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Imaging in Cambridge 



Imaging of tumour 
metabolism

• Cancer hallmark: alternations in metabolism
• Tumours are acidic
• Tumour suppressors & oncogenes affect metabolism
• Metabolism can be modified for treatment
• Mutations in some mitochondrial enzymes are tumorigenic

Hanahan and Weinberg Cell 2011;144:646-674

Hanahan and Weinberg 
Cell 2011;144:646-674



METABOLISM
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Metabolism central to health and disease



Invasive imaging of metabolism
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Integrating metabolic imaging into the clinic across scales
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Innovation: a frozen valley of death?

Harvard Glacier Alaska

Research Adoption 

Discovery   Concept   Technology Transfer   Development   Product   Commercialisation  
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Hyperpolarisation: translation to humans 
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13C-Pharmacy
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The path towards clinical utility for hyperpolarized 13C-MRI



Regulatory Issues
• Good Clinical Practice (GCP)
– International quality standard, which governments transpose into regulations for clinical trial
– International Council for Harmonisation of Technical Requirements for Registration of 

Pharmaceuticals for Human Use (ICH)
– Courses
– Certification (usually 3y)

• Regulatory Authorities:
– Food and Drug Administration (FDA)
– Medicines and Healthcare Products Regulatory Agency (MHRA)
– Federal Institute for Drugs and Medical Devices (BfArM)
– Danish Medicines Agency (DKMA)
– European Medicines Agency (EMA)

• Medicines vs Medical Devices 
• Clinical Trial of an Investigational Medicinal Product (IMP, CTIMP or IND in US)
• Physiological Study
• MHRA Algorithm





• Manufacture
– Where this happens is key
– pH changes are usually not regarded as manufacture

• Good Manufacturing Practice
– GMP: traceable, safe, pure, effective 
    proper design, monitoring and control of the manufacturing processes, facilities and product
– Clinical grade: suitable for clinical (therapeutic) use

• Quality Control vs Quality Assurance
– QC: process of ensuring products meet expectations
– QA: set of processes used to measure and assure the quality of a product

• Release
– May involve a qualified person (QP)

• Exemptions
– Injection under Section 9 of the Medicine Act 1968 (exemptions for doctors) 

• Befriend a pharmacist

Regulatory Issues





Process in Cambridge 

For non-CTIMP e.g. Physiological Studies
• Filling of fluid paths/pharmacy kits as raw material
• Frozen and stored (3 months stability)
• Environmental monitoring assessment from laminar flow hood
• Pharmacist signs off (QA check)
• Mixed in SpinLab is the point of manufacture
• QC checks before injection into patients including pH
• Sterility + endotoxin samples taken and analysed retrospectively
• Injection under Section 9 of the Medicine Act 1968 (Exemptions for doctors) i.e. 

doctor takes responsibility to administer the product



QC and release

Pyruvate concentration 220 to 280 mM

pH 5.9 to 9.0

EPA concentration £ 3.0 µM

Temperature 25.0 to 39.0 °C

Time from start to 
dissolution

Any

Volume
≥	40 mL 

(for volumes less than 40mL the decision to inject 
is left to the discretion of the clinical lead)

Hyperpolarization
≥ 15 %

(for polarization less than 15% the decision to 
inject is left to the discretion of the clinical lead)



Patient issues

Injection
0 s / 0.25 M 

Aorta
25 s / 25 mM 

Lung vessels
  5-15 s / 25 mM 

Cardiac output 6 L/min
Injection at 5 ml/s

Heart chambers
3-4 s / 25 mM 

Coronary artery
15-20 s / 25 mM 



Study Design and Approvals
After/while funding is acquired:

Study Set up:
• Title: MISSION
• Hypothesis
• Background
• Primary/Secondary objectives
• Study Design: flow chart 
• Sample size/statistics
• Inclusion/exclusion criteria
• Serious Adverse Events (SAEs)

Review: 
– Research & Development office (R&D) 
– Research Ethics Committee
– Health Research Authority
– Local Approvals
– Site Initiation Visit



Study Flow Chart



Top tips
• Make sure your objective is clear
• Befriend a statistician: power the study
• Make as flexible as possible:
– Up to X participants
– Timing: Y-Z days
– Order of studies
– Optional elements

• Keep consent as wide as possible
• Involve your clinical colleagues
• Anonymisation
• Data storage and archiving
• Collect as much data as possible
– Clinical
– Imaging
– Liquid biomarkers
– Annotated/curated data
– Tissue: frozen and FFPE



Biological validation: integrating imaging and pathology

Crispin-Ortuzar M et al JCO CCI 2020 4:736



Biological drivers of signal of hyperpolarised signal
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Normal brain metabolism

Grist Neuroimage 2019; 89:171-179. 



Metabolic heterogeneity in glioblastoma
T1 post gadolinium 

Zaccagna et al. Radiol Imaging Cancer 2022;4(4):e210076

Lactate/pyruvate ratio

Tumor
Tumor

Normal appearing
brain parenchyma 

Lactate/pyruvate ratio x103

Normal appearing
brain parenchyma 

Non-oxidative Oxidative

• Intratumoral and interpatient heterogeneity

• Bicarbonate/pyruvate ratio reduced in all 
tumors compared to normal appearing brain

• Increased glycolytic and oxidative metabolism 
distant from tumour, compared to volunteers



Human brain pH measured with pyruvate

pH: 7.40 ± 0.02 (n=7)

Extracellular/vascular weighted pH

Ali Khan, Mary McLean et al. NMR in Biomed 2024 e5271.



Imaging tumour aggressiveness
Pyruvate SNR Lactate SNR

ρs = 0.651
P = 0.025

%GP4 and lactate SNR

Nikita Sushentsev, Tristan Barrett et al. 
Nat Commun. 2022; 13(1):466

Gallagher & Woitek et al. 2020 PNAS 117(4):2092

Stephan Ursprung et al. Cancers. 2022; 14(2):335. 

Breast 

Renal 

Prostate 

Metabolic imaging can identify aggressive tumours



Target biopsies to areas of increased metabolism

Nikita Sushentsev et al.  Eur Radiol. 2022 Oct;32(10):7155-7162 Ines Horvat-Menih et al. Cancers. 2025;17(4):569

Prostate Cancer Clear Cell Renal Cell Carcinoma

Metabolic imaging can guide biopsies to tissue of greatest biological interest



Predicting biochemical recurrence in prostate cancer

Nikita Sushentsev, Tristan Barrett et al. PNAS 2023; 120(49)

Increased lactate before prostatectomy correlates with later biochemical recurrence



Woitek R et al. Cancer Res. 2021 Dec 1;81(23):6004-6017. 

Early response to neoadjuvant chemotherapy

Non-pCRpCR

Very early increase in lactates correlate with pathological response to standard therapy



Emerging Hyperpolarised Probes

• Probing new biology
• Translate recipes for human dose levels
• Toxicity 

– Probes not tracers
– Small animal studies
– Large animal studies
– Volunteer studies outside of the magnet?
– Volunteer imaging in the MR?
– Patient imaging

Molecule Biological mechanism
2-13C Pyruvate Citric acid cycle
Urea Perfusion
Fumarate Necrosis

Acetate Fatty acid synthesis
Bicarbonate Extracellular pH
Lactate Glycolysis 
𝛼 −ketoglutarate Multiple reactions



[1,4-13C2]Fumarate to detect necrosis 

Fumarase

Fumarate

Malate

H2O 

Treated

Untreated

Gallagher F et al. 
PNAS 106(47):19801, 2009

Murine tumour

Chris Laustsen et al.
Aarhus University

Ischaemia

Pig kidney

Malate/Fumarate ratio

Birchall J et al. MRM 94(3):1202-1217, 2025



Translating novel imaging methods into healthcare

• Biological validation
• Technical validation
• Methods need to be simple
• Train staff
• Educate clinical colleagues
• Enable multisite studies
• Health economic assessment O’Connor et al. 

Nat Rev Clin Oncol 2017

Novel technology

New biology Clinical need



Multiscale, Multimodal, Multi-omic imaging
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Potential clinical roles for metabolic MRI in oncology

• Tumour stratification based on metabolism
• Assessing metabolic heterogeneity
• Targeting biopsies
• Early treatment response monitoring
• Guiding radiotherapy
• Longitudinal imaging
• Imaging patients most at risk of irradiation
• Complementary to circulating biomarkers



Perspective is important: 
predicting the future is difficult!

1.5 miles 



Innovation: predicting the future is difficult!

Amara’s Law:
“We tend to overestimate the 
effect of a technology in the 
short run and underestimate 

the effect in the long run”

Geoff Hinton:
“People should stop training 

radiologists now - it's just completely 
obvious within 5 years deep learning is 

going to do better than radiologists”

2016 
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