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Micros & question 
cards available

during workshops



Response assessment of treatment that does not reduce tumour size: 
Immunotherapy

Figueiras R et al, Radiographics 2011

A. Reduction in tumour size

B. Reduction in vascularity ± size reduction

C. Cystic/necrotic change ± size reduction

D. Intratumoral hemorraghe ± size reduction

Figueiras R et al, radiographics 2011

Response?



Response assessment of treatment that does not reduce tumour size: beyond RECIST 1.1

Figueiras R et al, 
Radiographics 2011

DWI, diffusion-weighted imaging; EASL, European Association for the Study of the Liver; irRC, immune-related response criteria; MR, magnetic resonance; MRE, MR enterography; mRECIST, modified RECIST; 
MRS, MR spectroscopy; PERCIST, PET Response Criteria in Solid Tumors; RECICL, Response Evaluation Criteria in Cancer of the Liver; RECIST, Response Evaluation Criteria in Solid Tumors; WHO, World Health Organization.



mRECIST – EASL - RECICL   
• Chemo-embolization /SIRT - Immunotherapy
• Represents vascular disruption 

and intratumoral necrosis in absence of tumour size changes

1. European Association for the Study of the Liver (EASL)
WHO-criteria incorporating viable tissue concept (EASL-criteria)

2. American Association for the Study of Liver diseases
Modified RECIST (mRECIST) incorporating viable tissue concept

3. Liver Cancer Study Group of Japan  
Response evaluation Criteria in Cancer of the Liver (RECICL)
-> Includes tumour necrosis in measurements
-> Timing of measurements
-> 3 tumour markers : AFP, AFP-L3 and DCP

Subbiah V et al, Diagnostics 2017AFP, α-fetoprotein; AFP L3, lectin-reactive AFP; DCP, des-gamma-carboxyprothrombin; EASL, European Association for the Study of the Liver; mRECIST, modified Response 
Evaluation Criteria in Solid Tumors; RECICL, Response Evaluation Criteria in Cancer of the Liver; SIRT, selective internal radiation therapy; WHO, World Health Organization.



mRECIST – EASL - RECICL   

* MRI or CT-scan
• Requires dual phase contrast
• Measurements in arterial phase
• Target lesion: measurable according to RECIST, 

suitable for repeat measurements and shows well-defined arterial enhancement
• 2 target lesions recommended

• Diffuse HCC = non-target lesion; Portal tumoral thrombus = nonmeasurable
• Rim-like lesion = non-measurable

Figueiras R et al, Radiographics 2011CT, computed tomography; EASL, European Association for the Study of the Liver; HCC; hepatocellular carcinoma; mRECIST, modified RECIST; MRI, magnetic resonance
imaging; RECICL, Response Evaluation Criteria in Cancer of the Liver; RECIST, Response Evaluation Criteria in Solid Tumors ; SIRT, selective internal radiation therapy.



mRECIST – EASL – Validated in large patient populations

mRECIST better correlation with progression free and overall survival compared to RECIST 1.1

EASL, European Association for the Study of the Liver; HCC; hepatocellular carcinoma; mRECIST, modified RECIST; RECIST, Response Evaluation Criteria in Solid Tumors.



mRECIST

Immunotherapy: mRECIST partial response - RECIST 1.1 stable disease 9 months follow-up since response assessment

Immunotherapy: mRECIST stable disease (non-response) 3 months follow-up since response assessment

EASL, European Association for the Study of the Liver; mRECIST, modified RECIST; RECIST, Response Evaluation Criteria in Solid Tumors.



mRECIST: Difficulties

2/ Interobserver variability increases

1/ Arterial enhancement has moderate correlation with tumour pathology and only reflects vascularity!

PFS = 3.5 months

mRECIST, modified Response Evaluation Criteria in Solid Tumors; PFS, progression-free survival.
Vandecaveye V et al, Radiology 2013



iRECIST

4 patterns of response

*

Validation studies (Hodi F et al, JCO 2016)ipilimumab phase II program

iRECIST PR and SD similar survival outcome as RECIST 1.1 PR

iRECIST, immune-related RECIST; PR, partial response; RECIST, Response Evaluation Criteria in Solid Tumors; SD, stable disease.
Vandecaveye V et al, Radiology 2013



iRECIST

Kataoka Y et al, Annals of Translational Medicine 2018  

• Imaging modalities, contrast-phase and target lesion selection: as per RECIST 1.1
• Follow-up frequency 6 -12 weeks

• New definitions : iUPD = unconfirmed progression – iCPD = confirmed progression

iUPD

PR

iRECIST, immune-related RECIST; PR, partial response; RECIST, Response Evaluation Criteria in Solid Tumors.



iRECIST
Seymour L, Lancet Oncology 2017

Partial response
as per RECIST 1.1

iRECIST, immune-related RECIST; 
RECIST, Response Evaluation Criteria in Solid Tumors.



iRECIST – from trial to clinical practice

iUPD iPR

New lesion

Growth

New lesion

iUPD iCPD

New lesion

Growth

iRECIST response  closer correlation to outcome than RECIST 1.1
Avoiding premature withdrawal of immunotherapy

Clinical trials  drug efficacy
Clinical practice optimize therapeutic management

iRECIST, immune-related RECIST; 
RECIST, Response Evaluation Criteria in Solid Tumors.



iRECIST - Potential difficulties

2/
Balancing the adverse effects of premature 
immunotherapy withdrawal opposed to treatment 
induced toxicity

Clinical assessment lack of progression?

1/
Although potentially an improvement over 
conventional criteria for immunotherapeutic agents, 
the iRECIST may still not capture or fully characterize 
all relevant patterns of clinical activity

 Validation in different agents remains necessary

Courtesy of J Dekervel, digestive oncology UZ Leuven

iRECIST, immune-related Response Evaluation Criteria in Solid Tumors.



Inflammation/necrosis

DWI

Tumour

DWI

Helsinki museum of art

b0

b1000
readout

b0

b1000

Functional: diffusion-weighted MRI

DWI, diffusion-weighted imaging; MRI, magnetic resonance imaging.



Functional response assessment : diffusion-weighted MRI

1 cycle (2w) tissue necrotic
Background tissue

Baseline tissue intact 
Background tissue

b

ADC

SI

b

ADC
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Threshold 
%ADC change

Treatment outcome
TN2

Treatment outcome
TN2

Histogram

change

B1000 DWI

ADC

B1000 DWI

ADC
ADC, apparent diffusion coefficient; DWI, diffusion-weighted imaging; MRI, magnetic resonance imaging; SI, signal intensity.



• If manual segmentation: up to 5 lesions/organ system

• ADCratio = [(ADCfu – ADCbase)/ADCbase] x 100%

• Threshold ADCratio, variable (!) = 15% for HCC, 0% for NET, 24% for lymphoma

• Lowest responding lesion = index lesion for total response

Automated segmentation

Chemotherapy
+

Immunotherapy

DWI not influenced by inflammation

ADC change = 40%
Threshold = 24%

Functional: diffusion-weighted MRI

ADC, apparent diffusion coefficient; DWI, diffusion-weighted imaging; 
HCC, hepatocellular carcinoma;  MRI, magnetic resonance imaging; 

NET, neuroendocrine tumor.



LYMPHOMA: INTERIM DWI-RESPONSE ASSESSMENT

Early WB-DWI improves PET/CT for prediction of outcome

Interim DWI

Interim PET End PET

CT, computed tomography; DWI, diffusion-weighted imaging; PET, positron emission tomography; WB , whole body.



DWI: EARLY RESPONSE ASSESSMENT AFTER 1 TREATMENT CYCLE FOR LYMPHOMA

Responder Non-Responder

DWI – 1 cycle

DWI – 1 cycle

Complete remission Lymphoma recurrence

DWI, diffusion-weighted imaging.



Beyond ADC
Early treatment response in Hodgkin lymphoma

1 treatment cycle

?

?

ADC, apparent diffusion coefficient.



ଵ
ଶ

ଵଷ

3
D

Beyond ADC

Second Order Statistic (SOS) using 2D histogram based on
Gray Level Coocurrence matrix (GLCM)

ADC, apparent diffusion coefficient.



Overcoming failure of standard
DWI analysis  Texture metrics

Hodgkin lymphoma: non-responder

DWI, diffusion-weighted imaging.



DWI enables identification of pseudoprogression

DWI, diffusion-weighted imaging.



DWI enables identification of pseudoprogression: clinical case colon cancer

ADC > 0,00140  inflammation/necrosis
Complete remission for 4 years

ADC, apparent diffusion coefficient; DWI, diffusion-weighted imaging.



Take home messages

Functional MRI criteria

Improved marker for outcome then RECIST/FDG-PET

Requires further build-up of data

Alternative RECIST criteria

Improved marker for outcome then RECIST

Likely do not capture disease activity as 
functional imaging

FDG-PET, fluorodeoxyglucose positron emission tomography; MRI, magnetic 
resonance imaging; Response Evaluation Criteria in Solid Tumors.


