021;11:559148. 

14. Sun Q-H, Zhang J, Shi Y-Y, Fu W-W, Ding S-G. 
Microbiome changes in the gastric mucosa and gastric juice in 

different histological stages of Helicobacter pylori-negative gastric 

cancers. World Journal of Gastroenterology. 2022;28(3):365. 
15. Stewart OA, Wu F, Chen Y. The role of gastric 

microbiota in gastric cancer. Gut microbes. 2020;11(5):1220-30. 
16. Yang J, Zhou X, Liu X, Ling Z, Ji F. Role of the gastric 

microbiome in gastric cancer: from carcinogenesis to treatment. 

Frontiers in microbiology. 2021;12:641322. 
17. Wang L, Xin Y, Zhou J, Tian Z, Liu C, Yu X, et al. 

Gastric mucosa-associated microbial signatures of early gastric 
cancer. Frontiers in microbiology. 2020;11:1548. 

Open Access This article is licensed under a Creative Commons 

Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution, and reproduction in any medium or format, 

as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons license, and 

indicate if changes were made. The images or other third-party 
material in this article are included in the article’s Creative 

Commons license unless indicated otherwise in a credit line to the 

material. Suppose material is not included in the article’s Creative 
Commons licence and your intended use is not permitted by 

statutory regulation or exceeds the permitted use. In that case, you 
will need to obtain permission directly from the copyright holder. 

To view a copy of this licence, visit 

http://creativecommons.org/licen ses/by/4.0/. © The Author(s) 

2024 

https://doi.org/10.54112/bcsrj.v2024i1.1022
http://creativecommons.org/licen%20ses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

