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Hanahan D et al. Cell 2011; 144:646-74

Hallmarks of cancer



Immune checkpoints

Anti PD1/PDL1

Anti CTLA4

Pardoll DM. Nat Rev Cancer 2012;12:252-64



OS of MM pts treated with anti-CTLA4 and anti-PD1

Schadendorf D et al. J Clin Oncol 2015; 33:1889-94. 
Robert C et al. ASCO 2016 Annual Meeting

Ipilimumab Pembrolizumab



Clinical development of checkpoint inhibitors
in solid tumors

Antibody Molecule Development Stage

Nivolumab
Anti-PD-1 

Fully human IgG4 

Approved (US): advanced melanoma (with or w/o 

ipilimumab), advanced NSCLC after CT, advanced 

renal cell carcinoma after anti-angiogenic therapy, 

Hodgkin Lymphoma after HSCT

Phase III in multiple tumors

Pembrolizumab
Anti-PD-1

Humanized IgG4

Approved (US): advanced melanoma, advanced 

NSCLC with PD-L1 expression after CT

Phase III multiple tumors (HNSCC, melanoma, 

bladder, gastric/GE)

Atezolizumab
Anti-PD-L1

Engineered human IgG1 

Approved (US): locally advanced or metastatic 

urothelial carcinoma after CT

Phase III multiple tumors (NSCLC, RCC, TNBC)

Durvalumab
Anti-PD-L1

Engineered human IgG1
Phase III multiple tumors (bladder, NSCLC, HNSCC)

Avelumab
Anti-PD-L1

Fully human IgG1
Phase III (NSCLC, Merkel carcinoma)

Ipilimumab
Anti-CTLA4

Humanized IgG1

Approved (US): advanced melanoma

Phase III multiple tumors (melanoma, NSCLC, SCLC,

CRPC, GBM, RCC)



Hodi FS  et al. J Clin Oncol 2016; 34:1510-1517

Pseudoprogression

Baseline Week 12 Week 52
28 

months

56-year-old woman with advanced melanoma

Week 24 Week 96

Complete 
Response



Resected metastatic melanoma 
tumor nodule of the lung

T-cell
infiltrate

Extensive
necrosis

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

Mechanims underlying pseudoprogression



Four patterns of response (1 and 2)

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

Response in baseline lesions
“stable disease” with slow, steady 
decline in total tumor volume

2 meet conventional criteria for response



Four patterns of response (3 and 4)

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

The other 2 patterns go against the standard criteria for response

Responses after an initial 
increase in total tumor burden

Reduction in total tumor burden during 
or after the appearance of new lesions 



Immune Related Response Criteria (irRC)

Wolchok JD et al. Clin Cancer Res 2009;15:7412-20
Hodi FS  et al. J Clin Oncol 2016; 34:1510-17

Category RECIST v 1.1 WHO irRC

Measurement of 
tumor burden

Unidimensional Bidimensional Bidimensional

Target lesions Maximum, 5 No maximum specified Maximum, 15 index lesions

New lesion Always represents PD Always represents PD Up to 10 new visceral lesions and 5 
cutaneous lesions may be added to 
the SPD of all index lesions at any
time point

Complete
response

Disappearance of all target and nontarget lesions
Nodes must regress to < 10 mm short axis

No new lesions
Confirmation required

Partial response ≥ 30% decrease in LD compared 
with baseline
Confirmation requierd

≥ 50% decrease in SPD 
compared with baseline 
Confirmation required

≥ 50% decrease in SPD compared 
with baseline 
Confirmation required

Progressive 
disease

≥ 20% + 5-mm absolute increase 
in LD compared with nadir
Appearance of new lesions or 
progression of nontarget lesions

≥ 25% increase in SPD 
compared with nadir
Appearance of new lesions
or progression of non-index
lesions

≥ 25% increase in SPD compared 
with nadir.
New lesions added to tumor burden
Confirmation required

Stable disease Neither partial response nor progressive disease



Definition of Disease Progression

Wolchok JD et al. Clin Cancer Res 2009;15:7412-20
Hodi FS  et al. J Clin Oncol 2016; 34:1510-17

RECIST v 1.1 WHO irRC

Target lesions ≥20% increase in
the sum of diameters
of target lesions and
the sum demonstrates
an absolute increase
of at least 5mm

≥25% increase in
the sum of the
products of the two
largest perpendicular
diameters of all index
lesions

≥25% increase in

the tumor burden
(index + new
measurable)

Non-target
lesions

Unequivocal
progression of nonindex
lesions.

Unequivocal
progression of nontarget
lesions

Do not define progression

New lesion Appearance of new
lesions

Appearance of new
lesions

Measurable: 
incorporated in tumor burden

Unmeasurable: 
do not define PD

Time point Any single time point Any single time point Two consecutive
observations at
least 4 weeks apart



irRC: baseline assessment

Index 1          +       Index 2          +        Index 3

• The sum of the products of largest perpendicular diameters 
(SPD) of all index lesions is documented

• All index lesions might include 5 lesions per organ, up to 10 
visceral lesions and 5 cutaneous index lesions.



irRC: subsequent assessment

Index 1      +     Index 2       +     Index 3       +        Index 4

• Tumor burden: SPDindex lesions + SPDnew lesions

• New non-measurable lesions do not define progression (but
preclude irCR)

• The SPD of new, measurable lesions: ≥5 x 5 mm, up to 5 new 
lesions per organ, 5 new cutaneous lesions and 10 new visceral 
lesions



irRC: response evaluation

Index 1          +       Index 2          +        Index 3

1035 mm2

Index 1      +     Index 2       +     Index 3       +        Index 4

B
as

e
lin

e
A

ss
e

ss
m

e
n

t
Su

b
se

q
u

en
t

A
ss

e
ss

m
e

n
t

689 mm2

600 mm2 +              270 mm2 +            165 mm2

300 mm2 +        135 mm2 +       200 mm2 +                54 mm2

33%  decrease in SPD compared with baseline = STABLE DISEASE 



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

irRC in ipilimumab phase 2 trials



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

WHO vs irRC: overall survival



Atypical responses in pembrolizumab trials 

Early pseudoprogression Delayed pseudoprogression

Hodi FS  et al. J Clin Oncol 2016; 34:1510-1517

24 (7%) of 327 patients had atypical responses:
• 15 (5%) early pseudoprogression
• 9 (3%) delayed pseudoprogression



irRC vs RECIST 1.1: overall survival

Hodi FS  et al. J Clin Oncol 2016; 34:1510-1517

84 (14%) of 327 patients were PD according to RECIST but not to irRC



Moving from bidimensional to unidimensional

Nishino M et al. Clin Cancer Res 2013;19:3936-43



Towards irRECIST

ESMO 2014; abstract 4958



Limitations of irRC

• Risk of high interobserver variability (but unidimensional criteria are 
under development)

• Developed in melanoma patients treated with anti-CTLA4/anti-PD1. Are 
they valid also for other tumors/immunotherapy agents?

• The overall reported incidence of pseudoprogression in solid tumors is 
low (with an approximate overall incidence of 4%)1

• Risk of rapid clinical deterioration in true progressing patients

• More prospective data needed

1. Chiou VL et al. J Clin Oncol 2015; 33:3541-3
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