
©2017 MFMER  |  slide-1

Hybrid PET-MRI Imaging for Radiotherapy 
Treatment Response Assessment: 
Prognostic Value and Current Challenges

Deanna Pafundi, Ph.D., DABR
Assistant Professor, Mayo Clinic

2020 Virtual AAPM



©2017 MFMER  |  slide-2

No Disclosures



©2017 MFMER  |  slide-3

Learning Objectives

• 1) Understand the basic principles behind PET-MRI 
technology

• 2) Identify applications of quantitative imaging to assess 
treatment response in RT using PET-MRI technology

• 3) Understand the challenges related to application in 
quantitative imaging for treatment response assessment 
using PET-MRI technology
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Why complicate things?

• We have PET-CT to give us anatomical and functional 
information.  Isn’t that enough?
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PET-MRI Versus PET-CT

Rosenkrantz et al. Current status of Hybrid PET/MRI in Oncologic Imaging. AJR 206, Jan 2016
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Why complicate things?

• We have PET (PET/CT) 
scanners, we have MRI 
scanners, can’t we just 
register the two scans and 
call it a day?

• Time

• Acquisition technique 
and anatomical 
differences

• Registration 
uncertainties 
(rigid/deformable)

Sotoudeh H. et al. Clinical Application of PET/MRI in Oncology. J. MAGN. RESON. IMAGING 44:265-276, 2016



©2017 MFMER  |  slide-7

PET-MRI Challenges: Design Considerations

Torigian et al. PET/MR Imaging: Technical Aspects and Potential Clinical Applications. Radiology 267 (1): 2013.

Zaidi, Habib. A Pivotal Time for Hybrid PET/MR Imaging Technology. JACR 10 (11), P878-881. 2013.  

Zaidi H. and Becker M. The Promise of Hybrid PET/MRI: Technical advances and clinical applications. IEEE Signal Processing Magazine pp. 67-85: May 2016. 
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PET-MRI Challenges: Design Considerations
• Positron range reduction

• Avalanche diodes and Si PMTs 

• TOF Resolution

Torigian et al. PET/MR Imaging: Technical Aspects and Potential Clinical Applications. Radiology 267 (1): 2013.

Zaidi H. and Becker M. The Promise of Hybrid PET/MRI: Technical advances and clinical applications. IEEE Signal Processing Magazine pp. 67-85: May 2016.
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PET-MRI Challenges: Attenuation Corrections 

• MRI signal NOT correlated with electron density like 
CT

• 3 Main Categories of Attenuation Techniques:

• Segmentation-based MRAC (limited to brain)

• Atlas-Based Registration

• Emission-Based Technique (MLAA)

Zaidi H. and Becker M. The Promise of Hybrid PET/MRI: Technical advances and clinical applications. IEEE Signal Processing Magazine pp. 67-85: May 2016. 

A. Mehranian, H. Arabi, and H. Zaidi, “Magnetic resonance imaging-guided attenuation correction in PET/MRI: Challenges, solutions and opportunities,” Med. Phys., vol. 43, no. 3, pp. 1130–

1155, Mar. 2016.

Lillington J. et al. PET/MRI attenuation estimation in the lung: A review of past, present, and potential techniques. Med Phys. 47(2), February 2020.
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PET-MRI Challenges: Attenuation Corrections 

A. Mehranian, H. Arabi, and H. Zaidi, “Vision 20-20: Magnetic resonance imaging-guided attenuation correction in PET/MRI: Challenges, solutions and opportunities,” Med. Phys., vol. 43, no. 

3, pp. 1130–1155, Mar. 2016.
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PET-MRI Challenges: Workflow Optimization and Protocol Design

• Literature review of workflow considerations, protocol design and sequence optimization

• Example of simultaneous Pet/MRI protocol acquisition

Fraum et al. PET/MRI: Emerging Clinical Application in Oncology. Academic Radiology 23(2), Feb 2016

Sotoudeh H. et al. Clinical Application of PET/MRI in Oncology. J. MAGN. RESON. IMAGING 44:265-276, 2016
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Clinical Applications – Treatment Response Assessment
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Clinical Applications – Cervix Cancer

Daniel M. et al. Impact of hybrid PET/MRI technology on multiparametric imaging and treatment response assessment of cervix cancer.  Radio and Oncol 2017. 125:420-425

Mongula et al. PET-MRI for response assessment after radiation therapy of cervical carcinoma: a pilot study.  EJNMMI Research 2018. 8:1

Khiewvan B. et al.  Update of the role of PET/CT and PET/MRI in the management of patients with cervical cancer. Hellenic Journal of Nuclear Medicine 2016; 19(3): 254-268

• Baseline, week 2, week 4, post treatment

• FMISO and DCE1min negative correlation

• 3 months post RT

• FDG PET and T1/T2w/DWI



©2017 MFMER  |  slide-14

Clinical Applications – Rectal Cancer

Hope TA, Kassam Z. et al. The use of PET/MRI for imaging rectal cancer. Abdominal Radiology 2019. 44:3559-3568
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• No generally accepted agreement on optimal time 
for imaging, but recommended:

• 8-12 weeks after therapy

• 12 months, 24 months (distant mets)

• PETCT versus PETMRI 

• No significant difference in detection of 
recurrence

• PET/MRI may be superior to PET/CT in 
evaluating unclear FDG findings in follow-up 
patients

• PET/MRI Multi-parametric Studies

• DWI has independent role from PET to 
determine tumor recurrence

Clinical Applications – Head and Neck

Ryan JL, Aaron VD, and Sims JB. PET/MRI vs PET/CT in Head and Neck Imaging: When, Why, and How. Semin ultrasound CT MRI 40:376-390. 2019

Queiroz, M. A., et al. PET/MRI and PET/CT in follow-up of head and neck cancer patients. EJNMMI, 41(6), 1066-1075. 2014

Queiroz, M. A., et al. Use of diffusion-weighted imaging (DWI) in PET/MRI for head and neck cancer evaluation. EJNMMI, 41(6), 2212-2221. 2014

Schaarschmidt et al. locoregional tumour evaluation of SCC in the head and neck: a comparison between MRI, PET/CT, and integrated PET/MRI. EJNMMI 43:92-102. 2016

Becker M et al. Local recurrence of SCC of the head and neck after radio(chemo)therapy: Diagnostic performance of FDG-PET/MRI with diffusion-weighted sequences. Euro Radiol 28:651-

663.2018 

Rasmussen JH et al. Feasibility of Multiparametric Imaging with PET/MR in Head and Neck Squamous Cell Carcinoma. JNM 1:69-74. 2017
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PET-MRI – What’s Next? PubMed Search

https://pubmed.ncbi.nlm.nih.gov/?term=PET-MRI&timeline=expanded

https://pubmed.ncbi.nlm.nih.gov/?term=PET-MRI&timeline=expanded
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PET-MRI – What’s Next?                   Clinical Trials

https://clinicaltrials.gov/ct2/results/map?cond=PET-MRI&map=

https://clinicaltrials.gov/ct2/results/map?cond=PET-MRI&map=
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PET/MRI – What’s Next?

• Continue to investigate improving techniques in technical challenges

• MRAC modeling

• Continued research looking at PET/CT (+/- MRI) versus PET/MRI, 
value added by each modality, cost, reimbursement, etc.

• Standardize clinical workflows and protocols

• Continued research to determine specific applications (e.g. 
diagnostic/staging, target delineation, treatment response 
assessment)/disease sites of PET/MRI technology for most benefit

• Qualifications for physicians, medical physicists, technologists


