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llluminating cancer heterogeneity

Trends in Pharmacological Sciences Cover March 2020
Nanda S et al. Defining a metabolic landscape of tumours: genome meets metabolism. Br J Cancer 122, 136-149 (2020).



Imaging key nodes in cancer

Metabolic network
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“Picking winners” from metabolic PET tracers

Lewis DY, Soloviev D et al (2015) Cancer journal 21(2): 129-136. Witney TH and Lewis DY (2019) Methods Mol Biol 1928: 29-44.



Technologies for deep radiotracer validation in the whole-body

Multi-omics Modelling, Radiomics
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llluminating cancer metabolic heterogeneity

Faubert, B., A. Solmonson and R. J. DeBerardinis (2020). "Metabolic reprogramming and cancer progression." Science 368(6487).



High fidelity mouse models of lung cancer

Non-small cell lung cancer mouse model

NSCLC

DuPage, Dooley, & Jacks. Conditional mouse lung cancer models using adenoviral or lentiviral delivery of Cre recombinase. Nat Protoc 4, 1064—-1072 (2009).



Late imaging with 1C-acetate improves specificity for fatty acid synthesis

Palmitate

Stearate

Lewis et al, Late Imaging with [1-11C]Acetate Improves Detection of Tumor Fatty Acid Synthesis with PET. J Nucl Med (2014); 55:1-6



Immunomodulatory role for acetate in triple negative breast cancer

Miller, K.D., O’Connor, S., Pniewski, K.A. et al. Acetate acts as a metabolic immunomodulator by bolstering T-cell effector function and potentiating
antitumor immunity in breast cancer. Nat Cancer (2023).



Dual PET imaging reveals two heterogeneous metabotypes in lung cancer

Dual-isotope/tracer PET/MR imaging
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Dual Isotope Simultaneous COinjection PET (DISCOPET)

Tracer Multiplexing
Separation accuracy for different organs

["C]acetate
bias %

/
\

MRI

[8F]FDG PET

positive bias of 5.2 +/- 8.0%

More reliable in organs such as the thyroid, liver, and lungs, and is least reliable in fat.




Metaboltype is associated with tumour proliferation and perfusion

Dual-isotope Autoradiography (DIARY)
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FDG-avid tumours have high cell cycle activity, ACE-avid tumours have higher
fatty acid and oxidative metabolism

Dual-isotope tracing method (DIOPTRA)
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FDG-avid tumours are glycolytic, more proliferative and associated with a
higher integrated stress response

Dual-isotope tracing method (DIOPTRA)
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[1-11C]acetate-avid tumours have widespread metabolic reprogramming including increased FAO
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ACE-avid tumours have increased TCA cycle and de novo fatty acid
synthesis pathway is highly upregulated
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FASN inhibitor suppressed the uptake of [11C]acetate and de novo fatty synthesis
in ACE-avid tumours
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FDG-avid tumours grow much faster than ACE-avid tumour and only ACE-avid

tumours responded to FASNi treatment
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Early tumour response monitoring showed specific metabolite changes using

multimodal PET/MRI and DESI-MSI

In vivo dual-isotope/tracer PET/MRI
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Ex vivo whole-body DESI-MSI
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Early tumour response monitoring showed specific metabolite changes using multimodal PET/MRI and DESI-MSI
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We observed broad tumour heterogeneity in LUAD patients but need better

tools to enable tailored therapy for specific tumour metabotypes

Glycolytic (GLUT1-positive) tumours
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Dual PET imaging can identify two metabotypes in lung cancer with different

vulnerabilities to treatment



Transformative Potential of Total-Body PET



“Staging the Host” with Total-Body PET Imaging

Causes and Consequences of Tumour Metabolic Heterogeneity

Intra-tumour heterogeneity

Inter-tumour heterogeneity

Inter-patient heterogeneity



Total-body PET imaging of inter-organ circuitry in
cancer cachexia

Using explainable Al to
develop metabolic
fingerprints of cachexia




Cardiac metabolic phenotyping of a mouse model of Barth syndrome
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CANCER
GRAND
CHALLENGES

Team:

CANCAN

Temporal, spatial, tissue-specific determinants of metabolic flux pre and post-cachexia O




Glasgow CANCAN: Taking a “"Google-Earth” view of cancer cachexia
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