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Imaging in the immuno-oncology era: 
between immune response, pseudoprogression and hyperprogression:

what do we have to know?



Unusual Response Patterns

Baseline TP2

TP3

TP3

What we would expect

What has been seen- durable partial 
or even complete response 



Response and Immunotherapy

• We know
– Unusual response patterns well described especially in melanoma
– Immune based therapies are a major advancement in patient care, as access to 

immunotherapies increases, OS will be increasingly confounded as a primary 
endpoint in randomized studies due to crossover, so reliance of PFS will be 
critical

– Recent analyses of randomized studies indicate that immunotherapies may 
yield an improvement in OS with minimal or no improvement in PFS, as 
assessed by RECIST 1.1



Response and Immunotherapy

• We don’t know
– True frequency of unusual response patterns 
– Optimal response criteria or how to implement them

RECIST progression free survival (PFS) has 
demonstrated weaknesses across a number of 
settings: IO THERAPY

Conclusions and Relevance  There was no significant 
correlation between OS and PFS … but their HRs 
were significantly correlated. …..Traditional 
Response Evaluation Criteria in Solid Tumors–based 
PFS cannot capture the benefit of PD-1 inhibitors in 
patients with solid tumors, and OS should remain 
the gold standard.

CheckMate 057 trial, Paz-Arez et al, ASCO, 2015  JAMA Network Open. 2018;1(2):e180416



Baseline 3m: Response 14m: RECIST PD 30m: Follow-up

Oxnard et al, ASCO, 2012

Are these two PD’s the same ?

Variable Presentation of Progressive Disease 
Complicates Assessment
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Background: Immune Response Criteria

• irRC - consensus based recommendations (2009) 
– Based on WHO, bi-dimensional measures
– New lesion measures included in sum of measures 

of target lesions
• Subsequent modifications proposed 

– Based on RECIST/RECIST 1.1

Wolchok JD,  et al. Clin Cancer Res. 2009;15:7412–20.



Baseline Cycle 2 – SD or PD
Cycle 4

Confirming PD ?

• The irRC are guidelines but are not definitive rules:

• irRC / irRECIST are based more on instinct rather than 
outcomes correlations

• Analysis of existing imaging and outcomes can standardize 
and optimize irRECIST

Variable Presentation of Progressive Disease 
Complicates Assessment



Response Criteria Summarized

RECIST 1.1 irRC
(+ unidimensional variant)

“irRECIST /irRECIST1.1” 
variants

Bi/unidimen.? Unidimensional Bidimensional Unidimensional

N Target 5 15; (≥5 × 5mm) 10 / 5  (≥10mm/ ≥10mm (15 
for nodes))

New target lesions 
added to sum or 
measures (SOM)?

No (≥5 × 5mm); Yes - does not 
automatically define PD

(RECIST or RECIST 1.1 rules)
Yes

How many ? NA 10 visceral, 5 cutaneous 10 / 5 (RECIST 1.1 rules)

Definition of 
progression (PD)

≥ 20% ↑ compared
to nadir (≥ 5mm ↑)

≥ 25% ↑ compared to 
baseline (BL), nadir/reset BL

≥ 20% ↑ compared to nadir  
(≥ 5mm ↑)

Confirmation ? No Yes, required Yes, recommended

How confirmed? NA Not defined Not defined; not improved? 
Imager feels is worse?

The Tower of Babel !



iRECIST Addresses

• Standardise data management and collection - develop consensus guidelines  
(termed iRECIST)

• Recommendations on
– Terminology (“i” prefix)
– Data to be collected after RECIST 1.1 defined PD 
– Definition of “events”
– Primary endpoints versus exploratory endpoints

• They are not treatment decision guidelines 
• These are not  (yet) validated response criteria
• They are internationally agreed data recommendations from academia, pharma 

and regulatory authorities 

Testing and Validating for Trials of Immunotherapy 



iRECIST vs RECIST 1.1: Unchanged 

RECIST 1.1 iRECIST
Definitions of measurable, non-measurable disease √
Definitions of target (T) and non target (NT) lesions √
Measurement and management of nodal disease √
Calculation  of the sum of measurement (SOM) √
Definitions of CR, PR, SD and their duration √
Confirmation of CR and PR √
Definition of progression in T and NT 
(iRECIST terms i-unconfirmed progression (iUPD))

√



iRECIST vs RECIST 1.1: Changes

RECIST 1.1 iRECIST

Management of new lesions NEW

Time point response after RECIST 1.1 progression NEW

Confirmation of progression required NEW

Collection of reason why progression cannot be confirmed NEW

Inclusion and recording of clinical status NEW



iRECIST vs RECIST 1.1: Changes

• Treatment past PD should only be considered if patient clinically 
stable*
– No worsening of performance status.
– No clinically relevant ↑in disease related symptoms 
– No requirement for intensified management of disease related 

symptoms  (analgesics, radiation, palliative care)
• Record the reason iUPD not confirmed

– Not stable
– Treatment stopped but patient not reassessed/imaging not 

performed 
– iCPD never occurs
– Patient has died

* recommendation – may be protocol specific 



Radiomics and immune-related patterns of response 

Phenotype

Genotype

Decode imaging data

Imaging Characterization

Gene Expression Modules

Radiogenomic Association Map

Integrated Diagnostics

• Quantitative molecular imaging provides a potential platform for linking specific 
imaging traits with specific gene expression patterns that inform the underlying 
cellular pathophysiology

• Imaging features may serve as molecular surrogates that contribute to the 
diagnosis, prognosis, and likely gene-expression-associated treatment response of 
various forms of human cancer



E21mis;  EX-S WT;  EX-S

Radiomics
Creating a link between molecular diagnostics and diagnostic imaging

Lee HJ, Radiology. Jul 2013



Radiomics
Creating a link between molecular diagnostics and diagnostic imaging

A radiomics approach to assess tumour-infiltrating CD8 cells and response to anti-PD-1 or 
anti-PD-L1 immunotherapy: an imaging biomarker, retrospective multicohort study

Lancet Oncol 2018; 19: 1180–91
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A radiomics approach to assess tumour-infiltrating CD8 cells and response to anti-PD-1 or 
anti-PD-L1 immunotherapy: an imaging biomarker, retrospective multicohort study

Lancet Oncol 2018; 19: 1180–91



Defining the biological basis of radiomic
phenotypes in lung cancer

Grossmann et al. eLife 2017;6:e23421.



Radiomic Change Analysis – IO - Melanoma



Radiomic Change Analysis – IO - Melanoma



Radiomic Change Analysis – IO - Melanoma



• The antitumor activity of Pembrolizumab is difficult to evaluate due to atypical 
patterns of response and progression

• Patterns seen:
• Late Pseudoprogression
• Early Pseudoprogression
• Heterogeneous progression
• Long term partial responders

Pseudoprogression – Is there a signature?



Key Features – Biologic Relevance

Immunotherapy



Key Features – Biologic Relevance



Key Features – Biologic Relevance



Assessing Agreement between Radiomic Features 
Computed for Multiple CT Imaging Settings

PLoS One. 2016 Dec 29;11(12):e0166550



Proposed response criteria for Intratumoral Immunotherapy in solid tumors
(itRECIST)

• Gregory Goldmacher
• Anuradha Khilnani
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“Measure what is measurable, and make measurable what is not so”
- Galileo Galilei
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