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About us
• Ramsey

• PhD in Medical Physics, University of London
• Postdoc at UW, Seattle (1998-2000)
• Faculty at the Dana Farber Cancer Insitute (2000-2004)
• Professor, Radiology and Biomedical Engineering, 

Co-Director EXPLORER Center (2019-present)

• Lorenzo
• MD (2008) and PhD (2015), Universita’ Degli Studi Di Brescia 
• Radiology and Nuclear Medicine Training, UCSF (2016)
• Oncologic Imaging Training (MSKCC) 2017
• Musculoskeletal Training (UC Davis) 2018
• Associate Professor and Chief of Nuclear Medicine, UC Davis 

• Simon
• PhD in Medical Physics, University of London (1989)
• Post-doc and Faculty, UCLA (1990-2001)
• Professor, Biomedical Engineering and Radiology,               

Co-Director EXPLORER Center (2001-2023), UC Davis



Content

• The history of the EXPLORER total-body PET project 
• Ramsey D. Badawi, Ph.D.

• Clinical implementation of total-body PET
• Lorenzo Nardo, M.D., Ph.D.

• Total-body PET in research
• Simon R. Cherry, Ph.D.



Along the way we…
• Have traveled across the world
• Found support (and resistance!) from unanticipated quarters
• Have been caught up in trade wars
• Made new friends and tried not to lose old ones
• Experienced disappointment, frustration, surprise and elation
• Learned a lot about ourselves and stayed good friends

We are VERY grateful for the MANY people who did so much to help us

This is our story…



2005: The journey begins…



Timeline
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1. Feb 2008: NIH– Badawi

2. Nov 2008: NIH– Badawi

3. Feb 2009: Keck – Badawi

4. Feb 2011: NSF MRI – Cherry

5. Nov 2011:  NIH– Badawi

6. Apr 2012: UC Davis RISE – Cherry

7. Sep 2013: Siemens – Cherry

8. Jun 2014: NIH– Cherry, Badawi

9. Jul 2014: Keck – Cherry

10. Oct 2014: MRC – UK consortium

11. Oct 2014: NIH – Badawi, Cherry

EXPLORER Consortium founder members:

Terry Jones

Bill 

Jagust

Dave 

Mankoff

Tom Budinger

Mike 

Graham

Richard 

Wahl

Joel Karp Simon CherryBill Moses Suleman 

Surti
Jinyi Qi

Industry Advisory Panel:

Michael Casey (Siemens)

Matthias Schmand (Siemens)

Chi-Hua Tung (Philips)

Chuck Stearns (GE)

At such a high cost, a large AFOV PET 

scanner is certainly not economically 

feasible as a clinical scanner and does 

not even appear feasible as a research 

scanner. 

(Not) Getting Funding
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Hongdi Li

First contact with United Imaging



January 2016: UIH Factory Visit
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Clinical Expertise

Lorenzo joins 

the team

Lorenzo Nardo, MD, PhD

Diagnostic Radiology, MRI physics, Nuclear Medicine, 

Musculoskeletal Imaging, Oncologic Imaging, … 
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EXPLORER: facts and figures

D)

# of crystals: 564,480

# of photodetectors: 53,760

# of electronic channels: 53,760

Mass: ~11,000 kg

EXPLORER CMS EM Calorimeter

# of crystals: 75,848

# of photodetectors: 137,048

# of electronic channels: 75,848

Mass: ~100,000 kg



EXPLORER: test objects

D)

https://www.nist.gov/programs-

projects/calibrations-large-volume-solid-

ge-68-phantom-sources-monitoring-pet-

scanner



D)

https://www.aapm.org/mee

tings/amos2/pdf/35-9927-

54184-601.pdf

EXPLORER: test objects
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Conventional PET (uMI 780)

8 beds, 2 mins/bed,

50 min p.i.

EXPLORER

20 min scan, 1 bed

82 min p.i

First human study
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Installation at UC Davis
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First research scan
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First patient 

scan at UCD 
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First patient study
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EXPLORER concept goes world-wide
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Installations: Nov 2023

uEXPLORER

PennPET EXPLORER

Quadra



UIH 

uEXPLORER

UIH 

Panorama GS

PennPET 

EXPLORER 

GE OMNI 

Legend LAFOV

Siemens 

Quadra

Axial FOV 194 cm 148 cm 140 cm* Up to 128 cm ** 106 cm

Ecosystem of Scanners

* Not FDA 510(k) 
cleared

** 128 cm 
version not FDA 
510(k) cleared





Long Axial FOV PET/CT

Improved signal collection 
efficiency1,2 and spatial 
resolution1,2 allow for:

• Improved image quality

• Delayed imaging   

• Decreased acquisition time 

• Decreased injected dose

• Simultaneous total body scan

• 1
Image from “Mingels et al. Total‐body PET/CT or LAFOV 
PET/CT? Axial field‐of‐view clinical classification. Accepted. 
EJNMMI 11.22.2023”

1Cherry et al. Sci Transl Med. 2017
2Spencer et al. JNM 2020



?



Protocol Variables

Acquisition Injected Dose Uptake Time Scan Length

Processing Voxel Size Iterations, PSF, Smoothing

Image Quality Image Resolution Contrast-To-Noise Ratio

Outcome Clinical Impact Patient Throughput Radiation Dose



0.4 mCi 2 mCi

Image Wisely

Abhijit Chaudhari



40 min 90 min 3 hrs 6 hrs 9 hrs

Increasing Uptake Time



20 min 5 min 75 s 18.75 s

Decreasing Scan Length



Protocol Variables

Acquisition

Processing

Image Quality

Outcome

Injected Dose Uptake Time Scan Length

Voxel Size Iterations, PSF, Smoothing

Image Resolution Contrast-To-Noise Ratio

Clinical Impact Patient Throughput Radiation Dose



Location
Injected 
Activity

Uptake Time 
(min)

Acquisition 
Time (min)

Reconstruction Parameters

Davis ~300 MBq 120±10 20
256x256 matrix; 2.3mm voxels
4 iterations & 20 subsets
PSF off and on

Zhongshan 3.7 MBq/kg 65±10 5
192x192 matrix; 3.1mm voxels
3 iterations & 20 subsets
PSF off and on

Bern 3.0 MBq/kg 60±10 6
440x440 matrix; 1.65mm voxels
4 iterations & 5 subsets
Gaussian filter: 2mm FWHM

Protocol Examples

Hongcheng 

Shi

Axel 
Rominger



Calabro’ et al. BMC Med. Imaging 2023

Anna 
Calabro’

40 min 90 min 3 hrs

Physiologic Processes



Elizabeth 
Triumbari

LAFOV

Small Anatomic Structures



Ng et al. Semin Nucl Med. 
2022 May; 52(3): 330–339

Lesion Detection

SAFOV LAFOVCT



Clemens 
Mingels

Fatma 
Sen

SAFOV LAFOV

Lesion Detection

CT



60 minutes

120 minutes

Staging Follow Up Yasser Abdelhafez

Mehrad Rokni

Lesion Detection



60 min 120 min

Hande 
Nalbant

New Protocol Challenges



Challenges and Opportunities

Challenges

Clinical:
• Sensitivity/false positives

• New experiences vs old Classifications

• New artifacts/QC

Logistics:
• Being the first US center

• PACS too slow to scroll large datasets

• Storage space

Opportunities

• Improving image quality

• Delayed and dynamic imaging

• Decreasing acquisition time

• Decreasing injected dose



Research with 
Total-Body PET



Research with 
Total-Body PET

Yiran Wang, UC Davis

1-second scan
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Total-Body 
Dynamic 
Imaging
Measuring 
pharmacokinetics in 
every tissue and 
organ of the body

~1,000,0000 
measured time-
activity curves
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Total-Body PET/CT:
A New Tool for Systems Medicine?



Total-Body PET/CT:
A New Tool for Systems Medicine?

Omics-technologies

- deep phenotyping/genotyping

- large cohorts

- constrained spatial sampling
  (blood, urine, CSF, biopsy)

Total-body PET/CT imaging:

- >106 spatial measurements per scan

- function and anatomy

- small cohorts

- small parameter space

https://www.systemsmedicine.netL. Hood and M. Flores, New Biotechnology (2012): 613-24



From SUV to biology…

Static 

imaging
inject wait scan SUV image

Simple

Short time 

in scanner

Dynamic

imaging

time series of 

images

More time 

in scanner

More 

information

position subject in scanner, 

imaging starts just before injection

+
Tracer 

kinetic 

modeling



CPET

Kinetic Modeling

K1
k3

k4k2

Cp CmCf

FDG FDG FDG-6-P

TissueBlood

f

m

Guobao Wang, UC Davis

𝑑𝐶𝑚

𝑑𝑡
= 𝑘3𝐶𝑓 − 𝑘4𝐶𝑚

𝑑𝐶𝑓

𝑑𝑡
= 𝐾1𝐶𝑝 − 𝑘2 + 𝑘3 𝐶𝑓 + 𝑘4𝐶𝑚

𝐶𝑃𝐸𝑇 𝑡 = 1 − 𝑣𝑏 (𝐶𝑓(𝑡) + 𝐶𝑚(𝑡)) + 𝑣𝑏𝐶𝑝(𝑡)



Parametric FDG Imaging 
in COVID-19 RecoveryTotal-Body Parametric Imaging with 18F-FDG

K1 vbKi V0

K1k3/(k2+k3) (K1+k2)/(k2+k3)
2

Wang et al, J Nucl Med 63; 1274-81 (2022)



Guobao Wang and Yiran Wang, UC Davis

18F-FDG in 

plasma: 𝐶p(𝑡)
Free-state 18F-FDG 

in tissue: 𝐶f(𝑡)
Metabolized 18F-

FDG in tissue: 𝐶m(𝑡)

𝐾1

𝑘2

𝑘3

𝑘4

(g/mL)

5

0

(g/mL)

3

0𝑣b𝐶p(𝑡) 𝐶f(𝑡) 𝐶m(𝑡)

Measured dynamic 
18F-FDG data



• 8 subjects recovering from COVID-19, 
13 control subjects

• 60 minute total-body dynamic 
imaging on uEXPLORER

Parametric FDG Imaging in 
COVID-19 Recovery

H
ea

lt
h

y
C

O
V

ID
-1

9

Spine SUV, p=0.60

Healthy COVID-19

Spine 𝐾1, p=0.014

COVID-19Healthy

Wang et al, J Nucl Med 64; 1824-30 (2023)



Radiolabeled Agents for PET Imaging

• Small molecules
• Substrates for enzymes, receptor ligands, drugs…

• Peptides
• Receptor targeted, enzyme substrates…

• Antibodies
• Full length, minibodies, diabodies 

• Particles
• Liposomes, lipospheres, nanoparticles…

• Cells
• T-cells, stem cells…

~1-5 nm

~1 nm

~5-100 µm

~10 x 2 nm

~20-100 nm



Total-Body Perfusion Imaging 

Cp Ct

K1

k2

11C-butanol

0.0       1.0       2.0      3.0      4.0

K1 (mL·min-1·cm-3)

Stress                Rest

Stress   Rest

K1 
(ml·min-1·cm-3)

Stress   Rest

Stress   Rest

0

0.1

0

2.0

0.65

0

Li et al, J Nucl Med 64; 1831-8 (2023)



Targeted imaging of CD8+ T cells
during COVID-19 recovery 

6‒7 
h

48‒49 
h

30‒90 
min

SUV 
(g/mL)

Omidvari et al, Science Advances 9, eadh7968(2023) 

Crefmirlimab is a minibody with 

high affinity to human CD8

New models 

needed!

0.5 mCi (18 MBq) of 
89Zr-Df-Crefmirlimab-Berdoxam



Systems Medicine with Total-Body PET/CT

Total-Body PET

PET radiotracers

Dynamic imaging

A powerful new 

quantitative tool

Thomas Beyer and Lalith Kumar Shiyam Sundar

Medical University of Vienna

Tracer kinetic modeling

K1 k3

k4k2

Cp C2C1

Tissue Blood
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Concluding Remarks
• Total-body PET/CT is now a reality

• ~40 scanners with an axial coverage of > 1 meter installed worldwide

• Total-body PET/CT has impacted clinical care by demonstrating a 
step change in image quality

• >250,000 patients have benefited from total-body PET scans since its 
introduction in 2019

• Total-body PET/CT can quantitatively measure physiology, 
metabolism and molecular targets across the entire human body

• A new research tool for systems medicine



It has been a pleasure and privilege 
to share our story with you

Thank you
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