
Catherine Coolens, PhD CIPEM

Department of Medical Physics, Princess Margaret Cancer Centre, Toronto

Department of Radiation Oncology, University of Toronto

Institute of Biomaterials and Biomedical Engineering, University of Toronto

Joint Department of Medical Imaging, University of Toronto

Adjunct Faculty, Techna Institute, Toronto

(Quantitative) Imaging for 
Adaptive Radiotherapy

(Quantitative) Imaging for 
Adaptive Radiotherapy



• Modus Medical Devices Inc.

• Shelley Medical Imaging Technologies

Disclosure: No Conflict, No InterestDisclosure: No Conflict, No Interest



Understanding Imaging: OverviewUnderstanding Imaging: Overview

• Adaptive Imaging Specifications

• Functional Imaging Techniques

• Validation and Standardization 



Imaging and Personalized Cancer MedicineImaging and Personalized Cancer Medicine

How interrogate the morphological and  
physiological status of the tumor                      

before, during and after treatment?

How interrogate the morphological and  
physiological status of the tumor                      

before, during and after treatment?

– Quantify individual tumor microenvironment

– Earlier physiological effect than volume change 

– Response Assessment to adapt treatment where 
needed



1. Understanding Cancer: Target Definition1. Understanding Cancer: Target Definition

Reduced variation in delineation

Han et al. Radiotherapy and Oncology 120 (2016) 519–525



1. Understanding Cancer: Heterogeneity

Stadlbauer et al. Mol. Imaging Biology 120 (2019) Vol 21(4) 758–770

Surrogate 
prognostic 

factor



1. Understanding Cancer: Microenvironment1. Understanding Cancer: Microenvironment

• Angiogenesis 

• Interstitial Fluid Pressure

• Metabolism

• Oxygenation/Hypoxia

• Cell density

• Vessel Permeability

Source: Nat Clin Pract Oncol



Only histogram moments analysis of parametric maps prognostic

1. Understanding Cancer: Response

Coolens et al. Adv Radiat Oncol. 2016 Jul 1;1(3):194-203. 



2. Functional Imaging: Requirements2. Functional Imaging: Requirements

• High spatial resolution

• High temporal resolution

• Clinical convenience 

• Non-invasive (single or no bolus) 

• (Direct) Quantification

• Biologically relevant surrogate

• Meaningful parametric model



2. Functional Imaging: Overview2. Functional Imaging: Overview



2. Frontiers: Multi-modal Imaging  2. Frontiers: Multi-modal Imaging  

Padhani &Miles, Radiology 2010



movie

AAPM Webinar Feb 2019

2. Functional Imaging: DCE Imaging2. Functional Imaging: DCE Imaging



Time

1-
Compartment

2-Compartments

2. Functional Imaging: Kinetic modeling2. Functional Imaging: Kinetic modeling

Ca(t) Cv(t)

Ce(t)

Tofts et al 1999 JMRI



2. DCE Imaging: Iodine vs Gd-DTPA2. DCE Imaging: Iodine vs Gd-DTPA

• Visipaque

• 320 mgI/mL

• MW 1550.2

• Gadovist

• 1.0 mmol
Gd/mL

• MW 604.7

• Visipaque

• 320 mgI/mL

• MW 1550.2

• Gadovist

• 1.0 mmol
Gd/mL

• MW 604.7

Lesio
n

Bloom

Lesion

Bloom

Lesion Contrast Bloom Time Enhancement Curve

• Main Lesion has stayed roughly the same volume

• Contrast Bloom evident in MR but not CT



D0

2. Functional Imaging: Transport Flow2. Functional Imaging: Transport Flow

Case Study (DCE-MRI) courtesy of T. Hompland



III. Robustness and StandardizationIII. Robustness and Standardization

“The lack of a robust, high-content 
clinical trials infrastructure is a 

major limiting factor in the development of 
personalized cancer medicine.”

“The lack of a robust, high-content 
clinical trials infrastructure is a 

major limiting factor in the development of 
personalized cancer medicine.”

Quote Treister et al. 



Functional Imaging Validation FrameworkFunctional Imaging Validation Framework

• Standardization of image acquisition and analysis

• Correlation with outcome

• Correlation with pathology or tissue biomarkers

• Unified Transport modeling



MULT-SITE DCE CHALLENGE: A CLUSTER FAILURE



Variation in modeling implementationVariation in modeling implementation

Ger et al. 2017. A Multi-Institutional Comparison of Dynamic Contrast-Enhanced Magnetic 

Resonance Imaging Parameter Calculations. Scientific Reports, 7(1), [11185]



Parametric Sensitivity to AcquisitionParametric Sensitivity to Acquisition

Svistoun et al. QIN Special Issue. Tomography 5(1), 209-219, 2019.



DCE and DWI Imaging Validation DCE and DWI Imaging Validation 



Imaging Core Lab: Imaging Trial SupportImaging Core Lab: Imaging Trial Support

https://technainstitute.com/qipcm/



4D TDA CT/MRI
 A robust method for automatic 3D 

vasculature segmentation and 
unified parametric voxel-based 
analysis of DCE CT & DCE-MR, 
DWI scans without the need for 
manual tissue ROI delineation.

The DCE QA Tool
 Using a validated dynamic flow 

phantom perform DCE QA for any 
CT scanner.

QIPCM: Standardized Tools

Web Based RT Viewer
 Browser-based RT-specific viewer 

for visualization, review and 
workflow (automated navigation 
and quality assurance tools)



Standards & Guidelines: RSNAStandards & Guidelines: RSNA

 Quantitative Imaging Biomarker Alliance (QIBA)



Standards & Guidelines: NCIStandards & Guidelines: NCI

 Quantitative Imaging for Evaluation of Responses 
to Cancer Therapies (QIN)



Standards & Guidelines: AAPMStandards & Guidelines: AAPM

 MRI - Molecular Imaging in 

• TG 294: Magnetic Resonance Biomarkers in 
Radiation Oncology

• TG 284: MRI Simulation in Radiotherapy: 
Considerations for Clinical Implementation, 
Optimization, and Quality Assurance



SummarySummary

1. Importance of Functional Imaging in Simulation and 
Treatment Response Assessment

2. Multi-modality Imaging Approach to support 
complementary Response Assessment describing broader 
micro-environment

3. Further standardization and validation of functional 
image acquisition and analysis for clinical trials is needed 

1. Importance of Functional Imaging in Simulation and 
Treatment Response Assessment

2. Multi-modality Imaging Approach to support 
complementary Response Assessment describing broader 
micro-environment

3. Further standardization and validation of functional 
image acquisition and analysis for clinical trials is needed 
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