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Abstract Results

, , , . , Results of the phenotyping using all the makers (without the ICSK panel) find 30 cell LOW PD-L1 HIGH PD-L1
Pancreatic cancer remains a deadly disease due to difficulties hindering its early Seven regions of interest (ROI) were identified for further analyses using the results from the ohenotypes distributed across the ROIs. As seen in the bar charts showing the distribution ROI- 6 ROI- 7 ROl - 3
diagnosis, giving way to metastasis of the tumor and resulting in poor prognosis. U|tlvye analysis. Two regions were labeled as high PD-L1, and the remaining expressed low to across the ROIs, there is a loss of group O in the low-to-medium PD-L1 ROIs and an i = .
While there are many neoplasms of the pancreas, pancreatic invasive ductal medium amounts of PD-L1. increase in group 5 in the ROIs with high PD-L1 expression. As with the Visiopharm
adenocarcinoma (PDAC) is the most common, and treatment options are few, analysis, this loss of group O correlates with a-SMA cells and the co-expression of ECM

with poor overall survival. proteins. The cells in group 5 represent cytotoxic cells including granulocytes and NK cells.

The complexities of the tumor microenvironment have been implicated in the
failure of chemotherapy, radiation therapy, and immunotherapy. The tumor
microenvironment of PDAC is especially rich with multiple interactions between
pancreatic epithelial/cancer cells, stromal cells, immune cells, and the
extracellular matrix (ECM). PDACs are characterized by a complex ECM of
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surrounds and infiltrates clusters of malignant epithelial cells, together with the . “ - '
loss of basement membrane integrity and an abnormal vasculature. Low PD-L1 40%
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In the present study we demonstrate a tissue phenotyping workflow combining 20%
three complementary methods that can unravel novel insights in the complex
tumor microenvironment. This novel workflow delivers tissue morphology
information, spatial phenotyping of immune cell population on whole slides, and
high-dimensional imaging in selected regions of interest (ROIs) by combining

H&E, multiplex immunofluorescence (mlF), and Imaging Mass Cytometry™ (IMC™).

Methods

A set of freshly serial sections from an FFPE block containing adenocarcinoma
(PDAC) tissue sample was obtained commercially from Novus Biologicals. One
section was stained using the protocols by Ultivue using the FixVUE I/O PD-L1
kit. The adjacent section was stained using the EpiMods panel from the Fluidigm
Therapeutic Insights Services laboratory using the current Imaging Mass
Cytometry Staining Protocol for FFPE Sections (Fluidigm PN 400322). The
resulting images were reviewed by a pathologist, and multiple ROIs were
selected based on PD-L1 expression and tumor morphology.
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The distribution of cells is shown in two representative ROIs, low PD-L1 on the left and high
PD-L1 on the right.

The t-SNE plots show the consistency of the cell distribution across the different ROls
with a similar PD-L1 expression and the marked difference between high and low
expression.

a-SMA+ cells are overrepresented in Proliferative a—SM'A+ Fells show a trend for higher
PD-L1 low ROls densities in PD-L1low ROls
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The images obtained using the FixVUE /O kit were used to select the ROIs for
ablation. The annotated images were imported in the instrument software (v7.0)
and aligned with the slide stained for IMC acquisition, and the multiplexed data
was acquired on the Hyperion™ Imaging System.
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All digitized images were analyzed using the Visiopharm software platform
(Horsholm, Denmark). Regions of interest (Tumor, Stroma, and Blood Vessels)
were automatically identified using thresholds after combining the Pan-CK + E-
Cadherin channels to identify Tumor compartments, and the aSMA + Collagen-1
channels for identifying Stroma compartments and CD31 channel for identifying
blood vessels. Magnification used for this task was 0.5X.
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For detecting nuclei, a pre-trained Deep Learning algorithm available with the
Visiopharm platform was used (U-Net architecture). To account for irregular

CD31-

Low PD-L1 expressing ROIs (6 — 9) show a trend for higher stromal fibroblast (a-

morphology of macrophages, CD163 was included in the classification to The top set of panels shows mlF using InSituPlex® CK/SOX10 (cyan), PD-L1 (red), and CD68 (green). SMA+) and proliferative capacity of fibroblasts in these ROls (a-SMA+ KiG7+)
improve the delineation of cells positive for that biomarker. Visiopharm’s Left to right: ROl 6 (PD-L1 low), 10 (PD-L1 moderate), and 4 (PD-L1 high). compared to high and moderate PD-L1ROIs (1 — 5 and 10)
Multiplex Phenotyping module was used to automatically identify the range of The bottom set of panels is a heat map of PD-L1 expression density in the respective ROIs. '

biomarker combinations in the identified cells. The classification of each
biomarker was semi-supervised and gated using two independently controlled
parameters: signal intensity and percent coverage.

Summary

The combination of a whole-slide 8-plex mlF scan with image analysis to select
regions of high/low PD-L1 content, along with 35-plex IMC imagery from these
regions, coupled with deep-learning-based multiplex phenotyping image
analysis, appears to allow for an interrogation of the tumor heterogeneity in
PDAC. The use of the InSituPlex FixXVUE I/O PD-L1 kit enabled the streamlined
combination and alignment of whole-slide H&E and mlF data, leading to the
strategic selection of regions of interest (ROIs) that represented very different
regions of the tumor, while IMC technology enabled downstream imaging of 35
protein markers associated with the ECM in the selected ROIs to provide the
basis for evaluation of the tumor microenvironment. Deeper cell profiling shows
a correlation with low PD-L1 expression with increased Stroma, while areas with
high PD-L1 expression show an increase in cells that express Cl11b, CD66, and
Granzyme B.

Phenotyped image

A second analysis pipeline starts with the raw MCD data, which is converted to
an image stack. Data was pre-processed and image analysis stacks were
generated using python. Image stack preprocessing was performed in
CellProfiler™. The preprocessing steps included were hotspot removal and
scaling the images by 2x for easier pixel classification.

For cell segmentation, an ilastik pixel classifier was trained using the ICSKs and
DNA channels. All ROIs were labeled as either DNA, Cytoplasm/Plasma
Membrane, or non-cellular. The outputs from this classifier were segmented in
CellProfiler. First, the nuclei were segmented and used as seeds for the cell
segmentation. Identified nuclei less then 2.5 microns (5 pixels after 2x scaling) in
diameter were discarded. Cell boundaries were determined by propagating
outwards from the nuclear seeds along the cytoplasm prediction.

Zoom in

Visiopharm data analysis of the Fluidigm ROIs. In the top set of panels, Tissue compartments are
Single-cell quantification (integrated intensities, mean intensities, etc.) was done deep-learning-based: stroma (green; a-SMA and Collagen I), tumor (red, pan-CK and E-Cadherin)
in CellProfiler. Single-cell mean intensity data was normalized to the 99th Pixel-based c!assification of cell segmentation when using both the Ir stain to and vessels (blue, CD31), and show a higher percentage of stroma across the low PD-L1
percentile of all ROIs for each channel. For phenotyping cells, normalized mean identify nuclei and the ICSK markers (Pt194, Pt196, Pt198) to demark plasma membrane expressing ROIs. In the center panels, the distribution of the phenotyped cell types are shown

: . : : : ields highly repr ible and excellent cellular delineation.
intensities of non-negative and non-DNA/ICSK channels were included in a yields highly reproducible and exce for the 3 ROIs (ROI-6, -10 and -4).
phenograph clustering, with k =30
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