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Plan
TOF advantage
State-of-the-art clinical PET (2018, 214 ps)
10-ps TOF PET:

Non-tomographic reconstruction PET
Medical benefits
Are we there? The 10-ps TOF PET challenge



TOF PET: Principle and Advantages

Increase in signal-to-
noise ratio as TOF 
resolution decreases

P. Lecoq, C. Morel, J. Prior, 2018

Year TOF S/N Gain

– No TOF 1

2006 585 ps

2011 500 ps 2.3

2017 375 ps

2018 214 ps 3.3
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Biograph Vision: latest digital PET

• 1 Based on internal measurements at time of publication. Data on file; 
• Biograph Vision and its features and applications are not commercially available in all countries. Their future availability 

cannot be guaranteed. Please contact your local Siemens Healthineers organization for further details.
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Biograph™ mCT Biograph Vision™

High-resolution torso phantom
Sphere size (mm): 5.0, 7.9, 9.9, 12.4, 15.4, 19.8
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Better Detectability



Clinical Applications
Low contrast lesions
Low activity situations
Sensitivity
Resolution



Today’s Challenge in Oncologic Imaging

Identify all lesions is key 
to defining right therapy

Local?
Lymph nodes?
Metastases?

Poor spatial resolution 
and sensitivity negatively 
affects lesion detectability 
and staging

Local? à Surgery?
Regional? à Radiation?

Distant? à Chemo?



Unrestricted © Siemens Healthcare GmbH, 2018 

Biograph Vision is not commercially available in all countries. Due to regulatory reasons, its future 
availability cannot be guaranteed. Please contact your local Siemens organization for further details.

PET MIP

Data courtesy of Centre Hospitalier Universitaire Vaudois, Lausanne, Switzerland.

Delineation of multiple skeletal, lymph node, liver, and 
soft tissue metastases



Unrestricted © Siemens Healthcare GmbH, 2018  MI-4180

The statements by Siemens’ Healthineers customers described herein are based on results that were achieved in the customer's unique 
setting. Because there is no "typical" hospital or laboratory and many variables exist (e.g., hospital size, samples mix, case mix, level of IT 
and/or automation adoption) there can be no guarantee that other customers will achieve the same results. 

“I think it's very addictive and you 
get used to that high-quality image 
even after one patient.”
Prof. John Prior, MD, PhD
Head of Department, Nuclear Medicine
Centre Hospitalier Universitaire Vaudois CHUV, Lausanne, Switzerland



Detectability of small structures in 18F FDG PET/CT examinations

Visual observations of the pituitary gland

PET/CT Discovery 690
Gauss filter FWHM = 5mm
Voxel size : 2.74×2.74×3.27 mm

PET/CT Biograph Vision
No gaussian Filter 

Pituitary gland 

Voxel size: : 1.65×1.65×2mm 
Reduced partial volume effects 



55-y patient with uveal melanoma and…

High-
resolution



Lesion Detectability with Digital PET
N=100 oncological patients
Comparison dPET vs. cPET
Improved image quality in 
54%
dPET detected more lesions 
in 22 patients, all <10mm
dPET changed staging in 
32% of these 22 patients

Lopez-Mora et al, EJNMMI 2019



Ultrafast whole-body PET (<5-min) 

5-min PET

15-min PET (CBM, 3-min/bed equivalent)



Free-breathing vs. “Breath-hold” PET

20-sec PET
high-sensitivity



“Breath-hold” PET: small lesions à big difference



68Ga-PSMA PET/CT Biochemical PCa Relapse

65-y Men with 
biochemical PCa
relapse
PSA 0.6 ng/mL



Y-90 TOF PET after SIRT
32·10–6 pair production

20-min PET
high-sensitivity



Tau-protein Imaging F-18-AV1451

30-min PET at 75 min 214 MBq



MEDAMI 2019: Imaging in Immunotherapy

Valencia, Spain – May 15–17, 2019

10-ps TOF PET
Challenge ?



10-ps TOF PET
1.5-mm resolution along LOR
Tomography-less reconstructions
Increase PET sensitivity by a 
factor >16
Reduction in activity/dose
Reduce radiopharmaceutical 
price
Novel clinical applications

P. Lecoq, C. Morel, J. Prior, 2018



10-ps TOF-PET improvement simulation

Non-TOF 
FBP

Non-TOF 
OSEM

10ps TOF 
OSEM

10ps TOF 
FBP

Johan Nuyts, UZ Leuven, 2018



Clinical improvements
Direct 3-D resolution

1.5-mm resolution along LOR; àimage accumulation 
(growing up)
Limited angle tomography
Reduce cost of radiotracer production per patient
Less sensitive to incorrect attenuation
Better quantification at low statistics (ultra low-dose for 
screening)
Adapt scanning speed to clinical goal



Clinical improvements
Better resolution (tumor microenvironment)
Better sensitivity

Less activity
Image longer (C-11 4h, F-18 20h, Zr-89 30d)
Image faster (respiratory/cardiac/GI movements)
High temporal resolution
200-fold reduction (0.03 mSv, 2.4 mSv)
Image more often



Long-lived imaging (Zr-89): Challenging

La et al, Nucl Med Mol Imaging 2019

BL              2w             6w

Zr-89-trastazumab

Zr-89-bevacizumab

Breast cancer

Renal Cell Cancer



Novel clinical applications (1)
Precise quantification of low-activity 
metabolism, such as apoptosis (programmed 
cell death) in myocardial infarct, chronic heart 
failure, stroke or neurodegeneration (Alzheimer 
or Parkinson’s disease)
àmay help to develop new drugs or better 
follow and treat disease activity



Novel clinical applications (2)
Lung cancer screening (with CT: now 96% false 
positive rate) à better with ultra-low-dose PET
Non-fatal disease: tuberculosis (India, China, 
South Africa, 10·106 new cases/1.8·106 death 
in 2015), HIV, also psychiatric diseases 
(schizophrenia, major depressive or bipolar 
disorders)



Novel clinical applications (3)
Radiation dose equivalent to a few weeks of 
natural radioactivity
Advantages for pediatric NM, but also for fetal 
growth and placental pathology (obstructive 
uropathy, brain development, hypoxic insult, 
abnormal fetal motor behavior and epilepsy) à
benefit to percutaneous or fetal surgery, which 
has entered the clinical arena



Creation of the 10-ps 
TOF PET Challenge

Therefore…

http://the10ps-challenge.org

http://the10ps-challenge.org/
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http://the10ps-challenge.org
Endorsement

Worldwide:
40 PET Scientists 

and Physicians

As of September 1, 2019

http://the10ps-challenge.org/


Conclusion
Shift of paradigm for molecular imaging
Impact societal challenges:

Not only in oncological disease, also for screening 
(lung cancer)
And neurodegenerative or psychiatric diseases, 
inflammatory or infectious diseases, and metabolic 
diseases, across all populational ages from 
prenatal to geriatric life period



Thank you for your attention!
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http://the10ps-challenge.org

http://the10ps-challenge.org/

