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ABSTRACT
The tumor microenvironment (TME) has emerged as a
promising source of prognostic biomarkers. To fully leverage
its potential, analysis methods must capture complex inter-
actions between different cell types. We propose HiGINE –
a hierarchical graph-based approach to predict patient sur-
vival (short vs. long) from TME characterization in multiplex
immunofluorescence (mIF) images and enhance risk strati-
fication in lung cancer. Our model encodes both local and
global inter-relations in cell neighborhoods, incorporating
information about cell types and morphology. Multimodal
fusion, aggregating cancer stage with mIF-derived features,
further boosts performance. We validate HiGINE on two
public datasets, demonstrating improved risk stratification,
robustness, and generalizability.

Index Terms— AI-based survival prediction, graph neu-
ral networks, multiplex immunofluorescence microscopy,
proteomics, tumor microenvironment

1. INTRODUCTION

Lung cancer has, worldwide, the highest incidence (12.4%)
and highest mortality (18.7%) of all cancers [1]. Despite ther-
apeutic advances, patient outcomes remain poor; improved
understanding of disease mechanisms and refined risk strati-
fication are essential for guiding treatment decisions. Current
prognostic models for non-small cell lung cancer (NSCLC)
rely mainly on clinical parameters such as tumor stage, per-
formance status, and age, which fail to capture the biological
complexity and diversity of NSCLC [2].

Over the last decade, the tumor microenvironment (TME)
– a network of immune and stromal cells interacting with tu-
mor cells – has emerged as a promising source of prognos-
tic biomarkers. Multiplex immunofluorescence (mIF) imag-
ing enables simultaneous visualization of multiple proteins
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within tissue sections, providing high-resolution spatial in-
sights into TME composition and organization. Characteriza-
tion of immune cell densities and their spatial relationships in
NSCLS has revealed consistent associations with recurrence-
free and overall survival [3, 4]. However, recent studies in-
dicate that moving beyond cell counts is critical to unlocking
the full prognostic potential of the TME [5].

To capture the complex cellular architecture of TMEs,
holistic and interpretable data-driven approaches are needed
[5]. Graph-based methods offer a framework to model cell
neighborhoods and interactions [6–8]. In this study, we pro-
pose HiGINE – a Hierarchical Graph Isomorphism Network
with Edge features – to encode both local and global relation-
ships, while preserving biological interpretability by leverag-
ing cell type information and morphological features.
Our contributions are:
1. We combine mIF imaging with two-level graph-based

modeling to capture local and global interactions within
the TME in NSCLC and predict short vs. long survival.

2. We demonstrate that edge-weighted graphs improve cell
neighborhood encoding and model performance.

3. We assess the benefit of multimodal fusion by incorporat-
ing cancer stage alongside mIF-derived features.

4. We validate our approach on two independent datasets
(mIF and imaging mass cytometry (IMC)), confirming
generalizability and competitive performance.

Data and code availability: We publish complete code and
dataset details at https://github.com/MIDA-group/HiGINE .

2. BACKGROUND AND PREVIOUS WORK

mIF microscopy and IMC are established techniques for
single-cell analysis within a spatial tissue context. Both
enable simultaneous visualizations of multiple protein ex-
pression patterns: mIF typically detects ~10 fluorescence
markers across entire tumor sections, while IMC captures
~40 proteins in smaller regions [5, 9]. Numerous studies,




