	Model
	Strength in Capturing Long-Range Information
	Expressiveness
	Scalability
	Computational Complexity
	Ability to Distinguish Subtle Connectivity
	Handling of Higher-Order Structures
	Ref.

	GraphSAGE
	Moderate (scalable for large graphs) 
	Moderate
	Very High
	Low
	Moderate
	Low
	32
	GAT
	Moderate (attention helps, limited by depth)
	Moderate
	Moderate
	Moderate
	Moderate
	Low
	31
	GIN
	Moderate (improves with depth, but risks overfitting)
	High
	Moderate
	Moderate
	High
	Low
	30
	PNA
	High
	High
	Moderate
	High
	High
	Moderate
	29
	PPGN
	High
	Very High
	Low
	Very High
	High
	Very High
	33


Table 3. Comparison of selected GNN architectures for long-range information integration. Conceptual summary of the five architectures evaluated in this study: GraphSAGE, GAT, GIN, PNA, and PPGN. The table summarizes commonly cited architectural properties relevant to tissue-graph prediction, including long-range information integration, expressiveness, scalability, computational complexity, sensitivity to subtle connectivity differences, and handling of higher-order structures.

