Extended Data Figure Legends
[bookmark: _Hlk237002112]Extended Data Figure 1. GD2 expression in tumor tissue from all enrolled patients. 
GD2 expression was assessed by immunofluorescence staining of archival formalin-fixed, paraffin-embedded (FFPE) biopsies in a central reference laboratory using a standardized assay28. GD2 expression was evaluated by direct microscopic assessment according to a semiquantitative scoring system, with GD2 positivity defined according to clinical trial protocol criteria as ≥50% of tissue expressing ≥2+ GD228. The most recent available biopsy for each patient was analyzed. Images shown are representative regions of interest (ROIs) from the entire tissue section and were acquired for documentation purposes only. The timing and origin of individual biopsies are summarized below. (A) GD2 staining of a murine tumor xenograft derived from the Ewing sarcoma cell line SK-ES-1 as a negative control. (B, C) GD2 staining of pretreatment tumor biopsies from pediatric (B) and adult (C) patients.

	Patient 
	Disease
	Time of biopsy
	Origin of biopsy

	P_01
	NBL
	First of four relapses prior to GD2IL18CART
	Lymph node metastasis

	P_02
	NBL
	Most recent relapse
	Bone metastasis

	P_03
	NBL
	Most recent relapse
	Bone metastasis

	P_04
	EwS
	Most recent relapse
	Bone metastasis

	P_05
	NBL
	Most recent relapse
	Bone metastasis

	P_06
	NBL
	Earlier relapse 
	Bone metastasis

	P_07
	OS
	Most recent relapse
	Bone metastasis

	P_08
	NBL
	Most recent relapse
	Bone and soft tissue metastasis

	P_09
	OS
	Most recent relapse
	Bone metastasis

	P_10
	NBL
	Second of three relapses prior to GD2IL18CART. GD2-positive status of the most recent relapse after first GD2-CART therapy was confirmed by bone marrow flow cytometry.
	Bone metastasis

	P_11
	NBL
	Most recent relapse
	Abdominal metastasis

	P_12
	NBL
	Earlier relapse
	Brain metastasis

	P_13
	NBL
	First diagnosis
	Abdominal primary tumor

	P_14
	NBL
	First diagnosis
	Abdominal primary tumor

	A_01
	EwS
	Earlier relapse
	Soft tissue metastasis

	A_02
	EwS
	Earlier relapse
	Pulmonary metastasis

	A_03
	EwS
	First diagnosis
	Pelvic bone tumor

	A_04
	BC
	Most recent relapse
	Skin metastasis

	A_05
	EwS
	First diagnosis
	Bone metastasis

	A_06
	BC
	Earlier relapse
	Liver metastasis

	A_07
	EwS
	First diagnosis
	Vertebral bone tumor

	A_08
	OS
	Most recent relapse
	Lung metastasis

	A_09
	EwS
	Most recent relapse
	Pulmonary metastasis


NBL, neuroblastoma; EwS, Ewing sarcoma; OS, osteosarcoma; BC, breast cancer.



Extended Data Figure 2. Product characteristics
(A, B) Cellular composition of the apheresis products (A) and GD2IL18CART products (B) determined by immunophenotyping for all patients. Cell populations include neutrophils (NEU, CD3-CD14-CD19-CD56+CD16+SSChigh), eosinophils (EOS, CD3-CD14-CD19-CD56-CD16-SSChigh); monocytes (MO, CD3-CD14+), B cells (BC, CD3-CD19+), natural killer (NK) cells (CD3-CD14-CD19-CD56+CD16+SSClow), natural killer T cells (NKT, CD3+CD56+CD16+), CD8+ T cells (CD3+CD56-CD16-CD4-CD8+), CD4+ T cells (CD3+CD56-CD16-CD4+CD8-) and double positive (DP, CD4+/CD8+) T cells. (C) Release parameters of final GD2IL18CART products for all patients.

Extended Data Figure 3. Clinical course, inflammatory toxicities and management after GD2IL18CART infusion. 
Clinical courses, key laboratory parameters, inflammatory toxicities and anti-inflammatory interventions from GD2IL18CART infusion (day 0) through day 28 are shown for all patients, (A) pediatric patients treated at DL1 (1 x 105 CAR+ T cells/kg). (B) Pediatric patients treated at DL1.25 (2 x 105 CAR+ T cells/kg). (C) Single pediatric patient treated at DL2 (5 x 105 CAR+ T cells/kg). (D) Adult patients treated at DL1. Maximum toxicity grades are indicated. Individual patients with notable clinical events are described below.
P_03: In this patient with neuroblastoma, a large soft tissue mass in the right humerus rapidly progressed with associated pain from day 24 after GD2IL18CART infusion, despite continued detection of CAR T cells in peripheral blood. Local radiotherapy was administered to a total dose of 36 Gy. The patient died from progressive disease on day 78.
P_04: The single patient treated at this dose was an 8-year-old boy with chemotherapy-refractory, progressive multifocal soft tissue and bone relapse of Ewing sarcoma, including a skull metastasis with extradural contact to the medial temporal lobe. Following fever on day 1 (grade 1 CRS) and a second grade 1 CRS episode on day 8, IEC-HS emerged and progressed despite treatment with tocilizumab, anakinra, corticosteroids and ruxolitinib. Emapalumabwas not available for off-label use in Germany. Until day 16, the patient remained fully responsive and clinically active without neurological symptoms. On day 17, he developed a seizure. Brain imaging showed focal brainstem edema, followed by dysphagia requiring ICU transfer and intubation (ICANS grade 4). Etoposide (50 mg/m2) was administered as third-line anti-inflammatory therapy. Two days later, the patient became unresponsive and remained comatose. Although follow-up MRI scans showed gradual resolution of brainstem edema without parenchymal damage, irreversible brain injury was documented on the final MRI performed on day 37, and the patient died on day 38. Because direct dural involvement by the skull metastasis could not be excluded as a contributing factor to neurological hyperinflammatory manifestations, the protocol was amended to exclude patients with metastases in direct contact with the dura. 
P_06. At enrollment, the patient had highly refractory, slowly progressive multifocal neuroblastoma, including metabolically active cervical and axillary lymph node metastases. Rapid tumor growth during the first days after GD2IL18CART infusion led investigators to initiate radiotherapy on day 4 (total dose 24 Gy in 12 fractions of 2 Gy), to prevent compression of cervical vessels and ulcerative growth. On day 24, the patient developed new persistent fever with capillary leak syndrome after resolution of CAR T-cell-associated inflammatory toxicities. Chest CT revealed bilateral pulmonary infection with radiographic features suggestive of aspergillosis. The episode was successfully managed with antifungal therapy and a short second course of dexamethasone. After consultation with the DMC, the late inflammatory episode was considered more consistent with an infectious trigger than with GD2IL18CART-related toxicity. The patient remained neutropenic and subsequently received a hematopoietic stem cell boost from the donor of a prior haploidentical stem cell transplantation. Persistent grade 4 hematotoxicity without resolution by day 28 fulfilled the protocol definition of DLT. The patient died from progressive disease on day 104.
P_11: In this patient with refractory neuroblastoma, CRS onset on day 5 coincided with bilateral pneumonia, which responded to broad-spectrum antimicrobial therapy. To limit inflammatory escalation in this setting of a concomitant infectious trigger, the patient received tocilizumab, one dose of siltuximab, anakinra and a dexamethasone pulse. The patient recovered within days and subsequently developed a manageable episode of capillary leak syndrome at the peak of CAR T-cell expansion, without progression to IEC-HS, together with radiographic worsening of bilateral pneumonia. A second steroid pulse and intensified antimicrobial treatment resulted in rapid clinical recovery and resolution of pneumonia. The patient died from progressive disease on day 109.
A_03: This patient with disseminated Ewing sarcoma had multiple disease manifestations involving bone, bone marrow, visceral organs and lymph nodes at the time of infusion. Although inflammatory toxicity remained limited to grade 2 or lower after infusion, persistent fever and rising liver enzymes despite treatment with anakinra and corticosteroids prompted the addition of ruxolitinib. Failure of hematological recovery by day 28 occurred in the context of both bone marrow disease progression and ongoing inflammation and fulfilled the protocol definition of DLT. The patient recovered from neutropenia after a stem cell boost but subsequently died from progressive disease before day 56.
CRS, cytokine release syndrome; DL, dose level; DLT, dose-limiting toxicity; DMC, data monitoring committee; IEC-HS, immune effector cell-associated hemophagocytic lymphohistiocytosis-like syndrome; IL-6, interleukin-6; LDH, lactate dehydrogenase. DL1, 1 x 105 CAR+ cells/kg, DL2, 5 x 105 CAR+ cells/kg, DL1.25, 2 x 105 CAR+ cells/kg.

[bookmark: OLE_LINK2]Extended Data Figure 4. GD2 expression in tumor tissues before and after GD2IL18CART infusion. GD2 expression was determined by immunofluorescence staining in FFPE tumor biopsies obtained before treatment and at indicated post-treatment time points in selected patients with (A) neuroblastoma, (B) Ewing sarcoma and (C) breast cancer. Staining and semiquantitative scoring were performed as described in Extended Data Figure 1 and previously28. For P_02 and A_07, noninvasive in vivo GD2 imaging using [64Cu]Cu-NOTA-ch14.18/CHO-PET/CT was performed outside the clinical study. Images are shown in comparison with [123I]-mIBG scintigraphy (P_02) and [¹⁸F]FDG-PET/CT (A_07), respectively. Serial chest CT images in A_07 demonstrate a transient partial response of pleuropulmonary Ewing sarcoma manifestations on day 16, followed by recurrence on day 43.

Extended Data Figure 5. Human anti-chimeric antibody (HACA) analysis.
Serum samples collected from all patients were analyzed at baseline (-5 or day -6, start of lymphodepletive therapy), on day 28 (+/- 2 days) and at last serum assessment with a validated ELISA allowing for the detection of anti-14.18 antibodies. (A) Pediatric patients. (B) Adult patients.  The lower limits of detection (LOD) of all five experiments performed ranged between 0.00 and 1.98 µg/ml (median 0.44, SD 0.91), and lower limits of quantification (LLOQ) between 0.21 and 2.34 (median 1.21, SD 0.95). Values above LOD/LLOQ are marked in yellow (A_08). The isolated positive result in patient A_08 (osteosarcoma, non-responder) is unlikely to represent treatment-induced HACA, as reactivity was already present at baseline before exposure to GD2IL18CART or previous GD2-directed antibody therapy. Orange, neuroblastoma; turquoise, osteosarcoma; purple, Ewing sarcoma; green, breast cancer.

Extended Data Figure 6. CAR T-cell phenotypes in the cell product and in peripheral blood during in vivo expansion by flow cytometry.
Time parameter was used to monitor instrument stability, doublets were excluded by FSC-H/FSC-A, lymphocytes were determined by CD45+/SSC-A, T cells were gated by CD3+. T cells were further subdivided into CAR-positive T cells (black) and CAR-negative T cells (grey). Populations of CAR-positive and CAR-negative T cells were subdivided into CD4+ and CD8+ T cells. T-cell differentiation of CAR-positive and CAR-negative T cells was determined by CCR7/CD45RA staining. 
[bookmark: _Hlk237006318](A) Gating strategy. Proportions of CAR T cells with the indicated phenotypes in the peripheral blood of patients post CAR T cell infusion. (B-D) CAR T-cell analyses from (B) pediatric patients treated at DL1, (C) DL1.25 or DL2 or (D) adult patients treated at DL1. Tn, naïve T cells; Tcm, central memory T cells; Teff, effector/effector memory T cells; Temra, effector memory cells re-expressing CD45RA. LO, last observation; LM, last measurement.

Extended Data Figure 7. Integration Site Analysis (ISA) of individual patient samples.
To understand the integration site profile of the lentiviral GD2IL18 vector in T cells of patients, extracted gDNA from the drug products and from peripheral blood at indicated visits (V09, day 14 and V10, day 28) was analyzed using the INSPIIRED (Integration Site Pipeline for paIRed-End reaDs) workflow47,48. Analyses in pediatric patients were limited by restrictions to blood sampling for complementary research. The diversity and clonality of samples can be described by the number of unique integration sites (UIS) and their contribution to the overall pool of integrations (illustrated by the Shannon diversity index and Gini coefficient). (A) Shannon Diversity Index. Shannon values of 2.1 < x ≤ 5.5 show a polyclonal and Shannon values > 5.5 a highly polyclonal situation. All patient samples showed a polyclonal to highly polyclonal integration site pattern. (B) Gini coefficient. The Gini index runs from 0 to 1. A low Gini index suggests a polyclonal situation with even sequence abundance distribution. (C) Unique Integration Sites (UIS). The graph shows the number of detected unique integrations within the analyzed sample. (D) UIS near oncogenes. UIS within 100 kb of oncogenes in indicated time points. The green-colored area indicates the confidence intervals of the random controls including the expected mean percentage (16%) of hits close to (proto)-oncogenes according to the size of the dataset. The percentages of hits near oncogenes in patient samples were statistically not different from matched random control datasets. (E) Stacked bar graphs of the top 10 contributing integrations at each measured time point over time. The colored areas represent the top 10 contributing integrations at any time point. The grey area represents all other integrations. The x-axis gives the time point of sampling in days after treatment. * integration within a transcription unit; ~ integration within 50 kb of proto-oncogene. Overall, all analyzed patient samples showed high Shannon and low Gini indices, reflecting a polyclonal to highly polyclonal and typical lentiviral insertion site pattern with no dominant clones and no integrations close to high-risk (proto)-oncogenes.


Extended Data Figure 8. Inflammatory cytokine secretion patterns after GD2IL18CART
(A) Serum concentrations of CXCL-10, IL-12, IL2RA, IL-4 and IL-13 in serum of pediatric (upper panels) and adult (lower panels) patients by Ella™ Automated ELISA.
(B) Longitudinal serum concentrations of total IL-18 (IL-18/IL-18BP), IL-18BP, IFN- and CXCL9 during CAR T-cell expansion and contraction in four patients. Cerebrospinal fluid (CSF) concentrations are shown for P_04. P_02 is a neuroblastoma patient with mild inflammatory toxicity and a complete response to GD2IL18CART at DL1. P_04 represents the pediatric Ewing sarcoma patient treated at DL2 who developed fatal hyperinflammation. P_13 represents a pediatric neuroblastoma patient with mild toxicity (maximum grade 1 CRS) and stable disease, and A_01 an adult Ewing sarcoma patient with moderate, manageable toxicity, including CRS grade 2, ICANS grade 1 and IEC-HS grade 1, and progressive disease.

Extended Data Figure 9. Extended data set for multicolor spatial imaging analysis 
(A) MICS images of pre-treatment tumor tissue of responding patient P_01. Markers are depicted in colors as indicated. DAPI is omitted in the magnified image for clarity. White rectangle indicates a tertiary lymphoid structure at higher magnification. Scale bars represent 1 mm (B) and 100 µm (D). (B) Representative violin plot used for cell type annotation, showing marker expression levels of lymphoid subsets after subclustering and overall cell numbers in the pre-treatment sample from patient P_01. (C) Percentages of total cells assigned to the lymphocyte compartment with and without inclusion of tertiary lymphoid structures (TLS) in P_01. (D) Percentages of myeloid subsets within the myeloid compartment for pre-treatment samples of responding patients P_01 and P_05 and non-responding patients P_03 and P_06. (E) Percentages of total cells for stroma subsets for pre-treatment samples of responding patients P_01 and P_05 and non-responding patients P_03 and P_06. (F) Percentages of myeloid subsets within the myeloid compartment of pre- and post-treatment samples of patient P_03. (G) Percentages of total cells for stroma subsets for pre- and post-therapeutic tumor tissue of P_03. 

