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What is “hot” in medicine (oncology)? 

NCI Provocative Questions 

 How do cancer-specific subcellular pathognomonic structures develop, what 

is their function, and can they be a source of novel therapeutic targets? 

 What are the predictive biomarkers for the onset of immune-related adverse 

events associated with check-point inhibition, and are they related to markers 

for efficacy? 

 Can we develop bifunctional small molecules that will couple oncoproteins or 

other cancer causing molecules of interest to inactivating processes such as 

degradation and achieve tissue-specific loss of function? 

 How do microbiota affect response to cancer therapies?  

 Through what mechanisms do diet and nutritional interventions affect the 

response to cancer treatment? 

 What are the molecular and/or cellular mechanisms that underlie the 

development of cancer therapy-induced severe adverse sequelae? 
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NCI Provocative Questions 

 What molecular mechanism influence disease penetrance in individuals who 

inherit a cancer susceptibility gene? 

 How do variations in immune function caused by comorbidities or observed 

among different populations affect response to cancer therapy? 

 Do genetic interactions between germline variations and somatic mutations 

contribute to differences in tumor evolution or response to therapy? 

 Can we develop tools to directly change the expression or function of 

multiple chosen genes simultaneously and use these tools to study range of 

changes important for human cancer? 

 How can mitochondrial heterogeneity influence tumorigenesis or progression? 

 How do circadian processes affect tumor development, progression, and 

response to therapy? 

Where is medical physics? 

Shore et al 2012, Br J Urol Intl, 6: 22 

Medical Physics here 

Medical  

Physics  

NOT here 
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~10 yrs 

~1-2 yrs 

~2-5 yrs 

NaF PET/CT Scan 

Lesion segmentation 

Scan 1 

NaF PET/CT Scan 

Scan 2 

Image feature 

quantification 

Registration 

Lesion matching 

Difference quantification 

Yip et al, Phys Med Biol 2014; Jeraj and Liu, U.S. Patent 9,161,720 

Lesion segmentation 

Image feature 

quantification 

Quantitative Total Bone Imaging (QTBI) 
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NaF PET/CT acquisition Uptake Localization NaF PET/CT #1 

 segmentation 

SUV 

30 
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NaF PET/CT #2  

segmentation 

Articulated  

Registration 

Yip et al., PMB 

2014 

SUV Segmentation 
Lin et al., JNM 2016 

Lesion-based  

Response 

Yip and Jeraj, PMB 2014 

Lesion Segmentation 

Progressing 

Stable 

Responding 

Quantitative Total Bone Imaging (QTBI) 

 Multicenter trial of metastatic castrate-resistant prostate cancer patients  

– received pre-treatment test-retest 18F-NaF PET/CT scans 

 

 

 

 

 

 

Site Patients Bone lesions 

University of Wisconsin Carbone Cancer Center 18 265 

Memorial Sloan Kettering Cancer Center 11 78 

National Cancer Institute 6 68 

All 35 411 

Test/retest scans  

(3-5 days apart) 
Standardized Uptake Value (SUV)  metrics 

extracted from an ROI 

 

 

 

 

SUVmax – maximum uptake 

SUVmean – average uptake 

SUVtotal – total uptake 

Repeatability of NaF PET/CT 

Test Retest 

15 50 

What is our quantitative accuracy? 
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15 50 

SUV Feature SUV 

64.5 SUVmax 63.7 

29.7 SUVmean 28.9 

453 SUVtotal 478 

SUV Feature SUV 

48.2 SUVmax 28.8 

22.8 SUVmean 19.4 

286.4 SUVtotal 92.7 

Low repeatability 

High repeatability 

What is our quantitative accuracy? 

Test Retest 

Test-retest limits of agreement (LOA) can be used to define significant 

changes in imaging features in individual lesions 

 
Limits of agreement:    SUVmax  

Increasing  

Expected 

Decreasing 

Feature Response 

All lesions 

Lin et al 2016, J Nuc Med, 57: 1872 

Limits of agreement define response 

Local disease heterogeneity 

 Does heterogeneity in lesion response impact our 

prediction? 
 

 43 patients with paired baseline and mid-Tx 

 3228 lesions tracked across scans 

 75.2 lesions/patient (range: 3 – 315) 
 

 Classify lesion response based on local  

test-retest analysis (volume dependent)  
                                                                                

 Record the proportion of lesions contained within each 

response classification group 

 

 

New  

Progressing  

Stable  

Responding  

Disappeared  
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Relative Lesion Burden  

based on ∆iSUVtotal 

Nlesions 

example patient 

Harmon et al., AAPM (2016) Lin et al 2016, J Nuc Med, 57: 1872 
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 40/43 patients exhibit response heterogeneity regardless of burden 
 

 

Local disease heterogeneity 
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Relative Lesion Burden based on ∆iSUVtotal 

All Patients 

 40/43 patients exhibit response heterogeneity regardless of burden 

 Non-favorable response dominates progression events! 
 

 

Local disease heterogeneity 

Proportion of iSUVtotal favorably  

(iCR+ iPR) responding lesions 
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P = 0.01 

Prop. of iSUVmean  non-favorably  

(iPD+ iND) responding lesions 

>31% 

<5% 

From a single scan – LOTS of data! 
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Clustergram 

scale: 

 

RADIOMICS 
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Data is the future… 

Devices  and Therepeutics   - 10% in 5 years 

 

Informatics             +150% in 5 years 

Lots of data – we’ve seen it before… 

Needle in a haystack 

Physicists want to understand! 
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What about medical physicists? 
CT

(Imaged

Vasculature)

Cu-ATSM map

(Hypoxia)
FLT map

(Proliferation)

Final 

vasculature
TAF

Doubling

time

Growth

fraction

Tumor 

volumetric growth

PCI

oxygen diffusion 

modeling

PRC

Net vessel density

Total vessel 

density added

Simulate 

thicker vessels

Simulate 

capillaries

TAF 

secretion 

rate

Voxel 

pO2 map

Perfused

vessel density

Non- perfused

vessel density

Perfused

vessel density 

added



Vasculature module

Tumor module

Model Input / Output

Tumor & Vasculature linking module

Initialize 

starting nodes

Sprouting 

angle PDF



Voxel 

coupling

Drug dosage

Intra-tumoral

drug 

concentration

PK

Therapy module

Vasculature mediated

Tumor cell mediated

PD

Adhikarla and Jeraj 2012, Phys Med Biol 57: 6103 

But that is much harder… 

 Biology enters the stage… 

Biological complexity by far exceeds physical complexity! 

“Bottom-Up” vs “Top-down” approach 

How and what can we approximate?  

We are not biologists…                                                    

(how much of the biological language do we speak)? 

 

It requires re-thinking what medical physics is… 

Should we expand beyond physics? How? 

Should we partner? How? 

 

 

PQ for Med Phys (in Oncology) 

 Science Council/WG FUTURE initiative 

 Goal: to define highest-level problems in oncology 

that medical physics should attack 

 

 Two-day meeting on Oct 31/Nov 1 2016 in Boston 

 Modelled after NCI’s Provocative Questions        

 Very diverse panel  

 Additional input from AAPM membership at large 
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PQs for Medical Physics in Oncology 

Provocative Questions for 

Medical Physics Symposium 

Monday, 4:30-6pm 

Thanks to: 
 Image-guided Therapy Group (UW) 

– Enrique Cuna 
– Peter Ferjancic 
– Daniel Huff 
– Christie Lin 
– Mauro Namias 
– Tim Perk 
– Alison Roth 
– Matt Scarpelli 
– Urban Simoncic 
– Marusa Turk 
– Damijan Valentinuzzi 
– Amy Weisman 

 
– Former students and postdocs… 

 
 Medical Physics Research Group 

(Slovenia) 
 

 Funding 
– PCF, NIH, Medivation, MVI, Pfizer, 

UWCCC, State of Wisconsin 

 Medical Oncology/Hematology 
– Glenn Liu 
– Doug McNeel 
– Ryan Mattison 
– Mark Albertini 
– Anne Traynor 
– Ruth O’Regan 

 
 Radiology 

– Scott Perlman 
– Tyler Bradshaw 
– Chris Jaskowiak 

 
 Human Oncology 

– Paul Harari 
– Bert van der Kogel 

 
 Medical Physics 

– Ed Jackson 
 

 UWCCC TIR, CTD2, DOTs 
 UW WONIX, NIX 


