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Lecture Title
Patient-specific network-based interpretable machine learning predicts immune checkpoint 
inhibitor response in cancer patients

Abstract (500 words maximum) 
Immune  checkpoint  inhibitors  (ICIs)  have  transformed  cancer  therapy  by  producing 

durable responses in a subset of patients. However, overall response rates remain limited, and 
currently used biomarkers,  such as PD-1/PD-L1 expression and tumor microenvironment-
related  features,  often  show  insufficient  predictive  accuracy  and  poor  cross-cohort 
generalizability. Network-based biomarkers have emerged for predicting ICI response, but most 
are derived from aggregate protein-protein interaction (PPI) networks compiled across diverse 
cell  types and biological  states  or  cohort-level  co-expression networks.  As a  result,  these 
networks  may  obscure  patient-specific  variation  in  pathway  activity  and  tumor-immune 
biology. Recently, single-sample network (SIN) inference methods offer a way to better capture 
inter-patient heterogeneity,  but predictive frameworks that leverage SINs for ICI response 
modeling remain scarce.

In this talk, I will present SNIPE (Single-sample Network-based analysis for predicting 
ImmunotheraPy Efficacy),  an interpretable machine-learning framework for predicting ICI 
response from patient-level transcriptomic data. SNIPE is motivated by our prior work in 
network medicine for extracting individualized biological information from omics data. In 
particular, it builds on the concept of sample-specific weighted correlation networks (SWEET), 
which was developed to infer single-sample networks (SINs) that better capture shared and 
individual-specific molecular wiring than conventional cohort-level networks. By leveraging 
this patient-centered network perspective, SNIPE constructs high-confidence single-sample 
networks (hcSINs) that provide a more robust representation of individual tumor biology. To 
further  improve functional  interpretation,  SNIPE also  incorporates  single-sample  gene set 
correlation  enrichment  analysis  (ssGscore),  an  extension  of  our  Gscore  method.  Whereas 
Gscore was originally designed to evaluate the association between differentially expressed 
genes and curated pathways or gene sets using the dataset-derived co-expression network, 
ssGscore adapts this idea to the single-sample level, enabling the quantification of personalized 
pathway  activity  patterns  from  each  patient’s  inferred  network  context.  Combined  with 
ssGSEA, this strategy generates personalized ICI-response pathway signatures (PIPSs) for each 
patient. PIPSs were used to train and compare logistic regression, random forest, SVM, and 
XGBoost,  with  an  across-study  evaluation  design  to  assess  cross-cohort  generalizability. 
Finally, SHapley Additive exPlanations (SHAP) was applied to quantify pathway contributions 
and provide biologically interpretable explanations of model predictions.

Across five independent melanoma cohorts comprising more than 300 ICI-treated patients 
with matched transcriptomic data and ICI response outcomes, SNIPE outperformed predictors 
based on aggregate PPI-network features and conventional ICI biomarkers. Importantly, the 
SNIPE-derived signatures  were strongly associated with tumor-immune microenvironment 
characteristics,  including  leukocyte  fraction  and CD8+ T-cell  infiltration,  supporting  their 
biological plausibility. Overall, SNIPE illustrates how patient-specific network modeling and 
Gscore-derived pathway interpretation can be integrated into an interpretable AI framework for 
precision immuno-oncology, with potential extension to additional cancer types and therapeutic 
settings.


