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• ICI have transformed treatment of metastatic NSCLC, however, only a small proportion

of patients respond.

• Spatial biology, based on information integrated across hematoxylin and eosin (H&E)

and multiple immunohistochemistry (IHC) images, plays a significant role in the

understanding of drivers of response and unravels the complexities and interactions

around the tumor microenvironment.

• Here, we utilized DL to analyze whole slide images (WSI) of sequential biopsies stained

for H&E and five IHC stains and combined it with RNA sequencing data to identify

features associated with response to ICI.
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• DL for spatial analysis of cells combined with pathway modulation, as measured by RNA sequencing, can elucidate

unique tumor contexture relevant for response to ICI in NSCLC.

• Predictive features found in this work correlate with previously shown results1, indicating that lymphocytes

infiltration had a better outcome and their prognostic value in various cancers. Also, close proximity between tumor

PD-L1+ and CD8+ T-cells shows strong prognostic power suggesting that these interactions are potentially more

responsive to CPI treatment, as observed in the current study.
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• Samples from 103 NSCLC patients treated with second line ICI (pembrolizumab or

nivolumab) were procured.

• For each patient, a total of 12 WSI from pre- and post-treatment biopsies, sequentially

stained for H&E, CD3, CD8, CD163, CD137 and PD-L1 IHC were analyzed (six pre- and six

post-treatment).

• In addition, RNA sequencing data of pre-treatment biopsies was collected and analyzed

for 81 patients.

• Clinical outcomes included overall response (OR), progression-free survival (PFS), and

overall survival (OS).

• DL models were trained to classify tumor cells, lymphocytes, fibroblasts, and tumor

versus stromal areas from H&E, as well as the positivity of IHC markers per cell.

• Based on biological hypotheses, 362 spatial and 72 RNA features were pre-defined and

calculated for each patient. Of the spatial features, the interactions (i.e., average

physical proximity) between cell types expressing different biomarkers were also

calculated, utilizing virtual multiplexing methodologies in order to accurately overlay

multiple images.

• Univariate analysis identified features associated with clinical outcomes and the best

performing features were selected to generate a multivariate binary classifier for

response prediction. Cross-validation was performed.
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• Multiple spatial and RNA features from pretreatment samples were significantly correlated with OR, PFS and OS. Of

these features, the most significant features were:

• Density of CD3 in the tumor invasive margin was greater in responders (Fig. 1a).

• Closer proximity between PD-L1+ tumor cells and cytotoxic T cells (CD8+ cells) in pre-treatment biopsies in

responders compared to non-responders (p<0.01) as calculated following virtual multiplexing of consecutive

slides stained by both IHCs (Fig. 1b)

• Gene set enrichment analysis identified upregulation of hallmark TNF-alpha signaling and IFN-gamma response

genes in responders to ICI pre-treatment (p<0.0001)

• When comparing paired pre- and post-treatment biopsies for the same patients, responders had greater increases

in the density of CD8+ cells in the tumor microenvironment following ICI treatment (p=0.02).

• The multivariate classifier was calculated on 62 patients for which both RNA and spatial features were available.

• Features were correlated with clinical outcome data to train a binary classifier that identifies responders vs. non-responders.

• The resulting classifier combined 7 spatial features and 3 RNA features and reached an AUC=0.76 when correlated with OR features (Fig. 2a).

• The classifier identified patients in the validation set to have either positive (n=46) or negative (n=16) scores.

• In a Kaplan-Meier (KM) analysis, PFS was significantly longer in positive-scored compared to negative-scored patients (HR=0.48, 95% CI 0.26-0.86,

p<0.02) (Fig. 2b).

• Features included in the model are T-cell density in the tumor invasive margin compared with nearby stroma.

The combined model outperformed spatial-only model (ROC AUC 0.76 vs. 0.65; Fig. 2a vs 2c) as well as individual known predictive biomarkers such as

IFN-gamma signature and PD-L1 which showed lower predictive power on the entire cohort.
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Patients positive or negative for the CD3 feature (upper 75% of values was
considered positive, lower 25% was considered negative).

Univariate analysis of the CD3 feature

Distance between PD-L1+ tumor cells and CD8+ T cells

Immune PD-L1+ to CD8+ distance feature differentiates pre- vs. post-treatment (p=0.0007). 
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