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Response criteria in Oncology
ωIs a pharmacologic or radiotherapy treatment effective?

ωTrial control

ωToxicity vs. benefit

ωHow are we doing?

ωWhich is the humoral burden after treatment?

ωWhat may we expect?

ωWhich is the prognosis?

ωWhat happens inside the tumor? Beyond morphological 
response

ωFunctional imaging techniques

ωBetter for trial studies

ωCross the bridge from clinical trial to clinical practice
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From WHO to RECIST

Arenôt 2D obviously better than 1D?

Criterion WHO RECIST CHOI

Imaging All CT, MRI CT, MRI, PET

Measure 2D Size 1D Size

1D Size

2D or 3D Contrast 

enhancement

Cut-off PR Decr >50% Decr >30% Decr >10% or >15% CE

Cut-off PD Incre >25% Incre >20%
Incre >10% & not >15% 

CE decrease

Å The answer is 
“Reproducibility” and
“Simplicity”

ï 2D may produce error2

ï 3D may produce error3

Å Cut-offs are also critical
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RECIST 1.0 vs RECIST 1.1 (2009)
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Limits of RECIST 1.1

Pre-QTX

Post-QTX
Synovial Sarcoma
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Limits of RECIST 1.1

Pre-QTX

Post-QTX
Synovial Sarcoma
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The new age of
target therapy

New cancer therapies may 
be more cytostatic than 
cytocidal:

Ågood response associated 

with a decrease in 

metabolism.

ÅNo change in tumor size.

Sarcomas characteristically 
produce extracellular matrix 
(bone or collagen).

Matrix can stay time after 
cellular death, and it may 
prevent tumor shrinkage.
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New challenges

ÅRC

ÅRP

ÅES

ÅEP

?
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Focus on density changes after contrast enhancement in a 
target lesion, before and after treatment.

Use the same eligibility criteria for target lesions than RECIST.

8w0 8w1

Unchanged size

CHOI CE -19%

PR 8w2

Increased size +19%

CHOI CE +20%

New lesions - PD

CHOI criteria
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CT is the preferred when evaluate thoracic or abdominal STS or 
its metastases.

HU are common units between manufactures and easy to 
standardize.

Crucial to adhere to a standardized CT protocol to minimize bias:

Å consistency in injected dose and rate.

Å postinjectiondelay.

Å reconstruction parameters.

CHOI criteria
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Use signal intensity after CE as marker of 
density (adaptedfrom CT).

When evaluate STS in neoadyuvancy
protocols.

More complex protocol design and 
evaluation.

Great potential unevaluated: CE-MRI, 
DCE-MRI, Diffusion MRI, BOLD-MRI

Reproducibility issues, fail adequate 
έǳƴƛǘǎέ ǎǘŀƴŘŀǊŘƛȊŀǘƛƻƴΦ

Synovial sarcoma

Necrosis=25%

Fibrosis=43%

CHOI criteria in STS?



Daniel Bernabeu – H.U. La Paz

CHOI criteria in STS?
Accuracy of response criteria based on contrast enhancement is dependent on the 
acquisition delay after gadolinium-chelate injection.

DCE-MRI helps determine the optimal acquisition delay after contrast injection for 
improving evaluation of tumor response.

In soft tissue sarcoma, an acquisition delay at 60 segoptimizes the evaluation of 
the response and accuracy of the CHOI criteria.
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CHOI criteria in STS?
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Bouattour, Mohamed & Dreyer, C & Raymond, Eric & Faivre, Sandrine. (2010). 
Evaluation of antiangiogenic effects: biomarkers and functional imaging. 35.
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What is happening with CHOI Criteria?
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Spontaneous central necrosis induced by locally insufficient 
angiogenesis or hemorrhage:

reduced enhancement central part of the lesion.

Increased size of the lesion.

Difficult to identify prolonged PFS patients.

Complex STS biology.

Standardization on MRI.

CHOI

RP?

>15% decreased CE

>53% increased size

15,5 cm10,1 cm

CHOI criteria limitations
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Choi criteria modified:

>10% size reduction

AND

>15% decreased 
attenuation

Å Choi criteria adapted to MR:

ï >15% signal attenuation after
contrast enhancement.

ï MRI signal is not a 
standardized parameter:

Å Magnetic Field (1,5 or 3T)

Å Manufacturer

Å Receptor Coils

Å Patient positioning

Modified CHOI criteria?

Is the CHOI <15% CE 
cut-off adequate to MRI? 
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By RECIST in STS relapse 
first treatment:

SD+PR significant better 
prognosis than PD

Increased size >10% 
worst prognosis.

How is doing RECIST criteria on STS?
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Multi-institutional	European	single-arm	phase	II	trial	of	Pazopanib	
in	advanced	malignant/dedifferentiated	Solitary	Fibrous	Tumors	

(SFT).	A	Collaborative	Spanish	(GEIS),	Italian	(ISG)	and	French	(FSG)	
Sarcoma	Groups	Study

J	Martin-Broto,	S	Stacchiotti,	A	Lopez-Pousa,	A	Redondo,	D	Bernabeu,	P	Casali,	A	
Italiano,	G	Grignani,	Sarah	Dumont,	X	Garcia del	Muro,	A	Gutierrez,	J	Martinez-
Trufero,	E	Palmerini,	N	Hindi,	E	de	Alava,	P	Collini,	D	Ranchere-Vince,	J-Y	Blay	

and	J	Cruz.		

Presented by J Martin-Broto

How is doingCHOI criteria on STS?
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Evaluate CE by 3D 
assessment

Tumor section might not have been 
the same as at baseline for 2D 
assessment. 

Better reflect status of the whole 
tumor.

5ƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ άǘŀǊƎŜǘŜŘέ ŘǊǳƎǎΥ

TKI

mTOR inhibitors

VEGF inhibitors

Trabectedin

Olaratumab

Analysis software 

Standardization of CHOI evaluation
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Use the same MRI device.

Use the same coil.

Put patient in the same position (take 
a picture).

Identical sequences, planning and 
slice thickness to allow correlation.

Use the same Gd-pharmaceutical.

Avoid Fat suppression sequences for 
CE measurements. Use digital 
subtraction.

Introduce Dynamic-CE sequences

Criteria for ROI position 

Avoid, as possible, 3T

Standardization of MRI 
technique
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Inmunoresponse (Ir) criteria

New concepts:
Total Tumoral Burden
Pseudo-Progression
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Inmunoresponse (Ir) criteria
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DisociativePseudo-Progression
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Inmunoresponse criteria
Seymour L, Bogaerts J, Perrone A, Ford R, Schwartz LH, Mandrekar S, et al. iRECIST: guidelines for response 

criteria for use in trials testing immunotherapeutics. Lancet Oncol. 2017;18(3):e143–52. 

IrRECIST

iRECIST
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Pseudo-progresión with Antiangiogenictherapy
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SUV is the standardize measure value.

Better use SUL (lean body massςnormalized 
SUV)

Å Fat tissue has low metabolic activity.

Å Obese patients can show increased SUV.

Liver activity as reference to compare SUL 
between studies in the same patient.

Crucial to adhere to a standardized PET/CT 
technique to minimize bias:

Consistency in injected dose

Post-injection delay

Reconstruction parameters

SUV normalization technique

PERCIST on PET/CT

35% decreased CE 71% decreased SUV max

UPS
Necrosis=92%
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PERCIST on PET/CT

30% cut-off SUVpeak evaluation:

PR >30% decline uptake.

PD >30% increase uptake.

Pathologic response with 35% reduction SUVpeak.

Specificity for Pathologic response if 60% reduction 

SUVpeak.

Better reproducibility than MRI.

61% decreased
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Progression

Response
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Use iv. Bolus of Gd to create time-

enhancement curves:

ÅDifferent TE curves

ÅSemiquantitative

ÅSemiquantitative parameters:

Å Slopeof filling (maximumslope).

Å Maximumenhancement(peakheight) .

Å Area under the receiver-operating 

characteristics curves (AUROC).

ÅQuantitative studies:

Å Tofts-Kety model (vascularity kinetics)

ÅParametric mapping

Synovial sarcoma

Necrosis=25%

Fibrosis=43%

DCE-MRI evaluation
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DCE-MRI evaluation

Intra-arterial kinetics(IAK) can be very different 
in each patient depending on the 

injection protocol (volume, concentration, 
speed, etc and physiological conditions.

Ktrans=44

Ktrans=13
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Diffusion-MRI, there is a place?

ADC parameter similar between manufacturers at 1,5T but not with 3T.

RT effects.

Susceptibility effects
Synovial sarcoma

Necrosis=25%

Fibrosis=43%

Post Qtx 3º Cycle ADC: 2,375 mm/s 2

ADC: 1,173 mm/s 2Basal
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Radiomics in progress

CT TextureAnalysis...
A valuable tool to better 
understand which radiological 
parameters are most 
valuables.

Aplicationson DW-MRI:

ADCminis not a valuable 
parameter to use in clinical 
trials

LubnerMG, et al. CT TextureAnalysis: Definitions, Applications, BiologicCorrelates, 
and Challenges. RadioGraphics. 2017 Sep;37(5):1483ς503.
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Radiomics in progress
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CONCLUSIONS
ṉFunctional criteria work better to evaluate response after systemic 

treatment.

ṉCHOI criteria is a RECIST 1.1 based criteria:

Add attenuation criteria after contrast media.

Use different size cut-offs for PR and PD.

ṉPERCIST has emerged as promising criteria on PET/CT (similar as 
CHOI).

ṉCHOI/PERCIST correlate better than RECIST with tumor response 
and necrosis in most STS.

ṉA more standardized protocols, specially on MRI, are desirable.

ṉRadiomics is helping to define better, or new, quantitative criteria.
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