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Immune Checkpoint Inhibitors (ICIs) 



Immune Checkpoint Inhibitors (ICIs) 

PD1- blockade:
-pembrolizumab (Keytruda)
- nivolumab (Opdivo)

PDL1 –blockade:
-atezolizumab (Tecentriq)
-avelumab (Bavencio)
-durvalumab (Imfinzi)





Δεδομένα:

✓Ανταπόκριση μόνο σε υποομάδες ασθενών.

✓Ανταπόκριση σε μικρό σχετικά ποσοστό σε κάθε ιστολογικό 
τύπο.

✓Δεν υπάρχουν ακριβείς δείκτες ως προς την επιλογή των 
ασθενών που θα ωφεληθούν από την  θεραπεία.

✓Παρενέργειες (irAEs)

✓Θεραπεία υψηλού κόστους

Immune Checkpoint Inhibitors (ICIs) 

‘’$100,000 per year,”  “Combine drugs and it’s 
over $200,000 per year.”



Immune Checkpoint Inhibitors (ICIs) 

Προκλήσεις:

->Σωστή επιλογή των ασθενών που θα λάβουν ICIs

-> Απεικονιστική εκτίμηση της ανταπόκρισης.

Heterogeneous PD-L1 expression







Pre-clinical Clinical 
Translation Clinical

Εξελίξεις στην απεικόνιση με PET & SPECT στην 
Ανοσοθεραπεία του καρκίνου



Clinical data

✓Απεικονιστικά κριτήρια εκτίμησης ανταπόκρισης στην Ανοσοθεραπεία

CT
FDG PET/CT

•RECIST1.1
➢iRECIST

•EORTC
•PERCIST
➢imPERCIST
➢PERCIMT

•Lugano (Lymphomas)

➢LYRIC



Mixed or Dissociated 
response

Novel patterns of response under ICIs 

--- Progression



✓60 patients with metastatic melanoma treated with ipilimumab

BASELINE 
PET/CT

E-o-T PET/CT3w

PERCIST imPERCIST

PMD sum of SULpeak5 >30% or 
new lesions

sum of SULpeak5 >30%



✓Pseudoprogression
~2%

✓In most patients, the 
appearance of new lesions 
was associated with 
progression and poor 
prognosis.

PET/CT is a good method for immune therapy response assessment 

PERCIST

imPERCIST



EORTC PERCIMT

CMR

Complete resolution of 18F-FDG uptake within 

the tumor volume

Complete resolution of all pre-

existing18F-FDG avid lesions. No new, 
18F-FDG avid lesions.

PMR Decrease in tumor SUV>25% after more than 1 

therapeutic cycle

Complete resolution of some pre-

existing18F-FDG avid lesions. No new, 
18F-FDG avid lesions.

SMD

Increase in tumor SUV<25% or decrease in 

SUV<15% Neither PMD nor PMR/CMR

PMD

Increase in tumor SUV>25% or appearance of 

new lesions

≥ 4 new lesions of less than 1 cm in 

functional diameter or

≥ 3 new lesions of more than 1.0 cm in 

functional diameter or

≥ 2 new lesions of more than 1.5 cm in 

functional diameter

Melanoma - Ipilimumab

PET Response Evaluation

Criteria for IMmunoTherapy







Clinical Translation

➢ Απεικόνιση των PD1/PD-L1  -> επιλογή των ασθενών

➢Ιχνηλάτηση των T cell για την παρακολούθηση της ανοσιακής
απόκρισης.

ImmunoPET



First in human PET/CT 89Zr 
- atezolizumab (anti-PD-L1)

22 patients with three 
tumor types (bladder, 
NSCLC, TNBC) before the 
start of atezolizumab
therapy

✓Feasibility and safety

89Zr-atezolizumab PET/CT on day 7 post-injection



Mediastinal lesion of a 
NSCLC patient (SUVmax 
19.9) 

abdominal wall 
metastases of a bladder
cancer patient (SUVmax 
36.4) 

bone metastasis of a TNBC 
patient (SUVmax 7.1)

➢ The anti-PD-L1 PET signal was generally  high but heterogeneous, 
varying within and among lesions and tumor types.



➢ Clinical responses were better correlated with pretreatment PET
signal than with immunohistochemistry- or RNA-sequencing based 
predictive biomarkers, encouraging further development of molecular 
PET imaging for assessment of PD-L1 status and clinical response 
prediction.



First-in-human study results of whole body PET
imaging with 18F-BMS-986192 (anti-PD-l1) and
89Zr-Nivolumab (anti-PD1) in 13 patients with
advanced NSCLC, prior to treatment with
nivolumab.

➢safety
➢Heterogeneous radiotracer uptake.

➢Radiotracer uptake is related to response.



Pre-Clinical setting →Clinical Translation

Two studies on [89Zr]Zr-DFO-
pembrolizumab imaging are 
currently open for locally advanced 
or metastatic melanoma or non-
small cell lung cancer (NCT03065764, 
NCT02760225). 

A  phase 2 clinical trial with [89Zr]Zr-

DFO-ipilimumab in metastatic 
melanoma patients is currently running 
(NCT03313323). 

Clinical studies using engineered antibody 
fragments (minibodies) targeting CD8 are 
either completed (NCT03107663) or recruiting 
patients (NCT03802123, NCT03610061)

humanised OX40 agonist 
monoclonal antibodies are 
currently being introduced in 
early phase clinical trials for 
various cancer types (e.g. 
NCT02318394).

NCT03409419

NCT03311672 
NCT03142204
NCT03007719



Tracking  T cells

->Παρακολούθηση της 
ανοσιακής απόκρισης στην 
χορήγηση ICIs
->Πρόβλεψη irAEs ?
->διάκριση της  Ψευδοπροόδου
από την Αληθή Πρόοδο νόσου?





2011
First ICI 

approved by 
FDA 

2017
FDA approval 
of CD19 CAR 
therapy for 

pediatric ALL 
and NHL



CAR T cell Therapies



CAR T cell Therapies

FDA approval 2017
EMA approval 2018

-> Relapsed or refractory diffuse large B-
cell lymphoma (DLBCL)

-> Relapsed or refractory acute 
lymphoblastic leukemia (ALL) 

Cost ~400,000 € 

CD 19



Why do we need CAR T cell tracking?

-> Να δειχθεί η ακριβής στόχευση της θεραπείας.



Insert reporter gene







Συμπερασματικά

Pre-clinical Clinical 
Translation Clinical

FDG PET/CT
-Response assessment
-Prognostic index

ImmunoPET ?



holla


