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Using Spatial Biology to Support the FDA's Evolving Confirmatory Evidence Framework
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EXECUTIVE SUMMARY

Drug development is entering a new translational

era where mechanistic certainty is becoming
increasingly important for demonstrating therapeutic
value. As therapies become more biologically
stratified, conventional development paradigms
based primarily on population averages, systemic
biomarkers, and statistical association may no longer
fully capture therapeutic activity within complex
tissue ecosystems.

Recent FDA discussions surrounding plausible
mechanism and confirmatory evidence frameworks
reflect this broader shift. Increasingly, translational
success may depend not only on demonstrating
that a therapy produced a measurable effect, but
also on confirming how that effect emerged within
intact biological systems. FDA guidance and recent
regulatory discussions increasingly reference
mechanistic, pharmacodynamic, and target-
engagement evidence as important components
of confirmatory evidence frameworks.

Many of these critical evidentiary questions are
fundamentally tissue centric. Did the therapy reach
the intended tissue compartment? Was the target
engaged locally? Did pharmacodynamic activation
occur within the appropriate biological context?
Which tissue regions remained resistant? How did
tissue ecosystems reorganize following treatment?
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These questions cannot always be fully resolved
through systemic biomarkers or dissociated
molecular measurements alone. This creates a
growing need for tissue-resolved mechanistic
evidence. Spatial biology is uniquely positioned to
address this emerging translational challenge may
therefore be entering a new phase evolving from
exploratory molecular profiling toward mechanistically
interpretable translational infrastructure capable

of supporting tissue pharmacology, mechanistic
confirmation, predictive biomarker development,
and future clinically aligned evidence generation.

At the same time, the field itself is evolving rapidly
toward clinical deployment. Spatial transcriptomics,
multiplex spatial proteomics, computational
pathology, and multimodal tissue Al frameworks
are increasingly being explored within translational
medicine, companion diagnostics, and precision
oncology settings.

As spatial biology moves closer to regulated
translational and clinical development environments,
the challenge is no longer simply generating

more molecular data. The next phase of the field

will depend on the ability to generate biologically
coherent, reproducible, scalable, and clinically
actionable mechanistic evidence.
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FIGURE 1. From Tissue Exposure to Mechanistic Confirmation: A spatial Biology enabled translational framework
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The Evolution of Drug Development Evidence

Therapeutic evidence generation relied heavily on
randomized clinical trials, systemic biomarkers, and
endpoint-driven analyses. While these approaches
remain foundational, precision medicine is progressively
fragmenting diseases into smaller biologically defined
subpopulations, including mutation-specific cancers,
RNA-targeted therapeutics, cell and gene therapies,
and biomarker-selected patient populations.

In these settings, mechanistic certainty becomes
increasingly important. The FDA's evolving confirmatory
evidence framework does not reduce evidentiary

rigor. Instead, it increases emphasis on mechanistic
plausibility, direct target engagement, tissue
biodistribution, pharmacodynamic confirmation, and
integrated translational evidence capable of supporting
biologically coherent therapeutic interpretation.

This reflects a broader transformation in translational
medicine: from demonstrating statistical association
toward demonstrating biological causality. As therapies
become increasingly complex and patient populations
more biologically segmented, tissue-level

biological interpretation becomes central to
translational understanding.

CONVENTIONAL TRANSLATIONAL BIOMARKERS

This evolution has important implications for spatial
biology. Historically, many spatial technologies were
positioned primarily as exploratory discovery
platforms capable of generating high-dimensional
molecular information within intact tissue architecture.
While these applications remain highly valuable,
emerging translational and regulatory expectations
increasingly emphasize biological interpretability,
mechanistic confirmation, and tissue-contextualized
evidence generation.

Importantly, spatial biology is increasingly moving
toward clinical and translational deployment. Recent
literature demonstrates growing integration of spatial
transcriptomics, spatial proteomics, multiplex imaging,
and Al-assisted tissue modeling within clinical research,
biomarker development, immunotherapy response
analysis, and companion diagnostic strategies.

Spatial biology may therefore be evolving toward a
broader role within translational medicine not simply
as an omics technology layer, but as mechanistic
infrastructure capable of supporting tissue-level
biological interpretation.
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Spatial Biology as Mechanistic Infrastructure

Spatial biology enables direct interrogation of
therapeutic activity within intact tissue architecture.
Unlike bulk molecular approaches, spatial technologies
preserve tissue organization, cellular localization,
vascular structure, immune microenvironments, stromal
biology, and biologically relevant spatial interactions
while simultaneously generating high-dimensional
molecular information.

Importantly, the strategic value of spatial biology
increasingly emerges not from individual technologies
alone, but from integrated translational interpretation
across multiple spatially resolved biological layers.

This includes the ability to connect:
tissue exposure
target engagement
pharmacodynamic activation
immune remodeling
stromal biology

and coordinated tissue response
within the same biological system.

Mechanistic evidence therefore emerges not from
isolated biomarkers alone, but from biologically
coherent integration across multiple spatially resolved
layers of tissue biology.
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INTEGRATED SPATIAL VIEW OF TISSUE

This broader translational shift is also being reflected
within clinical spatial biology literature. Spatial omics
approaches are increasingly being explored for patient
stratification, immune architecture analysis, predictive
biomarker development, companion diagnostics, and
translational pharmacology applications.

At Aliri Bioanalysis, spatial biology is integrated with
tissue pharmacology, translational bioanalysis, and
Al-assisted tissue modeling to generate mechanistically
coherent interpretation of therapeutic activity within
intact tissue ecosystems.

This multimodal translational framework integrates:

MALDI Imaging Mass
Spectrometry (MALDI-MSI),

spatial transcriptomics,
multiplex imaging,

digital pathology,

and Al-assisted spatial analytics.

Rather than functioning as isolated technology
platforms, these approaches are deployed as
multimodal translational workflows designed to support
mechanistically interpretable tissue-level analysis within
drug development environments.
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FIGURE 3. Mechanistic Tissue Intelligence
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Four Layers of Mechanistic Confirmation

A spatially resolved mechanistic framework can be conceptualized across four interconnected biological layers.

The first layer is tissue exposure. Mechanistic confirmation begins by demonstrating that a therapy reached
the intended tissue compartment. Spatial mass spectrometry and tissue pharmacology approaches enable
characterization of drug localization, payload distribution, tissue penetration, vascular access, and regional
pharmacology. These measurements are particularly important for ADCs, oligonucleotide therapeutics, and
heterogeneous solid tumors where tissue penetration strongly influences therapeutic activity.

The second layer is target engagement.
Therapeutic exposure alone is
insufficient without demonstrating that
the therapy engaged its intended target
within the correct biological context.
Spatial approaches can evaluate
receptor occupancy, phospho-signaling
modulation, RNA suppression, pathway
inhibition, epigenetic modulation, and
localized transcriptional response
directly within exposed tissue regions.

The third layer is localized biological
response. Target engagement must
translate into measurable biological
activity. Spatial pharmacodynamic
analyses can localize apoptosis, DNA
damage, cytokine remodeling, immune
activation, proliferation arrest, and
stromal activation directly within target-
positive tissue compartments.

The fourth layer is tissue system
remodeling. Therapeutic efficacy rarely
depends on isolated cellular events
alone. Response emerges through
coordinated interactions between tumor
cells, immune populations, stromal
compartments, vascular structures, and
extracellular matrix organization. Spatial
biology enables direct characterization
of immune exclusion, macrophage
polarization, tertiary lymphoid structures,
resistant niches, and tissue

architecture remodeling.

This creates the possibility of
measuring not simply biological activity,
but mechanistic coherence across
tissue systems.
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Toward Deployable Mechanistic Infrastructure

As spatial biology matures, the field is increasingly
moving beyond exploratory profiling toward
translationally deployable mechanistic frameworks
capable of supporting reproducible tissue-level
interpretation within drug development environments.

This transition represents one of the most important
evolutions currently occurring within spatial biology.

Historically, many spatial workflows were developed
primarily within exploratory research settings rather
than scalable translational infrastructures. However,
emerging translational and regulatory expectations
increasingly require workflows capable of supporting:

reproducibility,

multimodal integration,

analytical robustness,

operational scalability,

and biologically interpretable
mechanistic outputs.

Recent literature increasingly highlights this translational
evolution. Spatial multiomics approaches are now
positioned not only for exploratory discovery, but also for
clinically deployable biomarker strategies, translational
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Spatial Transcriptomics

pharmacology, Al-assisted pathology integration, and
companion diagnostic development.

At Aliri Bioanalysis, integrated spatial frameworks have
been deployed across oncology, inflammatory biology,
ADC pharmacology, and RNA therapeutic programs to
support tissue-level interpretation of:

therapeutic exposure,

target engagement,

pharmacodynamic activation,

immune remodeling,

and coordinated biological response.

These efforts include development of qualified multiplex
tissue panels, integrated spatial PK/PD workflows,
Al-assisted tissue interpretation approaches, and
translationally deployable tissue analysis pipelines
compatible with GCP/GCLP-aligned environments.

Importantly, the future value of spatial biology may
depend less on increasing molecular complexity
and more on the ability to generate mechanistically
interpretable evidence capable of supporting
translational and future clinical decision-making.
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FIGURE 5. Translational Deployment of Spatial Mechanistic Frameworks
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Al and Predictive Tissue Intelligence

As spatial datasets become increasingly multimodal, Al-assisted modeling becomes essential for biological
integration and translational interpretation.

Al-driven spatial analytics enable neighborhood interaction mapping, tissue compartment modeling, multimodal
biological integration, predictive spatial signatures, mechanistic competency scoring, and tissue response
architecture analysis.

Recent multimodal Al frameworks integrating histology, spatial transcriptomics, multiplex imaging, and
computational pathology increasingly demonstrate the potential for spatial biology to evolve toward predictive
tissue intelligence systems capable of supporting clinical prediction and translational decision-making.

These systems may ultimately evolve beyond image analysis tools toward biological inference engines capable of
identifying coordinated response states, resistant tissue ecosystems, and spatial predictors of therapeutic efficacy.

At Aliri Bioanalysis, Al-assisted spatial workflows are being integrated with tissue pharmacology and spatial

multiomics to support biologically coherent interpretation of complex tissue-level therapeutic responses within
translational development programs.
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FIGURE 6. Al-Assisted Spatial Inference and Predictive Tissue Intelligence: From spatial data to mechanistic
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CONCLUSION

The future of translational medicine may
increasingly depend on the ability to directly
interpret how therapies interact with intact
human tissue systems.

As drug development evolves toward
mechanistic confirmation and biologically
coherent evidence generation, spatial biology
is positioned to become an increasingly
important component of translational
medicine infrastructure.

The field is evolving beyond exploratory
biomarker discovery toward a broader role
in mechanistic confirmation, translational
pharmacology, predictive biomarker
development, tissue-informed therapeutic
stratification, and future clinically aligned
evidence generation.

References

Importantly, the future of spatial biology may
not be defined solely by increasing molecular
resolution, but by successful integration into
reproducible, scalable, clinically deployable,
and mechanistically interpretable translational
evidence frameworks.

At Aliri Bioanalysis, this evolution is being
operationalized through integrated tissue
pharmacology, qualified spatial biomarker
frameworks, multimodal tissue analysis,
and Al-assisted translational interpretation
designed to support the next generation of
mechanistic evidence generation in

drug development.

Stahl PL et al. Visualization and analysis of gene expression in tissue sections by spatial transcriptomics. Science. 2016.

Marx V. Method of the Year: spatially resolved transcriptomics. Nature Methods. 2021.

Zhang L et al. Clinical and translational values of spatial transcriptomics. Signal Transduction and Targeted Therapy. 2022.

Locke D et al. Companion diagnostic requirements for spatial biology. Frontiers in Molecular Biosciences. 2023.

Integration of Clinical Trial Spatial Multiomics Analysis and Quantitative Systems Pharmacology. Cancer Research. 2024.

Accelerating Drug Development Using Spatial Multi-omics. Cancer Discovery. 2024.

Lee Y et al. Spatial Omics in Clinical Research: A Comprehensive Review. International Journal of Molecular Sciences. 2025.

Horvath P et al. Spatial proteomics in translational and clinical research. 2025.

FDA. Demonstrating Substantial Evidence of Effectiveness With One Adequate and Well-Controlled Clinical Investigation and

Confirmatory Evidence. 2023.

FDA. Considerations for the Use of the Plausible Mechanism Framework. 2026.

A Multimodal Foundation Model of Spatial Transcriptomics and Histology for Biological Discovery and Clinical Prediction. 2026.

we deliver data for life >




