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RESULTS

REFERENCES & ACKNOWLEDGEMENTS

Lung adenocarcinoma in never-smokers determines a 
distinct molecular landscape, including an 
enrichment of EGFR alterations, highlighting the 
need for molecularly informed biomarker strategies. 
Aberrant promoter methylation of SHOX2 and 
RASSF1A represents a promising epigenetic approach 
for detecting lung cancer. The characterization of 
clinically relevant LUAD subgroups may be 
improved by integrating methylation patterns with 
smoking phenotype, EGFR status and pathological 
stage using explainable machine learning.
Objective: To characterize SHOX2 and RASSF1A 
promoter methylation in TCGA-LUAD, evaluate 
associations with clinical and molecular features, and 
integrate these using an explainable XGBoost ML 
model.

Actionable Take Away Message
•EGFR mutations were strongly enriched in never-smoker 
LUAD (36.8% vs 9.0%; OR = 5.84) , highlighting a distinct 
molecular phenotype.
•SHOX2/RASSF1A methylation provided complementary 
information, assisting multi-marker rather than single-
biomarker approaches.
•Combining SHOX2/RASSF1A methylation, EGFR status 
and pathological stage using XGBoost achieved moderate 
smoking-phenotype discrimination (AUC = 0.752; 95% CI: 
0.619 - 0.885).

Future Direction for Research
•To validate in larger Asian never-smoker cohorts.
•Translate SHOX2/RASSF1A methylation to plasma/ctDNA 
and integrate methylation, EGFR + CEA/CYFRA21-
1/NSE/pro-GRP for early detection.
•To evaluate early cancer by the development of CaDet-
SHIELD.

Limitations
Limited Asian representation in TCGA; never-smoker 
proxy used. The current analysis is exploratory and tissue-
based. Methylation associations were not significant after 
BH-FDR correction.
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Figure 1. SHOX2 methylation differs 
between LUAD tumor and normal 
tissues. Mean β-values were higher in 
tumours (Wilcoxon p = 0.01398).

Figure 2. RASSF1A promoter-associated 
methylation in LUAD tumor and normal 
tissues. The difference was not statistically 
significant (Wilcoxon p = 0.07117).

Figure 3. SHOX2 methylation showed 
no statistically significant difference 
between the never-smoker proxy and 
Western smoker cohorts (p = 0.1609)

Figure 4. EGFR mutation enrichment 
according to smoking phenotype. EGFR 
mutations were more frequent in the never-
smoker proxy cohort (36.8% vs 9.0%; OR=5.84, 
95% Cl: 2.96-11.56; Fisher’s exact p=8.83 * 10-8

Figure 5. SHOX2 methylation showed an 
exploratory association with disease stage, with 
higher methylation in early-stage tumours than 
advanced-stage tumours (unadjusted p=0.07694). 
Multivariable regression: β= +0.0412; p=0.0232)

Figure 6. XGBoost ROC- Integrated 
SHOX2/RASSF1A methylation, EGFR and 
stage model for smoking-phenotype 
classification (AUC=0.752; 95% Cl: 0.619-
0.885)

Figure 7. SHAP feature attribution- RASSF1A methylation, 
EGFR status and SHOX2 methylation were the principal 
contributors to XGBoost predictions; stage showed minimal 
contribution. 

Figure 8. SHOX2 CpG heatmap- Row-scaled methylation 
patterns across 11 promoter-associated SHOX2 CpGs, 
annotated by stage, EFGR status, smoking cohort and 
sample type. 
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