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Our mission: to multiply the impact of spatial biology 
on cancer research

Spatial Profiling and Annotation 
Centre of Excellence

Spatial omics technologies are extremely powerful 
and can be transformative for cancer research

Can we identify mutant clones in large 
3D organs and profile their growth during
promotion?

How heterogeneously expressed are the
drug targets that I’m evaluating, and how
could the local environment affect therapy?

Are there spatial predictors for drug
resistance or relapse? 

How do different tumour clones drive the 
formation of different tumour
micro-environments?

SPACE evolved from the earlier Cancer Grand 
Challenge IMAXT project (2017-2023)



Spatial biology can be difficult:  
data is a bottleneck

Method 
choice and 

tech 
availability

Fragmentation
Multi-modal 
integration

Throughput

Data 
management, 
visualization, 

analysis

Technology 
development

and optimization
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SPACE is a “one stop shop” for applying spatial biology to cancer research



Technology platform: samples to data

• High throughput 3D whole-organ imaging with 
integrated sectioning and section collection for 
downstream profiling

• Multiple options for spatial transcriptomics profiling

• Large capacity for multiplexed 
immunohistochemistry (up to 40 markers per run), 
with a large library of pre-optimized markers

• Integration of multiple technologies on same slide
(multiplexed IHC + spatial transcriptomics + H&E)

• Mass spec imaging: metabolomics/lipidomics and 
peptides

• SPACE Data centre
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Mass spec



In astronomy: telescopes rather 
than microscopes

https://camcead.ast.cam.ac.uk/

A brief aside: looking up and 
out rather than down and in …

Spatial Profiling and Annotation 
Centre of Excellence

https://camcead.ast.cam.ac.uk/


SPACE leverages expertise 
from ‘big’ space missions



Gaia: Currently at 
Release Gaia DR3

Stellar velocities …
Credit: ESA/ 
Gaia/ DPAC

Credit: ESA/ Gaia/ 
DPAC

Stellar 
abundances
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Over 3.2 Trillion observations

Next release Gaia DR4, ~2B high quality (~2.8B 
total) stars, epoch everything, 2nd Dec 2026

SPACE draws on Cambridge expertise in Gaia, 
where we lead (spectro)photometric analysis



Gaia EDR3 flux colour (~1.5 Billion stars) /Credit ESA/Gaia/DPAC



Gaia Science
the most scientifically productive ESA science mission, in part 

because the data and data flow is described and accessible to all
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μarcsec-level 
astrometry: 

direct distance 
measurements 

across the 
Galaxy (20 kpc 
(~6x1017 km) ) 
reaching ~10 

μas precision for 
bright stars. 

Gaia science spans most of astrophysics from
solar system asteroids, stars, the Milky Way, dark matter, to fundamental physics
Science highlights:  https://www.cosmos.esa.int/web/gaia/highlights-of-gaia-dr3



DATA IN ASTRONOMY AS AN EXAMPLE: 
FULL LIFE CYCLE PLANNING FROM THE START
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All images: Credit: ESO

10

• Strong focus in planning new experiments from science 
requirements to full end data and science data delivery

• Requirements → Design → Implementation → Operations →
Archive

• Essentially all data from astronomy is, or rapidly, becomes 
openly available to all

• Facilities and experiments can have proprietary periods (typically 1 year) 
but then the data is made accessible globally

• FAIR access to science data products

• Requires that data conforms to standard formats, tools are 
available to read/write the data, the data is discoverable and 
accessible via an archive or programmatic API, documented, 
help available

• Data policies apply to new experimental (and increasingly 
theory) facilities both large and small.  

Facilities such as the ESO 

Extremely Large Telescope (39-

m diameter mirror) are 

expensive! All data is precious. 



THE END-TO-END DATA FLOW IN ASTRONOMY
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Results in 
FAIR 

compliant 
data

Plan for data 
at the outset

Data Standards 
to cover all 
aspects of the 
data, and 
implemented 
widely 

See ivoa.net



THE SPACE ARCHITECTURE AND DATA FLOW
A SCALABLE SCIENCE END TO END SYSTEM

SPACE analysis platform hardware: 

12 PB disk, 2000 vCPUs, 11 TB RAM, 14 GPUs 

Full user documentation

(Gonzalez-Solares et al. 2023, Biological 

Imaging 3:e11, DOI 

10.1017/S2633903X23000090)

• Data storage: Local storage with remote 
access using S3 (Simple Storage Service) 
protocol 

• Kubernetes cluster: Automates the 
deployment, scaling and management of 
containerised applications 

• Data processing: Data pipelines that run on 
the datasets to make them scientifically 
usable

• Data analysis: Run analysis in the cluster 
using Jupyter Notebooks, R (-Studio), Fiji, 
or any other tool. 
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SPACE PLATFORM COMPONENTS
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Data Formats: Use of Zarr to handle 
large multidimensional arrays

Parallel and Distributed Computing to give 
performance and scalability

Documentation: 
provides guidance 
and help – along with 
a ticket system to 
support end user 
queries. 

Data Pipelines: OWL scheduler for 
submission of pipelines to the cluster

User Access: interactive processing. ‘slurm’ jobs via OWL. 



SPACE DATA UPLOADER AND ARCHIVE
END TO END METADATA CAPTURE AND QUERY
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Data upload from end user experiment to the 
server. Data model developed for key experiments 

(e.g. antibodies)
Data available in queryable archive. Performance 

ensured as all via SPACE cloud

Provenance: every dataset traceable from sample to result.



CASE STUDY: 
62 SAMPLES, 11 MILLION CELLS, ONE INTEGRATED ANALYSIS 

2 Sep 2026 SPACE Data - Walton @ CGC Spatial Biology: RS, London, UK 15

SPACE

User and AI assist

Proseg



CASE STUDY QC: IMC AND XENIUM COREGISTRATION IS ACCURATE
AT THE SINGLE-CELL LEVEL
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For most IMC markers, single-cell expression recapitulates the Xenium data across the panel —

segmentation and coregistration validated at single-cell level

Unpublished data · Samples: MSK SPECTRUM cohort (collab. Shah lab, MSKCC)
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CASE STUDY RESULTS: 11M CELLS, 62 SAMPLES, 28 PATIENTS
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Pre-integration (coloured by patient)  → batch-corrected  → de novo annotated cell types

<2 days end-to-end / 11M cells

2–3 hour 11M-cell merged analysis  (10 CPU + 5 GPU parallel jobs)

Cell types called by LLM from marker expression, human-verified

Unpublished data · Samples: MSK SPECTRUM cohort (collab. Shah lab, MSKCC)
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AI-ORCHESTRATED ANALYSIS ON THE SPACE PLATFORM 

What AI assisted automation 
does

The researcher describes the 
analysis in natural language; an 
AI assistant builds, runs, 
monitors and optimises the 
pipeline on the SPACE platform

The AI uses the same interfaces as 
human users, OWL scheduler, 
Dask cluster, archive queries, so 
every action is visible and 
auditable

This optimises the workflow 
generation process: pipeline 
construction, parameter tuning, 
job monitoring, failure recovery, 
results summarisation
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Trust

Human-in-the-loop: the expert researcher reviews the plan, the 
generated code, and QC outputs at each stage

Every step versioned and logged in the data flow, full provenance from 
prompt to result

Outputs are benchmarked against manually built reference pipelines; 
the raw data is not modified

What AI improves

Case study (previous slides): 
the 62-sample pipeline was 
built and run this way, a 
complete analysis in < 2 
days rather than weeks

Analyst time shifts from 
plumbing to interpretation 
and validation

SPACE Data Platform



SPACE TOOLS AND APPLICATIONS
FULLY INTEGRATED IN THE DATA FLOW
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Irfan et al 2026 in prep Whitmarsh et al, 2026, Front. Bioinform. 
6:1765143. doi: 
10.3389/fbinf.2026.1765143

• Range of analysis tools offered 
through the SPACE platform

• Includes advanced ‘consensus’ 
segmentation, UberSeg (Irfan et al, 

2025 10.3389/fgene.2025.1547788)

• Creation of virtual H&E images 
from multiplexed data (e.g. IMC)

• Server based visualisation (e.g. 
Napari, QuPath)

• User provided python or R analysis

• Access to GPU to support AI/ML 
applications



SPACE TOOLS, APPLICATIONS, USE
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SPACE Poster and Talks at this meeting

• In search of the hidden "omics”, Spatial analysis of 
the tumour micro-environment across scales and 
molecular domains (Dario Bressan – talk) 

• BALI – Barcoding by activated ligation of indices 
(Giorgia Battistoni – talk)

• Investigation of low-to-high grade transition in 
glioma (Mirta Vojnovic)

• Breast cancer metastasis TME response to therapy 
(Claire Mulvey)

• Spatial investigation of neuroendocrine tumours 
(Marta Paez-Ribes)

• Opal Studio, a new tool for multiplexed ISH analysis 

(Tristan Whitmarsh)
• Spatialstudio, AI-assisted spatial omics investigation 

(Kui Hua) 



SPACE IN THE OPEN SPATIAL-DATA LANDSCAPE 

Consortium portals
(data coordination at scale)

HTAN (US, cancer): ~8,500 
biospecimens, ~2,050 
participants, 20+ assays incl. 
multiplexed imaging (Nat 
Methods 2025)

HuBMAP (US, healthy tissue): 
~9,250 public datasets, 25 data 
types, 29 organs (June 2026)

NCI Imaging Data Commons: 
~100 TB cancer imaging incl. 
multiplexed fluorescence; >95% 
covered by the permissive CC-BY 
licence
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Archives & standards
(the common language)

EBI BioImage Archive: >1.5 PB, 
accepts OME-Zarr and 
SpatialData submissions

OME-Zarr / NGFF v0.5: cloud-
native imaging format. SPACE is 
Zarr-native throughout

scverse SpatialData (Nat Methods 
2025): universal spatial-omics 
framework on OME-Zarr + 
AnnData

The SPACE position
A centre that couples wet-lab data 

generation + PB-scale 
compute + a user science 
platform + a queryable
archive in one service

SPACE is standards-aligned: a 
natural upstream generator 
feeding the public archives

Scarce resource: provenance-
tracked, 3D multimodal raw + 
processed data — AI/training-
ready

SPACE complements. It provides an end-to-end spatial data 
centre of excellence within an open, standards-based ecosystem



THE CANCER GRAND CHALLENGE COMMUNITY 
SHARING SOLUTIONS IN DATA
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https://indico.ast.cam.ac.uk/
e/CGCDataWorkshopM2 
(access key: by request)

Many 
presentations 
online

Participants from CGC projects: NexTGen, KOODAC, 
PROTECT, PROMINENT, eDyNAamiC, PROSPECT, 

SAMBAI, OPTIMISTICC, MATCHMAKERS and SPACE 

https://indico.ast.cam.ac.uk/e/CGCDataWorkshopM2
https://indico.ast.cam.ac.uk/e/CGCDataWorkshopM2


SHARING EXPERTISE ACROSS THE CGC COMMUNITY
THE SECOND CGC DATA WORKSHOP: DEC 2025

• Workshop brought together representatives from SPACE and nine Cancer Grand 
Challenge Teams and input from the Cancer Research UK data strategy team to 
focus on current issues in handling data both within CGC teams and across the 
CGC initiative more widely.

• Breakout sessions around three discussion areas: 

• Data Interoperability: data formats and metadata

• Archiving and Data Access across the CGC Projects

• Best Practice for use of AI/ML techniques

• Clear that there are significant concerns around topics such as: availability of data 
describing data, data standards, privacy, policy, archives, what to put in the 
archives, AI, use of AI, LargeLM’s, etc. 

• For interoperability, metadata standards and their implementation, the tension 
between standards and flexibility were recurring topics. For archiving, the need 
to implement FAIR principles balanced against patient privacy. For AI, creating 
benchmark datasets, trust, and computational demands came to the fore. 
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EXAMPLE DATA INTEROPERABILITY ISSUES
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Core Challenge: Developing common metadata standards that streamline recording 

and access without creating excessive burden for researchers.

Key Outcomes: 
• Identified five universal metadata categories essential for data reusability across 

modalities (sequencing, spatial imaging, microbiome, clinical): experimental context, 
sample provenance, technical parameters, data processing, and quality assessment

• Consensus favouring recommendations and best practices rather than strict mandates, 
recognising the tension between standardisation and research flexibility

• Emphasis on nomenclature standardisation for both human and machine readability to 
enable cross-project integration 

• Concerns about data format longevity and whether current standards will persist

Initial Actions:
• Survey CGC projects to map the data landscape, develop tiered metadata guidelines 

starting with essential elements and maintain ongoing cross-project dialogue.

Challenge, outcomes and actions also identified for 
AI+Applications and Archive+Data Access



DISCUSSION: QUESTIONS FOR SPATIAL BIOLOGY

Gaia works because its data products (generated by the project), are 
described, standard, and open to all. 16,000 papers to date, all from 
researchers who didn’t make the observations at the telescope.

Some points for discussion, and will likely be addressed in the upcoming 
presentations

• The standards question: OME-Zarr and SpatialData give us the formats. 
Proprietary periods, then open data, works in astronomy. What's the equivalent for 
tissue data, and does patient privacy change the answer, or just the engineering?

• The AI question: Foundation models are being trained on 2D, dissociated data. 
What does "AI-ready" actually mean for 3D, multimodal, provenance-tracked tissue, 
and who decides the benchmarks?

• The archive question: What would it take to build one interopearable, queryable
spatial-tissue archive network the whole field works from, and who funds archives, 
not just experiments? 
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