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Advantages of immunotherapy

• Activated immune cells recognize and target remote areas of 
cancer cells that traditional surgery cannot access

• Stimulated immune system cells will not necessarily target only 
cells that rapidly divide

• Stimulated cells target cancerous growths and tissues more 
specifically while leaving healthy surrounding tissue intact and 
healthy

• Fewer or less devastating side effects than traditional therapies
• Memory cells can prevent cancer from returning after its initial 

treatment



• Checkpoint inhibitors (Nivolumab, Ipilimumab…)
→ Releasing the brake on T-cells

• Antigen-specific antibodies (Blinatumomab…)
→Making the tumor cells visible by the T cells

• Gene-modified T-cells (CAR-T cells)
→ Redirecting and activating the T cells toward the tumor cell

• Oncolytic viruses
→ Activating host immune response against infected cells

• And much more… (cancer vaccines…)

Immunotherapy strategies



Main toxicities: CT vs CAR-T

SHORT TERM
• Cytokine release syndrome (day 

1-10)
o Fever
o Malaise and fatigue
o Hypotension
o Nausea/vomiting, 

diarrhea
o Cardiovascular failure
o Respiratory Failure

• Cytopenia, sometimes 
prolonged

• Neurotoxicity (day 7-14)
• Pain

LONG TERM
• ?

SHORT-TERM
• Mucositis
• Cytopenia
• Infections
• Nephrotoxicity 
• Hepatotoxicity
• Cardiac toxicity

LONG-TERM
• Cardiac toxicity
• Endocrinopathy
• Obesity
• Respiratory
• Fertility issues
• Neurocognitive deficits
• Seizures
• Hearing/vision loss

CHEMOTHERAPY CAR-T



• 1.005 clinical trials in the World

• Only 53 studies on solid tumors…

Adoptive CAR-T cell therapies



Indication
Route of 

administration
Distinctive features Center

CD171 Neuroblastoma Systemic tEGFR Seattle Children's Hospital

EGFRvIII

Recurrent Glioblastoma/-sarcoma Intracerebral radiolabeling (111In) 

of CAR T

Duke

Glioblastoma/-sarcoma Systemic radiolabeling (111In) 

of CAR T

Duke

Glioblastoma/-sarcoma, Brain Cancer Systemic IL-2 administration NCI

GD2

(r/r) Neuroblastoma/bone sarcoma Systemic iCas9 Bambino Gesù Hospital, Rome

Neuroblastoma Systemic NK T cells, IL-15 

administration

Texas Children's Hospital

r/r Neuroblastoma Systemic UCL, Great Ormond Street Hospital 

for Children

Diffuse Intrinsic Pontine Gliomas(DIPG) & 

Spinal Diffuse Midline Glioma(DMG)

Systemic LPCH Stanford

(r/r) Neuroblastoma or Osteosarcoma Systemic IL15 in CAR vector University of North Carolina 

GD2-expressing Brain Tumors

Neuroblastoma

Systemic Costitutive IL7R Texas Children's Hospital

GPC3 Pediatric Solid Tumors Systemic Texas Children's Hospital

HER2(ErbB2)

r/r Pediatric CNS Tumors Intracerebral tEGFR Seattle Children's Hospital

r/r Glioblastoma Intracerebral tCD19 City of Hope Medical Center

r/r Glioblastoma Intracerebral Houston Methodist Hospital

Sarcoma Systemic Houston Methodist Hospital

IL13Rα2 Glioblastoma, r/r Brain Neoplasm Intracerebral tCD19 City of Hope Medical Center

Active Clinical TRIALS on CAR T cells in pediatric setting



The next great challenge
1) Identification of suitable target 

antigens, selectively or preferentially
expressed by tumor cells

2) Escape from the immune 
depotentiating activity of tumor 
microenvironment

3) Penetration of CAR T cells in the tumor 
mass 

4) Survival into the hypoxic tumor
environment

5) Long-term persistence of CAR T cells



Neuroblastoma (NB) 
1. The most common malignant extracranical solid tumor of 

childhood

2. Derived from the sympathetic nervous system

3. Present as an abdominal mass originating from the adrenal gland 

but the neck, chest and pelvis are other common sites of origin

4. Metastatic evolution is frequently observed

The prognosis of High-Risk Neuroblastoma remains poor

Park et al. Pediatr Clin N Am 55 (2008) 97 -120



Pinto NR et al. JCO 2015

High-Risk Neuroblastoma: need for innovative 
therapeutic approaches



GD2-CAR T cells and Neuroblastoma

GD2-CAR Construct Cell platform Outcome Ref

1st generation Autologous EBV CTLs + ATLs - Minimal CAR T expansion
- 3 CR
- No neurotoxicity

Pule MA, Nat Med 2008
Louis CU, Blood 2011

3rd generation 
(CD28.OX40)

Autologous ATLs - CAR T expansion
- No objective response
- No toxicity

Heczey A, Mol Ther 2017

2nd generation (CD28) Autologous ATLs - CAR T expansion
- 3 reduction of soft tissue and 

bone disease
- No toxicity

Straathof K, Sci Transl Med
2020

2nd generation (CD28)
+ IL15

Autologous NKT - CAR NKT expansion
- 2 SD, 1 PR
- No toxicity

Heczey A, Nat Med 2020
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Inclusion criteria for treatment
• Diagnosis of High-Risk NBL that have been treated with frontline 

therapy and is judged to be incurable (phase I and II) 
OR

• Diagnosis of High Risk NBL at extremely high risk of relapse, even if 
NED at the end of the first-line treatment according to the Standard of 
Care (Phase II ONLY)

• Patients with relapsed/refractory disease must have measurable or 
evaluable disease at the time of treatment enrolment

• Age: 12 months – 25 years 
• Voluntary informed consent is given 
• Clinical performance status: ≥ 60% (Karnofsky or Lansky) 



GD2-CAR T cells expand robustly and show long term
persistence in the peripheral blood
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GD2-OPBG-007: disease evaluation MIBG-scintigraphy
Neuroblastoma patient

Pre-CAR
(multiple bone 

lesions)

Week +6

(CR)



Pre-infusion Post-infusion

Anterior AnteriorPosterior Posterior

GD2-CAR T cells in sarcomas of the bone
Pre-infusion Post-infusion

EWING SARCOMA OSTEOSARCOMA



In vivo anti-tumor activity of GD2-CAR T cells

Tumor-
FF.Luc.GFP

IVIS imaging system
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Future applications of GD2-CAR



CD276 and its high expression in 
Brain Tumors

Oncoimmunology, 2019 Nov 4;9(1):1684127.



Locoregional administration of B7-H3 CAR T cells results in a 
effective therapy for ATRT (xenografts model)

Nat Med. 2020 May; 26(5): 712–719. 

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=32341579


Childhood HGG: a highly unmet medical need

CBTRUS, Neuro-Oncology 2014

Binda et al. Cancer Cell 2012

Wykosky et al. Clin Cancer Res 2008

High-grade gliomas
(11,7%)



Brown CE, et al. NEJM 2016



Brown CE, et al. NEJM 2016



Brown CE, et al. NEJM 2016



Clinical activity of CAR T in childhood sarcoma
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