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Introduction
Identifying biomarkers that predict patient response to immunotherapy is critical for B G SRl S (s g clinical outcomes. Despite the success of immunotherapy, a significant proportion of
patients do not respond to treatment. Thus, there is an urgent need for more rohust me(hod Spatial iology, which examines the precise localization and nteraction of cells
within the tissue, plays a crucial role in ing the complex in analysis pipeline
16 characterize the spatial distibution and finetion of immune eells and is application for spatial blomarker

o D e ] panel and a c
ina cohort of and targeted therapy d melanoma patients.

Methods

We designed a 28-plex panel to perform sequential immunofluorescence (seqlF™) on the COMET™ platform (Figure 1A-C) [1] to target key biomarkers associated with tumor microenvironment composition (TME), immune cell
infiltration, and immune checkpoint pathways (Figure 1D-F). Utilizing Nucleai's deep-learning-based multiplex imaging analysis pipeline (Figure 2A) [2], we identified 16 cell types, including 10 different immune cell populations,
in addition to 10 cell state markers. Single channel and cell typing models' performance was validated vs. expert annotations. Following cell typing, cellular neighborhoods were designated as previously described [3], and were
assigned to the tumor or stromal areas (Figure 28-C). The tumor area was further divided into the tumor core (TC) and tumor invasive margin lTIMi, while the stroma was divided into adjacent TME (aTME) and outer TME (0TME)
based on the distance from the tumor-stroma border. We obtained pre-treatment biopsies from patients in arm B ion, followed by BRAF targeted therapy (Encorafenib + Binimetinib))
from the SECOMBIT Phase Il Trial (NCT02631447) [4, 5] with known long-term response or rapid pr N e samples were profiled using the aforementioned panel and
analysis solution. More than 1,000 spanal features were calculated using a combination of cell type, marker positivity and area assignments, as well as cell-cell interactions and cell state marker co-expression. Spatial features
were compared between resp P using Welch's t-test for the binary outcome and logrank test for survival analysis.
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Results

Our novel multiplex imaging panel and analysis pipeline demonstrated high accuracy in both cell typing and of protein exp by a balanced accuracy (> 0.9) in all markers and F1 scores (>
0.75) in >97% of markers, as well as F1 scores > 0.75 in >90% of cell types . Combination of cell type, cell phenotypic state and the spatial e cells enables the quantification of known biomarkers such as T cell
activation states, T cell infiltration patterns, and TLS maturation, as well as discovery of novel biomarkers that capture biologically relevant cell states and cells and ells interactions.
Comparison of calculated spatial features between long-term responders (n=6) and rapid progressors (progression free survival < 3 months, n=6), revealed distinct immune cell interactions and activation status across the
tumor areas associated with immunotherapy response. Within the tumor area, the reciprocal interactions of tumor cells, cytotoxic CD8 T-cells and antigen presenting cells (APC) such as HLA-DR+ macrophages and dendritic
cells were associated with better immunotherapy outcome. In contrast, a high percentage of proliferating regulatory T cells within the tumor invasive margin (TIM) was associated with a worse clinical outcome from
combination immunotherapy. In the adjacent TME (aTME), endothelial cell interactions with T-cells and macrophage proliferation were associated with immunotherapy resistance, while in the outer TME (0TME), regulatory T-
cell proliferation as well as regulatory T-cells - plasma cell interactions and TCF-1 positivity within CD4 T-cells were associated with lack of response. In contrast, the interaction between MHC class Il macrophages and APC cells
was associated with improved clinical outcome.

Taken together, we demonstrate that area-specific immune niches contribute to the success or failure of immunotherapy response and highlight the importance of spatial biology in predicting immunotherapy outcomes and
tailoring personalized treatment strategies.
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tailoring personalized treatment plans, offering a promising avenue for advancing personalized medicine and improving clinical outcomes in
immunotherapy and other treatment modalities.




