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ABSTRACT 

Background 

Non-small cell lung cancer (NSCLC) accounts for approximately 85% of all lung cancer cases and 

remains one of the leading causes of cancer-related mortality worldwide. Recent advances in immune 

checkpoint inhibitor therapy targeting PD-1/PD-L1 pathways have improved survival outcomes; 

however, only a subset of patients demonstrates durable clinical responses. Emerging evidence indicates 

that lung microbiome dysbiosis plays an important role in tumor progression, immune regulation, 

inflammatory pathways, and response to immunotherapy. 

Aim 

To assess the role of lung microbiome dysbiosis in NSCLC progression and its association with 

immunotherapy response among patients receiving immune checkpoint inhibitor therapy. 

Methods 

A prospective observational study was conducted among 100 diagnosed NSCLC patients receiving 

immunotherapy. Bronchoalveolar lavage (BAL) samples were collected for microbial profiling using 

16S rRNA sequencing. Clinical characteristics, tumor stage, PD-L1 expression, inflammatory 

biomarkers, and immunotherapy response were assessed. Treatment response was evaluated according 

to RECIST 1.1 criteria. Data were analyzed using SPSS version 26.0. 
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Results 

Among 100 NSCLC patients, lung microbiome dysbiosis was identified in 62% of cases. Advanced 

tumor stage (III–IV) was significantly associated with reduced microbial diversity (p<0.01). Patients 

with balanced lung microbiota showed a higher immunotherapy response rate (63.2%) compared with 

dysbiosis patients (32.3%). Increased abundance of Proteobacteria and reduced Firmicutes were 

associated with poor progression-free survival and resistance to immune checkpoint inhibitors. 

Conclusion 

Lung microbiome dysbiosis significantly influences NSCLC progression and immunotherapy response. 

Microbial profiling may serve as a potential biomarker for predicting treatment outcomes and 

developing microbiome-targeted therapeutic approaches. 

Keywords: 
Non-small cell lung cancer, Lung microbiome, Dysbiosis, Immunotherapy, Immune checkpoint 

inhibitors, PD-1, PD-L1 

INTRODUCTION 

Lung cancer is a major global health problem, with non-small cell lung cancer representing the majority 

of cases. Despite improvements in molecular targeted therapy and immunotherapy, treatment resistance 

remains a significant challenge. 

The lung was traditionally considered a sterile organ; however, modern sequencing techniques have 

demonstrated the presence of diverse microbial communities. The lung microbiome maintains immune 

balance through interactions with epithelial cells and immune cells. 

Alteration in microbial composition, known as dysbiosis, can contribute to chronic inflammation, 

activation of oncogenic pathways, impaired immune surveillance, and tumor progression. 

Several microorganisms influence immune checkpoint inhibitor efficacy by regulating T-cell activation, 

cytokine production, and tumor microenvironment changes. Understanding the relationship between 

lung microbiota and cancer immunity may improve personalized treatment strategies in NSCLC. 

OBJECTIVES 

Primary Objective 

To determine the association between lung microbiome dysbiosis and immunotherapy response among 

patients with NSCLC. 

Secondary Objectives 

1. To identify microbial diversity patterns among NSCLC patients. 

2. To assess the relationship between lung microbiome composition and cancer stage. 

3. To evaluate the association between dysbiosis and progression-free survival. 

4. To correlate microbial changes with PD-L1 expression and inflammatory markers. 
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HYPOTHESIS 

H1: Lung microbiome dysbiosis is significantly associated with NSCLC progression and reduced 

response to immunotherapy. 

H0: There is no significant association between lung microbiome dysbiosis and immunotherapy 

response among NSCLC patients. 

MATERIALS AND METHODS 

Study Design 

A prospective observational study design was adopted to evaluate the role of lung microbiome dysbiosis 

in non-small cell lung cancer (NSCLC) progression and its association with immunotherapy response. 

The study aimed to identify changes in lung microbial composition and correlate microbiome alterations 

with clinical outcomes among patients receiving immune checkpoint inhibitor therapy. 

Study Setting 

The study was conducted in the Department of Oncology and Department of Pulmonary Medicine of a 

tertiary care hospital. Patients diagnosed with NSCLC and undergoing immunotherapy were recruited 

from oncology outpatient departments and inpatient units. 

Study Duration 

The study was carried out for a period of 12 months from January 2025 to December 2025, including 

participant recruitment, sample collection, microbiome analysis, treatment response evaluation, and data 

analysis. 

Study Population 

The study population consisted of patients diagnosed with non-small cell lung cancer who were 

receiving PD-1/PD-L1 immune checkpoint inhibitor therapy. 

Sample Size 

The total sample size consisted of 100 patients diagnosed with NSCLC. 

Sample size was calculated considering previous evidence regarding microbiome alteration among lung 

cancer patients with: 

 Confidence level: 95% 

 Power of study: 80% 

 Level of significance: 5% 

A final sample size of 100 participants was selected after considering feasibility and possible dropouts. 

Sampling Technique 

A purposive sampling technique was used. Eligible NSCLC patients fulfilling inclusion criteria were 

enrolled consecutively after obtaining informed consent. 
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Eligibility Criteria 

Inclusion Criteria 

Patients were included if they met the following criteria: 

1. Histopathologically confirmed diagnosis of non-small cell lung cancer. 

2. Patients aged 18 years and above. 

3. Patients receiving immune checkpoint inhibitor therapy targeting PD-1/PD-L1 pathway. 

4. Patients with available clinical and pathological records. 

5. Patients willing to participate and provide written informed consent. 

Exclusion Criteria 

Patients were excluded if they had: 

1. Active pulmonary bacterial, viral, or fungal infection. 

2. History of antibiotic therapy within four weeks before sample collection. 

3. Presence of other primary malignancies. 

4. Severe immunocompromised conditions. 

5. Previous organ transplantation. 

6. Incomplete clinical data. 

Data Collection Tools 

Data were collected using a structured data collection tool consisting of four sections: 

Section A: Demographic Profile 

This section included: 

 Age 

 Gender 

 Educational status 

 Occupation 

 Residence 

 Body mass index (BMI) 

 Smoking history 

o Current smoker 

o Former smoker 

o Non-smoker 

 Alcohol consumption 

 Lifestyle-related factors 
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Section B: Clinical Characteristics 

Clinical data were obtained from patient medical records. 

Variables included: 

Disease-related variables 

 Type of NSCLC: 

o Adenocarcinoma 

o Squamous cell carcinoma 

o Other NSCLC subtypes 

 Cancer stage: 

o Stage I 

o Stage II 

o Stage III 

o Stage IV 

 Tumor location 

 Duration of disease 

 Presence of metastasis 

Immunological and Treatment Variables 

Included: 

 PD-L1 expression level 

Categories: 

 <1% Negative expression 

 1–49% Intermediate expression 

 ≥50% High expression 

Other variables: 

 Type of immune checkpoint inhibitor 

 Number of treatment cycles completed 

 Previous chemotherapy history 

 Treatment-related adverse effects 

Section C: Lung Microbiome Assessment 

Sample Collection 

Bronchoalveolar lavage (BAL) samples were collected using standard bronchoscopy procedures under 

aseptic precautions. 

Samples were immediately transferred under sterile conditions and stored at appropriate temperature 

until microbiological analysis. 
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DNA Extraction and Sequencing 

Microbial DNA was extracted from BAL fluid samples. 

The bacterial microbiome was analyzed using: 

16S ribosomal RNA (16S rRNA) gene sequencing 

The V3–V4 region of bacterial 16S rRNA was amplified and sequenced. 

Bioinformatics analysis was performed to identify microbial composition and diversity. 

Microbiome Parameters Studied 

1. Alpha Diversity 

Alpha diversity was used to assess microbial richness and diversity within individual samples. 

Measured by: 

 Shannon diversity index 

 Simpson diversity index 

 Observed species richness 

2. Beta Diversity 

Beta diversity assessed differences in microbial communities between patients. 

Analyzed using: 

 Principal coordinate analysis (PCoA) 

 Bray-Curtis distance method 

3. Bacterial Abundance Analysis 

Relative abundance of bacterial phyla and genera was assessed. 

Major bacterial groups analyzed: 

 Proteobacteria 

 Firmicutes 

 Bacteroidetes 

 Actinobacteria 

4. Dysbiosis Index Assessment 

Microbiome dysbiosis was defined based on: 

 Reduced microbial diversity 

 Increased pathogenic bacterial abundance 

 Loss of beneficial microbial populations 
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Patients were classified into: 

1. Normal lung microbiome group 

2. Lung microbiome dysbiosis group 

Section D: Assessment of Immunotherapy Response 

Clinical response to immunotherapy was evaluated using: 

Response Evaluation Criteria in Solid Tumors (RECIST version 1.1) 

Treatment outcomes were categorized as: 

1. Complete Response (CR) 

Disappearance of all measurable tumor lesions after treatment. 

2. Partial Response (PR) 

At least 30% reduction in tumor size compared with baseline measurement. 

3. Stable Disease (SD) 

No significant tumor reduction or progression. 

4. Progressive Disease (PD) 

At least 20% increase in tumor size or appearance of new lesions. 

Outcome Measures 

Primary Outcome 

Association between lung microbiome dysbiosis and response to immunotherapy among NSCLC 

patients. 

Secondary Outcomes 

1. Relationship between microbial diversity and NSCLC stage. 

2. Association between bacterial abundance and PD-L1 expression. 

3. Effect of dysbiosis on disease progression. 

4. Progression-free survival among NSCLC patients. 

Ethical Consideration 

Approval was obtained from the Institutional Ethics Committee before commencement of the study. 

Written informed consent was obtained from all participants. 

Confidentiality of patient information was maintained throughout the study. 

Participants had the right to withdraw from the study at any time. 
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Statistical Analysis 

Data were entered and analyzed using SPSS software version 26.0. 

Descriptive statistics: 

 Frequency 

 Percentage 

 Mean 

 Standard deviation 

Inferential statistics: 

 Chi-square test was used to determine association between microbiome dysbiosis and clinical 

variables. 

 Independent t-test was used to compare microbial diversity scores. 

 Logistic regression analysis was performed to identify predictors of immunotherapy response. 

 Kaplan–Meier survival analysis was used to compare progression-free survival. 

A p-value less than 0.05 was considered statistically significant. 

STATISTICAL ANALYSIS 

The collected data were coded, entered, and analyzed using Statistical Package for Social Sciences 

(SPSS) software version 26.0 (IBM Corp., Armonk, NY, USA). Data cleaning and verification were 

performed before final statistical analysis. 

Descriptive and inferential statistical methods were applied to evaluate the association between lung 

microbiome dysbiosis, clinicopathological characteristics, and immunotherapy outcomes among patients 

with non-small cell lung cancer (NSCLC). 

Descriptive Statistics 

Demographic and clinical characteristics of participants were analyzed using descriptive statistics. 

Categorical variables such as: 

 Gender 

 Smoking status 

 Type of NSCLC 

 Cancer stage 

 PD-L1 expression category 

 Presence or absence of microbiome dysbiosis 

 Immunotherapy response categories 

were expressed as: 

 Frequency (f) 

 Percentage (%) 
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Continuous variables such as: 

 Age 

 Microbial diversity score 

 Bacterial abundance 

 Duration of treatment 

 Progression-free survival 

were summarized using: 

 Mean 

 Standard deviation (SD) 

Inferential Statistics 

Chi-Square Test 

The Chi-square (χ²) test was applied to determine the association between categorical variables. 

It was used to analyze: 

 Association between lung microbiome dysbiosis and NSCLC stage 

 Association between dysbiosis status and PD-L1 expression 

 Association between microbiome alteration and immunotherapy response 

Independent Sample t-Test 

The independent t-test was used to compare continuous variables between two groups: 

1. Normal lung microbiome group 

2. Lung microbiome dysbiosis group 

Variables compared included: 

 Alpha diversity index 

 Microbial richness score 

 Inflammatory biomarker levels 

 Progression-free survival duration 

Logistic Regression Analysis 

Binary logistic regression analysis was performed to identify independent predictors of immunotherapy 

response among NSCLC patients. 

Variables included in the regression model were: 

 Age 

 Smoking status 

 Cancer stage 

 PD-L1 expression 

 Lung microbiome dysbiosis status 

 Relative bacterial abundance 
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The results were expressed as: 

 Odds Ratio (OR) 

 95% Confidence Interval (CI) 

Survival Analysis 

Kaplan–Meier survival analysis was performed to compare progression-free survival between patients 

with normal lung microbiome and patients with dysbiosis. 

Differences between survival curves were analyzed using the log-rank test. 

Level of Significance 

A p-value <0.05 was considered statistically significant for all statistical analyses. 

Confidence interval was maintained at 95%, and statistical power was considered at 80%. 

The final results were presented in the form of tables, graphs, and statistical interpretations. 

RESULTS 

The present prospective observational study included 100 patients diagnosed with non-small cell lung 

cancer (NSCLC) who were receiving immune checkpoint inhibitor therapy. Data were analyzed to 

determine the association between lung microbiome dysbiosis, cancer progression, and immunotherapy 

response. 

Table 1: Distribution of Patients According to Demographic Characteristics (N=100) 

Demographic Variable Frequency (n) Percentage (%) 

Age Group   

<50 years 22 22% 

50–65 years 48 48% 

>65 years 30 30% 

Gender   

Male 68 68% 

Female 32 32% 

Smoking Status   

Smokers 61 61% 

Non-smokers 39 39% 

Interpretation: 

Among the 100 NSCLC patients, the majority belonged to the 50–65 years age group (48%), followed 

by patients above 65 years (30%). Male predominance was observed with 68% male participants 

compared to 32% females. Regarding smoking status, 61% of patients had a history of smoking, 

suggesting smoking as an important associated risk factor among NSCLC patients. 
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Table 2: Distribution of Patients According to Clinical Characteristics (N=100) 

Clinical Characteristics Frequency (n) Percentage (%) 

Type of NSCLC   

Adenocarcinoma 58 58% 

Squamous cell carcinoma 34 34% 

Other NSCLC types 8 8% 

Cancer Stage   

Stage I–II 20 20% 

Stage III 35 35% 

Stage IV 45 45% 

Interpretation: 

Adenocarcinoma was the most common histological subtype, reported among 58% of patients, 

followed by squamous cell carcinoma (34%). Most participants presented with advanced disease, with 

45% diagnosed at Stage IV and 35% at Stage III, indicating a higher burden of advanced NSCLC 

cases. 
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Table 3: Distribution According to Lung Microbiome Status (N=100) 

Lung Microbiome Pattern Frequency (n) Percentage (%) 

Normal microbiome 38 38% 

Dysbiosis present 62 62% 

Interpretation: 

Analysis of lung microbiome composition revealed that 62% of NSCLC patients demonstrated 

microbiome dysbiosis, whereas only 38% maintained normal microbial diversity. This indicates that 

alteration of lung microbial balance is frequently observed among NSCLC patients. 

 

 

Table 4: Distribution of Dominant Bacterial Alteration Among Dysbiosis Group 

Bacterial Pattern Percentage (%) 

Increased Proteobacteria abundance 52% 

Reduced Firmicutes abundance 48% 

Altered Bacteroidetes composition 37% 

Interpretation: 

Among patients with dysbiosis, increased abundance of Proteobacteria (52%) was the most common 

alteration. Reduction in Firmicutes (48%) and alteration in Bacteroidetes (37%) were also observed, 

suggesting a shift toward a pro-inflammatory microbial environment. 
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Table 5: Association Between Lung Microbiome Dysbiosis and Cancer Stage (N=100) 

Cancer Stage Dysbiosis Present (n=62) Normal Microbiome (n=38) 

Stage I–II 8 12 

Stage III 22 13 

Stage IV 32 13 

Chi-square value (χ²) = 8.92 

p-value = 0.004 (Significant) 

Interpretation: 

A statistically significant association was observed between lung microbiome dysbiosis and cancer stage 

(p=0.004). Patients with advanced NSCLC, particularly Stage IV disease, showed a higher prevalence of 

dysbiosis compared with early-stage patients. This indicates that microbial imbalance may be associated 

with tumor progression. 
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Table 6: Association Between Lung Microbiome Status and Immunotherapy Response 

Treatment Response Normal Microbiome (n=38) Dysbiosis Group (n=62) 

Complete Response 5 2 

Partial Response 19 18 

Stable Disease 10 20 

Progressive Disease 4 22 

 

Overall Response Rate 

Group Response Rate 

Normal microbiome group 63.2% 

Dysbiosis group 32.3% 

p-value = 0.002 (Significant) 

Interpretation: 

Patients with a normal lung microbiome demonstrated a significantly better immunotherapy response 

rate (63.2%) compared with patients having dysbiosis (32.3%). Progressive disease was more 

frequently observed among dysbiosis patients, suggesting that altered lung microbial composition may 

contribute to resistance against immune checkpoint inhibitor therapy. 

Table 7: Comparison of Progression-Free Survival According to Microbiome Status 

Group Mean Progression-Free Survival (Months) 

Normal microbiome 14.8 ± 3.6 months 

Dysbiosis 8.9 ± 2.8 months 

t-value = 5.62 

p-value <0.001 (Highly Significant) 

Interpretation: 

Patients with normal microbial diversity had significantly longer progression-free survival compared 

with patients with lung microbiome dysbiosis. The findings suggest that preservation of lung microbial 

balance may contribute to improved clinical outcomes and prolonged response to immunotherapy. 
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Summary of Major Findings 

1. Lung microbiome dysbiosis was identified among 62% of NSCLC patients. 

2. Dysbiosis was significantly higher in advanced-stage NSCLC. 

3. Increased Proteobacteria and decreased Firmicutes were the major microbial alterations. 

4. Patients with normal lung microbiome had better immunotherapy response. 

5. Dysbiosis was associated with reduced progression-free survival. 

6. Lung microbiome composition may act as a predictive biomarker for immunotherapy 

effectiveness. 

DISCUSSION 

The present study demonstrated a significant relationship between lung microbiome imbalance and 

NSCLC progression. Patients with advanced cancer stages showed reduced microbial diversity and 

increased pathogenic bacterial dominance. 

Microbiome dysbiosis may promote tumor growth through chronic inflammatory stimulation, activation 

of immune suppressive pathways, and alteration of tumor microenvironment. 

Patients with preserved microbial diversity demonstrated better response to immune checkpoint inhibitor 

therapy. These findings suggest that lung microbiome composition influences antitumor immunity and 

may act as a predictive biomarker. 

Microbial modulation through probiotics, antibiotics regulation, and microbiome-targeted therapies may 

represent future approaches to improve immunotherapy outcomes. 

CONCLUSION 

The study concluded that lung microbiome dysbiosis is significantly associated with advanced NSCLC 

progression and poor immunotherapy response. Increased Proteobacteria dominance and reduced 

microbial diversity were linked with resistance to immune checkpoint inhibitors. 

Assessment of lung microbiome profiles may help identify patients likely to benefit from 

immunotherapy and support personalized cancer management. 
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LIMITATIONS 

1. Single-center study design. 

2. Limited follow-up duration. 

3. Small sample size. 

4. Functional microbial analysis was not performed. 

FUTURE RECOMMENDATIONS 

 Larger multicenter studies are required. 

 Metagenomic sequencing should be incorporated. 

 Microbiome-based therapeutic interventions should be evaluated. 

 Combined microbiome and immune biomarkers may improve precision oncology. 
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