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The interest and utility of high-plex spatial profiling of RNA and protein biomarkers has increased over the last few

years. The implementation of high-plex analyte spatial platforms, such as GeoMx® Digital Spatial Profiler (DSP), is

increasing within discovery and development of biomarkers associated with clinical outcome. The surge in spatial

platforms comes with an increased adoption of digital pathology in translational and clinical research studies. The

integration of these two workflows has the potential to benefit diagnostic and therapeutic development. This study

aims to facilitate the implementation of DSP in tissue analysis workflows helping researchers involved in drug discovery

and development efforts to (1) assess platform feasibility for their research, (2) design effective DSP experiments, and

(3) enable generation of high-quality, analyzable spatial data from large cohort studies.

The GeoMx DSP Biopharma and CRO Consortium has developed consensus-based best practices incorporating expertise

of members from biopharma and contract research organizations (CROs). Best practices guidelines for spatial profiling

of tissue biopsies in drug discovery and development using GeoMx stands to advance current standard practices in

tissue analysis. These recommendations encompass every step in the implementation of DSP for standard tissue

analysis workflows, emphasizing the importance of multidisciplinary stakeholder involvement, defining experimental

conditions and testing these prior to execution of large-scale studies, and considerations in assessing assay

performance. This document offers a practical reference for optimal implementation of GeoMx DSP in exploratory

sample analysis for use in research supporting drug discovery and development. Here we present a practical reference

for the optimal implementation of GeoMx DSP in exploratory analysis for drug discovery and development studies. Best

practices insights for the application of this technology to breast cancer research have been previously published (1)

and should also be taken in consideration when designing relevant spatial studies.
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NanoString’s GeoMx® Digital Spatial Profiler (DSP) combines standard immunofluorescence techniques with digital optical

barcoding technology to perform highly multiplexed, spatially resolved profiling experiments. In a single slide, the GeoMx

DSP performs whole slide imaging with up to four fluorescent stains to capture tissue morphology and select regions of

interest for high plex profiling. The ability to perform tissue morphology guided profiling experiments increases the

likelihood of capturing rare events often missed by bulk or single cell experiments.
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Biopharma Best Practices Framework

Designing Spatial Biology Studies

Understanding the Need

Inclusion of key subject matter experts early in the DSP study planning is critical to achieving the best experimental 

strategy.  Enable robust data analysis and interpretation by aligning perspectives, reviewing technical feasibility, and 

outlining project scope. Key considerations:

• Assemble Study Team: Pathologist, Research scientist, GeoMx Tech Lead, Bioinformatics, Histotechnologist

• What is the spatial scientific question and hypothesis?

• Study factors: species, disease area, tissue of origin, fixation method, 

• How many subjects, conditions, time points? 

Defining GeoMx DSP Experimental Plan

Avoid unnecessary complexity. Key questions to ask in the planning stage of study:

• Which tissue compartments/structures will be analyzed?

• What needs to be measured within compartments/structures?

• Which types of controls are available for use?

• What is being compared?

• What is the expected tissue heterogeneity across conditions?

• What is the expected intra- and inter-sample heterogeneity in study samples?

• Are H&E images available for study samples? 

• How many morphology markers? Which markers/ Which channels?

• How many regions of interest for each marker? Each compartment?

• Which ROI selection strategy? Molecular segmentation? Contour? Geometric?

• What sensitivity level is required? What size ROI? What size AOI?
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Sample Selection and Qualification

Pathology review, manual or AI guided, of adjacent H&E stains is extremely valuable in determining sample adequacy

for DSP and to streamline ROI selection workflow. This pre-assessment ensure tissue compartments of interest are

represented in samples to be used in experiment and enables annotation of tissue architecture and features relevant

to the scientific questions being addressed. This annotation can be highly useful in the execution of ROI selection at

the bench during the DSP experiment.

Technical and Quality Control Considerations for DSP Experiments 

Feasibility Assessment
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Tissue Staining Optimization and Performance Verification

The GeoMx DSP enables users to select biologically relevant regions of interest (ROI) based on the appropriate

selection and optimal staining of morphology markers for the tissue being examined. Staining patters are key in

guiding ROI selection and in enabling molecular segmentation to isolate the expression patters of specific tissue

compartments and cell types. As such, verification of the performance of morphology markers selected is critical to

the successful design and execution of spatial biology experiments.

Fluorescent labeled antibodies or RNA in situ probes used to reveal tissue structures and morphology should be tested

and optimized for the DSP’s optical system and tissue type(s) of interest. Directly conjugated primary antibodies offer

the most straightforward options for fluorescent staining. If conjugated antibodies are unavailable for a desired

target, the “Morphology Marker Guidelines” (2) can be referenced for alternative, compatible methods including

RNAScope™, IHC on serial section, fluorescent secondary antibodies, self-conjugated antibodies, and TSA.

The most straight forward option for the Verification of morphology marker performance is orthogonal methods.

Expression data generated from selected ROI can also be evaluated to confirm the successful staining and selection of

intended regions and/or cell types.
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Best Practices Framework for Biopharma Spatial Research Studies defines interdependencies in the experimental workflow, giving

researches awareness to support consistent design and execution of spatial biology experiments. Application of this framework will

assist in yielding the most meaningful biological insight consistently. (A). The steps under “Study Design and Experimental Plan” help

define scientific question(s) and application which are used to define

experimental conditions and assay requirements .for the DSP experiment. (B). Evaluation of experimental design is evaluated by

developing a data analysis plan which is used to identify experimental variables and conditions that should be tested and qualified and

carried through DSP cohort study. (C) Implementation of verified experimental conditions from pilot study help generate expectation

of assay performance in cohort study.

Green = PanCK; Yellow = CD45, Blue = Nuclei

Verification of optimized staining protocol for Pan-cytokeratin, CD45, and Cyto13 markers. (A and B) Two bladder cancer
samples of known immune phenotype (immune excluded and immune dessert) were used as controls. 4 ROIs from two
differentiated tissue compartments (tumor stroma and tumor nest) were selected from each sample type and subjected to
hybridization using the IO Protein Assay. (C) Bottom heatmap shows accurate clustering by ROI type (columns) driven by selected
biological control markers (rows) and Top heatmap shows positive and negative hybridization probes, – mean expression of HK
(n=3) and IgG (n=3) control probes, respectively.
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Defining ROI Size and ROI Selection Strategy

The ROI size and selection strategy is defined by the hypothesis being tested and it is possible that more than one ROI

selection strategy can be applicable. The GeoMx Software offers the following options for selecting regions of interest.

Different applications and scientific questions will likely require different levels of sensitivity for detecting proteins and

RNAs of interest in target tissues. NanoString has reported AOI size dependent effects on the limit of detection for the

WTA assay (3). Given the expected intra- and inter tissue variability of cell density, this effect is expected, and it is

recommended that the optimal ROI/AOI size is determined empirically for a given set of conditions (e.g., tissue type,

morphology marker, and AOI selection strategy). This could be accomplished by sampling from different size AOIs and

then evaluating assay performance by measuring signal-to-noise ratio as illustrated in the following schematic.

It is important to keep ROI/AOI sizes similar across the entire study. Image analysis of ROIs using 3rd party software (e.g.,

Visiopharm) could help determine cell counts within ROIs. Cell count data collected over time could eventually inform

optimal ROI/AOI size for similar experimental conditions. Information on Table below can be used as starting point to

design lab-specific verification experiments and to help with suitability of application based on specific needs of the

study.

Geometric Segmentation Cell Type Contour

Syto13, CD20, CD68, AOI

• Background levels have high 
variability in low area AOIs

• Background correction reveals 
AOI size-dependent background 
accounts for significant CD68 
signal

• Based on background and 
housekeeper counts, an 
empirical threshold of 25 cells 
for a minimum AOI collection in 
the protein assay

Considerations for DSP Library Pooling

NanoString recommends multiple options for library pooling. These should be carefully considered particularly when

it’s challenging to maintain ROI/AOI size similar across the entire experiment. Different library pooling strategies have

been reported to affect end results in different tissue types (4) . It is recommended that existing best practices for

NGS workflows are also implemented in this workflow.

The feasibility assessment should aim to test the set of assay parameters that have been defined by the multi-

disciplinary team put together for the spatial biology study. Here it is assumed that staining and imaging conditions

have been optimized. Optimized staining conditions are used to define empirically identify the ROI size that will best

support the research study as well as the ROI selection strategy that would be most effective for the study. It is

recommended that issue controls (e.g., tonsil) and representative samples (tissue and disease type) for the planned

spatial study are used as part of feasibility experiments.

The outcome of the feasibility study is the definition of assay parameters that need to carry through execution of the

intended study and/or similar type studies.

Data Analysis

In collaboration with bioinformatician and/or statistician, defining a data analysis plan prior to execution of the DSP

pilot experiment or actual spatial study can be advantageous and very valuable in informing decisions that might need

to be made on the days experiment is being conducted. The analysis plan should clearly define the specific

experimental variables (ROIs, AOIs, compartments, etc.) that will be compared within and across samples.

• Identify critical technical variables that need to be optimized and controlled for during execution of experiment

• In pilot study, confirm experimental plan will adequately address scientific questions

• Minimize batch effects by randomly assigning samples/variables across slides, DSP runs, instruments, sequencing,

etc.

• From pilot study data, set assay performance expectations

Data quality control consists of evaluating signal-to-noise ratio based on internal assay positive (housekeeping targets)

and negative control probes. The annotation of technical batch effect can be assessed in this processed if technical

variables were evaluated. Identification of variables introducing bias in data can be very valuable for enabling the

application of batch correction techniques. This process has been previously described for both protein (5) and RNA

(6) data sets.

Considerations in the Analysis of Large Cohort Spatial Studies
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• Number of 
samples/slide

• Number of ROI/sample
• Pre-annotated H&Es

• Automated workflow
• AI guided ROI selection

• Lab sample throughput
• Turn-around time
• Cost

• This best practices guidelines aimed to facilitate the implementation of DSP for those requiring a higher level of

reliability from their spatial data, and still operate in research-use-only setting

• Best practices guidelines for spatial profiling of tissue biopsies in drug discovery and development using GeoMx

stand to advance current standard practices in tissue analysis

• Emphasis of the importance of multidisciplinary team involved in defining, testing, analyzing and interpreting data

from feasibility studies and during the execution of larger studies is highly recommended

• Manuscript with detailed recommendations to follow
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