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BASICS



Basis of Immunotherapy

• Malignant cells often undergo modification to escape the native immune 
response

• Immunotherapy by using ICIs aims to facilitate recognition of the tumor 
antigen by the T cells, thereby resulting in tumor regression

• Enables T cells to mount an antitumor immune response that bypasses 
the regulatory mechanisms in the tumor cells

• Knowledge of these mechanisms is evolving, with new pathways for 
immunomodulation continually emerging



Pathways 
• The CTLA-4 Pathway 

• The Programmed Cell Death Protein 1 Pathway  (PD1 & PDL1)

• Other Pathways for Cancer Immunotherapy 
• Chimeric antigen receptor (CAR) T-cell therapy
• natural killer cell–mediated immunotherapy
• human epidermal growth factor receptor 2–directed monoclonal antibody 

T-cell immunoglobulin, 
• immunoreceptor tyrosine- based inhibitory motif domain, 
• Lymphocyte activation gene 3, and 
• cytokine-mediated immunotherapy



The CTLA-4 Pathway 
• Earliest to be identified

• Chronic inflammation or induction by tumor cells, resulting in 
decreased effectiveness of the T-cell immune response 

• Downregulates the CD28 protein expressed on T-cells, which provides 
costimulatory signals for T-cell activation

• CTLA-4 binds to the closely related CD80 and CD86 B7 membrane 
proteins that are involved in T-cell activation with a higher affinity 
than CD28, thereby decreasing the availability for CD28 binding

• CTLA-4 can decrease CD80 and CD86 expression through endocytosis



The Programmed Cell Death Protein 1 Pathway

• PD-1 - a cell surface protein with inhibitory effects on immune response with 
two ligands, PD-L1 and PD-L2

• Tumor-specific T cells and tumor-infiltrating lymphocytes have high PD-1 
expression, resulting in decreased T-cell function with impaired cytokine 
production and upregulation in the tumor microenvironment

• Better safety profile with decreased side effects in comparison with CTLA-4 
inhibitors 

• Multiple preclinical and early clinical studies have shown the feasibility of in 
vivo PD-L1 imaging using different radiolabeled agents. 

• Further studies required to assess their clinical translation and evolution of 
next generation of imaging biomarkers.



Other Pathways for Cancer Immunotherapy

• Chimeric antigen receptor (CAR) T-cell therapy is one of the most 
effective adoptive T-cell therapies. CAR T cells are created from CD4+ 
and CD8+ T cells that are modified to identify specific antigens on the 
tumor cell surface by expressing the CAR on the T-cell surface; T-cell 
proliferation and cytokine release kill the target tumor cells. 

• Potential application of in vivo PET and tracking of activated T cells to 
monitor the response to CAR T-cell therapy. 

• PET agents, if successful, can improve patients’ risk stratification and 
enhance the efficacy and safety of CAR T-cell therapy.



Common Immunotherapy Pathways and Therapeutic and Imaging Agents







RESPONSES AND CRITERIA





Need of specialized assessment criteria

• Confounding imaging features after immunotherapy

• Some instances of good clinical response discordant with obvious 
progression on imaging, which when persisted with same Rx in some 
cases demonstrated response on follow up imaging - ? Treat beyond 
progression

• Occasional instances of unusually rapid progression of disease with 
clinical deterioration to death

• Delayed onset of response on imaging

• Durable response even after cessation of Rx

• Dissociate response and oligoprogression

• Distinct adverse events



Types of response
• CR

• PR

• SD

• PD

• iUPD

• iCPD

• iSD

• Pseudoprogression

• Hyperprogression

• Dissociative response

• Durable response

• Adverse events



imPERCIST - 2019





Overview of PERCIST 1.0 and FDG PET/CT–Based Criteria for Metabolic Response Evaluation to Immunotherapy





Examples  



CR



Ca. lung on Immunotherapy - PR



PD

• Assigned iUPD at first instance of progression on imaging

• Requires confirmation on follow up scan after a few weeks

• If confirmed – iCPD

• If regression or stabilization on follow up – iPR or iSD - pseudoprogression



Pseudoprogression
• Important pitfall

• PD as per criteria
• an increase in tumor size or metabolism

• the appearance of new lesions

• Followed by a decrease in tumor burden or stabilization of disease 
on subsequent examinations 



Pseudoprogression

• first described in patients with metastatic melanoma (5–15%)

• 6.9% in non–small cell lung cancer,

• 5–7% in renal cell carcinoma, and 

• 1% in head and neck cancer 

• Progression at the first response assessment is usualy the true 
progression except when patient’s clinical condition shows 
concurrent improvement



iUPD

iSD

HCC on 
Immunotherapy



True PD
iCPD



SD



3rd Aug 2022 17th Nov 2022

13th April 2023 6th June 2023

CT

Immuno
therapy

SD



Hyperprogression
• A twofold or greater increase in the tumor volume growth rate 

during immunotherapy, time to treatment failure of less than 2 
months, and clinical deterioration 

• 4–28% of patients treated with immunotherapy 

• More common with anti–PD-1/PD-L1 agents than anti–CTLA-4 
therapy 

• Possible mechanisms include changes in the tumor immune 
microenvironment during Rx, exacerbation of the suppression of 
innate immunity, activation of oncogenic signaling, and tumor-
promoting cytokines



HCC progressed on CT 
and started on 
immunotherapy –
worsened clinically and 
tumor burden almost 
doubled on 1st follow 
up imaging and died 1 
month later 

Hyperprogression







Dissociative response 
• up to 10% of patients  with coexistence of responding lesions 

and nonresponding lesions; oligoprogression – increase of only 
a few lesions  

• first detected with pts of NSCLC on anti-PD-1/PDL-1 therapy

• benefit from continuation of ICI therapy and local ablative 
treatments to the growing lesions 

• To be assigned at later time points of disease progression, 
rather than on the first follow-up examination only



Advanced 
metastatic 
carcinoma on 
immunotherapy

First follow up scan 
reveals regression of 
peritoneal disease 
and ascites BUT 
increase in the 
retroperitoneal 
nodes – assigned 
iUPD



Durable response
• Delayed but durable response even after treatment cessation; 

progression-free survival (PFS) exceeds three times the median PFS of 
the patients receiving the same therapy

• ICIs - 2.3 times more likely to achieve durable response compared to  
chemotherapy or targeted therapy 

• Controversial whether immunotherapy should be interrupted after a 
certain treatment duration or whether it should be continued until 
disease progression. 

• Future studies to investigate predictors of durable response to 
immunotherapy



Progressive HCC 18th May 2020 7th Sep 2020

85 y M 

On bevacizumab 
plus atezolizumab-
PR



23rd Feb 2021 iUPD

26th Apr 2021 iSD



11th Feb 2022 - SD – cessation of therapy

5th Nov 2022 - SD Operated for Ca. Cecum and 
doing well !!!!



AEs



• dose dependent

• skin, gastrointestinal tract, and lung - more vulnerable 

• pneumonitis and thyroid disorders more common with anti–PD-
1/PDL-1 therapy, 

• hypophysitis and colitis more common with anti–CTLA- 4 antibodies

• Pneumonitis first detected by imaging, before symptom onset 

• Prompt identification needed





Metastatic NSCLC, developed SOB after 2 
months of nivolumab and ipilimumab

Pneumonitis - COP Improvement after steroids



GIT:

Diarrhea or colitis; 5–10 weeks

Colitis  - most common cause of death among all individuals with irAEs

Diffuse colitis (most common; up to 75% of cases), segmental colitis associated 
with diverticulosis, and isolated rectosigmoid colitis without diverticulosis 

CT scan - extent and severity of colitis and evaluation of possible perforation 

Rx - depends on the rate of toxicity 

Less common are ileitis, upper gastrointestinal tract involvement, hepatitis 
(hepatocellular and cholestatic patterns), and pancreatitis



Lymphadenopathy and Sarcoidlike Reaction

Rare; 3–36 weeks 

Mediastinal lymphadenopathy, pulmonary involvement, skin rashes, 
and, rarely, renal disease 

New mediastinal and hilar lymphadenopathy can mimic disease 
progression

Treatment includes interruption of ICI treatment and corticosteroid 
initiation if there are significant symptoms or evidence of organ 
damage





Summary 
• atypical response patterns - pseudoprogression, hyperprogression, dissociated 

response and durable response

• iRECIST, imPERCIST, LYRIC and mChoi

• PD requires confirmation at least 4 weeks later by imaging, to rule out 
pseudoprogression or delayed response

• Treat beyond progression ONLY if clinical improvement

• adverse events

•However, “imaging progression is true progression more 
often than not”



•THANK YOU
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