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Immunotherapy Approach 

• We examine two broad immunotherapy approaches that may be 
utilized for the treatment of pediatric  malignancy :  

 

1. Direct utilization of the immune system properties  

2. Immune system modulation 







1. Direct Utilization of the Immune System 

1.1. Oncolytic Virus-Based Therapy 

 

1.2. Antigen-Targeting Therapy 

 

1.3. Immune Checkpoint Inhibitors 



2. Modulation of the Immune System 

2.1. Tumor Microenvironment: Cancer-Associated Fibroblasts, Tumor-
Associated Macrophages, and Myeloid-Derived Suppressor Cells 

 

2.2. Cytokines and Growth Factors 

 

2.3. Chimeric Antigen Receptor T Cell Therapy  

 

2.4. Natural Killer Cell-Based Immunotherapy 

 

2.5. Cancer Vaccines 









Hodgkin lymphoma  

• Although classical Hodgkin lymphoma is usually curable, 20–30% of 
the patients experience treatment failure and most of them are 
typically treated with salvage chemotherapy and autologous stem cell 
transplantation. 

• However, 45–55% of that subset further relapse or progress despite 
intensive treatment. 





Immunotherapy 

• At the advanced stage of the disease course, recently developed 
immunotherapeutic approaches have provided very promising results 
with prolonged remissions or disease stabilization in many patients. 

 



Brentuximab vedotin  

• Brentuximab vedotin (BV) has been approved for patients with 
relapsed/refractory cHL (rr-cHL) who have failed autoSCT, as a 
consolidation after autoSCT in high-risk patients, as well as for 
patients who are ineligible for autoSCT or multi-agent 
chemotherapy who have failed ≥ two treatment lines.  





Brentuximab vedotin (trade name Adcetris) is an 
antibody-drug conjugate medication used to treat 
relapsed or refractory Hodgkin lymphoma (HL) and 
systemic anaplastic large cell lymphoma (ALCL). 







Immune Checkpoint Inhibitors  

• However, except of the consolidation setting, 90–95% of the patients 
will progress and require further treatment.  

• In this clinical setting, immune checkpoint inhibitors (CPIs) have 
produced impressive results.  

• Both nivolumab and pembrolizumab have been approved for rr-cHL 
after autoSCT and BV failure 

• while pembrolizumab has also been licensed for transplant ineligible 
patients after BV failure. 



Immunotherapy in HD 

• As a result of their success in heavily pretreated disease, BV and CPIs 
are moving to earlier lines of treatment. 

• BV was recently licensed by the FDA for the first-line treatment of 
stage III/IV Hodgkin lymphoma (HL) in combination with AVD (only 
stage IV according to the European Medicines Agency (EMA)).  

• CPIs are currently being evaluated in combination with AVD in phase 
II trials of first-line treatment. 

 







Immunotherapy in HD 

• The impact of BV and CPIs was also investigated in the setting of 
second-line salvage therapy.  

• Finally, combinations of targeted therapies are under evaluation. 

• Based on these exciting results, it appears reasonable to predict that 
an improvement in survival and a potential increase in the cure rates 
of cHL will soon become evident. 









Immune Checkpoint Inhibitors 

• Cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4), the first 
immune-checkpoint receptor to be targeted clinically, is expressed on 
the surface of activated T cells and transmits an inhibitory signal to T 
cells. 

 

• CTLA-4 signaling is utilized by some tumor cells to evade T cell anti-
tumor activity. Thus, CTLA-4 blockade potentiates effective immune 
responses against tumor cells 



CTLA-4 

• Preclinical data suggest that pediatric solid tumors have high expression of 
CTLA-4.  

• In a panel of 34 adult and pediatric tumor cell lines, including 
osteosarcoma, hodgkin disease ,rhabdomyosarcoma, and neuroblastoma, 
CTLA-4 expression was found at different densities on 88% of the cell lines 
examined, with higher intensity of staining in osteosarcoma. 

• In addition, 20 pediatric patients, 11 with osteosarcoma and 9 with Ewing 
sarcoma, had significantly increased expression of CTLA-4 on both CD4+ 
and CD8+ T cells obtained from peripheral blood samples compared to 
healthy controls . 

• These findings indicate that targeting CTLA-4 may be useful in these 
pediatric tumor types. 





Ipilimumab FDA-Approved  

• Ipilimumab is a mAb directed toward CTLA-4 signaling. Ipilimumab is 
FDA-approved for the treatment of adults and children with 
unresectable or metastatic melanoma.  

• Recently, a phase I clinical trial (NCT01445379) included a total of 33 
patients aged 2–21 years with recurrent or refractory solid tumors 
treated with CTLA-4 blockade.  

• In this study, ipilimumab was well tolerated and resulted in increased 
activation of cytotoxic T lymphocyte without increased infiltration of 
Tregs; however, no objective tumor regression was observed 







Programmed Cell Death Receptor 1 (PD-1) 

• PD-1 and its ligands (PD-L1 and PD-L2) are also part of the immune 
checkpoint pathway.  

• PD-1 plays a role in downregulating T cell activation, which leads to tumor 
tolerance, while PD-Ls inhibit cytokine production and anti-tumor 
lymphocytes in the TME. 

• PD-1 is also highly expressed on Tregs and, when engaged by its ligand, is 
thought to enhance the activity and proliferation of these cells 

• Regulatory T cells (Tregs) are a specialized subpopulation of T cells that act 
to suppress immune response, thereby maintaining homeostasis and self-
tolerance. It has been shown that Tregs are able to inhibit T cell 
proliferation and cytokine production and play a critical role in preventing 
autoimmunity. 



Clinical studies of PD-1 and PD-L1  

• Several preclinical studies examined the expression of PD-1 and PD-L1 
in pediatric cancer subtypes, with conflicting results.  

• Only 9% of 451 pediatric tumors expressed PD-L1 in at least 1% of 
tumor cells, with the highest expressors being Burkitt lymphoma 
(80%), glioblastoma multiforme (36%), and neuroblastoma (14%). 

• Conversely, in another study of children with advanced melanoma, 
relapsed or refractory solid tumors, or lymphoma, 33% of 689 
screened tumors were positive for PD-L1 expression . 

• Of note, PD-L1 staining was associated with inferior survival among 
neuroblastoma patients ,and higher expression of PD-1 correlated 
with disease progression in patients with osteosarcoma 



Anti-PD-1 antibody, FDA-approved 

• Pembrolizumab, an anti-PD-1 antibody, is FDA-approved for the treatment 
of both adults and children with refractory Hodgkin’s lymphoma.  

• Nivolumab, another anti-PD-1 antibody, has shown responses in adult solid 
tumors. In pediatric solid tumors, these therapies remain under 
investigation.  

• In five children aged 3–7 years with brain tumors treated with 
pembrolizumab, all progressed, and the median survival was 3.2 months . 

• In a retrospective review of 10 children with recurrent or refractory brain 
tumors treated with nivolumab, 9 patients had radiographic disease 
progression. Three patients had partial response at the primary tumor site, 
of whom two had progression of metastatic disease 





Pembrolizumab 



Nivolumab 

• In other small studies of nivolumab treatment in pediatric brain 
tumor patients, results were mixed. Currently, a phase I/II trial 
(NCT03585465) is assessing nivolumab in combination with 
chemotherapy in pediatric patients with refractory/relapsing solid 
tumors or lymphoma.  



Two other trials are evaluating nivolumab alone: 

NCT02992964 is a pilot study of nivolumab in pediatric patients with 

refractory/recurrent hypermutated malignancies NCT02901145 is evaluating 

nivolumab in progressive/relapsed pediatric solid tumors, including 

osteosarcoma, Ewing sarcoma, neuroblastoma, NHL, and rhabdomyosarcoma. 



 

KEY POINTS 
 
 
Three mg/kg of nivolumab was confirmed as the 
pediatric recommended phase II dose. 
 
Among all 75 evaluable patients, the most common 
overall toxicity was anemia (47%) and the most 
common nonhematologic toxicity was fatigue (37%). 
     
Objective responses were observed in 3 of 10 
patients with Hodgkin lymphoma and 1 of 10 patients 
with non-Hodgkin lymphoma, with all responders 
having programmed cell death ligand 1–positive 
disease. 
 
No objective responses were observed in other 
tumor types. 
 
 



Dual checkpoint blockade  

• Dual checkpoint blockade is hypothesized to prevent immune escape 
and may be promising in the treatment of pediatric solid tumors. 
Combinations of CTLA-4 and PD-1 antibodies are currently being 
investigated 









In this trial, patients were treated with four 
doses of these two drugs, and if you respond, 
you can go to autologous transplant. This trial 
can give you an idea about the response rate 
but unfortunately, does not give you an idea 
about the median time to progression 
because patients who responded were then 
offered autologous transplant ,but regardless, 
the data was very impressive. 





incorporated into the first-line therapy  

• Finally, BV is gradually being incorporated into the first-line therapy of 
cHL with improvements in disease control and potentially OS at least 
in subgroups of patients with advanced disease, while similar 
applications of nivolumab and pembrolizumab appear promising. 



Dendritic cell vaccination 
 











Overview of immunotherapy approaches in  
non-Hodgkin lymphomas 

• Monoclonal antibodies (A) 

• Bispecific antibodies (B)  

• Checkpoint inhibitors (PD-1, PD-L1) (C)  

• Activators of co-stimulatory molecules (D)  

• CARs (E) 

• immunomodulation (F)  



Bispecific Antibodies 

• Bispecific antibodies, unlike normal antibodies, elicit a cytotoxic T cell 
response against a specific tumor target. The Bispecific T Engager 
(BiTE) technology activates a T cell response by binding to CD3 on T 
cells .The molecule combines the CD3 binding site with a second site 
that is tumor-specific. 

• BiTE directly targets the cancer and limits damage to non-malignant 
tissue .The direct activation of cytotoxic T cells limits the need for 
other anti-cancer interventions. Currently, clinical trials with BiTE 
antibodies are limited to just two TAA: CD19 and EpCAM. 



Blincyto (blinatumomab) is a medicine for the treatment of Philadelphia 
chromosome-negative relapsed or refractory B-cell precursor acute 
lymphoblastic leukemia . Blinatumomab targets CD19 and CD3  

Blinatumomab was the first approved canonical BiTE molecule and targets CD19 
surface antigens on B cells, making blinatumomab largely independent of genetic 
alterations or intracellular escape mechanisms. 
 
 
Additional BiTE molecules in development target other hematologic malignancies 
(eg, multiple myeloma, acute myeloid leukemia, and B‐cell non‐Hodgkin lymphoma) 
and solid tumors (eg, prostate cancer, glioblastoma, gastric cancer, and small‐cell 
lung cancer). 
  



Blinatumomab 

• Of the two, only anti-CD19 (blinatumomab) has been investigated in 
children and it has been limited to hematologic malignancies. 

• Blinatumomab was administered to children with relapsed/refractory ALL. 
In this phase I/II study, 39% of the children that received the determined 
dosage and treatment plan achieved a minimal residual disease response.  

• Elitzur and colleagues reported 11 pediatric patients with ALL who were 
treated with blinatumomab as a bridge to further therapy after suffering 
from severe chemotherapy toxicities. 

• All 11 children went on to resume standard chemotherapy with an overall 
survival of 80% . Further preclinical studies and clinical trials with other TAA 
for BiTE antibodies will be required before this promising technology may 
be translated for clinical use in the treatment of pediatric solid tumors. 

 







Immune Checkpoint Inhibitors  

• The role of immune checkpoint inhibitors in eradicating minimal 
residual disease or circulating tumor DNA in both Hodgkin lymphoma 
and non‐Hodgkin lymphoma being investigated.  

• There are trials combining that with R‐CHOP for example and 
G‐bendamustine for non‐Hodgkin low‐grade B‐cell lymphoma, plus 
maintenance strategies looking at the effect of these agents on 
circulating tumor DNA in both Hodgkin and non‐Hodgkin lymphomas 
and also in solid tumors.  







Future Directions 

• Several pipelines of CAR-based strategies are currently being pursued. 
Selected ongoing clinical 

• Trials evaluating CAR-based therapies in patients with diverse 
lymphoid malignancies are displayed. 





Chimeric Antigen Receptor T Cell Therapy 

• CAR T cell therapy has been rapidly expanding in pediatric cancer 
therapeutics. In this approach, autologous T cells are collected from 
the patient, expanded, and subsequently engineered to express CARs, 
which are designed to redirect T cells to a selected tumor antigen.  

• This non-physiologic T cell activation bypasses the need for tumor 
antigen presentation to major histocompatibility complex (MHC) Class 
I molecules, which are often down regulated in cancer, and allows 
antigen-expressing malignant cells to be recognized and destroyed by 
the CAR-redirected T cells.  

• Different generations of CAR T cells exist. 



Chimeric antigen receptors 
 

• Remarkable success in B cell 
acute leukemia (targeting CD19); 
up to 90% complete remission   

 

• Risk of cytokine storm  

• Outgrowth of antigen-loss 
variants of tumors? 

 



Haploidentical Natural Killer Cells Induce Remissions in Non-
Hodgkin Lymphoma Patients  

• Phase 2 clinical trial in patients 
with poor prognosis refractory 
NHL testing the efficacy of 
haploidentical donor NK cell 
therapy (NK dose 0.5–3.27 × 107 
NK cells/kg) with rituximab and 
IL-2.(clinicaltrials.gov 
NCT01181258)  

• Therapy was tolerated without 
graft-versus-host-disease, 
cytokine release syndrome, or 
neurotoxicity.  

 



NK Cell Therapy 

• Observations support development of donor NK cellular therapies for 
advanced NHL as a strategy to overcome chemo resistance. 
Therapeutic efficacy may be further improved through disruption of 
the immunosupressive environment and infusion of exogenous IL-15. 



Conclusions 

• Antibodies targeting PD1 demonstrated significant clinical activity in 
HL, leading to regulatory approval of both nivolumab and 
pembrolizumab.  

 

• Anti PD1/PDL1 antibodies have modest single‐agent activity in NHL 
=> combination strategies 

• The role of immune checkpoint inhibitors in eradicating MRD/ctDNA 
in HL and NHL is being investigated. 



• Therefore multiple combination strategies are now being investigated. 

• So, none of these agents have been approved for non‐Hodgkin 
lymphoma.  

• The approval right now, only for classical Hodgkin lymphoma. 




