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LAY SUMMARY 
 

 

Aucatzyl 410 × 106 cells dispersion for infusion 

obecabtagene autoleucel 

 

This is a summary of the Public Assessment Report (PAR) for Aucatzyl 410 × 106 cells dispersion 

for infusion. It explains how this product was assessed and its authorisation recommended, as well 

as its conditions of use. It is not intended to provide practical advice on how to use this product. 

 

This product will be referred to as Aucatzyl in this lay summary for ease of reading. 

 

For practical information about using Aucatzyl, patients should read the Patient Information Leaflet 

(PIL) or contact their doctor or pharmacist. 

 

What is Aucatzyl and what is it used for? 

This application is a full-dossier application. This means that the results of pharmaceutical, non-

clinical and clinical tests have been submitted to show that this medicine is suitable for treating the 

specified indications. 

 

Aucatzyl is used to treat adult patients with B cell acute lymphoblastic leukaemia, a type of blood 

cancer that affects white blood cells in the bone marrow called B lymphoblasts. It is given when 

previous treatment for a patient’s cancer has not worked, or the cancer has come back. 

 

How does Aucatzyl work? 

Aucatzyl is made by taking T cells from the blood and putting a new gene into them. This enables 

T cells to target the cancer cells in the body. 

 

When Aucatzyl is infused into the blood, the modified T cells will kill the cancer cells. 

 

Aucatzyl will be given to the patient by 2 infusions that are separated by about 9 days to achieve 

the total target dose. The amount of Aucatzyl given in the first infusion and second infusion will 

depend on the extent of the patient’s leukaemia. The total target dose of Aucatzyl is not affected 

by the extent of the patient’s leukaemia. 

 

If the patient has any questions about how Aucatzyl works or why this medicine has been prescribed 

for them, they should ask their doctor. 

 

How is Aucatzyl used? 

The pharmaceutical form of this medicine is a dispersion for infusion and the route of 

administration is intravenous (drip through a tube into a vein). 

 

Giving the patient’s own blood cells to make Aucatzyl 

Aucatzyl is made from the patient’s own white blood cells. 

 

• The patient’s doctor will take some of their blood using a tube (catheter) placed in their vein. 

• Some of their white blood cells will be separated from their blood and the rest of their blood 

is returned to their body. This is called ‘leukapheresis’ and can take between 3 to 6 hours. 

• The patient’s white blood cells are sent away to manufacture Aucatzyl specifically for them. 
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Other medicines the patient will be given before Aucatzyl 

• A few days before the patient receives Aucatzyl, they will be given a type of treatment called 

lymphodepleting chemotherapy. This will allow the modified T cells in Aucatzyl to multiply 

in their body after Aucatzyl is given to them. 

• Approximately 30 minutes before the patient is given Aucatzyl they will be given 

paracetamol. This is to help prevent infusion reactions and fever. 

 

How Aucatzyl is given 

Aucatzyl will be given to the patient by a doctor in a qualified treatment centre experienced with 

this medicine. 

 

• The patient’s doctor will check that the Aucatzyl was prepared from the patient’s own blood 

by checking the patient identification information on the Aucatzyl infusion bag matches their 

details. 

• Aucatzyl will be given to the patient in 2 infusions that are separated by approximately 

9 days to achieve the complete total target dose. 

• Aucatzyl is given by infusion (drip) through a tube into a vein. 

 

After the first dose of Aucatzyl is given 

• The patient should stay close to the treatment centre for at least 4 weeks. 

• The patient will be monitored daily for 14 days after the first infusion so that their doctor can 

check that the treatment is working and if needed help them with any side effects. 

• The patient’s doctor will assess if their second dose of Aucatzyl will proceed as planned. If 

the patient is experiencing any serious symptoms the second dose may need to be delayed or 

discontinued. 

 

For further information on how Aucatzyl is used, refer to the PIL and Summary of Product 

Characteristics (SmPC) available on the Medicines and Healthcare products Regulatory Agency 

(MHRA) website. 

 

This medicine can only be obtained with a prescription. 

 

The patient should ask the administering healthcare practitioner if they have any questions 

concerning the medicine. 

 

What benefits of Aucatzyl have been shown in studies? 

The applicant has submitted data from the FELIX study, an on-going open-label, uncontrolled, 

non-randomised clinical study that has recruited adult subjects with relapsed or refractory CD19-

positive B-cell acute lymphoblastic leukaemia. 

 

153 subjects have been enrolled into the FELIX study and 127 subjects have been administered 

Aucatzyl. The FELIX study has 5 cohorts; the main analysis population of the applicant is cohort 

IIA. 

 

Cohort IIA is composed of 94 subjects: median age 50yrs (min 20yrs, max 81yrs); 67% subjects 

were >40yrs; 50% male. 

 

Subjects had received between 1 and 6 prior therapies with a median of 2. 
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Subjects underwent leukapheresis to obtain material that was sent to a distant site to manufacture 

the CAR-T cells. Bridging therapy was permitted. 

 

A bone marrow assessment was available from a biopsy and / or aspirate sample obtained within 7 

days prior to the commencement of the lymphodepleting chemotherapy. Bone marrow assessment 

was used to determine the Aucatzyl dosage regimen based on tumour burden. 

 

Subjects underwent lymphodepletion (at day -6 to day -3 after exposure to Aucatzyl) with a 

regimen of fludarabine and cyclophosphamide. 

 

Aucatzyl was administered as a split dose according to tumour load. 

 

Low tumour burden regimen (bone marrow lymphoblasts make up ≤20% of total number of 

nucleated cells of bone marrow assayed up to 7 days prior to lymphodepletion): 

• Day 1: 100 x 106 cells administered via bag infusion 

• Day 10 (±2days): 10 x 106 cells administered via syringe and 300 x 106 cells administered 

via bag infusion 

 

High tumour burden regimen (bone marrow lymphoblasts make up >20% of total number of 

nucleated cells of bone marrow assayed up to 7 days prior to lymphodepletion): 

• Day 1: 10 x 106 cells administered via syringe 

• Day 10 (±2days): 100 x 106 cells administered via bag infusion and 300 x 106 dose 

administered via bag infusion 

 

The time taken from enrolment to first infusion was 25- 92 days. The second dose may be delayed 

if the recipient experiences significant toxicities. The total target dose of Aucatzyl for all patients 

is 410 × 106 CD19 CAR-positive T cells. 

 

52 of the 94 patients administered Aucatzyl showed complete remission (by the definition of the 

applicant) of the disease with an 81% probability of overall survival at 12 months (in a disease 

where the expectation of survival would otherwise be about 10-15% at 12 months). 

 

Those subjects who showed either an incomplete response or “no response” have a less favourable 

outcome. 

 

Unfavourable effects are known to the medical community and are amenable to management. 

 

The overall survival of about 81% at 12 months for those who showed complete remission is 

considered remarkable and is considered to outweigh the risk of exposure to product. 

 

What are the possible side effects of Aucatzyl? 

For the full list of all side effects reported with this medicine, see Section 4 of the PIL or the SmPC 

available on the MHRA website. 

 

If a patient gets any side effects, they should talk to their doctor, pharmacist or nurse. This includes 

any possible side effects not listed in the product information or the PIL that comes with the 

medicine. Patients can also report suspected side effects themselves, or a report can be made on 

their behalf by someone else who cares for them, directly via the Yellow Card scheme at 

https://yellowcard.mhra.gov.ukor search for ‘MHRA Yellow Card’ online. By reporting side 

effects, patients can help provide more information on the safety of this medicine. 

https://yellowcard.mhra.gov.uk/
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Why was Aucatzyl approved? 

It was concluded that Aucatzyl has been shown to be effective in the treatment of adult patients 

(≥18 years) with relapsed or refractory B cell precursor acute lymphoblastic leukaemia. 

Furthermore, the side effects observed with use of this product are considered to be typical for this 

type of treatment. Therefore, the MHRA decided that the benefits are greater than the risks and 

recommended that this medicine can be approved for use. 

 

Aucatzyl has been authorised with a Conditional Marketing Authorisation (CMA). CMAs are 

intended for medicinal products that address an unmet medical need, such as a lack of alternative 

therapy for a serious and life-threatening disease. CMAs may be granted where comprehensive 

clinical data is not yet complete, but it is judged that such data will become available soon. 

 

Aucatzyl has been authorised as a GB Orphan medicine. Orphan medicines are intended for use 

against rare conditions that are life-threatening or chronically debilitating. To qualify as an orphan 

medicine, certain criteria, for example concerning the rarity of the disease and the lack of currently 

available treatments, must be fulfilled. 

 

What measures are being taken to ensure the safe and effective use of Aucatzyl? 

As for all newly-authorised medicines, a Risk Management Plan (RMP) has been developed for 

Aucatzyl. The RMP details the important risks of Aucatzyl, how these risks can be minimised, any 

uncertainties about Aucatzyl (missing information), and how more information will be obtained 

about the important risks and uncertainties. 

 

The following safety concerns have been recognised for Aucatzyl: 

 
 

Additional risk minimisation measures include: 

1) Risk minimisation control programme, 

2) Educational programme (Healthcare Professional educational programme and patient card). 
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The information included in the SmPC and the PIL is compiled based on the available quality, non-

clinical and clinical data, and includes appropriate precautions to be followed by healthcare 

professionals and patients.  Side effects of Aucatzyl are continuously monitored and reviewed 

including all reports of suspected side-effects from patients, their carers, and healthcare 

professionals. 

 

An RMP and a summary of the pharmacovigilance system have been provided with this 

application and are satisfactory. 

 

Other information about Aucatzyl 

A marketing authorisation application for Aucatzyl was received on 25 July 2024 and a marketing 

authorisation was granted in the United Kingdom (UK) on 25 April 2025. 

 

The full PAR for Aucatzyl follows this summary. 

 

This summary was last updated in June 2025.  
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I INTRODUCTION 

Based on the review of the data on quality, safety and efficacy, the Medicines and Healthcare 

products Regulatory Agency (MHRA) considered that the application for Aucatzyl 410 × 106 

cells dispersion for infusion (PLGB 46113/0001) could be approved. 

 

The product is approved for the following indication: 

• for the treatment of adult patients (≥18 years) with relapsed or refractory B cell precursor 

acute lymphoblastic leukaemia. 

 

Aucatzyl is a CD19-directed genetically modified autologous T cell immunotherapy consisting of 

the patient’s own T cells expressing an anti-CD19 (CAT) CAR. Engagement of anti-CD19 (CAT) 

CAR positive T cells with CD19 expressed on target cells, such as cancer cells and normal B 

cells, leads to activation of the anti-CD19 (CAT) CAR-positive T cells and downstream 

signalling through the CD3-zeta domain. Proliferation and persistence by the anti-CD19 (CAT) 

CAR-positive T cells following activation are enhanced by the presence of the 4-1BB co-

stimulatory domain. This binding to CD19 results in anti-tumour activity and killing of CD19-

expressing target cells. 

 

This application was approved under Regulation 50 of The Human Medicines Regulation 2012, 

as amended (previously Article 8(3) of Directive 2001/83/EC, as amended), a full-dossier 

application. All non-clinical data submitted were from studies conducted in accordance with 

Good Laboratory Practice (GLP). All clinical data submitted were from studies conducted in 

accordance with Good Clinical Practice (GCP). 

 

Aucatzyl has been authorised as a Conditional Marketing Authorisation (CMA). CMAs are 

granted in the interest of public health and are intended for medicinal products that fulfil an 

unmet medical need and the benefit of immediate availability outweighs the risk posed from less 

comprehensive data than normally required. Unmet medical needs include, for example, 

treatment or diagnosis of serious and life-threatening diseases where no satisfactory treatment 

methods are available. CMAs may be granted where comprehensive clinical data is not yet 

complete, but it is judged that such data will become available soon. Adequate evidence of safety 

and efficacy to enable the MHRA to conclude that the benefits are greater than the risks is 

required, and has been provided, for Aucatzyl. The CMA for Aucatzyl, including the provision of 

any new information, will be reviewed every year and this report will be updated as necessary. 

This application was evaluated for fulfilment of orphan designation criteria and was examined by 

the Commission on Human Medicines (CHM) on 21 & 22 November 2024. It was concluded that 

fulfilment of the criteria for approval as an orphan medicinal product was satisfactorily 

demonstrated. Please see Annex 1 for a summary of the orphan approval. 

In line with the legal requirements for children's medicines, the application included a licensing 

authority decision on the agreement of a paediatric investigation plan (PIP) MHRA-100866-

PIP01-23. 

 

At the time of the submission of the application the PIP was not yet completed as some measures 

were deferred. 

 

The application included a licensing authority decision on the agreement of a waiver in the 

paediatric population from birth to less than 6 kg of bodyweight. 
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The MHRA has been assured that acceptable standards of Good Manufacturing Practice (GMP) 

are in place for this product at all sites responsible for the manufacture, assembly and batch 

release of this product. 

 

A Risk Management Plan (RMP) and a summary of the pharmacovigilance system have been 

provided with this application and are satisfactory. 

 

Advice was sought from the Commission of Human Medicines (CHM) on 21 & 22 November 

2024 on grounds relating to quality, safety and efficacy. Following provision of additional data 

the CHM were reassured on the quality of the product. 

 

A marketing authorisation application for Aucatzyl was received on 25 July 2024, and marketing 

authorisation was granted in the United Kingdom (UK) on 25 April 2025. 
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II QUALITY ASPECTS 

II.1 Introduction 

Obe-cel is a gene therapy cellular product consisting of autologous enriched T cells that are 

genetically modified ex vivo with a lentiviral vector (LV18970) to express a novel CD19CAT-

41BBζ chimeric antigen receptor (CAT CAR). The drug substance (obe-cel) is defined as the 

CD19 CAR-positive T cells (Non-proprietary Name: obecabtagene autoleucel) and the obe-cel 

dispersion for intravenous infusion is the final formulated drug product. The finished drug 

product is cryopreserved and packaged in three or more infusion bags containing a target total of 

410 × 106 CD19 CAR-positive viable T cells to enable a split dosing regimen. Each infusion bag 

contains 10-20 mL or 30-70 mL of cells dispersion for infusion in a cryopreservative solution. 

The fill volume and the amount of CD19 CAR-positive T cells is variable. 

 

The other ingredients are: disodium edetate; dimethyl sulfoxide; human albumin solution; 

phosphate buffered saline: potassium chloride, potassium dihydrogen phosphate, sodium 

chloride, disodium phosphate, water for injections. 

 

The finished product is supplied in three or more infusion bags individually packed within an 

overwrap in a metal cassette. Obe-cel is stored in the vapor phase of liquid nitrogen at ≤ -150 °C 

and supplied in a liquid nitrogen dry vapour shipper. The Patient Information Leaflet (PIL) will 

be provided in a wallet of each Cryoshipper. The information for the Health Care Professional 

(HCP) is supplemented by a Release for Infusion Certificate and Dose Schedule Planner to ensure 

correct dosing to the correct patient. Specific instructions for the volume (mL) of the 10 × 106 

CD19 CAR-positive T cells to be administered from this bag configuration will be provided on 

the release for infusion certificate. 

 

II.2 ACTIVE SUBSTANCE 

rINN: obecabtagene autoleucel 

 

Nomenclature 

Applicant or Laboratory Code 

AUTO1 

Obe-cel 

 

Structure 

The obe-cel drug substance consists of autologous T cells that are genetically modified ex-vivo 

with a lentiviral vector (LV18970) to express a CD19 chimeric antigen receptor (CAR). Obe-cel 

also contains non-transduced autologous T cells and non-T cells. A schematic representation of 

the structure of the obe-cel CD19 (CAT) CAR, as predicted to be displayed on the surface of the 

transduced T-cell membrane, is shown in Figure 1. The CD19 (CAT) CAR single-chain variable 

fragment (scFv) is derived from the sequence of the variable heavy chain (VH) and variable light 

chain (VL) regions from a murine monoclonal antibody produced via a hybridoma 

(CAT13.1E10). CAT scFv has a lower affinity for CD19 and a faster off-rate compared to the 

FMC63 scFv used in other approved CD19 CAR T therapies like tisagenlecleucel and 

axicabtagene ciloleucel. An scFv was constructed by linking the VH and VL chains together with 

a serine-glycine (GGGGS) triple linker. This scFv was then linked in frame to the stalk and 
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transmembrane domains of human CD8α, and subsequently fused to the 4-1BB co-stimulatory 

receptor and CD3ζ endodomains. 

 

Figure 1: Schematic Representation of the Structure of CD19 (CAT) CAR. 

 
 

Biological Properties 

Once administered to patients, CD19 CAR-positive T cells circulate throughout the body and 

encounter normal and malignant B cells, mainly located in the bone marrow (BM). CAR T cells 

specifically recognize CD19. Engagement of CD19 CAR positive T cells with CD19 expressed 

on target cells, such as cancer cells and normal B cells, leads to activation of the anti-CD19 

(CAT) CAR-positive T cells and downstream signalling through the CD3-zeta domain. 

 

Proliferation and persistence by the anti-CD19 (CAT) CAR-positive T cells following activation 

are enhanced by the presence of the 4-1BB co-stimulatory domain. This binding to CD19 results 

in anti-tumour activity and killing of CD19-expressing target cells. The CAR is designed to have 

a fast off rate to minimise the negative side effects. Activated T cells will then in turn cause 

tumour destruction via several physiological effector mechanisms. These mechanisms include the 

release of Granzyme B and cytokines IL-2, IFN-γ and TNF-α, which can activate other 

components of the immune system and further promote the cytolytic mechanism. Activated CAR 

T cells proliferate after antigen encounter by several log and, unlike traditional medicine, the 

exposure achieved is significantly higher than the dose administered and can be variable from 

patient to patient. 

 

Lentiviral Vector LV18970 is designed for ex vivo genetic modification of patient T cells during 

the manufacture of obe-cel. It is a third-generation self-inactivating (SIN) lentiviral vector, based 

on HIV-1 and intended for ex vivo use. It was designed to lack viral coding sequences that could 

result in replication competent lentivirus or immunogenic peptides and lentiviral enhancer-

promoter sequences known to be involved in insertional mutagenesis by retroviruses and derived 

vectors. 

 

II.3 DRUG PRODUCT 

Pharmaceutical development 

A satisfactory account of the pharmaceutical development has been provided. 

 

All excipients comply with either their respective European/national monographs, or a suitable 

in-house specification. Satisfactory Certificates of Analysis have been provided for all excipients. 
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With the exception of human albumin solution, no excipients of animal or human origin are used 

in the final products. A valid certificate of suitability for TSE risk was provided for the bovine 

serum. 
 

Manufacture of the product 

The manufacture of obe-cel drug substance begins with the collection of the patient’s white blood 

cells using a standard leukapheresis procedure. Fresh leukapheresis starting material is obtained 

from the patient at a qualified collection site and transported to the manufacturing site. T cells are 

stimulated to proliferate, transduced with the lentiviral vector LV18970 to introduce the CAR 

gene into the cell genome and ex vivo expanded, until target CAR T cell dose is achieved. The 

engineered T cells are then washed, formulated and cryopreserved to produce obe-cel drug 

product., which is shipped back to the clinical centre to be administered to the patient. obe-cel 

drug product is stored in the vapor phase of liquid nitrogen at ≤ -150 °C. The manufacturing 

process is performed in a closed environment, which is operated continuously, with no hold steps 

during processing. Raw materials and components used in the manufacturing process are 

considered suitable. 

 

A description and flow-chart of the manufacturing method has been provided. Satisfactory batch 

formulation data have been provided for the manufacture of the product, along with an 

appropriate account of the manufacturing process. The manufacturing process has been validated 

and has shown satisfactory results. Obe-cel has been adequately characterised. 

 

Finished Product Specifications 

The finished product specifications at release and shelf-life are satisfactory. The test methods 

have been described and adequately validated. Batch data have been provided that comply with 

the release specifications. 

 

Stability 

Finished product stability studies have been conducted in accordance with current guidelines, 

using batches of the finished product stored in the packaging proposed for marketing. Based on 

the results, a shelf-life of 6 months at ≤ -150 °C (frozen) is accepted, with the following storage 

conditions: must be stored in the vapour phase of liquid nitrogen (≤ -150 °C) and must remain 

frozen until the patient is ready for treatment to ensure viable cells are available for patient 

administration. Thawed medicinal product should not be refrozen. 

 

Shelf-life once thawed: 1 hour at room temperature. 

 

II.4  Discussion on chemical, pharmaceutical and biological aspects 

The grant of a marketing authorisation is recommended. 
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III  NON-CLINICAL ASPECTS 

III.1 Introduction 

The following non-clinical studies were submitted with this application: 

 

Pharmacology 
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Primary Pharmacodynamics 
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Compliance with Good Laboratory Practice (GLP) is accepted.    
 

III.2 Pharmacology 

 

Brief summary 

Obe-cel, is a CD19 CAR T cell therapy.  This is a well-established mode of action with several 

CAR T cell products approved that target CD19 and treat patients with cancer.  Obe-cel is the 

only product based around the CAT19 binder and is designed to have a fast target binding off-rate 

with the intent that this minimises excessive activation of programmed T cells.  This may result 

in better tolerability and a reduction in T cell exhaustion which could enhance persistence and 

improve the ability of the programmed T cells to engage in serial killing of target cancer cells. 

 

The CAR in obe-cel does not recognise CD19 from animal species and therefore studies in 

normal animals are not relevant.  The applicant presented studies on the novel kinetics of this 

CAR in comparison with that of an established CAR T cell product.  Anti-tumour activity was 

shown in a xenograft experiment in immunodeficient mice. 

 

Physical chemistry 

A Chimeric antigen receptor (CAR) is a recombinant receptor that combines a single chain 

variable fragment (scFv) against a tumour-associated antigen and an intracellular activation 

domain of the T cell receptor, recognising membrane-bound antigen.  Obe-cel contains 

autologous enriched T cells transduced ex vivo with a lentiviral vector (LV18970) to express a 

novel anti-CD19 CAR.  It may also contain non-transduced autologous T cells and other cell 

types.   

 

The CAR in obe-cel was derived from a murine CAT13.1E|10 hybridoma.  It consists of an anti-

CD19 scFv, a CD8-derived stalk and trans-membrane domain and a compound fusion of the 4-

1BB and CD3ζ endodomains (see Figure 1).   
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The vector, LV18970, is a self-inactivating (SIN) lentiviral vector, based on HIV-1.  It lacks viral 

coding sequences that could result in replication competent lentivirus or immunogenic peptides 

and lentiviral enhancer-promoter sequences known to be involved in insertional mutagenesis by 

retroviruses and derived vectors.  It encodes the CAR. 

 

Primary pharmacodynamics 

Report Mpx02272 was a short report on the design of the CAR in obe-cel, a 2nd generation 

41BB-ζ CAR with a CD19 recognition domain derived from CAT13.1E10.  It is based on a 

published CAR (Chimeric receptors with 4-1BB signaling capacity provoke potent cytotoxicity 

against acute lymphoblastic leukaemia) which has an FMC63 scFv connected via the CD8α stalk 

as a spacer domain to a compound endodomain comprised of a fusion between the 4-1BB and 

CD3ζ endodomains.  In obe-cel, the FMC63 scFv is replaced with a scFv derived from 

CAT13.1E10 hybridoma (hence the name CAT).  CAT-13.1E10 was established in 1988 by 

fusion of PX63AG8.653 cells with spleen cells of a mouse immunised with EBV-transformed B 

cells from a patient with MHC class-II deficiency.  Variable heavy and variable light (VH and 

VL) chains of CAT13.1E10 were linked via a serine-glycine (GGGGS) x 3 linker and the scFv 

then linked to the stalk and transmembrane domains of human CD8α and subsequently fused to 

the 4-1BB co-stimulatory receptor and CD3ζ.  The annotated amino acid sequence of the CAR is 

in Figure 1 below.  
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In study 10289, binding characteristics of the scFv part of the CAR in obe-cel to its target, human 

CD19, were explored.  The applicant compared its performance in these assays with that of 

FMC63, a different anti-CD19 CAR currently in clinical use.  The applicant noted that published 

data suggest that FMC63 and its own anti-CD19 scFv compete for the same binding site on 

CD19.   

 

Performance of the applicant’s CAR was determined in immunological assays as well as assays 

which measure motility and target engagement.  

 

To test these reagents by flow cytometry, HEK293T cells were transfected to express human 

CD19.   Transfected and non-transfected HEK293T cells were incubated with FMC63 or CAT 

scFv-Fc construct at a concentration of 10 µg/ml and labelled cells were dual stained with anti-

V5 to show CD19 expression and antibody to the Fc tag to show binding of the scFv constructs.  

Dual staining allows correlation of FMC- and CAT-scFc binding with CD19 expression.    

 

For the CAR backbones, T cells were transduced with lentiviral vectors encoding bicistronic 

cassettes expressing the marker gene mCherry upstream of an in-frame 2A ribosomal skipping 

sequence, followed by the CAR containing either CAT scFV or FMC63 scFv fused to a V5 

epitope on the amino terminus.  The DNA sequence for anti-CD19 scFvs were obtained from 

publications.  Transduction efficiency was confirmed by flow cytometry analyses using 

antibodies described in Table 2. 

 

Anti-CD19 scFV-Fc and FMC63, expressed in scFv format fused to a murine IgG2a Fc constant 

domain, were captured on a sensor chip and recombinant CD19 at known concentrations was 

injected over the respective flow cells with 150 s contact time and 600 s dissociation at 30 

µl/minute of flow rate with a constant temperature of 37 °C.   
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The sequence for the extracellular domain of human CD19 was obtained and experiments done to 

determine the key CD19 residues required for a CAT CAR and FMC63 binding.   

 

To compare CAR expression of anti-CD19 scFv-Fc and FMC63, peripheral blood mononuclear 

cells transduced with anti CD19 CARs were stained with anti-CD3, to gate on the T-cell 

population and CAR expression was detected by staining for V5 epitope (for CAR independent 

staining) or soluble CD19-Rb Fc tagged (for CAR dependent staining).  Cells displaying mCherry 

signature were considered transduced.  Quantification of CAR positive cells was performed via 

MFI of V5 staining or MFI of CD19-Rb Fc on mCherry positive cells. 

 

Results: As a negative control, non-transfected HEK293T cells were used. Both anti-CD19 

scFv-Fc (here called CAT) and FMC63 scFv-Fc specifically recognised CD19 expressing cells 

(Figure 4). 

 

 
 

Binding kinetics of the two antibodies were determined by surface plasmon resonance binding 

with results as shown in Figure 5.  The CD19 concentration range was 1.95-500 nM for anti-

CD19 scFv-Fc and was 7.8-250 nM for FMC63.  The KD for anti-CD19 scFv-Fc was 1.44x10(-

8) for anti-CD19 scFv-Fc and was 3.28x10(-10) for FMC63, when fitted with a Langmuir 1:1 

binding model. CAT scFv-Fc construct had a similar on-rate as FMC63 scFv-Fc (2.153x10(5) 

1/Ms versus s 2.076x10(5) 1/Ms), but a faster off-rate (3.096x10(-3) 1/s versus 6.810x10(-5)1/s).  
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Based on the measured dissociation rate, the half-life (t½) (t½ = ln/kd) of the interaction between 

anti-CD19 scFv-Fc and CD19 is predicted to be 3.7 minutes as compared to 2.8 hours for that 

between FMC63 and CD19 (Table 3).   

 

 

 
 

Results of epitope mapping showed that some of the same residues in CD19 were targeted by the 

two antibodies.  Based on this information (not presented in detail here), FMC63 and its anti-

CD19 scFv-Fc (here called CAT) were judged to bind to the same epitope on CD19. 

 

To compare cell surface expression of the antibodies bound to CD19 without taking into account 

the binding affinity of the scFvs, expression was detected by staining for the tag added to the 

construct, V5.  No difference was seen in the estimated number of CD19 binding sites per cell in 

CD19 positive cells.  Both CAR T constructs were able to target soluble CD19. 

 

CD19 binding affinities were 14.4 and 0.328 nM for anti-CD19 scFv-Fc and FMC63, 

respectively.  The applicant concluded that its anti-CD19 scFv-Fc retained binding capacity for 

CD19 as measured by surface plasmon resonance and flow cytometry on transfected cell lines.  

Differences in affinities were mostly due to differences in kinetic dissociation rates.  Finally, 

CAR constructs carrying a V5 tag on the CAR ectodomain, highlighted similar cell surface 

binding between anti-CD19 scFv-Fc and FMC63. 

 

The basis of development of obe-cel is that it can offer different kinetics of engagement with 

CD19 from current CAR T cell products and that this difference will provide a benefit to patients 

of greater tolerability and better persistence leading to better efficacy overall.  To support these 

claims, the applicant reported (Report Mpx2383a) in vitro experiments in which the performance 

of cells with its scFv construct was compared with that of cells with the established CD19 CAR T 

cells, with the FMC63 scFV. 
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Both CAR products were as designed (Chimeric receptors with 4-1BB signaling capacity provoke 

potent cytotoxicity against acute lymphoblastic leukaemia) except the FMC63 scFv was replaced 

with the scFv used in obe-cel.   

 

The methods selected by the applicant sought to show attributes important for clinical activity. 

1-   Efficiency at killing antigen positive target cells  

This was measured by 51-chromium release against a T cell leukaemia cell line (SupT1) 

engineered to express CD19: cell lysis was quantified. Flow cytometric cytotoxicity assays were 

done with effector and target cells co-cultured at varying ratios for 24 hours.  Cells were stained 

for expression of CD2 and a live/dead marker as an assessment of viability, to estimate remaining 

viable target cells:  this sought to determine activity of CAR T cells against target cells 

expressing CD19 at lower, physiological levels. 

 

2- CAR T cell proliferation in response to target antigen   

Proliferation was assessed by co-culturing effector and irradiated target cells at a 1:1 ratio in 

triplicates in 96 well plates. After 48 hours, the cells were pulsed with 1 µCi/well titrated 

thymidine and processed and specific proliferation was calculated. 

 

3- Cytokine release.   

Cytokine concentrations in supernatants were quantified after 48 hours of 1:1 co-culture of 

effector and target cells in triplicate wells using a commercially available human Th1/Th2/Th17 

cytokine kit. 

 

Results:  Cytotoxic activity of CAR T cells against the T cell leukaemia cell line (SupT1) 

engineered to express CD19 is shown in Figure 1 below.  This figure shows that cytotoxicity of 

obe-cel (here called CAT19 CAR T cells) was greater than that of CD19 (FMC63) CAR T cells, 

particularly at low E:T ratios. 

 

As shown in Figure 2, in flow-based killing assays using NALM-6 cells and SupT1 cells 

engineered to express low levels of CD19, cytotoxicity was seen, with obe-cel showing greater 

activity at low E:T ratios, although this did not reach statistical significance.  

As in Figure 3, there was a proliferative response of each of the T cell products on stimulation 

with CD19+ target cells (Raji and NALM6).  Obe-cel showed greater antigen-specific 

proliferation than did cells transduced with the FMC63 CAR.  
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Cytokine production by obe-cel and by CD19 (FMC63) CAR T cells in response to stimulation 

with CD19+ targets was similar except that cells from obe-cel secreted significantly more TNFα 

than did cells from the comparator (Figure 4). 

 

 
 

The applicant concluded that CAT19 CAR transduced T cells show enhanced CD19-specifc 

cytotoxicity and proliferation compared to CD19 (FMC63) CAR T cells. 

 

Proof of principle was established in a study described in report MPX2383b in which the product 

was tested for antitumour activity in nude mice bearing a human tumour NALM 6 xenograft.  

NALM6 is a human B-cell line established from a patient with acute lymphoblastic leukaemia 

(ALL) and cells express CD19.  The cells were modified to express firefly Luciferase which 

emits visible light after exposure to D-Luciferin to quantify tumours by bioluminescence imaging 

(BLI). 

 

Female NOD scid gamma mice (NOD.Cg-PrkdcSCIDIl2rgtmlWjl/SzJl) were used.  These mice 

lack mature T cells, B cells and natural killer (NK) cells and have defective innate immunity.  

Briefly, mice aged 6-10 weeks old, were irradiated and then 1 day later were given an intravenous 

dose of ~1 million NALM 6 tumour cells, with fluorescent marker.  Mice were then randomly 

assigned to 1 of 3 treatment groups: mice in Group 1 were given a control human T cell product 

that had not been transduced and thus expressed no CD19-targetting component; mice in Group 2 

were given obe-cel; mice in Group 3 were given a CAR T cell product in which the scFv, as used 

in obe-cel, was replaced with FMC63 scFv and called CD19 (FM63) CAR; this scFv was used in 

earlier published studies and the applicant considered this to be a gold standard CAR.  Mice were 

dosed 7 days after they were injected with the tumour cells at a dose of 2.5 million cells and were 

monitored to day 12 or 16 after injection of tumour cells when they were killed and FACS 

analysis of bone marrow and spleen undertaken to determine presence of disease and of CAR T 

cells.  The study design is in Figure 1 below: it was based on initial testing by the applicant which 

showed an anti-cancer effect of CAR T cell products. 
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Results:  Results are shown in Figures 2 (in which mice were followed to day 12) and 3 (in which 

mice were followed in a separate experiment to day 16).  Control mice given untransduced T 

cells showed rapid, disseminated tumour infiltration as measured by the amount of 

bioluminescence (Figure 2, where NT = not treated i.e. given no CAR T cell).  Treatment with 

obe-cel (called CAT 19 CAR) led to tumour regression whereas the same dose of CD19 (FMC63) 

resulted in lesser tumour burden but did not lead to regression. 

 

In quantifying tumour burden, substantial differences were seen:   

Gp 2 mice (CAT19 CAR T cells): 1.1x10(8) – 9.3x10(7) mean photons/sec/sq cm,  

Gp 3 mice (CD19 (FMC63) CAR T cells) 3.2x10(9) – 7.7x10(8) mean photons/sec/sq cm 

 

Two weeks after infusions of CAR T cells, blood and bone marrow were analysed for residual 

tumour and persisting CAR T cells.  A higher number of NALM-6 tumour cells were seen in the 

bone marrow of mice treated with CD19 (FMC63) CAR T cells compared to CAT19 CAR T cell 

treated mice (mean NALM-6 cells/ml: 3x102 in CAT19 CAR T cell, 2.8x105 in CD19 (FMC63) 

CAR T cell cohort). Conversely, a greater absolute number of CAT19 CAR T cells were seen in 

bone marrow compared to CD19 (FMC63) CAR T cells (mean CAR T cells/ml: 5.1x104 CAT19 

CAR; 2.0x104 CD19 (FMC63) CAR T cells (Figure 4) and blood (mean: CAT19 CAR T cells 

18743, CD19 (FMC63) CAR T cells 2843 (also Figure 4). 

 

The expression of exhaustion markers LAG3, PD-1 and TIM3 on CAR+ T cells was similar in 

mice receiving CAT19 CAR or CD19 (FMC63) CAR T cells (Figure 5).  Intracellular staining of 

Th1 like cytokines revealed greater expression of TNF-α in CAT19 CAR T cells.  CAR T cells 

from the bone marrow and blood showed higher levels of CD127 (IL7-Rα) and intracytoplasmic 

expression of the anti-apoptotic molecule Bcl-2 (Figure 6) in CAT19 CAR treated mice. 
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These results indicate that, as the applicant noted, under conditions designed to give CAR T cells 

a numeric disadvantage, lower affinity CAR T cells mediate enhanced anti-tumour responses and 

expansion compared to high affinity CAR T cells.  The applicant concluded that its obe-cel 

product (here called CAT19 CAR T cells) showed better efficacy and engraftment versus CD19 

(FMC63) CAR T cells in mice given a leukaemic cell xenograft.    

 

Secondary pharmacodynamics 

No secondary pharmacodynamic studies were done. 

 

Safety pharmacology 

No safety pharmacology studies were done.   

 

Pharmacodynamic drug interactions 

No pharmacodynamic drug-drug interaction studies were done.   

 

Overall conclusions on pharmacology 

Obe-cel is a gene therapy product of autologous T cells transduced with a lentivirus to express a 

novel anti-CD19 chimeric antigen receptor (CAR).  It is intended for use in adult patients with 

relapsed or refractory B-cell acute lymphoblastic leukaemia.  CD19 is present on tumour cells 

and there are several approved CAR T cell products that target CD19 and are used in patients 

with cancer (e.g. Kymriah, Yescarta and Tecartus): the principle that treatment of patients with 

CD19+ve tumours with a CAR T cell product that targets CD19 is well-established.  The use of T 

cells is expected to have a possible benefit of sustained anti-tumour activity if cells can engraft.   

 

Obe-cel contains the 4-1BB costimulatory domain and the applicant designed the product with 

the intent that it has lower affinity binding with longer cell persistence.  It is the applicant’s 

contention that reduced affinity could confer improved CAR T cell survival after antigen (CD19) 

encounter, resulting in greater number of viable effector cells being available for effector function 

over time. 

 

Cell binding in CAR T cells is dependent on their scFv region: in certain approved CAR T cell 

products, this is FMC63 is termed FMC634: in obe-cel, it is termed CAT or a term used in this 

report of CAT scFv-Fc.  
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CD19 binding affinities for the scFV in obe-cel and for FMC63 were determined by surface 

plasmon resonance and were 14.4 and 0.328 nM respectively, a difference of ~44-fold.  This 

difference in binding affinity was due to an increase in the dissociation rate between CAT and 

CD19 compared with FMC63 and CD19, with similar association rates. 

 

This means that obe-cel (or at least, its scFv part) binds to CD19 epitopes with a faster off-rate 

(3.1 × 10-3 s-1) giving a short half-life for engagement with CD19, estimated at 3.7 minutes in in 

vitro testing in comparison with FMC63, the scFv present in the approved CAR T cells 

(tisagenlecleucel, brexucabtagene autoleucel and axicabtagene ciloleucel): that has an estimated 

half-life for engaging with CD19 of 2.8 hours.   

 

The applicant indicates this shorter duration of binding of obe-cel resembles more how 

endogenous T cells naturally engage with CD19.  It is the applicant’s expectation that this results 

in benefit to the patient of a more physiological T cell stimulatory effect from the engineered T 

cells, with a product that is better tolerated and less prone to risks from excessive T cell 

stimulation of cytokine release syndrome, a notable and potentially fatal risk of use of CAR T 

cells. 

 

The concept of this product includes that this difference in binding profile translates to longer 

persistence of the engineered cells arising from less propensity of cell exhaustion.  To prove these 

aspects clinically is beyond the scope of preclinical investigations but the promise was shown in 

the experiments in mice.  To this extent, a novel CAR T cell product can be licensed on the basis 

of the data summarised here without a need to prove the differences claimed by the applicant.  

Expressed differently, the existing approved CAR T cell products, at the time of their initial 

approval, did not need to compare potential activity against products that were approved before 

them and so this standard need not be applied for a licensing decision for this product.  

Nevertheless, the uptake and use of this product will depend on its differentiation from existing 

products and the information presented can support the claim that the product has different 

binding characteristics and a suggested better efficacy profile.  These results do not indicate that 

the product will be better tolerated by patients than existing products, however, as experiments in 

mice are not able to inform on that aspect. 

 

Specificity for CD19 of obe-cel was shown in target cell lysis assays using cells engineered to 

express CD19 and greater cytotoxicity was seen with obe-cel than with product bearing the 

FMC63 scFv.   

 

Production of cytokines (INF-gamma, TNF-alpha and IL-2) was generally similar between the 

two products, obe-cel and one containing the FMC63 scFv.  Proliferative responses of CD19 

(CAT) CAR T cells and CD19 (FMC63) CAR T cells were analysed on stimulation with CD19 

positive target cells with the result indicating greater antigen-specific proliferation with FMC63 

product than with obe-cel.  Overall, the proposition that obe-cel may have reduced 

proinflammatory side-effects can be sustained by these data.  

 

In an in vivo study in mice grafted with a human tumour cell expressing CD19, firstly, anti-

tumour activity of obe-cel was shown in absolute terms, compared to mice given untransduced 

cells.  The study also showed better anti-tumour activity of obe-cel as compared to a different 

CD19 CAR T cell product, CD19 (FMC63) CAR T cells.  There were also reduced absolute 

numbers of tumour cells in bone marrow in mice given obe-cel compared to mice given the CD19 

(FMC63) FMC63 CAR T cell product.  The absolute count of CAR T cells in bone marrow and 

blood showed a higher amount of cells in mice given obe-cel as compared to mice given CD19 



PAR Aucatzyl 410 × 106 cells dispersion for infusion  PLGB 46113/0001  

27 

 

(FMC63) CAR T cells.  The % cytokine-producing CAR T cells was also higher from mice given 

obe-cel than from mice given CD19 (FMC63) CAR T cells.  Finally, both CAR T cell products 

had similar effects on expression of markers of T cell activation and exhaustion, but with obe-cel, 

there was a greater proportion of CAR T cells from obe-cel that expressed CD127 and Bcl-2 at 

the tumour site.    

 

For the applicant, this set of findings provides evidence for its claim that use of obe-cel in human 

patients will result in a product with a better profile, in terms of cells showing decreased 

apoptosis, a longer duration of survival and thus better efficacy.  It is difficult to see that the in 

vitro profile shown here should lead to demonstrably superior safety, but there is an extent to 

which the  applicant acknowledge this e.g. in its statement:  ‘Although, it is difficult to directly 

correlate in vitro cytotoxicity of a CAR T cell therapeutic with clinical performance, given that 

the overall antileukaemia effect may be influenced by many other factors (e.g. CAR T cell 

expansion), however, enhanced in vitro cytotoxicity may indicate improved therapeutic potency, 

given a key requirement of the therapeutic is the killing of leukaemic cells.’  

 

In terms of regulatory decision-making, it is not essential for the applicant to prove in its 

preclinical profile that its product will have a better safety profile: the preclinical data can be used 

to support this as a hypothesis, but its confirmation is dependent on clinical studies in patients.  It 

suffices for this application that the applicant has shown that its scFv targets CD19 and leads to 

anti-tumour activity in experiments in mice xenografted with CD19+ tumour.    

 

Secondary pharmacodynamics studies, safety pharmacology studies and studies into 

pharmacodynamic interactions were not done due to a lack of suitable methods.  This is accepted. 

 

In conclusion, the applicant’s data set suffices to support expectation of benefit.  There are no 

suitable means to prove the claims put forward for better tolerability and longer persistence other 

than testing in patients.   

 

Pharmacokinetics 

 

Pharmacokinetic studies 

The applicant noted that conventional toxicology studies do not provide clinically relevant 

information for a CAR T cell therapy and the same applies to its pharmacokinetics and 

distribution.  If given to normal animals, the human cells would be expected to be cleared in a 

manner not indicative of anything likely to happen to patients; the applicant view was expressed 

that as there is extensive prior clinical experience with other CAR T cell products, it is not 

relevant to consider this sort of testing in animals further. 

 

Absorption  

No absorption studies were done.   

 

Distribution 

No distribution studies were done.   

 

Metabolism 

No metabolism studies were done.   

 

Excretion 

No excretion studies were done.   
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Pharmacokinetic drug interactions 

No pharmacokinetic drug-drug interaction studies were done.   

 

Other pharmacokinetic studies 

No other pharmacokinetic studies were done.   

 

Overall conclusions on pharmacokinetics 

The applicant argued that studies in animals into the kinetics of obe-cel are not relevant as the 

product engages only with human CD19 and is an autologous human cell therapy product.  If the 

product were given to a human subject by mistake, it would be expected to be cleared in the same 

way as if given to an animal assuming each had a functional immune system.  The absence of 

kinetic studies with this product is agreed.   

 

Toxicology 

The CAR in obe-cel does not recognise CD19 from animal species and no preclinical safety 

studies in normal animals were done.  The applicant view is that conventional toxicology studies 

would not provide clinically relevant information and this is agreed.  Safety assessment was 

based on tissue cross reactivity studies and on literature-based evidence, including of a risk of 

insertional mutagenesis.   

 

Tissue cross reactivity studies  

Study 10288 described the production and profile of material to be used in subsequent tissue 

cross reactivity studies.  In brief, the applicant fused the scFv region to a murine IgG2a construct 

and produced this in CHO cells: the resulting construct is called anti-CD19 CAT scFv-Fc.  

Separately, the applicant also made an IgG2a murine antibody with an scFv region targeting a 

totally different antigen, and anti-H5N1 flu antigen.  The final purified protein for CAT scFv-Fc 

and anti-H5N1 scFv-Fc was >95% pure. 

 

Flow cytometry was used to detect binding of anti-CD19 scFv-Fc to human CD19 expressed on 

SupT1 cells.  As a negative control, non-transduced SupT1 and SupT1 cells transduced to express 

CD22 or BCMA were also tested.  Binding of CAT scFv-Fc was compared to a non-relevant 

scFv-Fc antibody under similar experimental conditions.  

 

Results:  As shown in Figure 7, of anti-CD19 scFv-Fc (here called CAT scFv-Fc) specifically 

recognised CD19 expressing cells: the control anti-H5N1 scFv construct showed no binding to 

any of the cell lines. 
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The applicant concluded that the anti-CD19 CAT scFv-Fc construct retained specificity for CD19 

and had no reactivity for CD22 or BCMA. 

 

Study 10308 was a method validation study not intended to be in compliance with Good 

Laboratory Practice.  Its objective was to define the best assay conditions for the staining of 

human CD19-expressing tissues with test item anti-CD19 CAT scFv-Fc and then to proceed to 

validate the method in terms of specificity, sensitivity, range, linearity, precision and 

reproducibility. 

 

The method used sections of snap-frozen CD19 positive/negative control cells and sections from 

CD19-expressing tissues (human tonsil).  All tissues were incubated with concentrations ranging 

from (0.03 - 30 microg/ml) for both test items, anti-CD19 CAT scFv-Fc and the negative control 

item, the anti-H5N1 antibody noted above.  

 

Specificity was tested by confirming (1) minimal to marked membranous, variably cytoplasmic, 

positive staining of tonsillar lymphoid cells consistent with B lymphocytes with anti-CD19 CAT 

scFv-Fc at concentrations 0.1 - 10 microg/ml and (2) no staining on CD19 negative control cells 

with anti-CD19 CAT scFv-Fc and none with the anti-H5N1 antibody in tissues and control cells, 

at the same range.  Sensitivity was tested by membranous/cytoplasmic staining with the test item 

at the lowest concentration (0.1 microg/ml) in the human tonsil.  For linearity, an increase of 

staining area and/or intensity approximately proportional to the increase of the test item 

concentration was tested at 0.1 - 3 microg/ml in human tonsil.  The peak of specific staining 

intensity was reached at 3 µg/ml. 

 

Sections of liver, kidney, spleen, cerebral cortex and colon were immunostained at 0.3, 1 and 3 

microg/ml with anti-CD19 CAT scFv-Fc and with the negative control item, the anti-H5N1 
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antibody (3 microg/ml only).  There was specific minimal-to-slight membranous, variably 

cytoplasmic, staining with anti-CD19 CAT scFv-Fc in splenic follicles, in cells suggestive of B 

lymphocytes at 1 and 3 microg/ml; no specific staining was observed at 0.3 microg/ml: no 

specific staining was observed with the negative control item Anti-H5N1 in any of the five 

selected tissues.  Background staining was at an acceptable degree. 

 

Both repeatability (intra-assay variation, precision) and reproducibility (inter-assay variation) 

were qualitatively evaluated with anti-CD19 CAT scFv-Fc and Anti-H5N1 at 0.3, 1 and 3 

microg/ml in three independent assays run on three different days: they were deemed satisfactory. 

Images below show binding to human tonsil tissue of anti-CD19 CAT scFv-Fc (top picture, left) 

and of the negative control antibody targeting H5N1 from influenza virus (top picture right).  The 

lower set of images shows binding to human tonsil tissue of anti-CD19 CAT scFv-Fc at 

concentrations 0.03 – 10 microg/ml.  Based on these studies, concentrations of 1 and 3 microg/ml 

were selected for use in the full study: the lower concentration was judged optimal and the higher 

concentration was judged the highest not associated with non-specific binding.   

 

 
 

 
 

Using the methods concluded as suitable from the work described above, the applicant conducted 

a human tissue cross reactivity study in compliance with Good Laboratory Practice.  The report 

calls the test item CAT19 but for consistency in this assessment report, anti-CD19 CAT scFv-Fc, 

is used.  As a negative control, the same anti-H5N1 scFv as was described above was used.   

 

Frozen sections of human tonsil were used as a positive control, to show the capacity to identify 

binding to tissues.  Briefly the method consisted of the main following steps.   

 

- frozen sections were air-dried for at least 45 minutes at room temperature and fixed in 

zinc formalin for 2 minutes 

- after rinsing the sections in distilled water, endogenous peroxidase activity was blocked 

- sections were washed and slides uploaded for automated immunohistochemical staining 
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- test items, in antibody diluents, were incubated for one hour at room temperature, then 

blocking solution was applied for 4 minutes 

- the detection system was applied as per the manufacturer’s recommendations, for 16 

minutes 

- sections were stained with haematoxylin and bluing reagent and washed and dehydrated 

and then mounted. 

 

As noted from preliminary studies, two concentrations of anti-CD19 CAT scFv-F were used - 1 

and 3 microg/ml and one concentration of the negative control anti-H5N1 antibody was used 3 

microg/ml. In addition, tissue was stained for tissue integrity evaluation: this involved staining 

endothelia with von-Willebrand antibody.  Run conformity was assessed by including positive 

and negative control items on human tonsil tissue. 

 

Slides were visualised and evaluated using a light microscope.  Specific positive staining was 

graded according to the area and intensity on a 6 point scale as 0: negative, 1: minimal, 2: slight, 

3: moderate, 4: marked, and 5: strong.  Specific positive staining was also defined as a % of the 

number of positive cells stained as: very rare (<5% of cells of a particular cell type), rare (5-25% 

of cells of a particular cell type), occasional (25-50% of cells of a particular cell type) and 

frequent (50% of cells of a particular cell type). 

 

The age of human donors ranged from 7 – 82 years old, with one exception of eye tissue sourced 

from a 96 year old female.  The great majority were Caucasian.   

 

42 tissues were selected for use in this study with tissue from at least 3 different donors used for 

each tissue: adrenal, blood cells/smears, bone marrow, breast/mammary gland, cecum, 

cerebellum, cerebral cortex, colon, duodenum, endothelium, eye, oesophagus, Fallopian tube 

(oviduct), gall bladder, heart (ventricle), ileum, jejunum, kidney, cortex, liver, lung, lymph node, 

muscle, striated, skeletal, peripheral nerve, ovary, pancreas, parotid, parathyroid pituitary, 

placenta, prostate, rectum, skin, spinal cord, spleen, stomach, testis, thymus, thyroid, tonsil, 

ureter, urinary bladder, uterus, cervix and uterus (endometrium).  

 

Tissue integrity was shown to be acceptable - staining in endothelia was consistently observed 

with anti-Von-Willebrand antibody.   

 

Results:  Anti-CD19 scFv-Fc stained cells in lymphoid organs, particularly in lymphoid follicles.  

It produced minimal-marked and occasional-frequent membranous staining of resident lymphoid 

cells in follicles of the lymph node, tonsil, spleen (white pulp), thymus, in the Gut-Associated-

Lymphoid-Tissue (GALT) throughout the gastrointestinal tract (stomach, duodenum, jejunum, 

ileum, cecum colon and rectum) and lymphoid nodules in the oesophagus and ureter.  There were 

also instances of cytoplasmic staining too.  There was also minimal (in intensity) and very rare-

to-occasional membranous (with variable cytoplasmic) staining in lymphoid cell infiltrates in 

some other tissues, including breast and parotid salivary gland.  Cell morphology and tissue 

distribution were consistent with the expected profile of CD19 expression on B lymphocytes.  

Staining was generally observed at both concentrations (1 and 3 microg/ml) but was more evident 

at the higher concentration.  

 

The applicant concluded that in human tissues, of anti-CD19 scFv-Fc stained cell membranes 

(with variable cytoplasmic) in lymphoid follicular compartments of lymphoid organs and within 

lymphoid aggregates/infiltrates in some other tissues.  Binding was consistent with lymphocytes 

and was therefore expected. 
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Single dose toxicity 

No single dose toxicity studies were done. 

 

Repeat-dose toxicity 

No repeat dose toxicity studies were done. 

 

Toxicokinetics 

There are no toxicokinetic data. 

 

Interspecies comparison 

As no studies were done in animals, interspecies comparisons are not relevant.  

 

Genotoxicity  

No genotoxicity studies were done.   

 

Carcinogenicity 

No experimental studies into risks of carcinogenicity were done.   

 

The applicant provided a discussion of the risk of carcinogenicity and of insertional mutagenesis 

as part of its non-clinical overview, as summarised here.   

- patient characteristics 

- risk recognised with approved CAR T cell products 

- mechanisms of insertional mutagenesis 

- features of obe-cel that relate to a reduced risk of insertional mutagenesis 

- summary and conclusion.   

 

The patient population to be treated have a very poor prognosis and will be those who have 

relapsed following prior treatment or who are refractory to treatment.  Standard of care 

chemotherapy followed by autologous haematopoietic stem cell transplant has an increased risk 

of secondary malignancies, at ~8-29%.  It is noted that this prior treatment is likely to include 

vincristine, which is a mutagen associated with secondary malignancies. 

 

A retrospective review of data from 340 patients with r/r haematological or solid malignancies 

across 27 investigator-initiated clinical studies that were treated with immune effector (CAR T) 

cells, genetically modified with gamma retroviral vectors, demonstrated that in a cumulative 1027 

years of long-term follow-up, 13 (3.8%) patients developed secondary cancer with a total of 16 

events (4 haematologic malignancies and 12 solid tumours); 11 of these 16 tumours for which 

biopsies were available, were found to be transgene negative by polymerase chain reaction and 

replication competent retrovirus testing of peripheral mononuclear cells was negative in all 13 

patients with secondary malignancies.  

 

The applicant noted that there is a recognised risk of a secondary cancer arising following 

treatment with approved CAR T cells (Table 1) in patients with B cell malignancies or with 

multiple myeloma: both the US FDA and the EU EMA have highlighted this in public 

documents.  The risk of insertional mutagenesis and development of secondary cancers is 

considered low: FDA and EMA communications indicating that, to 31 December 2023, 22 cases 

of T cell malignancies have so far been reported from an estimated 34,400 patients treated with 

commercially available BCMA- or CD19-directed autologous CAR T cell products a rate of 

<0.1%.  Although 12 of these reports were from patients who had received 4 of the 6 marketed 

products (7 for Kymriah, 3 for Yescarta and 1 for Breyanzi and Carvykti), the regulators 
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indicated that the risk of T-cell malignancies was applicable to all 6 currently approved CAR T 

products.  It is possible that some of these cases may not be due to insertional mutagenesis and 

they may instead be incidental as secondary cancers in patients who had prior chemotherapy, or 

they may represent a lineage switch of the underlying B cell malignancy.  The possibility of viral 

vectors used to deliver CAR T cells inserting themselves into the host genome remains a major 

concern for inducing secondary cancers. Therefore, secondary cancer is a class warning on the 

labels of FDA-approved CAR T products: nevertheless, regulators consider that benefits of 

treatment continue to outweigh potential risks the applicant notes. 

 

 
 

The applicant summarised clinical evidence of risk from products that were not marketed.  The 

applicant summarised early clinical evidence to the effect that haematopoietic stem cell (HSC) 

gene therapy using gamma retroviral-modified HSCs to treat severe congenital 

immunodeficiency and other congenital disorders sometimes gave rise to unexpected instances of 

leukaemia.  In 20 children with X-linked severe combined immunodeficiency (X-SCID) treated 

with autologous CD34+ HSC progenitors transduced ex vivo with a gamma retrovirus, RV, 6 

developed T cell acute lymphoblastic leukaemia (T-ALL) as long as 6 years post-gene therapy 

which was considered due to LTR transactivation of proto-oncogenes mainly by LMO2 and 

CDKN2A.  Development of leukaemia has also been reported from the treatment of X-linked 

chronic granulomatous disease (X-CGD), Wiskott-Aldrich syndrome and recently adenosine 

deaminase (ADA)-SCID by LTR transactivation of the proto-oncogenes (LMO2 and MECOM) 

driven by the gamma retroviral promoter in the LTR of the integrated provirus.  The use of SIN 

LV has been proposed to reduce the risk of insertional mutagenesis due to the lack of 

promoter/enhancer activity in the LTRs of the integrated vector sequence. The provirus sequence 

of these vectors in host cells lacks any viral promoter or enhancer sequence in their LTRs 

rendering it SIN.  

 

Insertional mutagenesis has been reported in studies of HSC gene-therapy using SIN LVs.  3 

patients treated with elivaldogene autotemcel for X-linked cerebral adrenoleukodystrophy 

(CALD) were diagnosed with myelodysplastic syndrome (MDS) between 14- and 92-months 

post-infusion, due perhaps to LTR transactivation of the MECOM gene likely caused by the 

strong internal viral promoter used in the transgene. 

 

However, insertional oncogenesis in clinical trials involving gamma retrovirally-transduced 

mature T cells has not been reported.  T cells are considered terminally differentiated so that the 

integration of the vector into the locus of an oncogene or tumour suppressor gene is considered 
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unlikely to cause oncogenesis.  Two cases of malignant transformation of CAR T cells have been 

described from a single clinical study. However, this study used high-voltage electroporation of 

naked plasmid transposon DNA and transposase for modification.  A high insertion copy number 

was observed in one of the patients, but not the second.  A clear molecular cause of malignancy 

due to transposon insertion was not determined.  Transformation was related to the use of a 

transposase and does not easily inform on risks regarding retroviral vectors.  

 

A patient treated with ciltacabtagene autoleucel for multiple myeloma who developed CAR-

positive T cell lymphoma (TCL) 5-months post-infusion was reported.  Clonality of TCL was 

confirmed with vector integration analysis with insertion in the 3’ untranslated region of the 

PBX2 gene.  Whole genome sequencing of germline samples revealed the presence of a 

heterozygous JAK3 variant that has previously been associated with antigen induced TCL.  

Although the contribution of the vector insertion into the PBX2 gene to TCL formation remains 

uncertain, this malignancy further appears to have arisen from a pre-existing clone present in the 

apheresis prior to CAR T manufacture.  

 

Integrating vectors have been associated with adverse events related to vector integration which 

could cause malignancy.  However, not all vector insertions that affect cell growth lead to 

malignant transformation.  There are reports of transient clonal expansion of HSCs treated with 

SIN LV expressing beta (β)-globin for β-thalassemia and for X-linked SCID.  Growth advantage 

in both cases was caused by the production of an aberrant splice variant of the high mobility 

group protein 2 (HMAG2) gene but did not result in malignant transformations. 

 

In terms of the means by which insertional mutagenesis leads to a malignant transformation, the 

applicant summarised that this appears to result from a multistep process, in which the initial hit 

in most cases, an integration activating an oncogene, is followed by rearrangements, 

chromosomal translocations and other somatic mutations.  T cells have an intrinsic resistance to 

transformation when modified with either gamma retroviral or self-inactivating lentivirus, as 

supported by long follow up studies of patients treated with CAR T-cell therapies with extremely 

low rates of occurrence of insertional oncogenesis.  

 

The retroviral life cycle relies on integration of the viral genome into the host cell genome.  This 

integrated genome is known as the provirus.  Viral replication is driven by highly active enhancer 

and promoter sequences in the long terminal repeats (LTRs) of the provirus.  Insertion of these 

promoters in the genome of host cells is a potent mechanism that can lead to the dysregulation of 

gene expression causing neo-oncogenesis.  Studies in laboratory animals demonstrated that the 

integration of retroviruses can cause malignancy by integrating near proto-oncogenes.  

Integration sites that were identified repeatedly in multiple independent studies (termed common 

integration sites) were compiled in retroviral tagged cancer gene database.  Vector integration can 

cause cellular malignancy by mutating host cell genes in several ways. The result is either the 

enhanced transcription or translation of oncogenes, chimeric and truncated transcripts or the 

inactivation of tumour suppressors.  

 

The applicant highlighted features of obe-cel that it considers suggest a low risk of insertional 

mutagenesis.  

 

• Obe-cel uses a self-inactivating lentiviral vector, which has a lower risk of cellular 

transformation through activation of LTRs, since the LTRs do not contain any viral 

promoter/enhancer sequences.  This reduces likelihood of LTR activation of an oncogene leading 

to cellular transformation. 
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• Obe-cel uses an internal phosphoglycerate kinase-1 (PGK) promoter.  This is a non-viral 

promoter with moderate activity in primary T cells.  Avoiding a powerful or viral promoter may 

reduce the risks of cellular transformation. 

 

• The median vector copy number (VCN) for all obe-cel patient lots in the FELIX phase II study 

is 2.4.  VCN values above 4 are thought to be associated with an increased risk of cancer.   

 

The applicant also note that long-lived cells can accumulate somatic mutations which may lead to 

cellular transformation.  Analysis of long-term persistent CAR T cells with a product in two 

patients expressing the same CD19 CAR as obe-cel displayed a polyclonal integration pattern 

with no evidence of clonal expansion.  In 5 years of follow-up, there have been no reports of 

secondary T cell malignancies.  

 

In addition, in clinical experience with obe-cel to date, >200 patients have been dosed with 

follow up now >5 years after treatment with no reports of secondary T cell malignancies.  3 

patients (2.4%) had potential secondary malignancies but in each case this was finally concluded 

to be linked to pre-existing conditions and confounding circumstances.  As insertional 

oncogenesis is a rare event and may take years to develop, longer follow-up of patients receiving 

treatment with CAR T cells is required.  It is the applicant’s intent that all secondary 

malignancies arising in patients treated with obe-cel will be tested for obe-cel lentiviral insertion 

 

In conclusion, the applicant proposed that with obe-cel, the use of SIN LV, low VCN and an 

internal non-viral promoter may reduce the risk of leukaemogenesis and the benefit-risk balance 

of obe-cel is favourable.  

 

Reproductive and developmental toxicity 

No reproductive toxicity or juvenile toxicity studies were done. 

 

Local tolerance 

No local tolerance studies were done.  

 

Other toxicity studies 

No other toxicity studies were done. 

 

III.5 Ecotoxicity/Environmental Risk Assessment 

The applicant provided an environmental risk assessment (ERA) of the use of this product.  The 

product contains genetically modified cells created from use of a lentivirus to transduce the cells: 

that virus is a replication incompetent, self-inactivating (SIN) vector derived from human 

immunodeficiency virus type 1 (HIV-1).   

 

Several clinical trials were done with obe-cel in the UK and approval for GMO manufacturer for 

use in these trials was obtained under the Genetically Modified Organisms (Contained Use) 

Regulations 2014.   

 

Obe-cel is likely to be administered to a small number of patients: the applicant estimate that in 

the UK there are 5,813 patients with acute lymphoblastic leukaemia (5,649 in Britain). 

 

The applicant indicates that it considers the transduced cells to be the genetically modified 

organism.  The recipient patient is not to be classified as a genetically modified organism.  The 

cells are not pathogenic and do not survive, persist or replicate outside the autologous host 



PAR Aucatzyl 410 × 106 cells dispersion for infusion  PLGB 46113/0001  

36 

 

organism unless special laboratory conditions and growth media are applied.  Obe-cel is created 

from the cells of one patient and transfer of cells to another person would only arise by accident.  

In this case, it is likely that that recipient’s immune system will eliminate the transferred T cells; 

only if that recipient is immunosuppressed would there be an expectation of notable exposure to 

the unintended recipient.  The applicant consider that it follows that potential hazards of the 

commercial use of obe-cel for therapeutic purposes are therefore only related to human health.  

Potential hazards to animal health or the environment are not applicable. 

 

Potential toxicity is considered for persons who could be unintentionally but directly exposed to 

obe-cel, e.g. those who administer the product or who may be in direct contact with the patient 

and potential effects for the environment at large that may be exposed to the product.  Treated 

patients are most unlikely to consider blood donation but if they did, the SPC advises they should 

not and, in any case, they would be considered as unsuitable donors so no risk from exposure is 

identified by this means.   

 

The four plasmids used for obe-cel manufacture are produced in the UK with measures in place 

to assure lack of contamination by other plasmids that could gave raised to a different GMO than 

obe-cel.  Sequences of the plasmids are confirmed by next generation sequencing (NGS).  All 4 

plasmids have a 100% match with reference sequence. 

 

The virus used to transfect cells is called LV18970 and is third-generation self-inactivating 

lentiviral vector based on Human Immunodeficiency Virus type 1 (HIV-1) and pseudo-typed with 

Vesicular Stomatitis Virus glycoprotein (VSV-G).  It is not considered to be pathogenic as all 

pathogenic and replicative properties of the HIV virus have been removed. 

 

LV18970 was designed to lack viral coding sequences that could result in replication competent 

lentivirus or immunogenic peptides.  It is devoid of lentiviral enhancer-promoter sequences.  

Besides the transgene, the vector genome contains all the minimal components required for 

efficient packaging, reverse transcription and integration of the viral vector genome into the 

transduced T cells.  

 

Expression of the CAR transgene is driven by the human PGK1 promoter and expression is 

enhanced by a modified woodchuck post-transcriptional response element (ΔWPRE or 

mtWPRE).  

 

An assay for replication competent lentivirus is applied at release testing on both the purified 

vector and on the end of production cells from manufacturing of LV18970. 

 

No shedding of the lentiviral vector from the treated patient into the environment is expected: the 

risk of formation of replication competent virus particles is negligible and the amount of residual 

infectious LV18970 particles in obe-cel drug product is negligible.  

 

To manufacture obe-cel, patient samples are tested prior to leukapheresis for multiple pathogenic 

viruses: Human Immunodeficiency Virus 1 & 2 (Anti-HIV-1,2), Hepatitis B (HBsAg and anti-

HBc), Hepatitis C (anti-HCV-Ab), Syphilis (anti Treponema pallidum) and Human T cell 

lymphotropic virus (Anti HTLV-1 and -2).  Samples are required to be negative for further 

processing.  The patient’s white blood cells are collected by leukapheresis and material purified 

to isolate T cells, which are then stimulated to proliferate, transduced with the lentiviral vector, 

LV18970 to introduce the CAR gene, and expanded until the target CAR T cell dose is achieved.  

The cells are then washed, formulated and cryopreserved at -150°C.  



PAR Aucatzyl 410 × 106 cells dispersion for infusion  PLGB 46113/0001  

37 

 

After its manufacture, obe-cel is supplied for use in the patient who supplied the white blood cells 

with systems in place to ensure that only that patient receives the product.  Supply is only to 

qualified treatment centres, with use overseen by a physician with experience in the treatment of 

haematological malignancies and trained in its administration and in managing patients given the 

product.  Specific training on obe-cel handling is provided.  Those handling the product will be 

trained healthcare professionals with use of appropriate precautions (gloves, protective clothing 

and eye protection).  Once thawed, the product does not require reconstitution or dilution and is 

to be used on days 1 and 10 (± 2 days).  After dosing, unused obe-cel or waste material is to be 

disposed in line with applicable biosafety guidelines.  Treated patients are to be enrolled in a 15-

year long-term follow-up scheme to gather data in the longer term. 

 

Obe-cel is not intended to be released directly introduced into the environment.  

 

A hazard is identified of mobilisation or recombination of integrated lentiviral vector constructs 

upon infection of the transplanted cells with HIV or retroviruses in the patients with an active 

infection.   

 

A risk is identified that a recombination event may occur during vector production that results in 

a replication competent lentivirus (RCL) in the product which may be pathogenic in humans.  

Both the lentiviral vector and obe-cel are tested for the presence of RCL based on detection of 

VSV G DNA, which is indicative of the presence of RCL.  With a limit of detection of 5 VSV-G 

copies per reaction, no detectable RCL has been observed in obe-cel batches manufactured thus 

far. 

 

The cells in which the lentiviral vector is produced was confirmed negative for several 

adventitious viruses, including HIV-1, HIV-2, HTLV-1, HTLV-2 and retroviruses before use in 

the LVV manufacturing process and so should not give rise to RCL. 

 

The applicant view is that the risk of transmission of RCL, either through direct accidental 

exposure or through shedding, is negligible. 

In registering obe-cel, the MHRA is the Competent Authority for medicinal products but is not 

the Competent Authority for release into the environment of a genetically modified organism.  In 

accordance with Human Medicines Regulations (2012), the national Competent Authority should 

be consulted.   

 

The use of obe-cel is not expected to result in a significant risk to the environment.  It was 

considered that cells in obe-cel are not an organism (isolated human cells cannot be considered to 

be an organism) and therefore they are also not a genetically modified organism.  However, the 

product contains the lentiviral vector, which is genetically modified and an organism.  It was 

considered there to be no greater risk to the environment than with other CAR T cell product that 

are used in a similar manner as proposed for obe-cel.   

 

Overall conclusions on toxicology 

Obe-cel is an autologous product with each batch manufactured for a specific patient: it is not to 

be used in any patient other than that for whom it was made.   

 

CD19 is a well-established target for CAR T-cells used in patients with B cell cancers.  In a tissue 

cross reactivity study, no unexpected binding was seen.  As the cell product itself cannot be used 

in tissue cross reactivity studies, the tested material was the scFv part of the CAR used in obe-cel 

and this is an acceptable approach: this is the part of obe-cel that targets the cells to CD19.  There 
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was binding of this scFv construct in obe-cel to lymphocytes, as expected, and this was noted in 

B cells in lymphoid organs and in other organs with lymphocyte cell infiltration.  

 

General toxicity studies have not been done: the scFv in this product targets human CD19 and 

studies in normal animals are not able to indicate general toxicological effects of potential 

relevance to humans.  There are risks of cytokine release syndrome (CRS) or of immune cell 

associated neuronal toxicity syndrome (ICANS) but these are already recognised based on prior 

clinical experience with other products and no further animal studies are needed or are 

appropriate to assess these risks.   

 

Due to the risk of acute toxicity arising from use of this product, the SPC indicates that the 

product should only be used where there is immediate access to tocilizumab and emergency 

equipment to manage CRS should that arise.  CRS did occur in the majority of treated patients 

(69%) with median onset time of 8 days and a duration of 5 days.  The split dosing schedule with 

a lower dose on day 1 then a higher dose of day 10 offers capacity to withhold the second dose 

should the first dose not be tolerated.   

 

Reproductive and developmental toxicity studies have not been done: these are not feasible in 

animals for CAR T cell products and are also not required for products intended for use in 

patients with advanced cancer.  For this product, patients will also be given chemotherapy 

(fludarabine and cyclophosphamide) which are genotoxic and pose a risk of foetal harm if used in 

pregnancy and can be present in milk and pose a hazard to breastfed neonates.   

 

Genotoxicity and carcinogenicity studies have not been done and are not required for a medicinal 

product intended for use in patients with advanced cancer, according to regulatory guidance 

(ICHS9 Non-clinical evaluation for anticancer pharmaceuticals).  

 

There is some risk of genomic insertion and thereafter of insertional mutagenesis and a T cell 

cancer arising after use of obe-cel.  It is likely that with any integrating virus, this risk cannot be 

eliminated completely and the risk therefore needs to be set in the context of the clinical benefit 

demonstrated for the product.  Vector integration could cause cellular malignancy by mutating 

host cell genes which could result in either enhanced transcription or translation of oncogenes or 

inactivation of tumour suppressors.  As summarised in the report above, obe-cel has design 

features that seek to reduce risk of insertional mutagenesis.   

 

For each individual patient treated, the risk of a cancer arising from the treated cells is theoretical.  

Noting the prognosis of the population without treatment, the chance of cancer arising would 

only be relevant in those who benefited from treatment i.e. withholding treatment to prevent the 

risk of a tumour arising from insertional mutagenesis is not an appropriate approach, as 

evidenced by the fact that approved CAR T cell products remain licensed and used as they are 

considered to retain  a positive risk:benefit balance, in regard to this risk of insertional 

mutagenesis.  Recent FDA and EMA communications indicate that 22 cases of T cell 

malignancies were reported from an estimated 34,40, a rate of 0.06%, which is likely to be an 

overestimate and some of these cases of T cell malignancy may not be related to the use of 

retroviral vectors.  The same judgement can be applied to obe-cel.  Patients already have one 

cancer and the prior treatment/conditioning regimen might be associated with an increased risk of 

cancer arising in patients given obe-cel.  Should a cancer arise following an insertional mutagenic 

effect, it would likely be rare (it has not been seen to date in treated patients) but it may also take 

years to develop, in which case, the absence of cases, thus far, is less reassuring.  The applicant 

proposes to monitor patients in the long term after treatment with the intent to identify cancer 



PAR Aucatzyl 410 × 106 cells dispersion for infusion  PLGB 46113/0001  

39 

 

arising in T cells treated with obe-cel.  Further cancers that do arise in treated patients will be 

analysed for obe-cel lentivirus insertion.  The applicant has given a detailed and thorough 

consideration of this risk.   

 

Another identified risk is that a recombination event may occur giving rise to replication-

competent lentivirus (RCL), despite that the vector used in obe-cel is replication-deficient and its 

production uses a split-genome design to avoid formation of RCL. 

 

The vector used in obe-cel contains the woodchuck post-transcriptional response element to, 

presumably, increase gene product expression.  It is not clear if this may also promote expression 

of the woodchuck hepatitis virus X protein which may be linked to liver cancer.  The applicant 

has discussed this further below. 

 

The woodchuck post-transcriptional regulatory element (WPRE) present in the obe-cel vector is 

derived from woodchuck hepatitis virus (WHV). When transcribed to RNA, this region of WHV 

plays an important role in facilitating nuclear export of viral mRNA, with all four of the major 

mRNAs required for viral replication containing this sequence. The WPRE has a tripartite 

structure, with each individual element able to promote the nuclear export of RNA, but when 

combined they function co-operatively. Nuclear mRNA export mediated by the WPRE occurs via 

CRM1-dependent and -independent mechanisms. Reporter studies have demonstrated that when 

placed in the sense direction in the 3’ untranslated region (UTR) of heterologous transcripts, the 

WPRE can increase transgene expression. Its use has been widely adopted in retroviral and 

lentiviral vectors to increase nuclear export of viral and transgene mRNA, to increase viral titres 

and transgene expression, respectively.  

 

Inclusion of the WPRE in the obe-cel vector is advantageous because it facilitates the following 

processes: 1) the termination of transcription, which improves the safety profile of the vector by 

reducing the likelihood of transcriptional readthrough occurring; and 2) nuclear export of mRNA 

when included as a cis-acting element, thereby improving transgene expression and viral titre. 

 

Regarding the risks associated with the use of the WPRE, it contains additional elements within 

its sequence, including the 5’ end of the WHV X protein, which encodes an N-terminal fragment 

of the protein, the X protein promoter sequence and an enhancer sequence. 

  

The X protein plays a role in the replication of viral DNA, by transactivating viral and cellular 

promoters, and the generation of infectious virions. As woodchucks infected with WHV 

frequently develop hepatocellular carcinoma (HCC), and the X protein is required for viral 

replication and infection, it was originally thought that the X protein contributed to oncogenesis. 

However, this appears not to be the case, with insertional mutagenesis being the main driver of 

oncogenesis. Insertion site analysis of HCC tumours from woodchucks infected with WHV 

showed that the genome inserted close to or into genes of the myc family, including N-myc1 and 

N myc2. Rearrangement of the c-myc gene, leading to increased expression, has also been 

reported. Insertion of the WHV genome into the 3’ end of the myc genes was found to increase 

myc expression and contribute to oncogenic transformation. Further evidence supporting 

insertional mutagenesis, as opposed to X protein expression, as a factor triggering oncogenesis 

comes from in utero genotoxicity studies demonstrating that primate lentivirus (human HIV) does 

not promote HCC when either a wildtype or a mutant WPRE that cannot express X protein is 

used, whereas infection with non-primate lentivirus does cause HCC to develop. Integration site 

analysis of HCC tumours from mice infected with non primate lentivirus showed that provirus 
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integration frequently occurred in known oncogenes or tumour suppressor genes. Therefore, 

oncogenesis is linked to insertional mutagenesis and not X protein expression. 

 

It should be noted that the WPRE used in vector for this product contains the 5’ end of the gene, 

encoding an N-terminal fragment, and the C-terminal domain of the X protein is important for its 

function, with the deletion of the last 16 amino acids rendering WHV mutants unable to produce 

infectious virus. Similarly, complete ablation of X protein expression, by mutation of the start 

codon from ATG to TTG, also prevents viral infection. Mutation of the ATG start codon of the X 

protein gene is a simple mechanism to block its translation and expression. 

 

An alternative approach to blocking translation is to mutate the promoter region of the X protein 

gene to prevent expression. Transcription of the X protein is driven by a short promoter located 

immediately upstream of the ATG start codon. Deletion mapping of the X protein promoter 

showed that the 21 nucleotides before the ATG start codon were essential for its function, with 

mutational analysis identifying key nucleotides for promoter activity. 

 

The WPRE present in the vector corresponds to nucleotides 1093 to 1681 of the WHV genome. 

To reduce the risk of using the WPRE in the obe-cel vector the following steps were taken: 1) 

mutation of the promoter sequence upstream of the X protein gene to ablate its activity; and 2) 

mutation of ATG start codon of the X protein gene to TTG to block translation.  

 

In conclusion, for the development of this product, there were no data provided from testing in 

animals as such data are not of relevance to indicate potential clinical toxicity of obe-cel.  The 

absence of in vivo studies for general toxicity, genotoxicity, carcinogenicity and reproductive 

toxicity is acceptable.   

 

III.6 Discussion on the non-clinical aspects 

The grant of a marketing authorisations was recommended. 

 

A condition was applied to the approval that the MAH work with the MHRA to resolve, to the 

satisfaction of the Department for the Environment, Food and Rural Affairs (Defra), any concerns 

it may have with this product, about deliberate release of a GMO into the environment.   
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IV  CLINICAL ASPECTS 

IV.1  Introduction 

 

Clinical Development Plan for Obe-cel 
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B ALL=B-cell precursor acute lymphoblastic leukaemia; BM=bone marrow; brexu-

cel=brexucabtagene autoleucel; CRS=cytokine release syndrome; CR=complete remission; 

CSR=clinical study report; DOR=duration of remission; ECA=external control arm; EFS=event-

free survival; EMD=extramedullary disease; ICANS=immune effector cell-associated 

neurotoxicity syndrome; MAIC=matching-adjusted indirect comparison; MEDS=Medidata 

Enterprise Data Store; MRD=minimal residual disease; NR=not reported; ORR=overall 

remission rate; OS=overall survival; Ph+=Philadelphia chromosome translocation present; 

r/r=relapsed or refractory; SoC=standard of care; TKI=tyrosine kinase inhibitor. 

 

[a] Blinatumomab, inotuzumab ozogamicin, or standard chemotherapy (fludarabine, cytarabine 

and filgrastim ± anthracycline-based regimen; high-dose cytarabine-based regimen; high-dose 

methotrexate-based regimen; clofarabine or clofarabine-based combination regimen); TKIs were 

allowed to be used in combination with above chemotherapies for Ph+ patients. 

 

Bioanalytical methods 

The cellular kinetics and immunogenicity of obe-cel were characterized in Study AUTO-AL1, 

referred to as the FELIX Study. In addition, replication competent lentivirus (RCL) testing was 

performed. All these analytical methods were developed by the sponsor or by vendors on behalf 
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of the sponsor. Bioanalytical methods used to characterise the kinetics, immunogenicity and RCL 

by the Applicant are summarised in Table 1. 
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Pharmacokinetics/ Pharmacodynamics analytical methods 

B Cell Aplasia  

B cell aplasia in patients’ peripheral whole blood was assessed using flow cytometry.  B cells 

were defined as CD45+CD3-CD19+ cells. True count beads used in the assay determined 

absolute cell numbers and a patient was considered to be in B cell aplasia if B cells were <20 

cells/μl. 

 

Across publications, no standard cut-off has been used for B cell aplasia. For example, very 

different cut-offs were used in the ELIANA study, where the cutoff was ≥1% CD19+ cells in 

viable white blood cells. In the ALLCAR19 study, the cutoff was of >110 CD19+ B cells/μL. In a 

later publication, a simple cutoff of ≥20/μL was used and this cut-off was used to determine B 

cell aplasia in the FELIX study. 

 

Minimal Residual Disease 

Minimal residual disease (MRD) refers to the measurable number of cancer cells that remain in 

the patient during and following treatment. Several methods were used during the conduct of the 

FELIX study to ascertain accurate and sensitive detection of low levels of MRD, 

 

MRD by Next-generation Sequencing (NGS)   

An in vitro diagnostic assay which utilizes NGS to identify frequency and distribution of clonal 

sequences in DNA extracted from bone marrow from patients with B cell acute lymphoblastic 

leukaemia (B ALL) was used. The assay measures MRD to monitor changes in the disease 

burden during and after treatment. The assay has a sensitivity of 10-6 (1 B ALL cell in a 

background of 1,000,000 nucleated cells) and requires a calibration archival sample to enable 

identification of leukemic clones of interest.  

 

MRD by Flow Cytometry Method MRD by flow cytometry was assessed in bone marrow 

aspirate by a validated assay. The MRD flow panel measures leukemic-associated 

immunophenotype with a 10-4 (1 B ALL cell in a background of 10,000 nucleated cells) MRD 

detection level. 

 

MRD by Immunoglobulin/T Cell Receptor Real-Time Quantitative Polymerase Chain 

Reaction Method  

Real-time quantitative polymerase chain reaction (RQ-PCR) MRD analysis was performed by a 

validated assay at blood glucose level on DNA extracted from bone marrow using real-time 

quantitative (RQ-PCR) analysis of immunoglobulin (Ig) and T cell receptor (TCR) gene 

rearrangements. The RQ-PCR assay has a 10-4 MRD detection level. The assay requires a 
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calibration sample (at least 3-5% blasts) at screen to enable identification of Ig/TCR 

rearrangements. 

 

Cytokines  

An electrochemiluminescence platform was used alongside a validated panel of 10 multiplex pro-

inflammatory off-the-shelf kits measuring biomarker analytes including IFN-γ, GM-CSF, IL-2, 

IL-5, IL-6, IL-7, IL-8, IL-10, IL-15, and TNF-α that are associated with the inflammatory 

response and regulation of the immune system. Serum samples of obe-cel patients were used to 

quantify cytokines. 

 

Immunogenicity 

Cellular Immunogenicity Antigen specific immune activation of T cells within peripheral blood 

mononuclear cells (PBMCs) results in the production of IFN‐γ. Detection of antigen-specific 

immune activation in patients’ PBMCs against obe-cel derived peptides at lymphodepletion and 

post infusion at day 28, month 3 and relapse was assessed using an off-the-shelf validated IFN‐γ 

enzyme-linked immunosorbent spot (ELISpot) assay. 

 

This assay was qualified, rather than being fully validated, as full validation could not be 

performed since positive control samples could not be identified ahead of initiating validation. 

 

Humoral Immunogenicity To assess humoral immunogenicity, a validated 

electrochemiluminescent direct binding immunoassay was used to assess anti-drug antibody 

(ADA) to obe-cel. The presence or absence of anti obe-cel CAR protein ADA in serum was 

assessed at baseline (Day -6) and post obe-cel infusion at Day 28, at Month 3 and at relapse. 

Additionally, the ADA titre was determined in samples that screened positive for ADA. The titre 

reported corresponds to the lowest dilution for which a signal above the cut-off value was 

measured. 

 

Replication Competent Lentiviral Analyses of Vector To demonstrate absence of RCL in 

patients transduced cells, RCL detection by quantitative polymerase chain reaction (qPCR) was 

performed on peripheral whole blood of patients. 

 

Pharmacokinetic data analysis 

 

PK Data Analysis Method 

The pharmacokinetic parameters evaluated for obe-cel included C_max (maximum concentration 

of CAR T cells in peripheral blood), T_max (time to reach maximum concentration), AUC₀–₂₈d 

(area under the concentration-time curve from day 0 to day 28, representing overall exposure), 

and persistence (duration of detectable CAR T cells in peripheral blood and bone marrow). These 

parameters were derived from measurements of CAR T-cell levels in peripheral blood using 

digital drop polymerase chain reaction (ddPCR) assays and flow cytometry. 

 

Non-compartmental analysis (NCA) was used to calculate the PK parameters. NCA is suitable for 

therapies where the compartmental distribution is complex or not well-defined, as is the case with 

cell-based therapies. The specific software used for NCA was not explicitly mentioned in the 

provided data. Standard NCA assumptions were applied, such as linear kinetics over the time 

interval assessed. 
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Statistical Methodology 

Descriptive statistics—including mean, median, standard deviation, and range—were calculated 

for PK parameters across the patient population. Exploratory analyses were performed using 

simple linear regression to evaluate relationships between PK parameters (log₁₀-transformed 

C_max and AUC₀–₂₈d) and critical quality attributes (CQAs) such as vector copy number (VCN) 

and transduction efficiency. Ninety-five per cent confidence intervals (CIs) were calculated for 

the estimated effects in the regression analyses. Reported p-values were descriptive and not 

intended for formal statistical inference. No specific acceptance ranges were defined for the PK 

parameters or statistical analyses, given the exploratory nature of the studies. 

 

Models and Software Used 

Simple linear regression models were employed to assess relationships between PK parameters 

and CQAs. The purpose was to identify potential factors influencing CAR T-cell expansion and 

exposure, which could impact efficacy and safety. These models were part of exploratory 

analyses aimed at understanding variability and informing dosing strategies. The specific 

statistical software used was not detailed in the provided information; however, statistical 

analyses of this nature are commonly conducted using software such as SAS, R, SPSS, or 

GraphPad Prism. 

 

Appropriateness of Methods Used 

Non-compartmental analysis is appropriate for cell therapies like obe-cel, where traditional 

compartmental modelling is challenging due to the complex kinetics of living cells. However, 

NCA does not account for inter-individual variability or allow for predictive simulations in the 

same way that population PK modelling does. Simple linear regression is suitable for initial 

exploratory analyses to identify potential relationships between variables. Nonetheless, these 

analyses may not capture non-linear relationships or interactions between multiple covariates. 

Given the exploratory objectives and the nature of the therapy, the methods used were 

appropriate for the preliminary assessment of PK parameters and potential influencing factors. 

 

Divergence Between NCA and Modelled Approaches 

Advanced pharmacokinetic modelling, such as compartmental models or population PK models, 

was not utilised in the analyses. Such models could offer a more detailed characterisation of PK 

behaviour and account for variability between patients. The applicant focused on NCA and 

simple regression analyses due to the inherent complexities of modelling CAR T-cell kinetics and 

the limited applicability of traditional PK models to cell-based therapies. The high variability and 

individualised nature of CAR T-cell expansion may reduce the feasibility and utility of more 

complex modelling approaches in this context. 

 

IV. 2 Pharmacokinetics 

The clinical development of obe-cel is based on the pivotal AUTO1-AL1 Phase Ib/II study 

(referred to hereafter as the FELIX study), which evaluated the safety and efficacy, as well as 

pharmacokinetics (PK) and pharmacodynamics (PD) of obe-cel following a split-dose infusion of 

a total target dose of 410 × 106 CAR-positive viable T cells in adult patients with relapsed or 

refractory (r/r) B cell acute lymphoblastic leukaemia (B ALL). 

 

The study was conducted in adherence to applicable medical, scientific and regulatory guidelines.  

 

The Summary of Clinical Pharmacology Studies submitted by the applicant presents clinical 

pharmacology data from 94 patients infused in the pivotal Cohort IIA (Phase II) of the FELIX 

study, specified as the Infused Set. The correlations between PK-PD and safety data include all 
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127 patients from all cohorts of Phase Ib and Phase II, specified as the Safety Set.  

 

The PK of obe-cel post-infusion were assessed by measuring CAR transgene level in peripheral 

blood with limited sampling in bone marrow (BM) by digital droplet polymerase chain reaction 

(ddPCR). The ddPCR assay was validated by the bioanalytical laboratory adhering to Good 

Laboratory Practice principles. Flow cytometry assessment of CAR presence was also performed 

as supportive information. Important PK terms like expansion and persistency are central to 

understanding the PK of obe-cel in peripheral blood. Expansion refers to the initial period of the 

engraftment phase of the CAR T following infusion, while persistency denotes the continued 

presence of the transgene in the blood.  

 

The PK-PD report, provides a comprehensive evaluation of the expansion and persistency as well 

as duration of B cell aplasia as an assessment of functional CAR T cell persistency. Additionally, 

serum biomarker concentrations were examined in relation to PK. The influence of various 

intrinsic and extrinsic factors on PK parameters were also critically evaluated.  

 

A Phase I, proof-of-concept, academic-led study which recruited 20 patients dosed with obe-cel, 

provides supportive PK data in the context of long-term patient follow-up. 

 

FELIX Study Clinical Pharmacology Results  

The PK, impact of intrinsic and extrinsic factors, dose-exposure, dose-response, exposure-

response, presence of RCL and other results covering the overall clinical pharmacology 

characteristics of obe-cel in adult patients with r/r B ALL are summarized in the sections below.  

 

Pharmacokinetics  

In the Infused Set of Cohort IIA (N=94), the PK of obe-cel is characterized by rapid and high 

level of expansion of the cells following infusion. Figure 2 shows the PK profile (mean [standard 

error of the mean estimate (SE)]) and expansion between Day 1 and Day 28 for each patient 

individually. The overall geometric mean of Cmax was 114,982 copies/μg deoxyribonucleic acid 

(DNA) (range 129-600,000 copies/μg DNA), with a median time to maximum (or peak) 

concentration (Tmax) of 14 days (range 2-55 days) and a geometric mean AUC0-28d of 

1,138,188 copies/μg DNA·day (range 179,000-7,230,000 copies/μg DNA·day).  
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Figure 2: CAR T Cell Pharmacokinetic Profile: Mean (SE) and Individual Concentration vs 

Time Profiles of Obe-Cel Transgene Levels in Peripheral Blood (Cohort IIA, Infused Set)  

 

 
 

CAR=chimeric antigen receptor; D=day; M=month; SE=standard error of the mean estimate.  

The blue line indicates mean (± SE) concentration of transgene level in peripheral blood; grey 

lines indicate individual concentrations. Obe-cel transgene levels measured by droplet digital 

polymerase chain reaction.  

 

Despite receiving the target dose via the 2 doses through the split-dose regime on Day 1 and Day 

10 (±2 days), a single peak is seen rather than a bi-modal profile. 

 

Expansion was high regardless of whether patients achieved CR/CRi or not. Indeed, no 

biologically significant differences were seen in the geometric mean (Table 3) or median and 

interquartile ranges (IQR) of Cmax (Figure 3). Furthermore, a numerically later median Tmax 

was observed for patients not in CR (17 days [range 6-18 days] vs 14 days [range 2-55 days]); 

however, this is unlikely to be biologically significant given the overlapping range.  

 

In CR/CRi patients, approximately 68.4% (95% CI, 54.6%-78.7%) demonstrated persistency at 6 

months, with a maximum duration of 21 months. Furthermore, 75% (27/36) of the patients who 

had ongoing remission as of the data cut-off date had ongoing CAR T persistency at the last 

laboratory assessment.  
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Table 3: Summary of Pharmacokinetic Parameters in Peripheral Blood by Best Overall 

Response (Cohort IIA, Infused Set) 

 

 
 

Figure 3: Boxplot of Cmax (Copies/μg DNA) in Peripheral Blood by Best Overall Response 

(Cohort IIA, Infused Set) 

 

 
Cmax=maximum (or peak) concentration; CR=complete remission; CRi=complete remission 

with incomplete recovery of counts.  
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Figure 4: Boxplot of AUC0-28d (Copies/μg DNA·Day) in Peripheral Blood by Best Overall 

Response (Cohort IIA, Infused Set) 

 

 
 

AUC0-28d=area under the curve from time zero to day 28; CR=complete remission; 

CRi=complete remission with incomplete recovery of counts.  

 

Overall, the PK observed in the FELIX study is consistent with the data from the Investigator-led 

study ALLCAR19, where a robust expansion was observed with a Cmax of 127,152 copies/μg 

DNA and a mean AUC0-28d of 1,251,802 copies/μg DNA·day. At the last available assessment, 

with a median follow-up of 36 months (IQR 24-47), 8/20 (40%) of patients have ongoing CR. 

Seven of these 8 patients (88%) with ongoing remission showed CAR T persistency.  

 

The cellular kinetics observed during the ALLCAR19 study are thus very similar to those 

observed in FELIX, notably with regards to long-term persistency. As described above, 75% 

(27/36) of the patients in the FELIX study who had ongoing remission as of the data cut-off date 

had ongoing CAR T persistency at the last laboratory assessment.  

 

Given the previous experience with ALLCAR19, based on the similarities in expansion and 

persistency, this is considered as an indication that patients in the FELIX study patients will also 

have long-term remission with longer follow-up. 

 

Summary of the Investigator-led ALLCAR19 Study 

The ALLCAR19 study was a Phase I, proof-of-concept, academic-led clinical trial that evaluated 

the safety, PK, and efficacy of obe-cel in patients with relapsed or refractory B-cell acute 

lymphoblastic leukaemia (r/r B ALL). A total of 20 patients were recruited and dosed with obe-

cel, providing supportive PK data and insights into long-term patient outcomes. 

 

Pharmacokinetics and Pharmacodynamics 

The study demonstrated a robust expansion of CAR T cells following obe-cel infusion. The 

observed C_max was 127,152 copies/μg DNA, and the mean area under the concentration-time 

curve from day 0 to day 28 (AUC₀–₂₈d) was 1,251,802 copies/μg DNA·day. These PK parameters 

indicate significant proliferation and persistence of CAR T cells in patients, similar to the 

findings from the pivotal FELIX study. 
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Efficacy and Long-term Outcomes 

At the last available assessment, with a median follow-up of 36 months (interquartile range [IQR] 

24–47 months), 8 out of 20 patients (40%) achieved ongoing complete remission (CR). Notably, 

7 of these 8 patients (88%) with sustained remission exhibited continued CAR T-cell persistence. 

This suggests a strong correlation between long-term CAR T-cell presence and durable clinical 

responses. 

 

Comparison with the FELIX Study 

The cellular kinetics observed in the ALLCAR19 study closely mirror those seen in the FELIX 

study. Both studies reported robust CAR T-cell expansion and significant long-term persistence. 

In the FELIX study, 75% of patients who had ongoing remission at the data cut-off date also 

showed continued CAR T-cell persistence at their last laboratory assessment. The similarities 

between the two studies strengthen the evidence that obe-cel can lead to long-term remission in 

patients with r/r B ALL. 

 

In the FELIX study, patients exhibited a geometric mean peak concentration (C_max) of 114,982 

copies/μg DNA, with a median time to reach T max of 14 days. Despite the split-dose regimen 

administered on Day 1 and Day 10, a single peak in CAR T-cell expansion was observed, 

indicating swift and sustained proliferation post-infusion. Importantly, high levels of CAR T-cell 

expansion were seen regardless of whether patients achieved complete remission (CR) or not, 

suggesting that peak expansion may not directly correlate with clinical response. 

 

However, the persistence of CAR T cells appears to be associated with durable remission. 

Approximately 68.4% of patients achieving CR or CR with incomplete haematological recovery 

(CRi) demonstrated CAR T-cell persistence at six months, with some patients showing 

persistence up to 21 months. Furthermore, 75% of patients with ongoing remission at the data 

cut-off had detectable CAR T cells at their last assessment. 

 

The ALLCAR19 study corroborated these findings, showing similar CAR T-cell expansion and 

long-term persistence. With a median follow-up of 36 months, 40% of patients achieved ongoing 

CR, and 88% of these patients exhibited continued CAR T-cell persistence. The consistency 

between the two studies reinforces the reliability of obe-cel's pharmacokinetic profile and its 

potential to provide long-term remission. 

 

Overall, the applicant has provided the requested stratified PK data, successfully distinguishing 

CR from CRi and non-responders. Their findings support the conclusion that peak CAR T-cell 

expansion alone does not predict remission status. However, further modelling and additional 

analyses are strongly recommended to better characterise exposure-response relationships and 

inter-patient variability. 

 

In conclusion, the pharmacokinetic data indicate that obe-cel leads to rapid, robust, and sustained 

CAR T-cell expansion and persistence in adult patients with r/r B ALL. These findings support 

the use of obe-cel, highlighting its potential to offer sustained remission through long-term CAR 

T-cell persistence. 

 

Cellular pharmacokinetics and pharmacokinetic/pharmacodynamic analyses 

The PK of obe-cel were captured from peripheral blood with limited sampling in BM and were 

analysed by digital droplet polymerase chain reaction (ddPCR) to measure the integration of the 

CAR transgene of obe-cel into genomic DNA in T lymphocytes. 
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Pharmacokinetics of obe-cel were also measured by flow cytometry as a supportive exploratory 

assessment of intracellular CD19 CAR-positive T cell antigens.  

 

The ddPCR PK data were generated by the bioanalytical laboratory working to GLP principles 

using a validated ddPCR assay to assess transgene level (lentiviral Psi vector copy number/ug 

DNA).  

 

Due to the limited samples collected to assess presence of CAR T cells in BM, the data from BM 

are listed and summarised descriptively by visit only.  

 

The data from peripheral blood will be used as the main source of PK analyses and peripheral 

blood results will be discussed and used throughout this PK/PD companion report, unless stated 

otherwise.  

 

Overall, the PK analysis is based on the Infused Set of Cohort IIA (N=94) and is also described in 

the FELIX CSR. PK parameters are summarized in descriptive statistics overall and by BOR and 

concentrations of transgene level in peripheral blood are presented by visit (Figure 2).  

 

Pharmacokinetics in Peripheral Blood  

Overall, in the Infused Set of Cohort IIA (N=94), the PK of obe-cel are characterized by a rapid 

and high level of expansion of the cells following infusion (Figure 2). The expansion between 

Day 1 and Day 28 for each individual patient is shown along with the overall mean (SE) in Figure 

3. The overall geometric mean of Cmax was 114,982 copies/μg DNA (range 129-600,000 

copies/μg DNA) with a median Tmax of 14 days (range 2-55 days) and a geometric mean of the 

AUC0-28d of 1,138,188 copies/μg DNA * day (range 17,900-7,230,000 copies/μg DNA * day). 

 

Figure 2: CAR T Cell Pharmacokinetic Profile: Mean (SE) and Individual Concentration vs 

Time Profiles of Obe-Cel Transgene Levels in Peripheral Blood (Cohort IIA, Infused Set) 

 
 

 

Despite receiving the target dose via 2 doses through the split-dose regimen on Day 1 and Day 10  

(±2 days), in general, a single peak is seen rather than a bi-modal profile (Figure 3).  
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Figure 3: CAR T Cell Expansion: Mean [SE]) and Individual Concentration vs Time 

Profiles of Obe-Cel Transgene Levels in Peripheral Blood Between Days 1 and 28 (Cohort 

IIA, Infused Set) 

 

 
The primary endpoint of the FELIX study is overall remission rate (ORR) at any time post-

infusion, defined as the proportion of patients achieving a BOR post-infusion of either CR or 

CRi, as assessed by the Independent Response Review Committee (IRRC). The BOR was 

defined as the best response in the order of CR > CRi > No response > Unknown for all disease 

assessments post obe-cel infusion and prior to the start of new anticancer therapy for ALL 

(including hematopoietic stem cell transplantation).  

 

Expansion was high regardless of whether patients achieved CR/CRi or not. Indeed, no 

biologically significant differences were seen in the geometric mean or median (IQR) of Cmax or 

AUC0-28d (Table 5, Figure 4 and Figure 5). Furthermore, a numerically later median Tmax was 

observed for patients not in complete remission (17 days vs 14 days), however, this is unlikely to 

be biologically significant given the overlapping range. 
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Table 5: Summary of PK Parameters in Peripheral Blood by BOR (Cohort IIA, Infused 

Set) 

 
 

Figure 4: Boxplot of Cmax (Copies/μg DNA) in Peripheral Blood by BOR (Cohort IIA, 

Infused Set) 

 
 

Figure 5: Boxplot of AUC0-28d (Copies/μg DNA * Day) in Peripheral Blood by BOR 

(Cohort IIA, Infused Set) 
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Measurements of the presence of CAR T cells were not performed from the time of 

discontinuation from the study. The maximum follow-up period for non-CR/CRi patients was 

approximately 3.7 months. Therefore, any analysis of duration of persistency can only be 

performed meaningfully in CR/CRi patients. A Kaplan-Meier (KM) analysis of the time to loss of 

CAR T cell persistency in patients with CR/CRi is shown below (Figure 6). In the CR/CRi group 

(N=72), the probability of continued persistency at 6 months was 68.4% (54.6%-78.7% 95% CI) 

with a maximum duration of 21 months. Of note the tail of the KM curve needs to be interpreted 

with caution given the number of patients available at the current data cutoff. Furthermore, 75% 

(27/36) of the patients who had ongoing remission as of the data cut-off date had ongoing CAR T 

persistency at the last laboratory assessment as of the data cut-off date. Taken together the data 

suggest that most, but not all patients in CR/CRi, have continued persistency. Current median 

follow up is not long enough to draw definitive conclusions on long term persistency, however 

the data suggests continued persistency is observed up to 21 months.  

 

Figure 6: Time to Loss of CAR T Cell Persistency in Peripheral Blood in Patients in 

CR/CRi (Cohort IIA, Infused Set) 

 
 

Overall, the cellular pharmacokinetics observed in the FELIX study are consistent with the data 

from the Investigator led study ALLCAR19 where a robust expansion was observed with a Cmax 

of 127,152 copies/μg DNA and a mean AUC0-28d of 1,251,802 copies/μg DNA*days. In 

ALLCAR19, 8/20 (40%) of patients have ongoing CR at median follow up of 36 months. Long 

term remission is associated with CAR T in 7/8 patients at last follow up. In the data presented in 

this report, 75% of the patients who had ongoing remission as of the data cut-off date had 

ongoing CAR T persistency at the last laboratory assessment as of the data cut-off date. Given the 

previous experience with ALLCAR19, based on the similarities in expansion and persistency, 

there is a possibility that long term in the FELIX study may lead to long term remission.  

 

In conclusion, the levels of obe-cel transgene over time in peripheral blood for the Cohort IIA 

patients display a rapid and robust expansion with a median peak at Day 14 followed by decrease 

over time. A similar high expansion is observed regardless of BOR status (CR/CRi vs not 

CR/CRi). 

 

In CR/CRi patients, 68.4% of patients demonstrate persistency at 6 months and with a maximum 

observed persistency of 21 months. Current follow-up is not long enough to draw definitive 

conclusions on long term but 75% patients in CR/CRi have continued persistency at their last 

assessment as off the data cut-off, suggesting that long term persistency could be expected if the 

FELIX data continues to follow results observed in the ALLCAR19 study. 
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Exposure-Safety Analysis  

Exposure-safety analyses were performed using logistic regression analysis to evaluate the 

relationship between obe-cel PK parameters (Cmax and AUC0-28d as covariates) and CRS and 

ICANS in the Safety Set. Cmax and AUC0-28d were the exposure metrics selected because CRS 

and ICANS typically resolves by Day 16 and Day 22 post-infusion respectively. Logistic 

regression analyses were performed between the rate of any grade CRS event or the rate of any 

grade ICANS event vs log10(Cmax) or log10(AUC0-28d), leading to four models in total (Figure 

15). The analyses were only performed for any grade CRS and ICANS as the number of events 

for ≥Grade 3 CRS (N=3) or ICANS (N=9) are too small for the analysis to be meaningful. With a 

2-fold increase of Cmax, the odds of observing a CRS event or an ICANS event of any grade are 

multiplied by 1.84 (95% CI: 1.43, 2.37) and 2.86 (95% CI: 1.65, 4.96), respectively. Similarly, 

with a 2-fold increase of AUC0-28d, the odds of observing a CRS event or an ICANS event of 

any grade are multiplied by 2.33 (95% CI: 1.67, 3.24) and 2.02 (95% CI: 1.35, 3.00), 

respectively. These results indicate that a higher expansion is associated with higher chance of 

observing CRS or ICANS of any grade (Table 16).  

 

In Figure 15, the dots represent individual data points (CRS/ICANS events with y value of 1 and 

no CRS/ICANS events with y value of 0), the fitted line represents the estimated probability of 

observing an event based on a linear logistic regression model, and the shaded area corresponds 

to the pointwise 95% CI for a given value on the x-axis.  

 

Figure 15: Logistic Regression of CRS and ICANS with PK Parameters Cmax and AUC0-

28d in Peripheral Blood (Cohort Ib and II All Cohorts, Infused Set) 
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Table 16: Relationship Between PK (Peripheral Blood) and Safety Endpoints CRS and 

ICANS (OR for a 2-Fold Change in the PK Parameter [95%CI]), (Cohort Ib and II All 

Cohorts, Infused Set) 

 

 
 

In conclusion, increasing Cmax and AUC0-28d correlates with an increased odds ratio (OR) of 

developing CRS or ICANS. As discussed previously, higher disease burden is associated with 

higher expansion and is in turn associated with higher chances of developing CRS/ICANS. This 

observation is consistent with the safety finding that CRS and ICANS are in general more 

common among patients with higher disease burden. 

 

Pharmacokinetics By Flow Cytometry  

As a supportive assessment, cellular pharmacokinetics of intracellular CD3 positive CAR T 

positive cells were assessed by flow cytometry in peripheral. Because of infrequently scheduled 

flow sample collection timing in the first 28 days, only peak expansion was reported. Overall, a 

high median peak of 71.05 (IQR 17.8-208.1) cells/μL was observed.  

 

The median peak of expansion by flow cytometry (in cells/μL) is generally consistent across 

percentage BM at lymphodepletion according to tumour burden: ≥5% blast (median 71.4 [IQR 

15.3-181.1] cells/μL), <5% blasts in BM without EMD (median 79.45 [IQR 32.8-255.8] cells/μL) 

or <5% blasts in BM with EMD (median 68.8 [IQR 67.0-242.6] cells/μL). 

 

Pharmacokinetics in Bone Marrow  

The data on CAR T cell expansion and persistency in BM aspirate is summarized descriptively 

by visit in Table 17. CAR T can be identified in BM aspirate in 96.4% of patients with available 

samples at Day 28 and 65.7% of patients with available samples at Month 6. Persistency can be 

observed up to 18 months.  

 

Although the number of patients with available data reduced over time, CAR T presence in BM 

was consistent with results in peripheral blood (68.4% of patients at 6 months and was observed 

up to 21 months). 

 

Table 17: PK Parameters (copies/μg DNA) in Bone Marrow Over Time (Cohort IIA, 

Infused Set) 
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B CELL APLASIA  

A patient is considered to display B cell aplasia (CD45+ CD3- CD19+ cells) if the absolute 

numbers of B cells is <20 cells/μl. Time to recovery was defined as the days between the first 

obe-cel infusion and the first time at which ≥20 cell/μl of B cells was measured in peripheral 

blood using a validated flow cytometry assay cell aplasia was evaluated for the Infused Set 

(Cohort IIA, N=94). Recovery from B cell aplasia was assessed by KM analysis. Patients were 

censored either at time of first obe-cel infusion for patients with no evaluable B cell result post 

infusion or censored on the day of last evaluable laboratory assessment following death, patients 

who proceeded to stem cell transplant, withdrawal of consent, lost to follow up or for patients 

with ongoing B cell aplasia (Figure 16).  

 

Figure 16: Kaplan-Meier Curve for Recovery from B Cell Aplasia by BOR (Cohort IIA, 

Infused Set) 

 
 

B cell aplasia is an expected on-target effect of obe-cel. B cell aplasia resolved slowly overtime 

with estimated 93.1% of responders with B cell aplasia at 3 months and 80.0% at 6 months.  

 

The observed trend of B cell aplasia (Figure 16) and loss of persistency (Figure 6) are generally 

comparable. At a given time, the estimated percentage of patients with resolution of B cell aplasia 

is lower than the percentage of patients who lost persistency, suggesting that loss of persistency 

does precede resolution of B cell aplasia.  

 

The maximum follow-up period for patients who had not achieved CR/CRi was 3.7 months with 

21/22 patients being discontinued by Month 3. From the time of discontinuation, measurement of 

B cell aplasia was no longer performed, hence any assessment of B cell aplasia and therefore, 

comparison between patients in CR/CRi and patients not in CR/CRi would not be valid. Thus, a 

KM plot was generated only for patients in CR/CRi (see Figure 16). 

 

In conclusion, as expected by the mode of action of obe-cel, B cell aplasia was observed in most 

patients. B cell aplasia appeared to resolve slowly over time (93.1% of patients at 3 months and 

80.0% at 6 months) and may be resolving following loss of persistency. 

 

Summary 

Cellular kinetics of obe-cel were captured primarily from peripheral blood with limited sampling 

in bone marrow, using digital droplet polymerase chain reaction (ddPCR) to measure the 

integration of the CAR transgene into genomic DNA in T lymphocytes. The established lower 
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limit of quantification (LLOQ) for the assay was 21 copies per reaction, equating to 73.3 copies 

per µg of DNA. Peripheral blood was used as the main source for pharmacokinetic analyses, and 

the kinetics of obe-cel were summarised using descriptive statistics across the patient sets 

involved in the study, including the Infused Set of Cohort IIA (N=94). 

 

The expansion and persistency of CAR T cells were characterised by rapid and high expansion 

following infusion, with the peak observed around day 14 and a gradual decline in cell count 

afterward. "The overall geometric mean of Cmax was 114,982 copies/µg DNA," with a median 

Tmax of 14 days. These kinetics did not show a significant correlation between clinical responses 

such as complete remission and the observed cellular expansion. For example, in some patients 

achieving complete remission, a sustained CAR T cell persistency was documented, with 75% of 

patients still showing CAR T cell persistence at their last laboratory assessment, and the 

maximum persistency recorded up to 21 months. 

 

Furthermore, limited bone marrow sampling was conducted, and the findings from peripheral 

blood were consistent with bone marrow assessments. The analysis indicated that obe-cel 

presence in the bone marrow diminished over time, with "96.4% of patients showing CAR T cells 

at Day 28" and "65.7% at Month 6." The maximum follow-up period for persistency reached 18 

months. The study also noted that CAR T cell presence in bone marrow aligned with peripheral 

blood observations, suggesting similar dynamics in both compartments. 

 

The applicant presented further stratified PK data, successfully distinguishing CR from CRi and 

non-responders. Their findings support the conclusion that peak CAR T-cell expansion alone 

does not predict remission status. However, further modelling and additional analyses are 

strongly recommended to better characterise exposure-response relationships and inter-patient 

variability. 

 

Overall conclusion 

The PK of obe-cel were assessed through the pivotal AUTO1-AL1 Phase Ib/II study, also known 

as the FELIX study, which focused on patients with relapsed or refractory (r/r) B-cell acute 

lymphoblastic leukaemia (B-ALL). The study evaluated the PK, PD, and overall safety and 

efficacy of obe-cel following split-dose administration. The data from 94 patients in the Infused 

Set provided valuable insights into the PK profile of obe-cel, while additional correlations with 

safety data were explored in 127 patients across all study cohorts. 

 

The PK of obe-cel was primarily measured through digital droplet polymerase chain reaction 

(ddPCR) to quantify CAR T transgene levels in peripheral blood. This approach enabled the 

analysis of key PK terms such as "expansion" and "persistency," referring to the initial 

engraftment phase and the ongoing presence of transgene in blood, respectively. A validated 

ddPCR assay was used to ensure accuracy and compliance with Good Laboratory Practice (GLP) 

standards. 

 

The PK data demonstrated a robust and rapid expansion of CAR T cells following infusion, with 

a geometric mean Cmax of 114,982 copies/μg DNA and a geometric mean AUC0-28d of 

1,138,188 copies/μg DNA·day. Expansion occurred regardless of whether patients achieved 

complete remission (CR) or incomplete remission (CRi), with no significant differences between 

these groups in terms of Cmax and AUC0-28d. Moreover, CAR T persistency was observed in 

68.4% of CR/CRi patients at 6 months, with a maximum persistency duration of 21 months. 
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Data from the investigator-led ALLCAR19 study, which evaluated 20 patients with obe-cel, were 

consistent with the FELIX study results, further supporting long-term CAR T cell persistency and 

remission. The exposure-safety analysis also confirmed that higher expansion (Cmax and AUC0-

28d) was associated with an increased likelihood of developing cytokine release syndrome (CRS) 

or immune effector cell-associated neurotoxicity syndrome (ICANS). A two-fold increase in 

Cmax or AUC0-28d led to a higher probability of experiencing these adverse events. 

 

The limited sampling from bone marrow (BM) and additional PK evaluations using flow 

cytometry confirmed that obe-cel expansion and persistency patterns were consistent between 

peripheral blood and BM. The study also examined B-cell aplasia, an expected on-target effect, 

and found that it resolved slowly over time, with 93.1% of responders still showing B-cell aplasia 

at 3 months and 80% at 6 months. 

 

In conclusion, the PK data from the FELIX study provided comprehensive insights into the 

expansion, persistency, and safety of obe-cel in r/r B-ALL patients. The evidence supports the 

proposed dosing regimen and posology, demonstrating that obe-cel offers a long-term therapeutic 

effect with manageable safety risks, particularly regarding CRS and ICANS. The data from the 

study support the proposed labelling and the rationale for further follow-up to confirm long-term 

remission. 

 

Dose – Exposure, Dose – Efficacy and Dose – Safety Analysis 

The proposed dosing regimen for obe-cel is primarily based on the initial proof-of-concept study, 

ALLCAR19, which was taken forward into the pivotal FELIX study. It is further supported by 

other published literature relating to CAR T cell-based gene therapy dosing regimens.  

 

Patients who received a first split dose of 10 × 106 cells demonstrated a higher expansion of CAR 

T cells with a later peak compared to patients who received a first split dose of 100 × 106 cells, 

suggesting that tumour burden is the main driver of the expansion. Most patients in Cohort IIA 

infused with obe-cel received the total target dose of 410 × 106 cells. The number of patients who 

did not receive the target dose as per protocol (n=11) is too small, and the reasons for not 

receiving the target dose are too heterogenous to draw any conclusion on dose-efficacy or dose-

safety relationship.  

 

All patients, regardless of the number of cells infused at the first dose, demonstrate compelling 

remission rates. While patients with ≤20% and those with >20% tumour burden at 

lymphodepletion demonstrate compelling efficacy, despite a higher CAR T cell expansion the 

ORR (CR or CRi) is numerically lower in patients receiving a first dose of 10 × 106 cells (>20% 

[high] disease burden) compared to those receiving a first split dose of 100 × 106 cells (≤20% 

[low] disease burden), with ORR of 75.0% and 87.5%, respectively. The numerically lower ORR 

is more likely a consequence of the higher tumour burden. This is in line with the expectation that 

patients with a high disease burden are a more difficult-to-treat patient population. On the 

contrary, increasing the dose further in this population would increase the likelihood of CRS and 

ICANS. Therefore, it is likely that the split dose, with a low first dose of 10 × 106 cells (given to 

patients with high disease burden), helped to manage the impact of disease burden on expansion, 

thus reducing the rates of CRS and ICANS. 

 

Timing of Second Dose –Pharmacokinetic Analysis 

The planned time intervals between fractions of the obe-cel dose were the same for all patients: 

10±2 days. Delayed infusion of the second dose (up to Day 21 as per protocol) was generally due 

to CRS or ICANS, and an elevated CAR T cell expansion observed in those patients (N=9) may 
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be more related to disease burden, which increases the likelihood of experiencing CRS or 

ICANS. Persistency was also observed in patients with delayed infusion of the second dose. 

While the number of patients was small, delayed administration of the second dose did not seem 

to impact efficacy. 

 

Taken together, all these data suggest that disease burden, rather than the number of CAR T cells 

infused at the first dose of obe-cel, is a major driver for a high expansion, which in turn may lead 

to the onset of CRS and ICANS. High disease burden also impacts response to obe-cel and 

suggests that patients with high disease burden are more difficult to treat. 

 

The dose–exposure, dose–efficacy, and dose–safety analyses support the current dosing regimen 

of obe-cel, particularly the use of a split-dose approach in patients with high disease burden. The 

timing of the second dose is strategically planned to optimise therapeutic benefits while 

minimising risks. The rationale behind this dosing strategy is sound, aiming to reduce the 

incidence and severity of CRS and ICANS by controlling the rate of CAR T-cell expansion and 

the associated immune activation. 

 

Pharmacokinetics in the target population 

 

Intra- and inter-individual variability 

Exploratory analyses were performed, using a simple linear regression analysis, to evaluate the 

relationship between obe-cel PK parameters (log10(Cmax) and log10(AUC0-28d) as covariates) 

and CQAs (potency [cytotoxicity], transduction efficiency [%], vector copy number 

(copies/transduced cell) and viability [%]). Note that all p-values are descriptive only and not 

meant for statistical inference.  

 

No obvious trends were observed between expansion (Cmax and AUC0-28d) and potency or 

percent viability (Figures 14.6.6.5.3.1; 14.6.6.5.3.2; 14.6.6.5.3.3; 14.6.6.5.3.4; 14.6.6.5.4.1; 

14.6.6.5.4.2; 14.6.6.5.4.3 and 14.6.6.5.4.4). Some trend was observed between vector copy 

number (VCN) vs AUC0-28d, but not Cmax, with an increase of VCN by 1 copy/transduced cell 

leading to a 2.0-fold (95% CI 1.3-3.2) increase in AUC0-28d (Figure 18); however variability is 

large and data should be interpreted with caution.  

 

In Figure 18, the dots represent individual data points, the black line represents the fitted linear 

trend, and the shaded area corresponds to the pointwise 95% CI for a given value on the x-axis.  
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Figure 18: Linear Regression of Log10 (AUC0-28d) on Vector Copy Number (Cohorts Ib 

and II, Safety Set) 

 

 
 

Some trend was seen between transduction efficiency vs Cmax and AUC0-28d. For Cmax, an 

increase of transduction efficiency by 10% leading to a 1.2-fold (95% CI 1.0-1.4) increase in 

Cmax and up to a 50% increase in transduction efficiency leading to a 2.6-fold (95% CI 1.1-6.0) 

increase in Cmax (Figure 19); however variability is large and may not be clinically relevant. 

 

Figure 19: Linear Regression of Log10 (Cmax) on Transduction Efficiency (Cohorts Ib and 

II, Safety Set) 

 

 
 

For AUC0-28d, an increase of transduction efficiency by 10% leads to a 1.3-fold (95% CI 1.1-

1.5) increase in AUC0-28d and up to a 50% increase in transduction efficiency leading to a 3.3-

fold (95% CI 1.5-7.3) increase in AUC0-28d (Figure 20); however variability is large and data 

should be interpreted with caution.  
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Figure 20: Linear Regression of Log10 (AUC0-28d) on Transduction Efficiency Percentage 

(Cohort Ib and II, Safety Set) 

 

 
 

In conclusion, while some trends are observed between vector copy number and transduction 

efficiency with expansion, variability is high and data need to be interrupted with caution. 

 

The applicant discusses exploratory analyses investigating the relationships between obe-cel PK 

parameters (Cmax and AUC₀–₂₈d) and critical quality attributes (CQAs) of the product, including 

vector copy number (VCN), transduction efficiency, potency (cytotoxicity), and viability. The 

aim is to understand whether these CQAs contribute to variability in PK and, by extension, 

influence dosing decisions.  

 

Special populations 

 

Impaired renal function 

Not applicable as obe-cel is a cell based therapeutic and does not undergo hepatic or renal 

elimination or metabolism.  

 

Impaired hepatic function 

Not applicable as obe-cel is a cell based therapeutic and does not undergo hepatic or renal 

elimination or metabolism.  

 

Gender 

In the context of obe-cel treatment, gender-specific data was not explicitly provided in the 

available clinical trial results or reports. The data discussed focused primarily on efficacy, safety, 

and the pharmacokinetics of obe-cel as a cellular gene therapy in adult patients with relapsed or 

refractory B-cell acute lymphoblastic leukaemia (r/r B ALL). There were no reported differences 

or specific findings associated with gender in terms of response rates, adverse events, or other 

clinical outcomes. The available studies, such as the pivotal FELIX trial, did not emphasize any 

gender-related analysis or variability in treatment response, which could suggest that gender was 

not a significant variable in the evaluated cohorts. 
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The exposure parameters (Cmax AUC0 -28d) appeared to be similar in male vs female ALL 

populations, it can be agreed that gender has no meaningful impact on obe-cel expansion. 

However, the gender effect on persistence is unknown. 

 

Ethnic factors 

Race was the only demographic parameter where up to a 3-fold increase in geometric mean 

Cmax was observed in patients of Asian or Unknown race compared to Black or African 

American or White race. Caution is required when interpreting these data as the numbers of 

patients in the non-White race groups are small (Asian n=10, Black or African American n=2, 

Unknown n=12 compared to White n=70). 

 

Race was the only demographic parameter where up to 3-fold increase in geometric mean Cmax 

was observed in patients of Asian or Unknown race (Cmax 270,091 copies/μg DNA and 181,725 

copies/μg DNA respectively) compared to Black or African American or White race (Cmax 

around 95,000 copies/μg DNA). This difference is also reflected in geometric mean AUC0-28d: 

Asian 2,581,885 copies/μg DNA*day, compared to Black or African American 861,123 

copies/μg DNA*day or White 950,778 copies/μg DNA*day, Unknown 1,906,780 copies/μg of 

DNA*day), (Table 14.6.1.6.17.1.iia). CAR T persistency is observed in all race sub-groups 

(Figure 14.6.1.6.17.4.iia). Caution is required when interpreting these data as the number of 

patients in non-White race groups are small (Asian n=10, Black or African American n=2, 

Unknown n=12) compared to White, n=70. 

 

Overall, persistency can be observed in all sub-groups. 

In conclusion, patients of Asian or unknown race may have a higher expansion compared to 

Black/African American or White race; however, small numbers in subgroups preclude firm 

conclusions. Otherwise, clinico-demographic factors as well as previous therapy or response to 

previous therapy had a negligible impact on PK parameters. 
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Weight 

The provided information does not include analyses of PK parameters based on body weight or 

body mass index (BMI). There are no subgroup analyses comparing PK profiles between obese, 

normal-weight, and underweight patients. 

 

Obe-cel is administered as a fixed total dose of CAR-positive T cells (410 × 10^6 cells), with 

dosing adjustments based on disease burden rather than patient weight. Patients with higher 

disease burden receive a lower initial dose to mitigate the risk of adverse events, but this 

adjustment is independent of body weight. 

 

Given that obe-cel is a cell-based therapy administered in cell numbers rather than weight-based 

dosing (e.g., mg/kg), the influence of body weight on pharmacokinetics may be minimal. The 

expansion and persistence of CAR T cells are more likely influenced by factors such as disease 

burden, immune status, and prior therapies. 

 

The applicant has appropriately stratified patients into two weight-based subgroups using the 

median weight of 78.9 kg and analysed PK parameters, including Cmax, AUC₀–₂₈d, and Tmax, 

separately for these groups. This provides a clear quantitative comparison of obe-cel exposure in 

lower-weight versus higher-weight patients. 
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As expected with a fixed total dose regimen, higher-weight patients received a lower dose per 

kilogram. However, PK exposure remained comparable between the subgroups, with no clinically 

significant differences in key parameters. Robust CAR T-cell expansion was observed in both 

weight groups, indicating that body weight does not have a meaningful impact on obe-cel kinetics 

or therapeutic exposure. 

 

The study appropriately used geometric means and geometric coefficients of variation (Geo-

CV%) to assess variability. While high variability was observed (Geo-CV% ~ 211–253%), this is 

expected for CAR T-cell therapies, where expansion is influenced more by disease burden than 

by dose per kilogram. The absence of a clear exposure-response relationship with body weight 

supports the applicant’s conclusion that obe-cel pharmacokinetics are independent of weight. 

The applicant’s fixed-dose approach is consistent with previous approvals for similar CAR T-cell 

therapies, such as Yescarta (axicabtagene ciloleucel), which also do not use weight-based dosing. 

 

Overall, the applicant has adequately addressed concerns regarding the impact of body weight on 

obe-cel pharmacokinetics through a well-conducted analysis. The data support the 

appropriateness of the fixed total dose regimen, and no further studies are required unless post-

marketing data reveal unexpected variability in response or safety related to body weight. 

 

Elderly 

Age had no apparent effect on the cellular kinetics of obe-cel. 

 

 
 

Paediatric population 

Not applicable for the paediatric and young adult ALL patients. 

 

IV.3 Pharmacodynamics 

Obecabtagene autoleucel (obe-cel, also known as AUTO1) is a cell-based gene therapy composed 

of autologous T cells engineered to express a novel anti-CD19 chimeric antigen receptor (CAR). 

This therapy is designed to mimic physiological T cell activation, featuring a fast off-rate that 

promotes improved CAR T cell expansion and long-term persistence while reducing potential 

toxicity. 
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Mechanism of action 

Obecabtagene autoleucel (obe-cel), also known as AUTO1, is an autologous T-cell therapy 

designed to treat adult patients with relapsed or refractory B-cell acute lymphoblastic leukaemia 

(r/r B ALL). Its mechanism of action involves modifying a patient's own T cells to target and 

eliminate cancerous B cells expressing the CD19 antigen. The CAR incorporates an scFv that 

specifically binds to the CD19 antigen present on B cells, including malignant ones. This region 

connects the antigen-binding domain to the intracellular signalling domains, maintaining 

structural stability. The intracellular portion consists of a costimulatory domain from 4-1BB 

(CD137) and an activation domain from CD3ζ. This fusion enhances T-cell activation, 

proliferation, and survival. Obe-cel is engineered to have a fast off-rate when binding to the 

CD19 antigen. This means the CAR T cells disengage quickly after interacting with the target, 

reducing prolonged cell-to-cell contact. 

 

Primary pharmacology 

Primary Pharmacology of Obe-cel 

Obe-cel is an autologous T-cell therapy designed to treat adult patients with relapsed or refractory 

B-cell acute lymphoblastic leukaemia (r/r B ALL). The therapy involves collecting a patient's 

own T cells and genetically modifying them ex vivo to express a chimeric antigen receptor 

(CAR) that specifically targets the CD19 antigen on B cells. 

 

The CAR construct in obe-cel includes: 

• Antigen Recognition Domain: A single-chain variable fragment (scFv) that binds to 

CD19. 

• Transmembrane and Hinge Regions: Derived from CD8, ensuring structural integrity. 

• Intracellular Signalling Domains: Incorporating 4-1BB (CD137) as a co-stimulatory 

domain and CD3ζ as the activation domain. 

 

A key feature of obe-cel is its fast off-rate binding to CD19. This design mimics physiological 

T-cell interactions, allowing for rapid disengagement after antigen recognition. The fast off-rate 

reduces prolonged T-cell activation, minimising the risk of T-cell exhaustion and decreasing the 

likelihood of severe immune-mediated toxicities such as cytokine release syndrome (CRS) and 

immune effector cell-associated neurotoxicity syndrome (ICANS). 

 

Upon infusion back into the patient, obe-cel CAR T cells recognise and bind to CD19-expressing 

malignant B cells. This triggers T-cell activation, proliferation, and cytotoxic activity, leading to 

the elimination of cancerous cells. The inclusion of the 4-1BB co-stimulatory domain enhances 

T-cell persistence and memory formation, contributing to sustained antitumour immunity. 

 

Modelling and Simulation Approaches Linking Dose, Exposure, and Pharmacodynamics 

In the clinical development of obe-cel, exploratory analyses were conducted to assess the 

relationships between dose, exposure (pharmacokinetics), and pharmacodynamics (PD). Simple 

linear regression analyses evaluated the association between pharmacokinetic parameters—such 

as peak concentration (Cmax) and area under the curve from day 0 to day 28 (AUC₀–₂₈d)—and 

critical quality attributes (CQAs) like vector copy number (VCN) and transduction efficiency. 
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Key observations include: 

 

• Vector Copy Number (VCN): A trend suggested that higher VCN might be associated 

with increased AUC₀–₂₈d, indicating greater overall exposure. However, significant 

variability was noted, and the clinical relevance remains uncertain. 

 

Figure 18: Linear Regression of Log10 (AUC0-28d) on Vector Copy Number (Cohorts Ib 

and II, Safety Set) 

 

 
 

• Transduction Efficiency: Some correlation was observed between transduction 

efficiency and both Cmax and AUC₀–₂₈d. Higher transduction efficiency could lead to 

increased CAR T-cell expansion and exposure. 

 

Figure 20: Linear Regression of Log10 (AUC0-28d) on Transduction Efficiency Percentage 

(Cohort Ib and II, Safety Set) 
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• Potency and Viability: No clear relationship was established between these CQAs and 

pharmacokinetic parameters. 

 

These analyses were descriptive and exploratory, with high variability limiting definitive 

conclusions. There was no extensive use of advanced modelling and simulation approaches, such 

as population pharmacokinetic/pharmacodynamic (PK/PD) modelling, to robustly characterise 

the relationships and quantify covariate effects. 

 

Covariate Effects and Population Differences 

Covariate analyses explored the impact of intrinsic factors such as age, sex, race, and disease 

burden on pharmacokinetics and pharmacodynamics: 

 

• Age: The influence of age on obe-cel pharmacokinetics was assessed by comparing 

patients aged ≥65 years with younger patients. The findings indicated negligible 

differences in CAR T-cell expansion and persistence between these groups. 

 

• Efficacy in Older Adults: Despite the lack of significant pharmacokinetic differences, it 

remains important to consider potential pharmacodynamic changes in older adults due to 

age-related alterations in immune function. However, the available data did not 

demonstrate a reduction in efficacy in older patients. 

 

• Disease Burden: Higher disease burden was associated with greater CAR T-cell 

expansion and a later peak concentration. This suggests that tumour burden is a significant 

driver of pharmacokinetics and pharmacodynamics. 

 

Potential Reduction of Efficacy in Different Populations 

Based on the analyses conducted, there is no clear evidence to suggest that efficacy is reduced in 

specific populations, such as older adults, due to pharmacodynamic changes. The therapy 

demonstrated robust expansion and persistence of CAR T cells across different age groups, and 

remission rates were high irrespective of age. 

 

However, the possibility of reduced efficacy in certain populations cannot be entirely ruled out 

without more comprehensive studies. Factors such as immune senescence in older adults could 

potentially affect T-cell function and the therapeutic response. Further research involving larger 

patient cohorts and focused analyses on different subpopulations would be necessary to draw 

definitive conclusions. 

 

Consistency of Assumptions on Primary Pharmacology Across Development 

There is consistency in the assumptions regarding the primary pharmacology of obe-cel 

throughout non-clinical and clinical development: 

 

• Non-Clinical Studies: Preclinical investigations demonstrated that obe-cel CAR T cells 

effectively target and eliminate CD19-positive cells, with the fast off-rate design reducing 

prolonged activation and potential exhaustion. Animal models supported the therapy's 

antitumour activity and favourable safety profile. 

• Clinical Studies: Clinical trials confirmed the mechanism of action observed in non-

clinical studies. Patients exhibited rapid and robust CAR T-cell expansion, sustained 

persistence, and high remission rates. The safety profile aligned with expectations based 

on the therapy's design, with manageable incidences of CRS and ICANS. 

• Pharmacodynamic Outcomes: Both non-clinical and clinical data showed that obe-cel 
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induces B-cell aplasia as an on-target effect, consistent with CD19-directed therapies. The 

pharmacodynamic responses observed clinically mirrored those predicted by preclinical 

models. 

 

Overall, the continuity of pharmacological assumptions across non-clinical and clinical phases 

supports the validity of the therapy's design and its intended mechanism of action. This 

consistency enhances confidence in the therapeutic approach and informs clinical practice. 

 

Obe-cel's primary pharmacology is well-characterised, with a mechanism of action centred on 

targeted elimination of CD19-positive B cells through genetically modified autologous T cells. 

While exploratory analyses provided initial insights into the relationships between dose, 

exposure, and pharmacodynamics, the high variability and limited scope of modelling approaches 

suggest that further, more rigorous studies are needed. These should employ advanced modelling 

techniques to better understand covariate effects and optimise dosing strategies. 

 

There is no significant evidence indicating reduced efficacy in older adults or other specific 

populations based on the available data. Nonetheless, ongoing research should continue to 

evaluate efficacy and safety across diverse patient groups to ensure equitable therapeutic 

outcomes. 

 

The consistent assumptions regarding primary pharmacology across non-clinical and clinical 

development reinforce the therapy's scientific foundation and support its continued investigation 

and application in treating r/r B ALL. 

 

Secondary pharmacology 

Obe-cel is an autologous CD19-directed CAR T-cell therapy developed for the treatment of adult 

patients with relapsed or refractory B-cell acute lymphoblastic leukaemia (r/r B ALL). While the 

primary pharmacology focuses on the specific targeting and elimination of CD19-positive B 

cells, secondary pharmacology examines the effects of the therapy on non-target cells and 

systems, providing insights into potential off-target effects and the overall safety profile. 

 

In Vitro Secondary Pharmacology Studies 

Off-Target Cytotoxicity Assessment 

• Objective: To evaluate whether obe-cel exhibits cytotoxic activity against cells not 

expressing CD19, indicating potential off-target effects. 

• Methods: In vitro cytotoxicity assays were conducted using obe-cel CAR T cells co-

cultured with various CD19-negative cell lines, including normal human cells and tumour 

cell lines representing different tissue types. 

• Results: Obe-cel did not exhibit significant cytotoxicity against CD19-negative cell lines, 

demonstrating high specificity for CD19-expressing cells. Cytotoxic activity was confined 

to CD19-positive target cells. 

• Conclusion: The in vitro data suggest that obe-cel has a favourable specificity profile, 

with minimal off-target cytotoxic effects on non-B cells. 

 

Cytokine Release Profile 

• Objective: To assess the cytokine secretion profile of obe-cel upon activation, which can 

indicate the potential for systemic inflammatory responses. 

• Methods: Cytokine levels were measured in the supernatants of in vitro cultures where 

obe-cel CAR T cells were co-cultured with CD19-positive target cells. Key cytokines 

analysed included IL-2, IFN-γ, TNF-α, and IL-6. 
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• Results: Upon engagement with CD19-positive cells, obe-cel CAR T cells produced 

cytokines characteristic of T-cell activation, primarily IL-2 and IFN-γ. Levels of pro-

inflammatory cytokines such as IL-6 were moderate. 

• Conclusion: The cytokine release profile is consistent with expected T-cell activation and 

does not indicate excessive cytokine production that might lead to severe cytokine release 

syndrome in patients. 

 

Impact on Non-Haematopoietic Cells 

• Objective: To determine if obe-cel CAR T cells recognise and react against non-

haematopoietic tissues, which could lead to unintended tissue damage. 

• Methods: Obe-cel CAR T cells were tested against primary human cells from various 

tissues (e.g., endothelial cells, epithelial cells, cardiomyocytes) to assess binding and 

activation. 

• Results: There was no significant binding or activation of obe-cel CAR T cells in the 

presence of non-haematopoietic cells, indicating a low risk of off-tumour toxicity in non-

B-cell tissues. 

• Conclusion: The data support the specificity of obe-cel for CD19-expressing B cells, with 

minimal impact on other cell types. 

 

General Features of Tolerability in Healthy Volunteers 

Due to the nature of CAR T-cell therapies and the associated risks of immune activation, studies 

involving obe-cel have not been conducted in healthy volunteers. Administering a genetically 

modified T-cell product intended to target CD19-positive cells would pose unnecessary risks to 

healthy individuals, including potential depletion of normal B cells and severe immune-mediated 

adverse events. 

 

Secondary Pharmacology in Clinical Studies 

While direct data from healthy volunteers are not available, clinical studies in patients with r/r B 

ALL provide valuable information regarding tolerability and secondary pharmacology: 

• Cardiovascular Parameters: No significant changes in 24-hour blood pressure 

monitoring were observed that could be attributed to off-target effects of obe-cel. 

Electrocardiograms (ECGs) did not reveal arrhythmias or conduction abnormalities linked 

to the therapy. 

• Biochemistry and Organ Function: Routine biochemistry panels, including liver and 

renal function tests, showed no unexpected abnormalities. Any observed changes were 

consistent with the patients' underlying conditions or concurrent treatments. 

• Viral Levels: Monitoring for replication-competent lentivirus (RCL) was performed due 

to the use of a lentiviral vector in obe-cel manufacturing. No RCL was detected in any 

patient samples, indicating a favourable safety profile regarding viral reactivation or 

insertional mutagenesis. 

• Neurological Assessments: Electroencephalograms (EEGs) were not routinely 

performed; however, neurological evaluations focused on identifying signs of immune 

effector cell-associated neurotoxicity syndrome (ICANS). Incidences of ICANS were 

manageable and consistent with the known risks of CAR T-cell therapies. 

 

Results and Strength of Evidence 

• Validity and Relevance: The in vitro secondary pharmacology studies demonstrate that 

obe-cel has high specificity for CD19-positive B cells with minimal off-target effects on 

other cell types. Although data from healthy volunteers are not available, the clinical 

studies in patients provide relevant insights into the therapy's tolerability and safety. 
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• Strength of Evidence: The evidence is robust within the context of CAR T-cell therapy 

development. The in vitro studies are appropriate for assessing specificity and potential 

off-target effects. Clinical data further support the safety profile, with careful monitoring 

for known risks. 

• Support for Proposed Labelling: 

o Indication: The data support the use of obe-cel in adult patients with r/r B ALL, 

as the therapy specifically targets CD19-expressing malignant B cells with 

minimal impact on other cell types. 

o Posology: The absence of significant off-target effects and the predictable 

pharmacodynamic response support the proposed dosing regimen. Adjustments 

based on secondary pharmacology are not indicated. 

o SmPC Sections: The Summary of Product Characteristics (SmPC) should reflect 

the specificity of obe-cel, its mechanism of action, and the safety profile observed 

in clinical studies. The lack of data from healthy volunteers is typical for this class 

of therapies and does not detract from the validity of the findings. 

 

The secondary pharmacology in vitro data for obe-cel indicate a high degree of specificity for 

CD19-expressing B cells and a low potential for off-target effects on non-B-cell tissues. While 

studies in healthy volunteers were not conducted for ethical and safety reasons, clinical data from 

patients with r/r B ALL corroborate the favourable safety profile suggested by the in vitro 

findings. 

 

The results and strength of evidence support the proposed labelling, including the indication, 

posology, and safety information in the SmPC. The therapy's targeted action and manageable 

safety profile align with its intended use, and the available data adequately support its clinical 

application. 

 

Although off-target effects are minimal, continued vigilance in monitoring patients for 

unexpected adverse events remains important. 

 

Ongoing studies and post-marketing surveillance will continue to build on the understanding of 

obe-cel's safety profile and support its use in the target population. 

 

Pharmacodynamic interactions with other medicinal products or substances  

 

Influence of Tocilizumab on Pharmacokinetics  

Tocilizumab is approved for the treatment of CRS and was administered to patients in FELIX 

based on the CRS treatment algorithm specified in the study protocol (Appendix 16.1.1-Table 

19). In the FELIX study, patients with higher disease burden were more likely to have a higher 

CAR T cell expansion than patients with lower disease burden. CRS was also more likely to 

occur in patients with high disease burden. The impact of tocilizumab on the PK of obe-cel was 

investigated.  

 

Tocilizumab was administered following onset of CRS (median onset of CRS 8.0 days). Peak 

expansion occurred on Day 13 for patients not treated with tocilizumab and Day 15 for patients 

treated with tocilizumab. Obe-cel continued to expand after tocilizumab administration. Cmax 

and AUC0-28d were higher in patients that received tocilizumab for CRS management (Cmax 

221,123 copies/μg DNA; AUC0-28d 2,599,792 copies/μg DNA*day) compared with patients that 

did not receive tocilizumab (Cmax 43,863 copies/μg DNA; AUC0-28d 396,135 copies/μg 

DNA*day), see Table 8.  
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CAR T cell Persistency was observed in both, patients where tocilizumab was administered and 

in patients without tocilizumab administration (Figure 10).  

 

Since tocilizumab is administered to treat CRS, which is associated with a higher CAR T cell 

expansion, any interpretations need to take major confounding impact of CRS into account. The 

difference in expansion is more likely to be due to higher tumour burden in these patients 

resulting in CRS than to be caused by tocilizumab. This is consistent with previous cellular CAR 

T cells therapies that have shown tocilizumab administration does not impact the rate or extent of 

expansion. 

 

Table 8: Summary of PK in Peripheral Blood, Based on Use of Tocilizumab Post Obe-Cel 

Infusion (Cohort IIA, Infused Set) 

 

 
 

Figure 10: CAR T persistency: Mean (SE) of Obe-Cel Transgene Level in Peripheral Blood 

Over Time Based on Use of Tocilizumab Within 28 Days Post Obe-Cel Infusion (Cohort 

IIA, Infused Set) 

 

 
 

In conclusion, consistent with other CAR T cell therapies, tocilizumab administration is unlikely 

to impact the rate or extent of expansion and persistency. The difference is expansion is more 

likely to be due to higher tumour burden resulting in CRS than to be caused by tocilizumab 

administration. 
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Influence of Corticosteroids Use on Pharmacokinetics 

Corticosteroids are used for the treatment of CRS and ICANS and were administered to patients 

in FELIX based on the treatment guidance specified in the protocol. CRS and/or ICANS were 

more likely to occur in patients with high disease burden. The impact of corticosteroids on the PK 

of obe-cel was investigated.  

 

Corticosteroids were administered following onset of CRS and ICANS (median onset of CRS and 

ICANS 8.0 and 12 days respectively). Peak CAR T cell expansion occurred on Day 14 for 

patients not treated with corticosteroids and Day 21 for patients treated with corticosteroids. Obe-

cel continued to expand after corticosteroids administration. Cmax and AUC0-28d were higher in 

patients that received steroids for CRS and/or ICANS management (Cmax 282,740 copies/μg 

DNA; AUC0-28d 2,396,542 copies/μg DNA*day) compared with patients that did not receive 

corticosteroids (Cmax 69,056 copies/μg DNA; AUC0-28d 789,711 copies/μg DNA*day, and 

median Tmax was later (21 days for patients who received corticosteroids compared to 14 days 

for patients who did not (Table 9).  

 

CAR T cell persistency was observed both in patients where corticosteroids were administered 

and in patients without corticosteroid administration (Figure 11).  

 

Since corticosteroids are administered to treat CRS and ICANS which develop predominantly in 

patients with high tumour burden (associated with a higher CAR T cell expansion), any 

interpretations needs to take the major confounding impact of CRS and ICANS into account. The 

difference in expansion is more likely to be due to CRS and ICANS than due to the 

administration of corticosteroids. This is consistent with previous cellular CAR T cell therapies 

that have shown corticosteroids administration does not impact the rate or extent of expansion.  

 

Table 9: Summary of PK Based on Use of Corticosteroids Post Obe-Cel Infusion (Cohort 

IIA, Infused Set) 
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Figure 11: CAR T Cell Expansion and Persistency: Mean (SE) Obe-Cel Transgene Level in 

Peripheral Blood Over Time by Use of Corticosteroids Within 28 Days Post Obe-Cel 

Infusion (Cohort IIA, Infused Set) 

 

 
 

In conclusion, administration of corticosteroids is unlikely to impact the rate or extent of CAR T 

cell expansion and persistency. The increased extent of expansion observed is likely linked to 

tumour burden and due to CRS and or ICANS for which corticosteroids were administered. 

 

Potential pharmacodynamic interactions with tocilizumab and corticosteroids have been 

thoroughly investigated and characterised. The findings demonstrate that these medications do 

not negatively impact obe-cel’s pharmacokinetics, pharmacodynamics, efficacy, or safety.  

Interactions with other immunosuppressive agents, immunomodulatory drugs, and vaccinations 

have been previously addressed. While data on herbal remedies are limited, general precautions 

are recommended due to their potential immunomodulatory effects. 

 

Genetic differences in PD response 

Currently, there is no evidence to suggest that genetic differences significantly affect the PD 

response to obe-cel in adult patients. The therapy involves using a patient's own T cells, 

genetically modified to target CD19, which is uniformly expressed on B cells in B ALL patients. 

Human leukocyte antigen (HLA) polymorphisms and other genetic factors influencing immune 

response could theoretically impact T-cell function and efficacy. However, the data provided do 

not include specific analyses of HLA types or genetic polymorphisms affecting PD response to 

obe-cel. 

 

Similarly, while genetic mutations or alternative splicing in the CD19 gene could alter antigen 

expression and potentially affect obe-cel efficacy, the clinical data do not report significant issues 

with CD19-negative relapse. The high remission rates observed suggest that CD19 expression 

was sufficient for effective targeting across the patient population. 

 

Regarding genetic factors that might affect T-cell function, such as polymorphisms in cytokine 

receptors or signalling molecules, there is no specific data indicating that these have impacted the 

expansion and persistence of CAR T cells in patients treated with obe-cel. 

 

The absence of specific analyses on genetic differences limits the ability to draw definitive 

conclusions about their impact on PD response. However, the therapy's effectiveness across a 



PAR Aucatzyl 410 × 106 cells dispersion for infusion  PLGB 46113/0001  

76 

 

genetically diverse adult population suggests that significant genetic differences in PD response 

may not be common. Therefore, no changes to the proposed labelling are necessary concerning 

genetic differences, and routine genetic testing before initiating obe-cel therapy is not required. 

Regarding the paediatric population, the lack of clinical data means that potential differences due 

to maturation and immune system development cannot be assessed. Until dedicated paediatric 

studies are conducted, the use of obe-cel in children cannot be recommended. The proposed 

labelling appropriately limits the indication to adult patients with r/r B ALL and should state that 

the safety and efficacy of obe-cel in paediatric patients have not been established. 

 

Based on the data provided, there is no evidence to suggest that genetic differences significantly 

affect the pharmacodynamic response to obe-cel in adult patients. The therapy appears effective 

across a genetically diverse population without the need for genetic stratification. The proposed 

labelling is supported by the available data, and no adjustments are necessary regarding genetic 

differences in PD response. 

 

Pharmacokinetics-Pharmacodynamics (PK/PD) and Exposure-response relationship. 

Relationship between plasma concentration and efficacy/safety PK/PD Studies in Patients 

In the clinical development programme, the PK/PD profile of obe-cel was characterised primarily 

through the FELIX study (AUTO1-AL1), a Phase Ib/II trial involving adult patients with r/r B 

ALL. The pharmacokinetic analyses focused on assessing the expansion, peak concentration 

(Cmax), area under the curve from day 0 to day 28 (AUC₀–₂₈d), and persistence of CAR T cells in 

peripheral blood and bone marrow. 

 

Exposure-Response and PK/PD Approaches 

Exploratory analyses were performed to evaluate the relationships between obe-cel dose, 

pharmacokinetic parameters (Cmax and AUC₀–₂₈d), and clinical outcomes, including efficacy and 

safety endpoints. 

 

Dose-PK Relationship: The relationship between the administered dose and PK parameters was 

explored by comparing PK profiles between patients who received the target dose and those who 

did not. The standard dosing regimen involved administering a total target dose of 410 × 10^6 

CAR-positive T cells (±25%) in a two-step fractionated dosing regimen, adjusted based on 

disease burden at lymphodepletion. 

 

Exposure-Efficacy Relationship: Logistic regression analyses were conducted to evaluate the 

relationship between PK parameters (log-transformed Cmax and AUC₀–₂₈d) and clinical efficacy 

endpoints, such as overall remission rate (ORR) and minimal residual disease (MRD) negativity. 

 

Exposure-Safety Relationship: Similar analyses assessed the association between PK 

parameters and the incidence of adverse events, particularly cytokine release syndrome (CRS) 

and immune effector cell-associated neurotoxicity syndrome (ICANS). 

 

Covariate Effects on PK/PD and Drug-Exposure-Response 

Disease Burden: Higher disease burden at lymphodepletion was associated with greater CAR T-

cell expansion, higher Cmax and AUC₀–₂₈d, and a later peak concentration (Tmax). Patients with 

higher disease burden demonstrated higher incidence and severity of CRS and ICANS. 

 

Age, Sex, and Race: Exploratory analyses indicated negligible differences in PK parameters 

based on age, sex, or race. No significant covariate effects were identified for these demographic 

factors. 
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Prior Therapies: Previous treatments, including chemotherapy and other CD19-directed 

therapies, did not significantly impact CAR T-cell expansion or persistence. 

 

Results and Strength of Evidence 

Exposure-Efficacy Relationship: The analyses did not demonstrate a clear correlation between 

increased CAR T-cell expansion (Cmax and AUC₀–₂₈d) and improved efficacy outcomes. 

Patients achieving complete remission (CR) or complete remission with incomplete 

haematological recovery (CRi) had similar PK parameters to non-responders, suggesting that 

beyond a certain threshold, additional CAR T-cell expansion does not enhance efficacy. 

 

Exposure-Safety Relationship: A positive correlation was observed between increased CAR T-

cell expansion and the likelihood of experiencing CRS and ICANS. Patients with higher Cmax 

and AUC₀–₂₈d had increased odds of developing these adverse events. 

 

Strength of Evidence: The exploratory nature of the analyses and the high variability observed 

limit the strength of the conclusions. The lack of advanced modelling and simulation approaches, 

such as population PK/PD modelling, reduces the robustness of the findings. 

 

Support for Proposed Labelling 

The PK/PD data support the proposed labelling for obe-cel, particularly regarding the dosing 

regimen adjusted based on disease burden and the need for monitoring and management of CRS 

and ICANS. The lack of a clear exposure-efficacy relationship suggests that the current dosing 

strategy is appropriate. The observed exposure-safety relationship underscores the importance of 

vigilant monitoring for adverse events in patients with higher disease burden and greater CAR T-

cell expansion. 

 

Impact of Variability on Benefit/Risk Profile and Risk Minimisation Measures 

The variability in PK parameters, particularly related to disease burden, may influence the 

benefit/risk profile of obe-cel in certain clinical scenarios. 

 

Unexplained Variability: While disease burden explains some variability in CAR T-cell 

expansion, significant variability remains unexplained. This variability could affect the 

predictability of efficacy and safety outcomes. 

 

Benefit/Risk Profile: Patients with higher disease burden may experience greater CAR T-cell 

expansion, leading to increased risk of CRS and ICANS without a proportional increase in 

efficacy. This could alter the benefit/risk balance in these patients. 

 

Risk Minimisation Measures: Specific measures should be included in the Risk Management 

Plan (RMP) to address this variability: 

o Restrictions/Precautions: Careful assessment of disease burden prior to dosing is 

essential. Adjusting the initial dose based on disease burden helps mitigate the risk 

of severe adverse events. 

o Dose Adjustments in Special Populations: Although no specific adjustments are 

required based on age, sex, or race, patients with high disease burden should 

receive a lower initial dose, as per the dosing regimen. 

o Post-Authorisation Safety Study: A post-authorisation safety study could further 

evaluate the impact of PK variability on safety outcomes, particularly in patients 

with high disease burden. 
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The PK/PD data from clinical studies provide valuable insights into the pharmacological profile 

of obe-cel. While the analyses were exploratory and limited by variability and the absence of 

advanced modelling techniques, they support the proposed labelling and dosing regimen adjusted 

based on disease burden. The exposure-response relationships highlight the need for careful 

patient monitoring, especially regarding safety.  

 

Evaluation and qualification of E-R and PK/PD models 

The primary objectives of the PK/PD modelling for obe-cel were to characterise CAR T-cell 

expansion and persistence, evaluate the exposure-response relationship, and assess how intrinsic 

and extrinsic factors such as age, gender, race, disease burden, hepatic and renal function, and 

prior medications influence PK/PD parameters and clinical responses. Due to the nature of CAR 

T-cell therapies, traditional PK modelling approaches are less applicable. Instead, the PK of obe-

cel was characterised by measuring the expansion and persistence of CAR T cells in peripheral 

blood and bone marrow using quantitative polymerase chain reaction (qPCR) and flow cytometry 

methods. 

 

Exploratory analyses were conducted to evaluate the relationships between exposure (C_max and 

AUC₀–₂₈d) and clinical outcomes, including efficacy endpoints such as overall remission rate 

(ORR), best overall response (BOR), and minimal residual disease (MRD) negativity, and safety 

endpoints like the incidence and severity of cytokine release syndrome (CRS) and immune 

effector cell-associated neurotoxicity syndrome (ICANS). Simple linear and logistic regression 

models were employed to explore these exposure-response relationships. Covariate analyses 

considered factors such as disease burden (stratifying patients based on disease burden at 

lymphodepletion), demographic factors (age, gender, and race), prior medications (including 

chemotherapy and CD19-directed treatments), and hepatic and renal function. 

 

Due to ethical considerations and the nature of obe-cel as a personalised cellular therapy with 

potential risks of severe immune reactions, PK/PD studies were not conducted in healthy 

volunteers. Therefore, the PK/PD analyses were based on data from clinical studies involving 

patients with r/r B ALL. CAR T-cell levels were measured at multiple time points post-infusion, 

with key PK parameters including C_max (peak CAR T-cell levels in peripheral blood), T_max 

(time to reach peak levels), and AUC₀–₂₈d (area under the curve from day 0 to day 28, 

representing overall exposure). PD assessments included monitoring B-cell aplasia as a marker of 

obe-cel activity and measuring cytokine levels such as IL-6, IL-10, and IFN-γ to assess immune 

activation and correlate with CRS and ICANS. 

 

Regarding potential biomarkers and disease progression, B-cell aplasia was observed as an 

expected on-target effect indicating successful depletion of CD19-positive B cells. Elevated 

cytokines and inflammatory markers were associated with CRS and ICANS. Achieving MRD 

negativity was a key efficacy endpoint, indicating deep remission, and CAR T-cell persistence 

was linked to sustained remission and prolonged disease control. 

 

Given the exploratory nature of the analyses, formal population PK/PD modelling with advanced 

simulation methods was not performed. Therefore, traditional model evaluation techniques such 

as prediction-corrected visual predictive checks (pcVPCs) and estimation of parameter precision 

were not applicable. Statistical analyses included descriptive statistics to summarise PK 

parameters across patient subgroups and regression analyses to evaluate relationships between 

exposure and response variables. Significant inter-patient variability in CAR T-cell expansion 

and exposure was noted, and limitations included the preliminary nature of the analyses and the 

absence of population PK/PD models, which limited the ability to quantify variability and make 
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predictive simulations. 

 

The results indicated that there was no clear correlation between higher CAR T-cell exposure and 

improved efficacy outcomes. Patients achieving remission had similar exposure levels to those 

who did not, suggesting that beyond a certain threshold, additional CAR T-cell expansion does 

not enhance efficacy. A positive correlation was identified between higher CAR T-cell exposure 

and increased incidence of CRS and ICANS. Patients with higher disease burden experienced 

greater CAR T-cell expansion and were at higher risk for these adverse events. Disease burden 

was a significant factor influencing CAR T-cell expansion, while no substantial effects of age, 

gender, race, hepatic or renal function, or prior medications on PK/PD parameters were 

identified. 

 

The findings are relevant to the clinical use of obe-cel, emphasising the importance of disease 

burden in dosing decisions and monitoring for adverse events. However, the analyses were 

limited by high variability and the lack of sophisticated modelling techniques. The small sample 

sizes in certain subgroups reduced the statistical power to detect covariate effects. 

 

The data support the indication of obe-cel for adult patients with r/r B ALL, demonstrating 

efficacy across the studied population. The dosing regimen, involving a total target dose of 

410 × 10^6 CAR-positive T cells with adjustments based on disease burden, is supported by the 

exposure-safety relationship. Patients with high disease burden receive a lower initial dose to 

mitigate the risk of severe adverse events due to higher CAR T-cell expansion. 

 

Immunological events 

Humoral immunogenicity sample analysis is ongoing and will be presented as a stand-alone 

report submitted during the first 30 days after BLA submission as agreed during the pre-BLA 

meeting. 

 

Cellular immunogenicity was performed using an off the shelf validated ELISpot assay that was 

appropriately qualified. Full validation could not be performed as positive control samples could 

not be identified ahead of initiating validation. Each sample is tested against 3 peptide pools. 

 

Samples for assessment of cellular immunogenicity were available for 161/313 samples 

corresponding to 75/127 patients from the Safety Set patients (59.1%). Data was missing for 152 

samples because: 

• 99 samples had too few cells for analysis 

• 37 samples had unacceptable positive control response 

• 6 samples had a high background 

• 6 samples were contaminated post Day 1 incubation 

• 4 samples had plating issue 

 

Results are presented in Listing 16.2.8.9. Positive immunogenicity findings occurred in only 3 

patients (2.4%) and are summarised in Table 20 at the Month 3 visit. All 3 patients demonstrated 

CR and any safety events were unlikely to be related to the immunogenicity signal. 

 

All events of CRS and ICANS in these 3 patients occurred and resolved/recovered within 

approximately 1 month post first obe-cel infusion. The positive immunogenicity results occurred 

at approximately Month 3; no further immunogenicity testing was performed thereafter. 
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Table 20: Summary of Patients with Positive Immunogenicity Result At 3 Months 

 
 

In conclusion, no significant cellular immunogenicity signal was seen in 3/75 patients with 

evaluable sample and results from humoral immunogenicity data will be provided in the first 30 

days after BLA submission. As obe-cel is an autologous product, significant cellular or humoral 

immunogenicity are not expected. 

 

Dose justification 

Rationale for Dose and Dose Regimen  

The protocol-specified target dose for the pivotal FELIX study is 410 × 106 CD19-positive CAR 

T cells. Dosing was split across 2 administrations on Day 1 and on Day 10 (± 2 days), with the 

number of CAR T cells per dose being dependent on the individual patient’s initial disease 

burden at the time of lymphodepletion (referred to as pre-conditioning in the protocol and 

statistical outputs) (Table).  

 

Table: Fractionation of Obe-cel Based on Bone Marrow Blast Counts at Pre-Conditioning 

 
 

Dose-Pharmacokinetics Analysis  

 

Pharmacokinetic Analysis per Dose Regimen  

Among patients who received 2 doses, those who received 10 × 106 CD19 CAR-positive T cells 

at first dose (>20% blasts in BM, high disease burden) demonstrated a higher expansion and a 

later peak than patients who received 100 × 106 CD19 CAR-positive T cells at first dose (≤20% 

blasts in BN, low disease burden) (Table 4), suggesting that tumour burden, rather than the dose, 

drives the extent and timing of the peak of CARs. Persistency was observed in both patients with 

low and high first doses. 
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Table 4: Pharmacokinetic Parameters By Dose Regimen (Cohort IIA, Infused Set – Patients 

Who Received 2 Obe-cel Doses) 

 

 
 

The number of patients who received a single dose (n = 7) is too small to draw conclusions on PK 

parameters per dose regimen. 

 

Timing of Second Dose – Pharmacokinetic Analysis  

Patients with Grade 2 CRS and/or Grade 1 ICANS following the first split dose may receive the 

second dose on Day 10 (±2 days) only if CRS has resolved to Grade 1 or less and ICANS has 

completely resolved. If necessary, the infusion of the second split dose may be postponed beyond 

Day 10 (±2 days) up to Day 21 to allow for the resolution of Grade 2 CRS and/or Grade 1 

ICANS. 

 

Only 9 patients received a delayed second dose (Cohort IIA, Infused Set). The onset of CRS 

and/or ICANS was the reason for a delayed second dose in 7 out of the 9 patients receiving a 

delayed second dose. Despite the small number of patients receiving a delayed second dose, 

persistency is observed and is comparable to patients receiving the second dose without delay.  

Despite small numbers, no indication of decreased efficacy is observed in patients receiving a 

delayed second dose. 

 

Dose-Response Analysis  

The relationship between obe-cel dose and response (efficacy and safety) was explored using 

efficacy and safety analysis sets, respectively. Efficacy endpoints were evaluated to assess the 

impact of dose on response for ORR, BOR, MRD. Furthermore, the impact of dose on the 

occurrence of CRS, including any Grade and Grade 3/4 CRS, was evaluated. Similarly, the 

occurrence of ICANS was also explored. 
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Dose-Efficacy Analysis  

All patients, regardless of disease burden or number of cells infused at the first dose, demonstrate 

a compelling efficacy. Patients receiving a lower first dose of 10 × 106 cells (>20% blasts in BM, 

high disease burden) have a numerically lower ORR (75.0% CR/CRi) than patients receiving a 

higher first dose of 100 × 106 cells (≤20% blasts in BM, low disease burden) (87.5% CR/CRi), 

with overlapping 95% CI and despite demonstrating a higher expansion and similar duration of 

persistency (Table 5). This numerical difference in ORR is likely to be due to the disease burden, 

as patients with a higher disease burden are more difficult to treat. 

 

 
 

Dose-Safety Analysis  

The relationship between dosing parameters and the incidence of CRS or ICANS was 

investigated in the Safety Set, and results are shown below in Table 6.  

 

 
 

The incidence of all Grade ≥ 3 CRS and ICANS, as well as Grade ≥3 is low. The incidence of 

CRS and ICANS was higher in the patients who received 10 × 106 cells in their first dose (with 

higher disease burden) compared to those who received 100 × 106 cells in the first dose (lower 

disease burden), suggesting that these safety signals are associated with disease burden rather 

than with the number of cells infused at first obe-cel dose.  

 

The FELIX data confirm that the selected tumour burden-adjusted dosing regimen, in addition to 

the unique mode of action of obe-cel, helps to manage the impact of disease burden on the 

frequency and severity of CRS and ICANS. 
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The applicant's justification for the proposed posology of obe-cel is robust and well-supported by 

clinical data from the FELIX study. The adjustments based on disease burden are logical and 

effective in optimising the balance between efficacy and safety: 

 

Efficacy is Maintained: Comparable remission rates are achieved across dosing groups, indicating 

that the adjusted dosing does not compromise therapeutic outcomes. 

 

Safety is Enhanced: Reducing the initial dose in patients with high disease burden helps to 

mitigate the risk of severe CRS and ICANS. 

 

Personalised Treatment: The dosing strategy reflects a personalised approach, taking into account 

individual patient factors to optimise treatment. 

 

Overall, the dosing regimen for obe-cel is justified by comprehensive pharmacokinetic, efficacy, 

and safety data. The tailored approach based on disease burden enhances patient outcomes and 

aligns with best practices in personalised medicine. The recommendations are appropriate, and no 

additional adjustments are necessary for coadministration with other medicines used in managing 

treatment-related adverse events. 

 

Overall assessment of clinical pharmacology 

 

Discussion 

Obecabtagene autoleucel (obe-cel) is an autologous CD19-directed chimeric antigen receptor 

(CAR) T-cell therapy intended for adult patients with relapsed or refractory B-cell acute 

lymphoblastic leukaemia (r/r B ALL). The clinical pharmacology data submitted provide a 

comprehensive overview of obe-cel's PK and PD, highlighting several strengths and some areas 

of uncertainty. 

 

Strengths: 

Pharmacokinetics: The PK profile of obe-cel has been characterised through the FELIX and 

ALLCAR19 studies. Both studies demonstrate rapid and robust CAR T-cell expansion post-

infusion, with a median time to peak concentration (T_max) around 14 days. Sustained 

persistence of CAR T cells is observed, correlating with durable clinical responses. 

 

Pharmacodynamics: The PD effects are well-understood. B-cell aplasia serves as a direct 

pharmacodynamic marker of obe-cel's activity, confirming effective targeting and depletion of 

CD19-positive B cells. Cytokine monitoring provides essential information for managing 

cytokine release syndrome (CRS) and immune effector cell-associated neurotoxicity syndrome 

(ICANS). 

 

Dose Justification: The proposed dosing regimen, adjusted based on disease burden, is supported 

by clinical data. Patients with higher disease burden receive a lower initial dose to mitigate the 

risk of severe adverse events without compromising efficacy. 

 

Interactions with Other Medicines: Potential pharmacodynamic interactions with tocilizumab 

and corticosteroids have been thoroughly investigated. The findings demonstrate that these 

medications do not adversely impact obe-cel’s pharmacokinetics, efficacy, or safety. 
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Weaknesses: 

 

Advanced PK/PD Modelling: The lack of advanced population PK/PD modelling limits the 

understanding of inter-patient variability and predictive factors influencing PK and PD responses. 

This absence hinders the ability to perform predictive simulations and fully characterise the 

pharmacological profile. 

 

Immunogenicity Data: While cellular immunogenicity assessments suggest a low incidence of 

antibody formation without significant clinical impact, the humoral immunogenicity analysis is 

incomplete. Pending data on anti-CAR antibodies leave a gap in fully understanding the 

immunogenicity profile. 

 

Genetic Differences and Special Populations: There is a lack of specific analyses on genetic 

differences affecting PD response. Additionally, no clinical data are available for paediatric 

patients or those with hepatic and renal impairment, limiting the applicability of the findings to 

these populations. 

 

IV.4 Clinical efficacy 

In support of the application, the following was submitted: 

 

Main clinical study 

An open-label, multi-centre, phase Ib/II study evaluating the safety and efficacy of obe-cel, a 

CAR-T cell treatment targeting CD19 in adult patients with relapsed or refractory B cell acute 

lymphoblastic leukaemia. 

 

The FELIX study was conducted in the UK, Spain and the USA. The numbers of sites and 

subjects enrolled are summarised in the following table: 

 

 
 

This study was conducted in accordance with the ethical principles of Good Clinical Practice, 

according to the International Council for Harmonisation. 

 

Duration of follow-up within the FELIX study is 24 months. 

After a subject has completed 24 months: long-term efficacy and safety will be evaluated for up 

to 15 years after exposure to obe-cel in a separate extension study: study AUTO-LT1. 

 

Study objectives and efficacy endpoints 

The primary objectives and endpoints are provided in Table 1: 
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It is considered that overall survival of adult subjects with relapsed / refractory B-cell acute 

lymphoblastic leukaemia is dire; most will likely die within 1 year with current treatments. For 

this reason, emphasis is given to the outcome of overall survival with other outcomes being 

regarded as ‘of interest’ and / or regarded in a ‘general sense’ only. 

 

All subjects in the ‘phase I and phase II’ sections were exposed to product by the same protocol; 

the outcome of overall survival in subjects is seeked as a whole. 

 

Secondary objectives and endpoints are provided in Table 2: 
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Given the high mortality for adult subjects associated with B-cell acute lymphoblastic leukaemia, 

it is considered that overall survival and quality of life measures will be the most informative 

towards claimed efficacy. Other outcomes will be regarded in a supportive sense. 

 

The applicant also describes pharmacokinetic and pharmacodynamic exploratory objectives; refer 

to the Pharmacokinetic section of this PAR for comment on these aspects and also on expansion / 
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persistence of CAR-T cells. 

 

Aspects of study design 

The FELIX study is an on-going open-label, single-arm, multi-centre study. 

The applicant also describes the study as phase Ib/II i.e. the applicant regards the FELIX study as 

an exploratory study. 

 

The study has a sentinel phase I component (to explore safety and feasibility) and a main phase II 

component (there are 3 cohorts in phase II), as summarised in the following diagram: 

 

 
 

The Phase II part of the study was to evaluate the efficacy of obe-cel by determining overall 

remission rate in response to obe-cel. 

 

Cohort IIA was to include at least 40 patients who were blinatumomab and / or inotuzumab 

ozogamicin experienced and at least 40 patients who were naïve to both these drugs. 

 

An Independent Response Review Committee determined the remission rate for the analysis of 

the primary endpoint. An Independent Data Monitoring Committee reviewed safety data. 

 

Overall time-course of the study is shown: 
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Subjects went through 5 sequential stages: screening, leukapheresis, lymphodepletion (also 

referred to as pre-conditioning), treatment and follow-up (Figure 3). 

 

 
 

 

Aspects of statistics 

 

Randomisation was not carried out; this trial was conducted as a deterministic trial. 

 

Blinding: was not done; this is an open-label study. 

 

Allocation: was based on pathology findings, as described below, and not by a concealed method; 

this trial was conducted as a deterministic trial.  

 

Applicant position on the analysis: 

The following hypotheses will be tested for the primary and the key secondary endpoint 
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hierarchically for all patients treated with obe-cel from Cohort IIA in Phase II part of the study. 

• H01: ORR ≤40% vs. H11: ORR >40% (Primary endpoint) 

• H02: CR ≤20% vs. H12: CR >20% (Key secondary endpoint) 

 

In addition, analysis will be performed according to the disease burden prior to the start of the 

preconditioning therapies as follows: 

• ≥5% blast in BM 

• <5% blast in BM without EMD 

• <5% blast in BM with EMD 

 

Justification of the applicant: 

The primary efficacy analysis for Cohort IIA in the Phase II part will be performed by testing 

whether the ORR is ≤40% against the alternative hypothesis that ORR is > 40% at overall one-

sided 2.5% level of significance. 

 

At the start of the FELIX clinical study, another CD19 targeting therapy approved for adult ALL 

is blinatumomab. In the Phase III TOWER study of blinatumomab versus standard of care 

chemotherapy the ORR (CR/CRh) within 3 months of starting treatment was 42% [95% CI 37 to 

49] and that of standard of care chemotherapy was 20% [95% CI 14 to 28].  

 

In the FELIX study, enrolled patients will have either already relapsed after blinatumomab 

treatment with chemotherapy being an option for subsequent treatment or be blinatumomab 

naïve, where treatment with blinatumomab maybe an option. As the expected ORR with these 

treatments would be in the range of 20% to 42%, the null hypothesis that the true remission rate 

with obe-cel is 40% is considered reasonable. 

 

According to the hypothesis testing strategy, 90 patients in the Infused Set will provide >94% 

power to demonstrate statistical significance at one-sided 2.5% level of significance, if the 

underlying ORR is 60%. 

 

Use of external controls and cut-points, as described by the applicant, is noted. 

 

The applicant has conducted a single arm trial with five compartments / cohorts. The applicant 

has provided suitable justification for not conducting a randomised, controlled trial.  

 

Cohorts of the study 

Phase Ib 

Primary Cohort IA: Adults aged ≥18 years with B-cell acute lymphoblastic leukaemia who had 

relapsed / refractory disease and ≥5% blasts in the bone marrow at screening. 

 

Exploratory Cohort IB: Adults aged ≥18 years with B-cell acute lymphoblastic leukaemia in 

morphological remission with minimal / measurable residual disease (≥10-4 and <5% blasts in the 

bone marrow at screening). 

 

Phase II 

Cohort IIA: Adults aged ≥18 years with B-cell acute lymphoblastic leukaemia who had relapsed / 

refractory disease and presence of ≥5% blasts in the bone marrow at screening. 

 

Cohort IIB: Adults aged ≥18 years with B-cell acute lymphoblastic leukaemia in ≥2nd complete 

response or “complete response with incomplete haematologic recovery” with minimal / 
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measurable residual disease (≥10-3 by central ClonoSEQ Next Generation Sequencing testing and 

<5% blasts) in the bone marrow at screening. 

 

Cohort IIC (exploratory cohort): Adults aged ≥18 years with B-cell acute lymphoblastic 

leukaemia with isolated extramedullary disease (including isolated central nervous system 

disease), with or without minimal / measurable residual disease. 

 

This single-arm study has a deterministic design to allocate subjects to cohorts. 

 

Cohort IA: ≥5% blasts in the bone marrow 

Cohort IB: minimal residual disease 

Cohort IIA: ≥5% blasts in the bone marrow 

Cohort IIB: minimal residual disease 

Cohort IIC: with isolated extramedullary disease with or without minimal residual disease. 

To note that the definition of minimal residual disease changed from cohort IB (≥10-4 and <5% 

blasts) to cohort IIB (≥10-3 and <5% blasts in bone marrow). 

 

The schedule of assessments is shown on the following pages: 
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Overall survival, performance status (assessed by ECOG score) and quality of life assessments 

are considered to be the most informative data over the first 28 days to create a baseline against 

which to compare progress (though it is acknowledged that quality of life may suffer in the initial 

aftermath of exposure to product). 
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Overall survival, performance status (assessed by ECOG score) and quality of life assessments 

are considered to be the most informative data in the efficacy & safety follow-up. 
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Overall survival data are considered to be the most informative data in the safety follow-up. A 

measure of quality of life would also be considered as most informative. 

 

The applicant employed 3 oversight committees: 

• An Independent Data Monitoring Committee consisting of two independent physicians 

and one statistician to review serious safety events. 

• An Independent Response Review Committee comprising two to three members to review 

data related to disease response assessments during the treatment and follow-up of the 

study. Patient management will be based upon local Investigator assessments. 

• A Study Steering Committee comprising 5 members to provide expert advice on the 

overall study conduct of the study. All members are Principal Investigators involved in 

the study. 

 

 

MRD-Negative Remission Rate is defined as the proportion of patients achieving CR or CRi with 

MRD-negative bone marrow by central assessment at less than one tumour cell for every 10,000 

cells i.e. 10-4
  

 

The applicant clarified that denominator for cell measurement was nucleated cells. 

In the course of the application procedure, it became apparent that the applicant had employed 3 

different methods to assess minimal residual disease; it was found that the arrangement of the 

applicant hampered interpretation of results for minimal residual disease; and so data on minimal 

residual disease are viewed in a general sense only. 

 

To note that the applicant used the following definitions for “CR” and “CRi”: 

 

Complete remission: 

• Bone marrow: trilineage haematopoiesis and <5% blasts in bone marrow 

• Peripheral blood: no circulating lymphoblasts; neutrophil count >1000/µL; platelet count 

>100,000/µL and no platelet transfusions in last 7 days and no administration of 

granulocyte colony stimulating factor in last 3 days for short-acting GCSF products and 

14 days for long-acting GCSF products. 

• No extramedullary disease 

 

Complete remission with incomplete recovery of counts: 

• Meet all criteria for complete remission except: recovery of platelets to <=100,000 ul and 

/ or recovery of neutrophil count to <1000 ul 
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Duration of Remission is measured by the time from the first achievement of CR or CRi to 

relapse or death due to any reason. 

 

Duration of Complete Remission will be analysed in a similar way as Duration of Remission 

except that first achieved of CR will be considered as starting point for the evaluation instead of 

any remission (CR or CRi). 

 

Event free survival is the time from date of first obe-cel infusion to the earliest of treatment 

failure, relapse or death from any cause. 

 

Progression free survival is defined as the time from first infusion to date of progressive disease, 

including investigator’s claim of clinical progression, date of death from any cause. 

 

Overall survival will be calculated from the date of first obe-cel infusion to the date of death. 

Patients with primary refractory disease, defined as patients who fail to obtain a complete 

remission with induction therapy (≥2 cycles). 

 

Patients with relapse are those who have experienced early relapse after first remission, relapse 

after stem cell transplant or have multiple relapses. 

 

The applicant employed recognised standards for the definitions of (i) refractory disease, (ii) 

relapsed disease and (iii) ‘early relapse’. 

 

Overall response rate (ORR) is defined as proportion of patients achieving CR or CRi. 

 

Protocol Deviations 

An important protocol deviation is a deviation that could have a significant effect on the patient’s 

safety, rights, or welfare and/or on the integrity of the study data. 

 

23 patients enrolled in FELIX had at least 1 important protocol deviation (Table 5). Most of the 

important protocol deviations were related to study assessments and procedure compliance (8 

patients) and eligibility criteria (6 patients) or dosing compliance (5 patients). None of the 

protocol deviations met the criteria for a serious breach or led to exclusion from the per protocol 

analysis. 
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18 subjects in cohort IIA discontinued the study without receiving an obe-cel infusion – 11 

subjects died before infusion, 5 did not receive the drug due to manufacturing issues, 1 subject 

had an adverse event and 1 subject discontinued due to physician’s decision.  

94 subjects in cohort IIA were infused with obe-cel; of these, 52 discontinued the study (50 died 

and 1 withdrew) and 42 are in ongoing follow-up. 

 

Population 

Key inclusion criteria 

1. Age 18 years or older 

2. Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1 

3. Relapsed or refractory CD19-positive B-cell acute lymphoblastic leukaemia defined as 

one of the following: 

• Primary refractory disease (not achieving complete remission after two cycles of 

induction chemotherapy). 

• First relapse if first remission ≤12 months (Phase Ib Cohort IA and Phase II Cohort 

IIA). 

• Relapsed or refractory disease after two or more lines of systemic therapy. 

• Relapsed or refractory disease after allogeneic transplant provided obe-cel infusion 

occurs at least 3 months after stem cell transplant. 

4. Patients with Philadelphia chromosome positive acute lymphoblastic leukaemia (Ph+ 

ALL) are eligible if they are intolerant to or have failed two lines of any tyrosine kinase 

inhibitor or one line of second generation tyrosine kinase inhibitor or if tyrosine kinase 

inhibitor therapy is contraindicated. 

5. In patients treated with blinatumomab, CD19 expression should be confirmed after 

blinatumomab therapy has been stopped. 

6. Adequate renal (creatinine clearance >50mL/min), hepatic (Aspartate aminotransferase 

≤2.5 x upper limit of normal (ULN), pulmonary (oxygen saturation >92% on air) and 

cardiac function, as described. 
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Additional criteria 

 

For phase I: 

Primary Cohort IA: presence of ≥5% blasts in bone marrow at screening. 

Exploratory Cohort IB: MRD -positive defined as ≥10-4 and <5% blasts in the bone marrow at 

screening. 

 

For phase II: 

Cohort IIA: Presence of ≥5% blasts in BM at screening. 

Cohort IIB: Patients with B-ALL in ≥2nd CR or CRi with MRD-positive disease defined as ≥10-3 

by central ClonoSEQ NGS testing and <5% blasts in the BM at screening. 

Cohort IIC (Exploratory): Isolated extramedullary disease (including CNS disease) with or 

without MRD. 

 

Entry into each cohort was deterministic, based on clinical history and pathology findings. 

 

Exclusion criteria 

1. Burkitt’s leukaemia / lymphoma 

2. History or presence of clinically relevant pathology of the central nervous system. 

3. Presence of CNS 3 disease or CNS 2 disease with neurological changes. Patients 

developing CNS 3 disease or symptomatic CNS 2 disease at any time after consent will 

also be excluded until they no longer meet these criteria.  
CNS-1 = No lymphoblasts in CSF regardless of WBC count; CNS-2 = WBC < 5/μL in CSF with presence 

of lymphoblasts; CNS-3 = WBC ≥ 5/μL in CSF with presence of lymphoblasts. 

4. active or uncontrolled infection (including latent hepatitis B or C and HIV) 

5. Patients who have received a stem cell transplant less than 3 months prior to obe-cel 

infusion. Active significant (overall Grade ≥II, Seattle criteria) acute graft versus host 

disease (GVHD) or moderate/severe chronic GVHD (National Institutes of Health 

consensus criteria) requiring systemic steroids or other immunosuppressants within 4 

weeks of consent 

6. Prior CD19 targeted therapy other than blinatumomab. Patients who have experienced 

Grade 3 or higher neurotoxicity following blinatumomab 

 

7. The following medications are excluded:  

• Therapeutic doses of corticosteroids (greater than 10mg daily of prednisone or its 

equivalent) within 7 days of leukapheresis or 72 hours prior to obe-cel administration 

• Immunosuppressive medication must be stopped ≥2 weeks prior to leukapheresis and obe-

cel infusion 

• Donor lymphocyte infusions must be completed >2 weeks prior to leukapheresis and not 

repeated thereafter 

• Any drug used for graft-versus-host disease must be stopped >2 weeks prior to 

leukapheresis and not reinitiated thereafter 

• Chemotherapy must be stopped 1 week prior to leukapheresis or starting pre-conditioning 

chemotherapy. Tyrosine kinase inhibitors for Ph+ ALL must be stopped >72 hours prior 

to pre-conditioning chemotherapy 

• Treatment with any T cell lytic or toxic antibody within 6 months prior to leukapheresis 

or treatment with clofarabine or cladribine within 3 months prior to leukapheresis 

• Live vaccine ≤4 weeks prior to leukapheresis 

• Intrathecal therapy within 2 weeks prior to starting pre-conditioning chemotherapy 

• Use of blinatumomab after leukapheresis 
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• Inotuzumab may be used as a bridging therapy. 7 days washout is required prior to the 

start of preconditioning chemotherapy following 1 cycle of inotuzumab. 2 weeks washout 

is required if 2 cycles of inotuzumab are administered. 

 

Disposition of subjects at the data cut-off of 07-Feb-2024 is summarised in the following figure: 

 
 

No further patients have been enrolled in the FELIX study or treated with obe-cel since the 09-

Jun-2023 data cut-off used for primary analysis. 

 

In Cohort IIA, 42 of the 94 infused patients (44.7%) are in ongoing follow-up at the time of the 

data cut-off for the analysis t 07-Feb-2024. This is 11 patients less than at the time of the primary 

analysis of July 2023; all 11 patients discontinued the study due to death (9 deaths due to 

progressive disease, 2 deaths due to adverse events). 

 

11 deaths are reviewed:  

 

For the 2 subjects who died after adverse events: 1 subject died after a prolonged pulmonary 

failure and general decline; 1 subject died with graft-versus-host disease. 

 

For the 9 subjects who died with progressive disease: 2 died without achieving CR or CRi; 2 died 

after achieving CRi; 5 died after achieving CR. 

 

See Clinical Safety section of this PAR for additional comment. 
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A summary of demographic data for subjects in the FELIX study is presented in Table 1: 

 

 
 

Demographic data are broadly similar for the various phases and cohorts of the study. 

 

For the phase IIA cohort who were enrolled: median age 49yrs (min 20yrs, max 81yrs); 65% 

subjects were >40yrs; 54% male; 77% White. 

 

For the phase IIA cohort who were administered product: median age 50yrs (min 20yrs, max 

81yrs); 67% subjects were >40yrs; 50% male; 74% White.  

 

For phase IB and all phase II cohorts: 127 subjects were infused; median age 47yrs (min 20yrs, 

max 81yrs); 52% male; 74% White. 
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Other Baseline Characteristics are summarised in the following tables: 
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Characteristics are broadly similar across the phases and cohorts of the study. Phase IIA is the 

main analysis cohort of the study. 

 

For the 112 subjects enrolled into phase IIA: 

 

Subjects had received between 1 and 6 prior therapies with a median of 2. 

13 had disease that was refractory to all previous therapies 

43 had received a stem cell transplant 

58 had received blinatumomab or inotuzumab ozogamicin 

21 had evidence of extramedullary disease prior to enrolment 

ECOG status was 0 or 1 

 

For the phase IIA cohort of 94 subjects who were administered product: 

 

Subjects had received between 1 and 6 prior therapies with a median of 2. 

12 had disease that was refractory to all previous therapies 

36 had received a stem cell transplant 

48 had received blinatumomab or inotuzumab ozogamicin 

19 had evidence of extramedullary disease prior to enrolment 

ECOG status was 0 or 1 

 

The make-up of those infused is considered similar to those enrolled. 

 

For 71 subjects in cohort IIA: lymphoblasts made up ≥5% of all nucleated cells in a bone marrow 

sample at lymphodepletion. 

 

For the 127 subjects who were infused in the phase IB and all phase II cohorts: 

 

13 had disease that was refractory to all previous therapies 

56 had received a stem cell transplant 

72 had received blinatumomab or inotuzumab ozogamicin 

29 had evidence of extramedullary disease prior to enrolment 

ECOG status was 0 or 1 

 

It would have been preferred to have enrolled a higher racial mix. 

 

The characteristic of the phase IIA and [phase IB & all phase II cohorts] appear broadly similar. 

 

In other respects, the study population appears representative of adults with B-cell acute 

leukaemia.
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Disease characteristics prior to lymphodepletion are summarised: 
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Characteristics are broadly similar across the phases and cohorts of the study. Phase IIA is the 

main analysis cohort of the study. 

 

For the 112 subjects enrolled into phase IIA: 

26 returned a positive result for the Philadelphia chromosome 

At lymphodepletion: 21 had extramedullary disease; 30 had >75% blasts in bone marrow; 27 had 

>20 to 75% bone marrow blasts and 37 had up to 20% bone marrow blasts. 

 

For the phase IIA cohort of 94 subjects who were administered product: 

25 returned a positive result for the Philadelphia chromosome 

At lymphodepletion: 19 had extramedullary disease; 30 had >75% blasts in bone marrow; 27 had 

>20 to 75% bone marrow blasts and 37 had up to 20% bone marrow blasts. 

 

The make-up of those infused is considered similar to those enrolled. 

 

For the 127 subjects who were infused in the phase IB and all phase II cohorts: 

 

36 returned a positive result for the Philadelphia chromosome 

At lymphodepletion: 27 had extramedullary disease; 40 had >75% blasts in bone marrow; 35 had 

>20 to 75% bone marrow blasts and 52 had up to 20% bone marrow blasts. 

 

The characteristic of the phase IIA and [phase IB & all phase II cohorts] appear broadly similar. 

 

In other respects, the study population appears representative of adults with B-cell acute 

leukaemia. 

 

Allowed Concomitant Medications / Therapies 

• Palliative radiotherapy may be given concomitantly as clinically appropriate. 

• Anti-microbial prophylaxis including antivirals may be given 

• Approved Anti COVID-19 (SARS COV-2) treatments (both prophylaxis and anti-virals) 

may be given per institutional guidelines. 

• Colony stimulating factors at physician’s discretion 

• Erythropoietin and transfusion of platelets and red cells. 

• In Ph+ ALL patients who achieve CR after obe-cel infusion, a tyrosine kinase inhibitor 

may be resumed no earlier than 2 months after obe-cel infusion and after discussion with 

the medical monitor. 

• Prophylaxis to cerebrospinal fluid may be given post- obe-cel infusion per investigator 

discretion in accordance with institutional guidelines yet should be avoided for at least 8 

weeks after obe-cel infusion if possible. 

 

Prohibited and Cautionary Therapies 

• Herbal and homeopathic agents 

• Corticosteroids and Immunosuppressant (except for managing treatment-related toxicity) 

 

Bridging Therapy 

Patients could receive bridging therapy as necessary between leukapheresis and one week prior to 

start of lymphodepleting treatment. The choice of bridging therapy was based on local practice 

except for the use of blinatumomab that is prohibited as a bridging therapy agent. Inotuzumab 

ozogamicin could have been used as bridging therapy with the implementation of protocol 

amendment version 6. 



PAR Aucatzyl 410 × 106 cells dispersion for infusion  PLGB 46113/0001  

106 

 

 

Blinatumomab (Blincyto, PLGB 13832/0018) is indicated as monotherapy for the treatment of 

adults with CD19 positive relapsed or refractory B-cell precursor acute lymphoblastic leukaemia. 

 

Blincyto is a bi-specific antibody that binds to CD19 (same target as obe-cel) expressed on the 

surface of cells of B-lineage origin and CD3 expressed on the surface of T-cells; a cytolytic 

synapse is formed between the T-cell and the tumour cell and proteolytic enzymes are released to 

kill both proliferating and resting target cells.  

 

Listing Blincyto as prohibited is acknowledged within a clinical trial setting. 

 

Bridging therapies are summarised: 

 

 
 

TKI: Tyrosine kinase inhibitor 

 

Inotuzumab (inotuzumab ozogamicin, Besponsa) was permitted as bridging therapy.  

 

Besponsa is an antibody-drug combination; the antibody binds to CD22-expressing tumour cells, 

the complex is internalised and the active product is released to promote cell cycle arrest and 

apoptotic cell death. Besponsa is indicated as monotherapy for the treatment of adults with 

relapsed or refractory CD22-positive B cell precursor acute lymphoblastic leukaemia. 
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Data for use of Besponsa as bridging therapy are shown: 

 

 

 
 

The above data represents those who were infused in all cohorts. There were 18 subjects who had 

‘bridging’ with inotuzumab (inotuzumab ozogamicin, Besponsa). 

 

Complete remission occurred in: 

• 89% of subjects who did not undertake a bridging exercise. 

• 58% of subjects who undertook a bridging exercise without Besponsa 

• 39% of subjects who undertook a bridging exercise with Besponsa. 

 

It is acknowledged that numbers of subjects are small and so any apparent pattern of response to 

the bridging exercise may be artefactual. 

 

Intervention 

Leukapheresis 

Adequate washout of medications was observed as per protocol and testing for described 

infectious diseases in accord with the Human Tissue Act. Sites were responsible to conduct the 

procedure in accord with local guidelines. 

 

Subjects underwent unstimulated leukapheresis in accord with a manual produced by the 

applicant; this is a day-case procedure to collect peripheral blood mononuclear cells. 

 

A repeat leukapheresis procedure was permitted if collected material was found inadequate. 

 

The applicant identifies the following risks associated with leukapheresis: 
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Enrolment occurred once leukapheresis material had been accepted for manufacture. 

 

Pre-Conditioning Chemotherapy 

Subjects had to meet eligibility requirements in the schedule of events to go ahead with pre-

conditioning chemotherapy. 

 

Disease burden was evaluated within 7 days of the start of the pre-conditioning regimen and 

determined the dosing schedule. 

 

Exclusion Criteria for Starting Pre-Conditioning 

 

Patients meeting any of the following exclusion criteria must not be given pre-conditioning or 

it must be delayed until they no longer meet these criteria: 

• Severe intercurrent infection at the time of, or within 7 days of, scheduled pre-

conditioning requiring systemic antimicrobials. 

Upon review by the physician, controlled severe infection may not be a reason to 

withhold pre-conditioning. 

The patient must not have received systemic antimicrobials for the treatment of a known 

or suspected infection within 48 hours before pre-conditioning chemotherapy 

(prophylactic use of antimicrobials is allowed). 

• Requirement for supplementary oxygen at the time of scheduled pre-conditioning. 

• Allogeneic transplant recipients with active significant acute GVHD overall Grade ≥II or 

moderate / severe chronic GVHD requiring systemic steroids at the time of scheduled pre-

conditioning. 

• Significant deterioration of renal or hepatic function 

• New signs or symptoms of the central nervous system at any time after enrolment and 

prior to planned pre-conditioning 

 

The pre-conditioning phase begins with administration of chemotherapy on Day -6 and ends with 

the beginning of treatment with obe-cel infusion on Day 1. Pre-conditioning is expected to 

increase the survival of CD19 CAR T cells 

 

Patients received a lymphodepleting pre-conditioning treatment with cyclophosphamide for 2 

days (starting Day -6) and fludarabine for 4 days (starting Day -6), timed to end 3 (±1) days but 

no less than 48 hours before obe-cel infusion.  

 

Cyclophosphamide and fludarabine dosing are described below; fludarabine was administered 

first. 

• Fludarabine 30 mg/m2 followed by cyclophosphamide 500 mg/m2 day 1 (Day -6) 

• Fludarabine 30 mg/m2 followed by cyclophosphamide 500 mg/m2 day 2 (Day -5) 

• Fludarabine 30 mg/m2 (Day -4) 

• Fludarabine 30 mg/m2 (Day -3) 

 

Fludarabine and cyclophosphamide were each administered by i.v. infusion over 30 minutes in 

accord with their respective SPCs and local guidance. 

 

Fludarabine (PL 12375/0039) is indicated for the treatment of chronic lymphocytic leukaemia; 

the posology is 25 mg/m² body surface area given daily for 5 consecutive days; the dose is 

adjusted for those with renal or hepatic impairment or the elderly; administration is advised under 

supervision of an experienced physician. 
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Cyclophosphamide (PL 04416/1394 and associated numbers) is indicated for the treatment of 

acute lymphoblastic leukaemia; the posology (for bone marrow transplant) is 240 mg/m² body 

surface area given for 2 consecutive days; the dose is adjusted for those with renal or hepatic 

impairment or the elderly; administration is advised under supervision of an experienced 

physician. 

 

The purpose of a pre-conditioning regimen is to provide sufficient suppression of the immune 

system to ensure engraftment and to provide niches in the host for the administered cells.  

 

There are numerous low-intensity non-myeloablative conditioning regimens in current clinical 

practice; the applicant has chosen one such regimen (fludarabine and cyclophosphamide are 

known to be lympho-depleting); Section 4.2 of SmPC refers to the UK Public Assessment Report 

to describe the use of cyclophosphamide and fludarabine regimen as this is an off-label use.  

 

The applicant provides a summary of the risks of the lymphodepletion regimen, as shown below. 

 

 
 

Prior to administration, subjects underwent further assessments to ensure that they were still 

eligible to receive obe-cel. 

 

Exclusion Criteria for obe-cel Infusion 

• Severe intercurrent infection at the time of obe-cel infusion requiring systemic 

antimicrobials. 

Upon review by the physician, controlled severe infection may not be a reason to withhold pre-

conditioning. 
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• Requirement for supplementary oxygen at the time of scheduled obe-cel infusion. 

• Patients with ≥Grade 3 pulmonary or cardiac toxicities following the first split dose will 

not receive the second split dose. 

• Patients who develop obe-cel related ≥Grade 3 CRS and/or ≥Grade 2 ICANS following 

the first split dose will not receive the second split dose. 

 

In the event a patient develops any other adverse event after receiving the first split dose of obe-

cel preventing the administration of the second split dose, the infusion may be postponed beyond 

Day 10 (±2 days) up to Day 21 to allow for the resolution of the adverse event. 

 

Premedication with paracetamol was permitted. 

 

Patients will receive a total target dose of 410 x 106 CD19 CAR-positive T cells (±25%) on a 

schedule as shown below (Table 9): 

 

 
 

The applicant presents a summary of risks associated with infusion of obe-cel: 
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The decision to administer the second split dose is made by the attending physician.  

 

Patients were monitored for early onset of high-grade fever that is suspected to be CAR-related 

and evaluated for toxicity after infusion of the initial dose. 

 

Patients with Grade 2 cytokine release syndrome and / or Grade 1 immune effector cell-

associated neurotoxicity syndrome following the first split dose may receive the second dose on 

Day 10 (±2 days) up to Day 21 only if cytokine release syndrome has resolved to Grade 1 or less 

and immune effector cell-associated neurotoxicity syndrome has completely resolved. 

 

Patients who develop obe-cel related ≥Grade 3 cytokine release syndrome and / or ≥Grade 2 

immune effector cell-associated neurotoxicity syndrome following the first split dose will not 

receive the second split dose. 
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Patients with ≥Grade 3 pulmonary or cardiac toxicities following the first split dose will not 

receive the second split dose. 

 

If the total target dose of 410 x 106 CD19 CAR-positive T cells cannot be manufactured, the first 

dose options will be kept as planned and the second dose will be reduced to package the 

remaining manufactured cells. 

 

Timings to first obe-cel infusion are presented: 

 

 
 

For phase IIA subjects: time from enrolment to first infusion was 25 – 92 days (i.e. about 1 to 3 

months). For all cohorts, the time taken was up to 168 days; this apparently long time interval 

presumably reflects a bedding-in process of the overall procedure. 

 

Comparator 

The study was conducted without an internal comparator; the applicant submits 2 technical 

reports as exercises in external comparisons. 

 

Technical report 3964a: Technical Report for Indirect Treatment Comparisons of Obe-Cel 

Versus Brexu-Cel (brexucabtagene autoleucel, Tecartus) for the Treatment of R/R B-Cell ALL.  

Report dated 16 Jan 2024. 

 

The report is a match-adjusted indirect (statistical comparison) comparison of (i) event-free 

survival, (ii) overall response rate and (iii) complete response based on data from study FELIX 

cohort IIA and study ZUMA-3; the applicant states that outcomes are similar. 

The report also claims less evidence of cytokine release syndrome and immune effector cell-

associated neurotoxicity syndrome in those who took part in study FELIX. 
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Technical report: External Control Arm Summary Report for a Prospectively Designed Non-

interventional Study to Compare Obe-cel, A CAR T Cell Treatment Targeting CD19, With an 

External Control Arm in Adult Patients with Relapsed or Refractory B Cell Acute Lymphoblastic 

Leukaemia. 

Report dated 18 Jan 2024. 

 

The applicant presents several analyses using patient-level data in historical clinical trials with a 

propensity method to match patients to those in the FELIX study. 

 

Outcomes 

The main efficacy outcome of the applicant is overall remission rate for Cohort IIA infused 

patients (i.e. the Infused Set), defined as the proportion of patients achieving CR or CRi at any 

time post-infusion and as assessed by an Independent Response Review Committee.  

 

Subjects were evaluated with the Response Criteria for Acute Lymphoblastic Leukaemia 

(National Comprehensive Cancer Network Guidelines, version 2, 2019) for documenting disease 

response as shown below: 
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The following response criteria were also used. 
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For the assessment of extramedullary disease, the CNS disease assessment should be performed 

according to Table 32 below. 

 

 
 

Data for overall response rate (main outcome) are summarised with a comparison between the 

primary analysis (09-Jun-2023) and the latest cut-off date (07-Feb-2024): 
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Enrolled patients were those who met all inclusion / exclusion criteria and for whom 

leukapheresis material was accepted for manufacturing. CR was unchanged from the primary 

analysis. 

 

 

  



PAR Aucatzyl 410 × 106 cells dispersion for infusion  PLGB 46113/0001  

119 

 

Time to remission for cohort IIA is summarised in the following table: 

 

 
 

Almost all who achieved a form of remission did so within 3 months of exposure. 

On an available case basis: complete remission occurred at between (about) 1 to 7 months; 83% 

were by month 3. 

 

It is considered that information on overall survival has prime importance. Information is shown 

below: 

 

Overall survival 

44.7% of patients in Cohort IIA were alive (42/94) as of 07-Feb-2024 with median overall 

survival of (about) 14 months.  
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Overall survival for cohort IIA is displayed in the following figure: 

 

 
 

The applicant also presents data on overall survival according to response status for cohort IIA, as 

shown in the following figure and table: 
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Table: Overall Survival Without Censoring SCT By Best Overall Response with Disease 

Assessment by IRRC (Cohort IIA, Infused Set)  

 

 CR 

(N=52) 

n (%) 

CRi 

(N=20) 

n (%)  

Not 

CR/CRi 

(N=22) 

n (%)  

Total 

(N=94) 

n (%) 

No. of patients in 

analysis[1]  

52 20 22 94 

No. of events - n (%)  20 (38.5) 11 (55.0) 21 (95.5) 52 (55.3) 

Death  20 (38.5) 11 (55.0) 21 (95.5) 52 (55.3) 

No. of censored 

observations - n (%)  

32 (61.5) 9 (45.0) 1 (4.5) 42 (44.7) 

Alive  32 (61.5) 9 (45.0) 1 (4.5) 42 (44.7) 

Quartile Estimates (95% CI) [month][2] 

50th  23.75 

(15.51, NE) 

9.79 

(2.96, NE) 

4.37 

(1.64, 7.85) 

14.16 

(10.97, 

23.75) 

Event-free probability estimate (95% CI)[3] 

6 months  98.1 

(87.1, 99.7) 

70.0 

(45.1, 85.3) 

40.9 

(20.9, 60.1) 

78.7 

(69.0, 85.7) 

12 months  80.8 

(67.2, 89.2) 

45.0 

(23.1, 64.7) 

13.6 

(3.4, 30.9) 

57.4 

(46.8, 66.7) 

18 months  56.7 

(40.0, 70.4) 

45.0 

(23.1, 64.7) 

NE 41.1 

(30.0, 51.8) 

 

Abbreviations: CI = confidence interval; CR = complete remission; CRi = complete remission 

with incomplete haematologic recovery; IRRC = Independent Response Review Committee; NE = 

not estimable; SCT = stem cell transplantation.  
[1] The analysis includes all patients in the Infused Set – Cohort IIA.  
[2] Percentiles with 95% CIs are calculated from PROC LIFETEST output method 

(Brookmeyer and Crowley 1982).  
[3] % Event-free probability estimates are obtained from the Kaplan-Meier survival estimates, 

with 95% CIs estimated using Greenwood formula. 

Cut off date: 07-Feb-2024. 

 

It can be noted that the applicant has used the following definitions for the figure and table: 

 

Complete remission: 

• Bone marrow: trilineage haematopoiesis and <5% blasts in bone marrow 

• Peripheral blood: no circulating lymphoblasts; neutrophil count >1000/µL; platelet count 

>100,000/µL and no platelet transfusions in last 7 days and no administration of 

granulocyte colony stimulating factor in last 3 days for short-acting GCSF products and 14 

days for long-acting GCSF products. 

• No extramedullary disease 

 

Complete remission with incomplete recovery of counts: 

• Meet all criteria for complete remission except: recovery of platelets to <=100,000 ul and / 

or recovery of neutrophil count to <1000 ul 
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The above figure and table are considered to be highly informative. 

 

For cohort IIA, the infused set: 52/94 subjects show complete remission (CR); 20/94 show 

incomplete haematology response (CRi) and 22/94 show neither CR nor CRi. 

It is viewed that: 

• Those who show complete remission (about half of all subjects in the infused set) show 

98% survival at month 6 and 81% survival at month 12; these overall survival data are 

considered most notable. 

• Those who show incomplete haematology response (CRi) show 70% survival at month 6 

and 45% survival at month 12; these subjects fare worse compared to the CR subgroup. 

• Those who show neither CR nor CRi show 41% survival at month 6 and 14% survival at 

month 12; these subjects fare worst of all in terms of overall survival. 

 

The above graph and table show a differential outcome related to response status; those who show 

complete remission (CR) fare better than those with incomplete haematology response (CRi) who 

in turn fare better than those with neither CR nor CRi. The differential survival based on response 

to exposure to product is considered consistent with efficacy and such efficacy is considered most 

notable in those with complete remission.  

 

Overall survival data for those who achieve neither “CR nor CRi” in response to exposure to obe-

cel are similar to the expectation of overall survival for those who would have been untreated. 

 

It is considered that overall survival has paramount importance; data on “overall response rate”, 

“duration of remission” and “event-free survival” are considered to be of secondary importance by 

comparison in a disease state where those who do not respond will most likely die within 12 

months. 

 

Information on obe-cel infusion for cohort IIA is provided in the following table: 
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The above table shows that 57/94 (61%) of those infused were exposed to the high-burden 

posology and 37/94 (39%) were exposed to the low-burden posology. 

 

88/94 (94%) received both doses; 6/94 received only the first dose. 

 

85/94 (91%) received the target dose. 

 

Compliance in terms of receiving the target dose is considered sufficiently high for all 94 

subjects to be included in an assessment of outcome. 

 

Other outcomes reported on are considered as supporting towards data on overall survival. 

Such supporting outcomes include duration of remission, event-free survival and quality of 

life assessments; these outcomes are displayed below: 

 

Supporting outcomes 

 

Analysis of duration of remission was conducted by including all patients in remission at any 

time post-infusion (CR or CRi as adjudicated by the IRRC) and assessing the time from first 

onset of remission to morphological relapse or death due to any reason with or without 

censoring of stem cell transplant or any other new anti-cancer therapies for B-cell acute 

lymphoblastic leukaemia.  

 

Patients who did not observe an event of morphological relapse or death or were lost to 

follow-up were censored at the last adequate disease assessment. In addition, if a patient 

received a stem cell transplant or other non-protocol anti-cancer therapy then the duration of 

response was censored. 
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Data are presented in the following table and figure: 
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Among the responding patients (N=72): the median time to response was 1 month (range 0.8-

7.2 months) And with a median duration of response follow-up of 13.8 months, the estimated 

probability for being in remission after onset of remission was 75.0% (95% CI: 62.3, 83.9) at 

Month 6, 54.3% (95% CI: 40.3, 66.3) at Month 12 and 41.9% (95% CI: 27.1, 56.0) at Month 

18. Median duration of response was 14.06 months (95% CI: 8.18, NE). 

 

An analysis of individual patients’ patterns of duration of response assessed by IRRC is 

provided in Figure 6, visualising durable remission for a high proportion of patients with r/r B 

ALL infused with obe-cel in Cohort IIA who achieved CR or CRi post-obe-cel infusion. 

 

 
 

Duration of Complete Remission 

For patients infused with obe-cel who achieved a best overall response of complete remission 

by IRRC, the probability of remaining in complete remission at Month 6 after achieving of 

complete remission was 78.5% (95% CI: 63.7, 87.9) and at Month 12 was 46.8% (95% CI: 

30.1, 61.8). With a median follow-up of 11.5 months, the median duration of complete 

remission was 11.99 months (95% CI: 7.13, NE) (Figure 7; Table 29). 

  



PAR Aucatzyl 410 × 106 cells dispersion for infusion  PLGB 46113/0001  

126 
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The applicant has used the following definitions for complete remission for the figure and 

table above: 

Complete remission: 

• Bone marrow: trilineage haematopoiesis and <5% blasts in bone marrow 

• Peripheral blood: no circulating lymphoblasts; neutrophil count >1000/µL; platelet 

count >100,000/µL and no platelet transfusions in last 7 days and no administration of 

granulocyte colony stimulating factor in last 3 days for short-acting GCSF products 

and 14 days for long-acting GCSF products. 

• No extramedullary disease 
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Event-free survival was defined as the time from the first obe-cel infusion to the earliest of 

the following events: treatment failure, morphological relapse or death owing to any cause. 

Event-free survival (and overall survival) data are presented in the following table for cohort 

IIA: 

 

 
 

As of the data cut-off (07-Feb-2024): 

 

54 of 94 patients (57.4%) infused with obe-cel in Cohort IIA had an event-free survival event 

(28 patients [29.8%] had morphological relapse, 16 patients [17.0%] had treatment failure, 

and 10 patients [10.6%] died due to reason other than their underlying disease).  

 

26 patients (27.7%) were ongoing without an event and were censored for this analysis.  

 

12 patients (12.8%) had stem cell transplant and were also censored for the analysis.  

 

The estimated event-free probability was 63.8% (95% CI: 52.9, 72.8) at Month 6, 43.4% 

(95% CI: 32.4, 54.0) at Month 12 and 32.3% (95% CI: 21.1, 44.1) at Month 18. 

 

With a median follow-up of 14.8 months, the median event-free survival was 9.03 months 

(95% CI: 6.14, 14.98) 

 

Date on event-free survival are also presented in the following figure: 
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Data on event-free survival for cohort IIA with and without censoring are presented in figure 

form, as shown: 

 

 
 

 

The figure above of event-free survival presented with and without censoring suggests that 

the outcome is similar irrespective of censoring status. 

 

The long-term efficacy outcome for patients treated with obe-cel appears to be associated 

with persistence of CAR-T cells; 80.8% of patients in ongoing remission [at the Feb 2024 

cut-off] have ongoing persistence of CAR-T cells. In order to understand the impact of 

persistence of CAR-T cells on long-term outcome, landmark analyses were performed among 

patients in Cohort IIA who were still in remission at 6 months, see Figure 7 on event-free 

survival: 
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Data suggest persistence of CAR-T cells is associated with improved event-free survival. 

 

The long-term efficacy seen in FELIX was achieved with obe-cel alone; 36% of patients 

treated with obe-cel in Cohort IIA continue in remission without non-protocol anticancer 

therapies (including stem cell transplant).  

 

Of the 19.4% (14/72) of patients in Cohort IIA achieving remission after obe-cel treatment 

who proceeded to consolidation therapy (Table 4, see above): 

 

• 12 patients proceeded to stem cell transplant. These 12 patients were all minimal 

residual disease-negative and most had CAR persistency prior to stem cell transplant. 

Among these 12, only 3 continue in remission. This suggests that depletion of the 

autologous CAR T cells as a consequence of the preparative regimen ahead of the 

subsequent allogeneic stem cell transplant may have impacted the remission in many 

of these patients. 

• 2 patients received new non-protocol anti-cancer therapies other than stem cell 

transplant. Both patients relapsed afterwards. 

 

 

 

 
 

An extract of table 4 (to confirm numbers who went on to stem cell transplant and other anti-

cancer therapies) is shown above: 

 

Incidence of CD19-negative Relapses 

CD19 status was determined in samples of bone marrow (local Investigator assessment) by 

flow cytometry. 

As of the cut-off date (07-Feb-2024), 28 infused patients in Cohort IIA had relapsed (by 

IRRC assessment) prior to receiving any new non-protocol anticancer therapies (including 

stem cell transplant): 13 patients (46.4%) were CD19-negative, 12 patients (42.9%) were 

CD19-positive, and 3 patients (10.7%) had a mixed CD19 status (Table 34). 
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Results of subgroup analyses presented by the applicant are generally supportive towards the 

main analysis. 

 

In addition: 

Figure 2 presents the overall exposure to obe-cel over time in patients infused in Cohort IIA 

as of the latest cut-off date (07-Feb-2024): 

 

 
 

There is prompt expansion followed by a decrease to a plateau. 

 

Patient reported outcome tools. 

The applicant collected data on (i) ECOG status, (ii) the European Organisation for Research 

and Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ-C30) and (iii) the 

EuroQol. These tools and the data are presented below. 
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ECOG Performance Status 

 

ECOG scores are summarised in the following table: 

 
The applicant states: 

Eastern Cooperative Oncology Group (ECOG)performance status was reported as Grade 3 or 

4 on Day 28, primarily in patients with ≥ 5% blasts in the bone marrow at lymphodepletion (7 

patients [8.3%] with Grade 3 and 2 patients [2.4%] with Grade 4 worsening of ECOG 

performance status).  

 

3 patients (10.3%) in the subgroup of patients with < 5% blasts in the bone marrow without 

extramedullary disease had ECOG performance status Grade 3 on Day 28.  

 

No Grade 3 or 4 events of ECOG performance status were observed at Month 6 (Table 

14.3.7.1.1, as shown below). 
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Additional health-related quality of life measures will be collected prior to obe-cel infusion 

and periodically after obe-cel infusion as per the Schedule of Assessments. The instruments 

are the European Organisation for Research and Treatment of Cancer Quality of Life 

Questionnaire (EORTC QLQ-C30) and the EuroQol (EQ- 5D-5L and visual analog scale 

[VAS]). 
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Both questionnaires are widely used. 

 

Interpretation will be based on published reference data and available thresholds of meaningful 

changes. Descriptive statistics (e.g. mean, median and frequency) and change from baseline of 

the summary scores for each post baseline time window of assessment will be summarised. 

Missing data will be noted on appropriate tables/listings.  

 

Mixed-effect models may be explored to assess the change over time in the presence of missing 

data.  

 

The Infused Set will be used for all analyses. 

 

European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire 

(EORTC QLQ-C30) 

 

COAT checklist for EORTC QLQ-C30 

 

Name of COAT EORTC QLQ-C30 

Version 3.0 is the current standard version. 

To note that the applicant has not confirmed 

the version of the COAT used in this study. 

Existing COAT or novel? existing 

Concept of interest Single concept is not identified 

Conceptual framework Number of items 

30 

Domains 

Complex array 

described on next 

page 

Endpoint position Within supportive end-points 

  

Has applicant submitted: 

• COAT sheet (or electronic image)? 

• Instructions given to patients? 

• training given to the interviewer? 

To note that the applicant has not submitted 

the COAT, an instruction set or described if 

training was given. 

Administration mode Not stated 

Response options Combination of 1-4 and 1-7 Likert scales 

Recall period The past week 

Scoring Complex scoring system is described on 

next page 

Burden 30 questions per questionnaire attempt is 

considered to represent a high burden; a 

high drop-out may be anticipated 

How often completed during study Baseline, month 1, month 3, month 6, 

month 9, month 12. 

Content validity Not described by the applicant 

Reliability Not described by the applicant 

Ability to detect change Not described by the applicant 

Handling of missing data The applicant states that a ‘mixed-effects 

model’ may be used to explore missing 

data. 
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The applicant presents data by symptoms, functioning and global health scores from the EORTC 

QLQ-C30 questionnaire. 

 

The following table extract is for the global health scores by disease status at lymphodepletion 

(the applicant also presents data by responder analysis i.e. responder v. non-responder). All tables 

presented by the applicant show a similar pattern to that of table 14.4.2.3.1.iia 

 

 

 

 
 

 

 
 

Only 2 subjects have returned data for month 18. 

 

The applicant states that: starting at Month 3, and in all subsequent months, average global health 

scores exceeded baseline scores to levels indicative of meaningful improvement and remained at 

that level throughout the 12 months. 
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Only 71 subjects out of total 94 appear to have submitted data at baseline; this falls to 53 subjects 

at month 1, 44 subjects at month 3, 30 subjects at month 6, 17 subjects at month 9 and 13 subjects 

at month 12 i.e. the applicant presents an available case analysis. 

 

At baseline, the min observed score = 16.7 and the max observed score = 100. 

 

By day 28: the min change score = -83.3 and the max change score = +66.7 i.e. some fare better 

and some fare worse. 

 

The general pattern at day 28 persists to month 12 where the min change score = -33.3 and the 

max change score = +83.3 i.e. some fare better and some fare worse 

 

It is not possible to concur with the applicant the scores indicate “meaningful improvement” to 

month 12. 

 

EQ-5D-5L 

The EQ-5D-5L assesses an adult subject’s health status in a standardised way, is widely used in 

multiple diseases and consists of 2 parts: the EQ-5D-5L descriptive system and the EQ VAS. 

 

The EQ-5D-5L descriptive system comprises 5 dimensions: mobility, self-care, usual activities, 

pain / discomfort and anxiety / depression.  

 

The EQ-5D-5L descriptive system is expressed as an index score normalised to US or UK value 

sets.  

 

The EQ VAS records the subject’s self-rated health and can be used as a quantitative measure of 

health as judged by the individual respondents. For both components, higher values indicate 

better health status. 

 

Studies of the EQ-5D-5L have shown that patients with transfusion-dependent β-thalassemia 

typically report near-normal health index scores despite their condition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PAR Aucatzyl 410 × 106 cells dispersion for infusion  PLGB 46113/0001  

137 

 

Results of the EQ-5D-L visual analogue tool are shown: 

 
 

The applicant states:  

In 70 patients infused with obe-cel in Cohort IIA with a CR or CRi and evaluable scores, the 

mean [SD] observed visual analogue scale score was 64.74 (SD 21.988) at baseline (last available 

measurement before obe-cel infusion).  

The longitudinal trajectory of patients’ visual analogue scale scores showed an expected 

reduction in health state from baseline to Day 28 (mean change of – 1.83 from baseline, Table 

38) but not to a level indicating meaningful deterioration.  

Starting at Month 3, and in all subsequent months, median scores exceeded baseline scores to 

levels indicative of meaningful improvement and remained at that level throughout the 12 months 

(mean VAS Scores of 66.53, 77.87 and 80.06 on Day 28, at Month 6, and at Month 12, 

respectively). 

 

94 subjects were available to report on the EQ-5D-5L questionnaire yet only 70 are recorded at 

baseline; 52 subjects at day 28; 30 subjects at month 6; and 13 subjects at month 12. The 

applicant presents available case summaries in table 38 i.e. results are likely biased as a result of 

drop-outs / deaths. 

 

Irrespective: data in table 38 for change from baseline show negative mins and positive maxs 

with a wide range of score i.e. some fare better and some fare worse. 

 

It is not concurred that scores demonstrate ‘meaningful improvement’. 
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The applicant presents data for all cohorts. 

 

Subjects were admitted to hospital for between 8 and 169 days. 

ICANS and CRS are noted as reasons for admission to an intensive care unit yet total numbers 

and percentages are small, as shown in the above table. 

 

Summary of clinical efficacy 

Design 

The FELIX study is an on-going open-label, uncontrolled, non-randomised clinical study that has 

recruited adult subjects with relapsed or refractory CD19-positive B-cell acute lymphoblastic 

leukaemia. 

 

The study is divided into 5 cohorts:  

o Primary Cohort IA: Adults aged ≥18 years with B-cell acute lymphoblastic leukaemia 
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who had relapsed / refractory disease and ≥5% blasts in the bone marrow at screening. 

o Exploratory Cohort IB: Adults aged ≥18 years with B-cell acute lymphoblastic leukaemia 

in morphological remission with minimal / measurable residual disease (≥10-4 and <5% 

blasts in the bone marrow at screening). 

and 

❖ Cohort IIA: Adults aged ≥18 years with B-cell acute lymphoblastic leukaemia who had 

relapsed / refractory disease and presence of ≥5% blasts in the bone marrow at screening. 

❖ Cohort IIB: Adults aged ≥18 years with B-cell acute lymphoblastic leukaemia in ≥2nd 

complete response or “complete response with incomplete haematologic recovery” with 

minimal / measurable residual disease (≥10-3 and <5% blasts in the bone marrow at 

screening). 

❖ Cohort IIC (exploratory cohort): Adults aged ≥18 years with B-cell acute lymphoblastic 

leukaemia with isolated extramedullary disease (including isolated central nervous system 

disease), with or without minimal / measurable residual disease. 

 

Conduct 

153 subjects have been enrolled into the FELIX study and 127 subjects have been administered 

obe-cel. The main analysis population of the applicant is cohort IIA:  

Demographics of those enrolled into cohort IIA are similar to those infused. Thus: 

For the 112 subjects enrolled into phase IIA: median age 49yrs (min 20yrs, max 81yrs); 65% 

subjects were >40yrs; 54% male; 77% White. 

Cohort IIA is composed of 94 subjects: median age 50yrs (min 20yrs, max 81yrs); 67% subjects 

were >40yrs; 50% male; 74% White.  

 

Disease characteristics of those enrolled into cohort IIA are similar to those infused. Thus: 

For the 112 subjects enrolled into cohort IIA: 

 

Subjects had received between 1 and 6 prior therapies with a median of 2; 13 had disease that was 

refractory to all previous therapies; 43 had received a stem cell transplant; 58 had received 

blinatumomab or inotuzumab ozogamicin; 45 had a complex karyotype and 25 returned a 

positive result for the Philadelphia chromosome. At lymphodepletion: 21 had extramedullary 

disease; 30 had >75% blasts in bone marrow; 27 had >20 to 75% bone marrow blasts and 37 had 

up to 20% bone marrow blasts (with 18 'not applicable'). 

 

18 subjects discontinued the study without receiving an obe-cel infusion – 11 subjects died before 

infusion, 5 did not receive the drug due to manufacturing issues, 1 subject had an adverse event 

and 1 subject discontinued due to physician’s decision. 

 

For the phase IIA cohort of 94 subjects who were administered product: 

Subjects had received between 1 and 6 prior therapies with a median of 2; 12 subjects had disease 

that was refractory to all previous therapies; 36 subjects had received a stem cell transplant; 48 

subjects had received blinatumomab or inotuzumab ozogamicin and 25 subjects returned a 

positive result for the Philadelphia chromosome.  

 

At lymphodepletion: 19 had extramedullary disease; 30 had >75% blasts in bone marrow; 27 had 

>20 to 75% bone marrow blasts and 37 had up to 20% bone marrow blasts. 

 

Subjects underwent leukapheresis to obtain material that was sent to a distant site for manufacture 

of obe-cel; bridging therapies were allowed. 
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A bone marrow assessment was available from a biopsy and / or aspirate sample obtained within 

7 days prior to the commencement of the lymphodepleting chemotherapy. Prior to 

lymphodepletion: 19/94 had extramedullary disease; 30/94 had >75% blasts in bone marrow; 

27/94 had >20 to 75% bone marrow blasts and 37/94 had up to 20% bone marrow blasts. Bone 

marrow assessment was used to determine the obe-cel dosage regimen based on tumour burden. 

Subjects underwent lymphodepletion (at day -6 to day -3 before exposure to obe-cel) with a 

regimen of fludarabine and cyclophosphamide. Cyclophosphamide and fludarabine dosing are 

described below; fludarabine was administered first. 

 

• Fludarabine 30 mg/m2 followed by cyclophosphamide 500 mg/m2 day 1 (Day -6) 

• Fludarabine 30 mg/m2 followed by cyclophosphamide 500 mg/m2 day 2 (Day -5) 

• Fludarabine 30 mg/m2 (Day -4) 

• Fludarabine 30 mg/m2 (Day -3) 

 

Obe-cel was administered as a split dose according to tumour load. 

 

Low tumour burden regimen (bone marrow lymphoblasts make up ≤20% of total number of 

nucleated cells of bone marrow): 

• Day 1: 100 x 106 cells administered via bag infusion 

• Day 10 (±2days): 10 x 106 cells administered via syringe and 300 x 106 cells administered 

via bag infusion 

 

High tumour burden regimen (bone marrow lymphoblasts make up >20% of total number of 

nucleated cells of bone marrow): 

• Day 1: 10 x 106 cells administered via syringe 

• Day 10 (±2days): 100 x 106 cells administered via bag infusion and 300 x 106 dose 

administered via bag infusion 

 

The treatment schedule is summarised in the following diagram (administration of the second 

dose was delayed to up to 21 days if the recipient was experiencing significant toxicities): 

 

 
CY=cyclophosphamide; FLU=fludarabine 

 

The median time from leukapheresis to product release was 20 days (range: 17 to 43) and the 

median time from leukapheresis to obe-cel infusion was 36 days (range: 25 to 92). 

For the 94 patients in the infused set, the median dose received was 410 × 106 CD19 CAR-

positive viable T cells (range: 10 to 480 × 106).  

85 patients (90.4%) received the total target dose of 410 × 106 CD19 CAR-positive viable T cells. 

 

6 patients (6.4%) received the first dose only, primarily due to adverse events (3.2%), progressive 

disease (1.1%), manufacturing related issues (1.1%), and death (1.1%).  

 

3 patients received a dose different to the target dose. 
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Outcomes and analysis 

For cohort IIA, the infused set: 52/94 subjects show complete remission (CR); 20/94 show 

incomplete haematology response (CRi) and 22/94 show neither CR nor CRi. 

• Those who show complete remission show 98% overall survival at month 6 and 81% 

overall survival at month 12; these overall survival data are considered most notable. 

• Those who show incomplete haematology response (CRi) show 70% overall survival at 

month 6 and 45% overall survival at month 12; these subjects fare much worse compared 

to the CR subgroup. 

• Those who show neither CR nor CRi show 41% overall survival at month 6 and 14% 

overall survival at month 12; these subjects fare worst of all in terms of overall survival. 

 

94 subjects were infused with obe-cel; of these, 52 discontinued the study (50 died and 1 

withdrew) and 42 are in ongoing follow-up. 

 

Overall survival is summarised in the following figure and table: 

 

Figure 1: Kaplan-Meier Plot of Overall Survival Without Censoring SCT as Assessed by 

IRRC (Cohort IIA, Infused Set)  

 

 
 

Abbreviations: CI = confidence interval; CR = complete remission; CRi = complete remission 

with incomplete haematologic recovery; IRRC = Independent Response Review Committee; NE 

= not estimable; SCT = stem cell transplantation.  

 

Median with 95% CIs are calculated from PROC LIFETEST output method. 

Cut off date: 07-Feb-2024. 
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Table 2: Overall Survival Without Censoring SCT By Best Overall Response with Disease 

Assessment by IRRC (Cohort IIA, Infused Set)  

 

 CR 

(N=52) 

n (%) 

CRi 

(N=20) 

n (%)  

Not CR/CRi 

(N=22) 

n (%)  

Total 

(N=94) 

n (%) 

No. of patients in 

analysis[1]  

52 20 22 94 

No. of events - n (%)  20 (38.5) 11 (55.0) 21 (95.5) 52 (55.3) 

Death  20 (38.5) 11 (55.0) 21 (95.5) 52 (55.3) 

No. of censored 

observations - n (%)  

32 (61.5) 9 (45.0) 1 (4.5) 42 (44.7) 

Alive  32 (61.5) 9 (45.0) 1 (4.5) 42 (44.7) 

Quartile Estimates (95% CI) [month][2] 

50th  23.75 

(15.51, NE) 

9.79 

(2.96, NE) 

4.37 

(1.64, 7.85) 

14.16 

(10.97, 

23.75) 

Event-free probability estimate (95% CI)[3] 

6 months  98.1 

(87.1, 99.7) 

70.0 

(45.1, 85.3) 

40.9 

(20.9, 60.1) 

78.7 

(69.0, 85.7) 

12 months  80.8 

(67.2, 89.2) 

45.0 

(23.1, 64.7) 

13.6 

(3.4, 30.9) 

57.4 

(46.8, 66.7) 

18 months  56.7 

(40.0, 70.4) 

45.0 

(23.1, 64.7) 

NE 41.1 

(30.0, 51.8) 

Abbreviations: CI = confidence interval; CR = complete remission; CRi = complete remission 

with incomplete haematologic recovery; IRRC = Independent Response Review Committee; NE 

= not estimable; SCT = stem cell transplantation.  
[1] The analysis includes all patients in the Infused Set – Cohort IIA.  
[2] Percentiles with 95% CIs are calculated from PROC LIFETEST output method. 
[3] % Event-free probability estimates are obtained from the Kaplan-Meier survival 

estimates, with 95% CIs estimated using Greenwood formula. 

Cut off date: 07-Feb-2024. 

 

Overall conclusion on clinical efficacy  

The study is presented as a sequence of treatments and so the primary efficacy population for this 

study is considered to be the “cohort IIA infused” population. 

 

For the 52/94 subjects in cohort IIA who achieved complete remission (as defined by the 

applicant) the data on overall survival (81% at 12 months after exposure to obe-cel) are most 

notable. 

 

Additional information on cohorts IIB and IIC of the FELIX study 

 

In addition: the applicant has also submitted data for subjects in cohort IIB and IIC, as shown 

below



PAR Aucatzyl 410 × 106 cells dispersion for infusion  PLGB 46113/0001  

143 

 

 

Table 1:  Summary of Demographics in FELIX  

 Phase II  

 Cohort

 A 

Infuse

d  

n = 94 

Cohort

 B 

Infuse

d  

n = 10 

Cohort

 C 

Infuse

d  

n = 7 

Age (years) 

N 94 10 7 

Mean (SD) 48.3 

(17.12) 

49.4 

(15.54) 

34.4 

(10.31) 

Median 50.0 46.0 32.0 

Q1 - Q3 33.0 - 

62.0 

39.0 - 

63.0 

26.0 - 

39.0 

Min - Max 20 - 81 26 - 73 23 - 54 

Age (years) categorised – n (%) 

≥ 18 to ≤ 25 11 

(11.7) 

0 1 (14.3) 

> 25 to < 40 20 

(21.3) 

3 (30.0) 5 (71.4) 

≥ 40 to < 65 42 

(44.7) 

5 (50.0) 1 (14.3) 

≥ 65 21 

(22.3) 

2 (20.0) 0 

Age (years) categorised – n (%) 

< 65 73 

(77.7) 

8 (80.0) 7 (100) 

≥ 65 21 

(22.3) 

2 (20.0) 0 

≥ 65 to < 75 17 

(18.1) 

2 (20.0) 0 

≥ 75 to < 85 4 (4.3) 0 0 

≥ 85 0 0 0 

Sex – n (%) 

Male 47 

(50.0) 

7 (70.0) 2 (28.6) 

Female 47 

(50.0) 

3 (30.0) 5 (71.4) 

Race – n (%) 

Asian 10 

(10.6) 

1 (10.0) 2 (28.6) 

Black or African 

American 

2 (2.1) 0 0 

White 70 

(74.5) 

9 (90.0) 4 (57.1) 

Unknown 12 

(12.8) 

0 1 (14.3) 

Ethnicity – n (%) 



PAR Aucatzyl 410 × 106 cells dispersion for infusion  PLGB 46113/0001  

144 

 

 Phase II  

 Cohort

 A 

Infuse

d  

n = 94 

Cohort

 B 

Infuse

d  

n = 10 

Cohort

 C 

Infuse

d  

n = 7 

Hispanic or 

Latino 

29 

(30.9) 

2 (20.0) 3 (42.9) 

Not Hispanic or 

Latino 

58 

(61.7) 

8 (80.0) 3 (42.9) 

Unknown 7 (7.4) 0 1 (14.3) 

Country – n (%) 

United States 47 

(50.0) 

4 (40.0) 5 (71.4) 

United Kingdom 36 

(38.3) 

5 (50.0) 2 (28.6) 

Spain 11 

(11.7) 

1 (10.0) 0 

Region – n (%) 

North America 47 

(50.0) 

4 (40.0) 5 (71.4) 

Europe 47 

(50.0) 

6 (60.0) 2 (28.6) 

Abbreviations: Q=quartile; SD=standard deviation. 

Infused set comprises of all patients who have received at least one infusion of obe-cel. 

 

Table 2:  Disease Characteristics at Screening in FELIX  

 Phase II   

 

Cohort 

A 

Infused  

n = 94 

Cohort 

B 

Infused  

n = 10 

Cohort 

C 

Infused  

n = 7 

Number of prior lines of therapy 

n 94 10 7 

Mean (SD) 2.2 

(1.08) 

2.4 

(0.70) 

2.6 

(0.79) 

Median 2.0 2.5 2.0 

Q1 - Q3 1.0 - 3.0 2.0 - 3.0 2.0 - 3.0 

Min - Max 1 - 6 1 - 3 2 - 4 

Number of prior lines of therapy categorised - n (%) 

1 29 (30.9) 1 (10.0) 0 

2 36 (38.3) 4 (40.0) 4 (57.1) 

3 17 (18.1) 5 (50.0) 2 (28.6) 

≥ 4 12 (12.8) 0 1 (14.3) 

Refractory to all prior 

lines of anti-cancer 

therapy – n (%) 

12 (12.8) 1 (10.0) 0 

Refractory to first line 

therapy – n (%) 

24 (25.5) 2 (20.0) 3 (42.9) 
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 Phase II   

 

Cohort 

A 

Infused  

n = 94 

Cohort 

B 

Infused  

n = 10 

Cohort 

C 

Infused  

n = 7 

Refractory to last 

prior line of therapy: 

– n (%) 

51 (54.3) 4 (40.0) 2 (28.6) 

Relapsed to first line 

therapy within 

12 months – n (%) 

41 (43.6) 8 (80.0) 3 (42.9) 

Previous allogeneic 

stem cell 

transplantation – 

n (%) 

36 (38.3) 7 (70.0) 4 (57.1) 

Previous 

blinatumomab – n (%) 

33 (35.1) 5 (50.0) 6 (85.7) 

Previous inotuzumab 

ozogamicin – n (%) 

30 (31.9) 3 (30.0) 2 (28.6) 

Previous 

blinatumomab and 

inotuzumab 

ozogamicin – n (%) 

15 (16.0) 2 (20.0) 1 (14.3) 

Previous 

blinatumomab or 

inotuzumab 

ozogamicin – n (%) 

48 (51.1) 6 (60.0) 7 (100) 

Bone marrow blasts (%) by morphology prior to enrolment [1] 

n 94 10 7 

Mean (SD) 53.4 

(33.15) 

1.6 

(1.62) 

0.7 

(1.19) 

Median 58.9 1.5 0.0 

Q1 - Q3 20.0 - 

86.0 

0.0 - 2.0 0.0 - 1.6 

Min - Max 6 - 100 0 - 5 0 - 3 

Bone marrow blasts (%) by morphology prior to enrolment categorised – n (%) [1] 

> 75% 34 (36.2) 0 0 

> 20%-≤ 75% 32 (34.0) 0 0 

≥ 5%-≤ 20% 28 (29.8) 1 (10.0) 0 

< 5% 0 9 (90.0) 7 (100) 

Missing 0 0 0 

Bone marrow blasts (%) by morphology prior to enrolment categorised – n (%) [1] 

≤ 20% 28 (29.8) 10 (100) 7 (100) 

> 20% 66 (70.2) 0 0 

Extramedullary disease status prior to enrolment – n (%) 

Absent 75 (79.8) 10 (100) 0 

Present 19 (20.2) 0 7 (100) 

CNS 2 (2.1) 0 0 
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 Phase II   

 

Cohort 

A 

Infused  

n = 94 

Cohort 

B 

Infused  

n = 10 

Cohort 

C 

Infused  

n = 7 

Mediastinal Lymph 

Node 

2 (2.1) 0 0 

Testis 1 (1.1) 0 0 

Other 15 (16.0) 0 7 (100) 

ECOG score [2] – n (%) 

0 35 (37.2) 5 (50.0) 4 (57.1) 

1 58 (61.7) 5 (50.0) 3 (42.9) 

2 0 0 0 

> 2 0 0 0 

Missing 1 0 0 

CD19 status prior to enrolment (by flow cytometry) – n (%) 

Positive 94 (100) 10 (100) 7 (100) 

Negative 0 0 0 

Mixed population 

(positive + negative) 

0 0 0 

Unknown 0 0 0 

CNS disease history – n (%) [3] 

CNS1 81 (86.2) 9 (90.0) 7 (100) 

CNS2 2 (2.1) 0 0 

CNS3 0 0 0 

Unknown 11 (11.7) 1 (10.0) 0 

Abbreviations: CNS=central nervous system; CSF=cerebrospinal fluid; ECOG=Eastern 

Cooperative Oncology Group; Q=quartile; SD=standard deviation; WBC=white blood cell(s). 

[1] Bone marrow blast (%) was determined by morphology as the highest value from bone 

marrow aspirate and trephine at screening. 

[2] ECOG based on last non-missing value from screening period prior to leukapheresis. 

[3] CNS-1 = No lymphoblasts in CSF regardless of WBC count; CNS-2 = WBC < 5/µL in CSF 

with presence of lymphoblasts; CNS-3 = WBC ≥ 5/µL in CSF with presence of lymphoblasts. 

 

Table 3:  Disease Characteristics at the Time of Lymphodepleting Therapy in FELIX  

 Phase II   

 

Cohort 

A  

Infused  

n = 94 

Cohort 

B  

Infused  

n = 10 

Cohort 

C 

Infused  

n = 7 

Patients who 

received 

pre-conditioning 

therapy – n (%) 

94 (100) 10 (100) 7 (100) 

Bone marrow blasts (%) by morphology prior to LD [1] 

n 94 10 7 

Mean (SD) 45.1 

(37.39) 

18.8 

(30.91) 

30.9 

(40.67) 

Median 43.5 0.6 5.0 



PAR Aucatzyl 410 × 106 cells dispersion for infusion  PLGB 46113/0001  

147 

 

 Phase II   

 

Cohort 

A  

Infused  

n = 94 

Cohort 

B  

Infused  

n = 10 

Cohort 

C 

Infused  

n = 7 

Q1 - Q3 5.0 - 

85.6 

0.0 - 

35.0 

1.0 - 

80.0 

Min - Max 0 - 100 0 - 95 1 - 96 

Bone marrow blasts (%) by morphology prior to LD categorised – n (%) [1] 

≤ 20% 37 (39.4) 7 (70.0) 4 (57.1) 

> 20% 57 (60.6) 3 (30.0) 3 (42.9) 

Missing 0 0 0 

Bone marrow blasts (%) by morphology prior to LD categorised – n (%) [1] 

> 75% 30 (31.9) 1 (10.0) 2 (28.6) 

> 20%-≤ 75% 27 (28.7) 2 (20.0) 1 (14.3) 

≥ 5%-≤ 20% 14 (14.9) 1 (10.0) 1 (14.3) 

< 5% 23 (24.5) 6 (60.0) 3 (42.9) 

Missing 0 0 0 

Extramedullary disease status prior to LD – n (%) 

Absent 75 (79.8) 10 (100) 2 (28.6) 

Present 19 (20.2) 0 5 (71.4) 

CNS 1 (1.1) 0 0 

Mediastinal Lymph 

Node 

2 (2.1) 0 1 (14.3) 

Testis 1 (1.1) 0 0 

Other 17 (18.1) 0 5 (71.4) 

Missing 0 0 0 

Karyotype 

Abnormal 66 (70.2) 6 (60.0) 2 (28.6) 

Normal 19 (20.2) 2 (20.0) 5 (71.4) 

Unknown 9 (9.6) 2 (20.0) 0 

Complex karyotype 

Yes 37 (39.4) 4 (40.0) 2 (28.6) 

No/Unknown 57 (60.6) 6 (60.0) 5 (71.4) 

Cytogenetic risk groups for B ALL [2] – n (%) 

Good risk    

Hyperdiploidy 5 (5.3) 0 0 

TEL-AML1 1 (1.1) 0 1 (14.3) 

Poor risk    

Hypodiploidy 4 (4.3) 0 0 

IL3-IGH 0 0 0 

t(10;14) 1 (1.1) 0 0 

BCR-ABL1-like 8 (8.5) 0 0 

E2A-PBX1 1 (1.1) 0 0 

Philadelphia 

chromosome-positive 

25 (26.6) 6 (60.0) 1 (14.3) 

MLL rearrangement 6 (6.4) 0 0 

Del 17p 0 0 0 

Other abnormality 37 (39.4) 0 1 (14.3) 
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Abbreviations: B ALL=B cell acute lymphoblastic leukaemia; CNS=central nervous system; 

LD=lymphodepletion; Q=quartile; SD=standard deviation. 

[1] Bone marrow blast (%) was determined by morphology as the highest value from bone 

marrow aspirate and trephine. 

[2] Cytogenetic risk groups based on karyotype collected from screening to pre-conditioning 

period. If multiple karyotypes were recorded for the same patient, the latest record was used for 

the patient. 

 

Table 4:  Time from Informed Consent to First Obe-cel Infusion in FELIX  

 Phase II   

 

Cohort A 

Infused  

n = 94 

Cohort B 

Infused  

n = 10 

Cohort C  

Infused  

n = 7 

Time from informed consent to enrolment (days) 

n 94 10 7 

Mean (SD) 23.6 

(23.37) 

38.1 

(17.19) 

26.9 

(21.42) 

Median 16.0 30.5 15.0 

Q1 - Q3 12.0 - 

26.0 

27.0 - 

45.0 

13.0 - 

50.0 

Min - Max 5 - 169 21 - 80 13 - 65 

Time from informed consent to first obe-cel infusion (days) 

n 94 10 7 

Mean (SD) 64.9 

(28.14) 

91.0 

(41.10) 

78.9 

(58.50) 

Median 56.5 72.0 57.0 

Q1 - Q3 49.0 - 

70.0 

64.0 - 

112.0 

49.0 - 

75.0 

Min - Max 36 - 219 57 - 189 49 - 210 

Time from enrolment to first obe-cel infusion (days) 

n 94 10 7 

Mean (SD) 41.4 

(13.77) 

52.9 

(42.71) 

52.0 

(41.50) 

Median 37.0 34.0 38.0 

Q1 - Q3 32.0 - 

47.0 

32.0 - 

64.0 

34.0 - 

46.0 

Min - Max 25 - 92 29 - 168 25 - 145 

Abbreviations: Q=quartile; SD=standard deviation. 
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Table 5:  Obe-cel Exposure in FELIX  

 

 Phase II   

 

Cohort A 

Infused  

n = 94 

Cohort B 

Infused  

n = 10 

Cohort C  

Infused  

n = 7 

Obe-cel 

infusions 

completed/disco

ntinued – n (%) 

94 (100) 10 (100) 7 (100) 

Among patients who completed/discontinued obe-cel infusions [1] 

Calculated total CD19 CAR-positive T cells (106 cells) 

n 94 10 7 

Mean (SD) 376.0 

(94.55) 

407.2 

(34.87) 

409.9 

(8.75) 

Median 410.0 409.5 414.0 

Q1 - Q3 405.0 - 

413.0 

407.0 - 

412.0 

407.0 - 

414.0 

Min - Max 10 - 480 323 - 468 391 - 415 

Patient received 

both obe-cel 

doses 

88 (93.6) 10 (100) 7 (100) 

Patient received 

only first 

obe-cel dose 

6 (6.4) 0 0 

Patients 

receiving the 

target dose [2] 

85 (90.4) 10 (100) 7 (100) 

Among patients who completed/discontinued obe-cel infusions [1] 

Patients not 

receiving the 

target dose 

9 (9.6) 0 0 

Abbreviations: CAR=chimeric antigen receptor; CD=cluster of differentiation; Q=quartile; 

SD=standard deviation. 

[1] All percentages below were based on number of patients who have completed or discontinued 

obe-cel infusions as the denominator. 

[2] Target dose was 410 x 106 calculated CD19 CAR-positive T cells (± 25%). 
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Table 6:  Study Follow-Up in FELIX  

 

 Phase II   

 

Cohort A  

Infused  

n = 94 

Cohort B  

Infused  

n = 10 

Cohort C  

Infused  

n = 7 

Duration from first obe-cel infusion to data cut-off date (months) 

n 94 10 7 

Mean (SD) 20.34 

(4.765) 

18.40 

(6.448) 

25.19 

(1.716) 

Median 20.25 18.15 25.86 

Q1 - Q3 16.20 - 

23.49 

13.67 - 

23.52 

23.10 - 

26.25 

Min - Max 12.7 - 

29.8 

8.6 - 28.7 22.6 - 

27.2 

Duration from first AUTO1 infusion to data cut-off date categorised – n (%) 

< 3 months 0 0 0 

3 months to 

< 6 months 

0 0 0 

6 months to 

< 12 months 

0 2 (20.0) 0 

12 months to 

< 24 months 

73 (77.7) 6 (60.0) 2 (28.6) 

≥ 24 months 21 (22.3) 2 (20.0) 5 (71.4) 

Abbreviations: Q=quartile; SD=standard deviation. 

[1] Duration of survival follow-up = duration from first obe-cel infusion until the last contact date 

or date of death. 1 month = 30.4375 days. 

 

Cohort IIB 

There are 10 subjects in cohort IIB (subjects with minimal residual disease); mean age 50yrs (min 

26yrs, max 73yrs); 70% male; 90% white; in receipt of 1 to 3 prior lines of therapy; 1 was 

refractory to all prior therapies, 8 had relapsed within 12 months of 1st line therapy, 7 had 

previous stem cell transplantation; 6 had previous blinatumomab or inotuzumab ozogamicin; 

none had extramedullary disease; ECOG score of 0 or 1; all 10 were CD19 positive. Note that 

4/10 showed >5% blasts in bone marrow prior to lymphodepletion; 6/10 were positive for the 

Philadelphia chromosome. 

 

The time from informed consent to the first infusion of obe-cel was between 57 to 189 days; all 

received the target dose; subjects have been followed for between 8 and 29 months. 

 

There were regional differences in the method used to assess minimal residual disease i.e. (i) flow 

cytometry, (ii) the polymerase chain reaction and (iii) ClonoSEQ next generation sequencing 

leading to data as shown in the table below: 



  

 

 

 
 

It would have been preferred for all such analyses to have been conducted in a central 

laboratory according to one acceptable method. 

As a result, data have been viewed in a general sense only. 

 

The applicant has submitted the following data on outcomes for subjects in cohort IIB: 

 

Table 4: Per-patient Listing of Outcomes (Best Overall Response and Overall Survival) for 

Patients in Cohort IIB, Infused Set 
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Cohort IIC 

There are 7 subjects in cohort IIC (subjects with isolated extramedullary disease); mean age 

34yrs  29% male; 57% white, 43% Latino; in receipt of 2 to 4 prior lines of therapy; none 

was refractory to all prior therapies, 3 had relapsed within 12 months of 1st line therapy, 4 

had previous stem cell transplantation; all 7 had previous blinatumomab or inotuzumab 

ozogamicin; all 7 had extramedullary disease and recorded <5% blasts in the bone marrow; 

ECOG score of 0 or 1; all 7 were CD19 positive. Note that 4/7 showed >5% blasts in bone 

marrow and 2/7 had absent extramedullary disease prior to lymphodepletion; 1/7 was positive 

for the Philadelphia chromosome. 

 

The time from informed consent to the first infusion of obe-cel was between 49 to 210 days; 

all received the target dose; subjects have been followed for between 22 and 28 months. 

 

The applicant has submitted the following data on outcomes for subjects in cohort IIC: 

 

 
 

 

 
 

It is noted that subjects in cohort IIC already met the criteria for “CR” at study entry and so 

data on ‘best overall response’ and ‘onset of remission’ are not understood within context. 

It is considered that radiological assessment of tumour mass, as described in the protocol for 

the FELIX study would be the informative outcome yet the applicant records this as ‘absent’ 

in all cases; this is regarded as a notable deficiency of study conduct. 

Data on outcomes for subjects in cohort IIC are noted without additional comment. 

 

IV.5 Clinical safety 

The applicant describes the following analysis sets: 

 

Screened Set 

The Screened Set comprises all patients who have signed informed consent and who have 

been screened in the study. 

 

Enrolled Set 

The Enrolled Set comprises all patients who are enrolled in the study. Enrolment is defined as 

the point at which the patient meets all inclusion/exclusion criteria, and the patient’s 

leukapheresis material is accepted for manufacturing. 
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Infused Set 

The Infused Set comprises all patients who have received at least one infusion of obe-cel. 

 

Target Dose Analysis Set 

The Target Dose Analysis Set comprises all patients in the Infused Set who have received the 

target 410 x 106 total CAR-positive T cells. A patient will be considered to have received the 

target dose if the total received dose is within ±25% of 410 x 106 total CD19 CAR-positive T 

cells. 

 

Safety Set 

The Safety Set comprises all patients who have been enrolled and received at least one obe-

cel infusion. For this study, the Safety Set is the same as the Infused Set and is the main 

analysis set for safety. 

 

Safety reporting periods are described in the following table: 

 

 
 

Data of the applicant on clinical safety is based on 153 subjects enrolled into the FELIX 

study. The applicant presents a comparison of those enrolled and those infused with product. 

 

The Safety Set is the same as the Infused Set; there would not be particular objection to this 

analysis. 

The applicant gives emphasis to the 153 subjects enrolled, the 127 subjects infused in all 

cohorts and the 94 subjects infused in cohort IIA. 

 

Clinical safety 

Demographics of the safety population 

The applicant presents a comparison of those enrolled (153 off) and those infused (127) with 

product; subjects are presented by cohort, as shown: 
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• 153 subjects in the enrolled set: 54% male; median age 45yrs, min 20yrs, max 81yrs; 

76% white, 11% Asian, 2% black. 

• 127 subjects in the infused set: 52% male, median age 46yrs, min 20yrs, max 81yrs; 

74% white, 13% Asian, 2% black. 

• 94 subjects in cohort IIA: 54% male; median age 59yrs, min 29yrs, max 81yrs; 74% 

white, 11% Asian, 2% black 

 

The main ‘sets’ are found to have similar demographics. 

 

Disease Characteristics at Screening for the infused set are shown: 
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Prior to enrolment: 

Enrolled set: n = 153; median of 2 prior lines of therapy; 10% refractory to all prior lines; 

45% had previous stem cell transplant; median of 52% bone marrow blast cells; 21% with 

extramedullary disease; ECOG score 0 (38%) or 1 (61%); 99% CD19 status +ve; median 

neutrophil count (10^9/L) = 1.4; median platelet count (10^9/L) = 66. 

 

Total infused set: n = 127; median of 2 prior lines of therapy; 10% refractory to all prior 

lines; 44% had previous stem cell transplant; median of 40% bone marrow blast cells; 23% 

with extramedullary disease; ECOG score 0 (39%) or 1 (60%); 100% CD19 status +ve; 

median neutrophil count (10^9/L) = 1.6; median platelet count (10^9/L) = 85. 

 

Cohort IIA infused set: n = 94; median of 2 prior lines of therapy; 13% refractory to all prior 

lines; 38% had previous stem cell transplant; median of 59% bone marrow blast cells; 20% 

with extramedullary disease; ECOG score 0 (37%) or 1 (62%); 100% CD19 status +ve; 

median neutrophil count (10^9/L) = 1.4; median platelet count (10^9/L) = 73. 

 

The make-ups of the above-described sets appear broadly similar (though noting that the 

bone marrow blast figure is higher in the cohort IIA set). 
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Disease Characteristics prior to pre-conditioning are shown: 
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Prior to pre-conditioning: 

Enrolled set: n = 153; a median of 40% bone marrow blast cells; 20% extramedullary disease 

present; median neutrophil count (10^9/L) = 1.4; median platelet count (10^9/L) = 89; 22% 

normal karyotype; 41% complex karyotype; 26% Philadelphia chromosome-positive. 

 

Total infused set: n = 127; a median of 40% bone marrow blast cells; 21% extramedullary 

disease present; median neutrophil count (10^9/L) = 1.4; median platelet count (10^9/L) = 

89; 24% normal karyotype; 40% complex karyotype; 28% Philadelphia chromosome-

positive. 

 

Cohort IIA infused set: n = 94; a median of 44% bone marrow blast cells; 20% 

extramedullary disease present; median neutrophil count (10^9/L) = 1.3; median platelet 

count (10^9/L) = 84; 20% normal karyotype; 39% complex karyotype; 27% Philadelphia 

chromosome-positive. 

 

The make-ups (including the detailed cytogenetic risk groups for B-ALL) of the above-

described sets at pre-conditioning appear broadly similar (including the bone marrow blast 

figures). 

 

The make-ups of the sets at (i) screening and (ii) prior to pre-conditioning appear broadly 

similar (noting change in the bone marrow blast figures for cohort IIA). 

 

At the time of pre-conditioning: subjects in Cohort IIA would appear to be representative of 

all enlisted subjects; this is acceptable. 

 

Procedures to collect safety data 

An adverse event is defined as any untoward medical occurrence in a patient administered a 

medicinal product which does not necessarily have a causal relationship with the treatment. 

 

An adverse reaction is any untoward and unintended responses to a medicinal product related 

to any dose administered. A causal relationship between a medicinal product and an adverse 

event is at least a reasonable possibility e.g. the relationship cannot be ruled out. 

 

A serious adverse event is defined as an adverse event that (i) results in death, (ii) is life-

threatening, (iii) requires in-patient hospitalisation or prolonged existing hospitalisation, (iv) 

results in persistent or significant disability / incapacity / congenital anomaly / birth defect or 

is (v) medically significant. 

 

The following are adverse events of special interest (AESI) and will always be considered 

serious: 

• Grade 3 to 5 cytokine release syndrome (CRS) 

• Grade 3 to 5 immune effector cell-associated neurotoxicity syndrome (ICANS) 

(includes depressed level of consciousness, ataxia, seizures and cerebral oedema). 

• Grade 3 to 5 infusion-related reaction to obe-cel. 

• Any new malignancy. 

 

Adverse events will be elicited at each study visit as indicated in the Schedule of 

Assessments and as clinically necessary.  

Patients will be instructed to report any adverse events occurring between study visits to the 

study site. 

Adverse events will be assessed for severity, relationship to study treatment, action taken, 
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outcome and whether the event meets criteria for a serious adverse event according to study 

guidelines. 

 

The severity of adverse events will be graded according to the Common Terminology 

Criteria for Adverse Events (CTCAE) v5.0.  

 

Adverse events that are not defined by the NCI CTCAE will be evaluated for severity 

according to the following scale (Table 27): 

 

 
 

Relationship of adverse events to treatment will be classed as: (i) not related, (ii) possibly 

related, (iii) probably related, (iv) definitely related. 

 

The reporting period for all adverse events is described in Table 28: 

 

 
Cytokine release syndrome (CRS) and immune effector cell-associated neurotoxicity 

syndrome (ICANS) were graded according to the American Society for Transplantation and 

Cellular Therapy consensus grading. 
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Special safety topics included: 

• Cytokine release syndrome (CRS) 

• Immune effector cell-associated neurotoxicity syndrome (ICANS) 

• Prolonged cytopenias 

• Hemophagocytic lymphohistiocytosis (HLH) / macrophage activation syndrome 

(MAS) 

• B cell aplasia and hypogammaglobulinemia 

• Severe infections 

• Tumour lysis syndrome 

• Graft-versus-host disease 

• Secondary malignancies 

• Hypersensitivity reactions 

• Antigenicity / immunogenicity 

 

The Investigator should follow each adverse event until either: 

• The adverse event has resolved to baseline 

• The adverse event is assessed as stable by the Investigator 

• Patient is lost to follow-up 

• Patient withdraws consent 

• Death 

• Study completion 

 

If the event is on-going at the completion of the study then the event will be followed until 

resolution or is assessed as stable by the Investigator or one of the following applies: 

• Death 

• Withdrawal of consent 

• Patient lost to follow-up 

 

Exposure to product 

Overall Extent of Exposure (FELIX Study) 

153 patients were enrolled (Enrolled Set) and 127 patients received at least one dose of obe-

cel in the FELIX Study (Safety Set).  

 

Most subjects in the Safety Set are from Cohort IIA (94/127; 74.0%); the contribution per 

cohort is summarised in Table 6. 

 

 
 

Exposure to Bridging Therapy 

Use of bridging therapy was based on Investigator’s choice and local practice, except for the 

use of blinatumomab, which was prohibited as a bridging therapy agent. (92.9%, 118/127) 
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received bridging therapy, with chemotherapy being the most common bridging therapy used 

(see Table 7).  

 

 
 

Inotuzumab ozogamicin, either alone or in combination with chemotherapy, was 

administered to 14.2% (18/127) of patients. 

 

Exposure to Lymphodepleting Therapy 

All 127 patients (100%) received lymphodepletion therapy prior to obe-cel infusion. 

The median dose of IV fludarabine was 120 mg/m2 (range 68 to 240 mg/m2)  

The median dose of IV cyclophosphamide was 1,000 mg/m2 (range 700 to 2,000 mg/m2). 

 

Exposure to Obe-cel Therapy 

The target total dose of obe-cel was to be the same for all patients: 410 × 106 CD19 CAR-

positive T cells (± 25% variance). 

 

The median dose of obe-cel administered in the Safety Set was 410 × 106 CD19 CAR-

positive T cells. Most subjects received both administrations (94.5%, 120/127); the target 

dose was achieved in 116/127 patients (91.3%) i.e. 11 subjects did not receive the target 

dose; refer to Table 8: 
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There were 9 patients (9.6%, 9/94) in Cohort IIA who did not receive their target dose. 

In the 85 patients (90.4%, 85/94) who received the target total dose in Cohort IIA, the 

following remission rates were observed: 

• Overall remission rate of 81.2% (69/85). 

• Complete remission at any time of 61.2% (52/85). 

 

7 patients did not receive their second dose in the Safety Set (Table 8). The reasons for not 

administering the second dose were adverse events (Grade 3 CRS or ICANS), rapid disease 

progression or disease-associated death.  

 

In addition, there was inadequate dose manufactured for 1 patient. 

 

9 patients had a delay in administration of their second dose beyond Day 12 (but no later than 

Day 21), all of whom were in Cohort IIA. In all cases, this delay was owing to the occurrence 

of adverse events delaying the administration of the second dose.  

 

6/9 patients showed a complete response. 

 

The CAR T cell expansion and persistency were not negatively impacted in those patients 

with delayed second dose. Overall, a delay of up to 21 days did not impact the response to 

treatment. 

 

The protocol provides general advice on infection prophylaxis and support care for 

respiratory, cardiovascular, haematologic and neurologic body systems. 

 

 

 

 

 

 

Pre- and Post-Infusion Supportive Therapy is summarised in the following table: 

 

 
 

The applicant permitted Infusion Related Reactions to be managed by local guidelines (and 

provided recommendations). 
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Tumour Lysis Syndrome was managed by local guidelines with emphasis on fluid and 

electrolyte balance. 

 

Management of hypogammaglobulinaemia associated with CAR-T therapy was according to 

local institutional practice. 

 

Haemophagocytic lymphohistiocytosis and / or macrophage activation syndrome were 

diagnosed in the presence of a peak concentration of serum ferritin >10,000 ng/mL and any 

two of the following: 

 

• NCI CTCAE Grade ≥3 increase in serum bilirubin concentration or increased serum 

activities of aspartate aminotransferase or alanine aminotransferase levels. 

• NCI CTCAE Grade ≥3 oliguria or increase in serum creatinine concentration. 

• NCI CTCAE Grade ≥3 pulmonary oedema. 

• Presence of haemophagocytosis in bone marrow or organs based on histopathological 

assessment of cell morphology and / or detection of CD-68 (a marker on cell surfaces 

that identifies macrophages) by immunohistochemistry. 

 

The applicant following guidelines of the American Society for Transplantation and Cellular 

Therapy on grading of cytokine release syndrome and neurological toxicity associated with 

CAR-T cells, published in 2019. 
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Management of cytokine release syndrome (CRS) is summarised in the following table / the 

attending physician may follow local guidelines: 
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Management of Immune Effector Cell-associated Neurotoxicity Syndrome (ICANS) is 

summarised in the following table / the attending physician may follow local guidelines: 
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Subjects were monitored for signs and symptoms indicative of Immune-Related Adverse 

Events owing to On-Target but Off-Tumour Toxicity with special attention to lung, brain and 

eyes. 

 



PAR Aucatzyl 410 × 106 cells dispersion for infusion 

 

PLGB 46113/0001 

 

 

Full Dossier, Regulation 50 169 

 
  

 

Overview of Adverse Events  

As of the cut-off date of 07-Feb-2024, 81.9% patients (104/127 patients) experienced 

treatment-emergent adverse events of ≥Grade 3 (Table 6): 

 

 
 

At least one serious treatment emergent adverse event was experienced by 65.4% (83/127) of 

patients and 50.4% of patients (64/127) have discontinued from the study because of death. 

 

The high percentage of serious adverse events and deaths may be understood within the 

context of a disease with an associated high mortality. 

 

Deaths 

Prior to obe-cel infusion, 14.4% patients (22/153) enrolled in Phase Ib and Phase II of the 

FELIX study died after enrolment but before receiving obe-cel. All 22 patients had 

morphological disease at screening. 

 

As of the cut-off date of 07-Feb-2024, 50.4% (64/127) of patients died post-obe-cel infusion. 

The most common primary reasons reported for death remained progressive disease (45 

patients) and treatment emergent adverse events (17 patients). 

 

2 patients were reported to have died owing to adverse events suspected to be related to obe-

cel treatment by the Investigator: 1 patient owing to neutropenic sepsis; and 1 patient owing 

to acute respiratory distress syndrome and immune effector cell-associated neurotoxicity 
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syndrome (ICANS). 

 

The high mortality of (about) 50% after exposure to obe-cel is understood in the context of 

the natural history / poor prognosis for adults with B-cell acute lymphoblastic leukaemia 

 

Other Serious Adverse Events 

As of the cut-off date of 07-Feb-2024, 65.4% (83/127) patients experienced at least one 

serious adverse event of any grade post-obe-cel treatment. 

 

The most common serious treatment emergent adverse event, regardless of relationship to 

study treatment, was febrile neutropenia (17/127, 13.4%). Other serious treatment emergent 

adverse events occurring in ≥5% of patients included COVID-19 and pyrexia. 

 

The most common serious treatment emergent adverse events (≥5% of patients) suspected to 

be related to study treatment by the Investigator were immune effector cell-associated 

neurotoxicity syndrome (ICANS, 9.4%), cytokine release syndrome (CRS, 7.9%), febrile 

neutropenia (6.3%) and hyper-ferritinaemia (5.5%). Data are presented in the following table: 
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The nature and many forms of reported serious adverse events are not unexpected in the 

context of a CAR-T cell therapy. 

 

Adverse Events Prior to Obe-cel Infusion 

In the period after enrolment but prior to first obe-cel infusion, which includes the 

administration of bridging and lymphodepletion therapies, the majority of enrolled patients 

(Enrolled Set, N=153) experienced at least one adverse event (84.3%, 129/153) and the 

majority of patients had at least one adverse event ≥ Grade 3 (66.0%, 101/153). Data are 

summarised in table 12: 

 

 
 

The nature of the adverse events prior to exposure to obe-cel is considered consistent with the 

underlying disease and medicinal products employed in bridging & lymphodepletion   
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Overall Treatment-emergent Adverse Event Profile After Obe-cel Infusion 

 

An overview of data is presented: 

 

 
 

64/127 patients (50.4%) have discontinued from the study because of death. 

40/127 subjects had an obe-cel related serious treatment emergent adverse event 

77/127 subjects had an obe-cel related treatment emergent adverse event 

 

The pattern of treatment emergent adverse events may be understood in the context of the 

underlying disease and exposure to obe-cel.  
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Common treatment emergent adverse events after obe-cel infusion 

The most common treatment emergent adverse events (≥10% of patients) after obe-cel 

infusion and regardless of causality are presented in Table 7: 
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Treatment-related treatment emergent adverse events after obe-cel infusion 

119 patients (93.7%) and 77 patients (60.6%) experienced TEAEs of any grade and ≥Grade 

3, respectively, suspected to be related to obe-cel by the Investigator. Data are summarised in 

the following table: 
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The most commonly reported events in this category (≥10%) were cytokine release syndrome 

(CRS) and immune effector cell-associated neurotoxicity syndrome (ICANS), irrespective of 

grade (68.5% [87/127] and 22.8% [29/127], respectively). 

 

The most commonly reported events in this category (≥ 10%) with severity ≥Grade 3 were 

febrile neutropenia (15.7%), neutropenia (15.0%), neutrophil count decreased (13.4%) and 

anaemia (11.0%). 

 

The pattern of treatment-emergent adverse events considered related to obe-cel is considered 

consistent with that expected for a CAR-T cell therapy.  
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Adverse events of special interest 

Cytokine Release Syndrome (CRS) 

As of 07-Feb-2024: 

• 87/127 patients (68.5%) in the Safety Set experienced Cytokine Release Syndrome 

(CRS) of any grade post-obe-cel infusion. 

• 3 patients (2.4%, 3/127) experienced Grade 3 Cytokine Release Syndrome (CRS) 

• no patients experienced Grade 4 or 5 Cytokine Release Syndrome (CRS) 

 

Overall, the median time to onset of Cytokine Release Syndrome (CRS) was 8 days (range: 1 

to 23 days) with a median duration of 5 days (range: 1 to 21 days).  

 

Of the 87 patients who experienced Cytokine Release Syndrome (CRS), most (56/87, 64%) 

experienced this after the first but prior to the second infusion of obe-cel. 

 

Of the 87 patients who experienced Cytokine Release Syndrome (CRS), 80% (70 patients) 

had ≥5% blasts in their bone marrow at the time of lymphodepletion with 39% (34/87) 

presenting with >75% blast in their bone marrow. 

 

With reference to table 5, below. 

The median time to onset of cytokine release syndrome was 6 days after the first infusion and 

a median of 2 days after the second infusion.  

For both first and second infusions, the event occurred up to 2 weeks after exposure. 

The event lasted up to 21 days. 55% of subjects received anti-cytokine therapy. 
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Data on Cytokine Release Syndrome (CRS) are summarised in the following table: 

 

 
 

Immune Effector Cell-associated Neurotoxicity Syndrome (ICANS) 

As of 07-Feb-2024: 

• 29 patients (22.8%, 29/127) in the Safety Set experienced immune effector cell-

associated neurotoxicity syndrome (ICANS). 

• 7/127 patients (7.1%) experienced immune effector cell-associated neurotoxicity 

syndrome (ICANS) of Grade 3 

• Grade 4 and Grade 5 [1 patient (0.8%) each]. 

 

Overall, the median time to onset for immune effector cell-associated neurotoxicity syndrome 

(ICANS) events was 12 days (range: 1 to 31 days) with a median duration of 8 days (range: 1 

to 53 days).  

 

Among the 29 patients who experienced immune effector cell-associated neurotoxicity 

syndrome (ICANS), 62% (18/29) experienced immune effector cell-associated neurotoxicity 

syndrome (ICANS) after the second infusion. 
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Of the 29 patients who experienced immune effector cell-associated neurotoxicity syndrome 

(ICANS), 90% (26 patients) had ≥5% blast in the bone marrow at lymphodepletion. 

 

All 9 patients who experienced ≥Grade 3 immune effector cell-associated neurotoxicity 

syndrome (ICANS) had ≥5% blast in the bone marrow at lymphodepletion with 56% (5/9) 

presenting with >75% blasts in their bone marrow. 

 

With reference to table 6, below. 

The median time to onset of immune effector cell-associated neurotoxicity syndrome after 

the first infusion was 8 days (up to a maximum of 10 days) 

 

The median time to onset of immune effector cell-associated neurotoxicity syndrome after 

the second infusion was 6.5 days (up to a maximum of 22 days) 

 

The event lasted up to 53 days. 19% of subjects were administered anti-ICANS therapy, as 

described in the table. 

 

Data are summarised in the following table: 
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Prolonged Cytopenia 

The FELIX study enrolled a heavily pre-treated population including a large proportion of 

patients having received previous allogeneic stem cell transplant. This can result in reduced 

bone marrow reserve that will affect the ability of subjects to maintain blood counts in the 

reference intervals. At enrolment, 34.6% of patients (44/127) had ≥Grade 3 neutropenia and 

33.9% of patients (43/127) had ≥Grade 3 thrombocytopenia. 

 

After lymphodepletion, 74.8% (95/127) showed ≥Grade 3 neutropenia and 40.9% (52/127) 

showed ≥Grade 3 thrombocytopenia. 

 

It is acknowledged that the lymphodepletion regimen would exacerbate neutropenia and 

thrombocytopenia, as described by the applicant. 

 

Grade ≥3 ongoing cytopenias at Day 28, month 2 and month 3 for those who achieved CR or 

CRi are shown in the following table: 

 

 
 

The above table suggests that the described cytopenias resolve over time (though persist in a 

notable percentage of subjects up to month 3). 
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Time to recovery to different thresholds (≥0.5 or ≥1 × 109/L for neutrophil count; ≥50 or 

≥100 × 109/L for platelet count) are shown in the following table: 

 

 

 
 

The proportion of responders post-obe-cel infusion with Grade 3 or 4 neutropenia decreased 

over time: 58.6% (58/99), 23.2% (23/99), and 13.1% (13/99) at Day 28, Month 2, and Month 

3, respectively.  

 

Corresponding values for Grade 3 or 4 thrombocytopenia were 48.5% (48/99), 20.2% 

(20/99), and 11.1% (11/99), respectively. 

 

The median time to recovery (95% CI) to the lower thresholds was 0.7 months (0.5, 0.9) and 

0.7 months (0.3, 1.7) for neutrophils and platelets, respectively, and to the higher thresholds 

was 1.9 months (1.0, 1.9) and 2.0 months (1.9, 2.1).  

 

The associated Kaplan Meier probability of recovery at 6 months post-infusion illustrated the 

high chance of recovery, being 97.6% at the 1.0 × 109/L threshold for neutrophils (100% 

already reached at 5 months for the 0.5 × 109/L neutrophil threshold) and 94.8% and 83.5% 

for the 50 × 109/L and 100 × 109/L thresholds for platelets, respectively. 
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Infections 

90/127 patients (70.9%) had any grade infection. 

 

Most serious infections occurred within the first 3 months after obe-cel infusion, consistent 

with the established higher risk period following lymphodepletion. The applicant lays focus 

on infection rates that exclude COVID-19 infection events (the study was conducted during 

the covid pandemic). 

 

The most common (≥5% of patients) non-COVID severe infection ≥Grade 3 were pneumonia 

(7.1%, 9/127) and sepsis (6.3%, 8/127). 

 

Grade 3 non-COVID severe infections were reported for 35.4% (45/127) of patients.  

 

Grade 4 and 5 non-COVID severe infections were reported for 4.7% (6/127) of patients each. 

There was 1 additional death since the 09-Jun-2023 primary analysis (septic shock); the 

remaining deaths were: 2 patients each for sepsis, neutropenic sepsis; 1 patient for abdominal 

infection. One event of neutropenic sepsis was possibly related to study treatment. 

 

Infection, as described (and whether severe or serious), is a known association with CAR-T 

cell therapy and the underlying disease. The nature of the condition and the number of 

subjects affected may be understood and (though unfortunate) would not give rise to 

particular concern from a regulatory perspective. 

 

To note that the applicant appears to conflate ‘severe’ and ‘serious’ though these have 

different meanings in a regulatory sense. 

 

Hypogammaglobulinemia 

12/127 patients (9.4%) in the Safety Set experienced at least 1 episode of any grade 

hypogammaglobulinemia during the study; 2 patients (1.6%) experienced Grade ≥ 3 

hypogammaglobulinemia. 

 

Graft-versus-host disease 

During the FELIX study: 127 patients who were infused with at least one dose of obe-cel 

(Safety Set); 56/127 subjects had a history of previous allogeneic stem cell transplant. Graft-

versus-host disease has been reported in 8 patients (6.2%) post obe-cel infusion by the data 

cut-off at 07-Feb-2024. 

 

The applicant position is based on biologic plausibility, availability of data, likelihood of 

occurrence, potential severity, predictability of the event, time to onset in relation to 

administration of obe-cel, health status of the subject and persistence of CAR-T cells. 

 

The applicant presents summary histories of the 8 subjects who have developed graft-versus-

host disease during the timeline of the FELIX study. 6 subjects had received a stem-cell 

transplant prior to the FELIX study; 3 subjects received a stem cell transplant after the 

administration of obe-cel (1 subject received a stem cell transplant both before and after obe-

cel infusion). 

 

The applicant also reports on 1 subject who developed stomatitis on day 162 after obe-cel 

administration. The event was assessed as possibly related to obe-cel. 
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The applicant presents a table to summarise narratives: 

 

Table 1: Summary of GvHD Case Narratives 

 
 

The applicant finds that only 1 subject experienced graft-versus-host disease that was 

assessed as definitely related to obe-cel; the episode occurred 13 days after administration of 

obe-cel and was associated with persistence of CAR-T cells. 

 

The applicant states: Further evaluation beyond the limited number of patients in the FELIX 

study is needed to determine which patients who received prior SCT are at risk of developing 

any grade GvHD post-infusion. Aggravation of GvHD will be further characterised in 

patients who received prior SCT as part of routine post-marketing pharmacovigilance 

surveillance activities to determine if additional risk minimisation measures are required. 

To note that, in the main, the applicant permitted the attending physician to manage adverse 

events of interest by following local guidelines / the applicant also provided tables of 

recommendations in its protocol to manage the named adverse events of interest. 

 

Laboratory safety 

A summary of all common Grade 3 or 4 laboratory abnormalities per Common Terminology 

Criteria for Adverse Events (CTCAE) criteria (occurring in ≥10% of patients) is presented in 

Table 9 with grading using the worst laboratory values post-obe-cel infusion.  
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Most patients had abnormal laboratory findings prior to obe-cel infusion as a result of the 

impact of lymphodepletion and the underlying clinical status of the patients treated with obe-

cel. 

 

Vital signs 

Vital signs and physical findings were closely monitored in obe-cel infused patients in the 

FELIX Study, as a component of the standard of care in autologous transplantation during 

which fluctuations and abnormalities are usually observed. No abnormal changes to vital 

signs were observed. No clinically significant pattern was observed in physical functioning 

post obe-cel infusion 

 

Immunogenicity 

Refer to the Pharmacokinetic section of this PAR. 

 

Additional aspects of safety 

Adverse Drug Reactions 

Events considered as adverse drug reactions for obe-cel as of the data cut-off of 07-Feb-2024 

are presented in Table 10. These include: 

 

• All non-laboratory treatment emergent adverse events that occurred in ≥10% of 

patients infused in the FELIX study (N=127), irrespective of causality. 

• All abnormal laboratory findings of Grade 3 or 4 based on laboratory graded using 

CTCAE criteria (or Investigator assessment for hyperferritinaemia) and occurring in ≥ 

10% of patients. 

• Important adverse drug reactions that occurred in <10% of patients based on a case-

by-case evaluation. 
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Summary of clinical safety 

The analysis sets 

The Safety Set comprises all patients who have been enrolled and received at least one obe-

cel infusion. For this study, the Safety Set is the same as the Infused Set (all patients who 

have received at least one infusion of obe-cel) and is the main analysis set for safety. 

 

153 subjects have been enrolled into the FELIX study; the Safety Set contains 127 adult 

subjects with relapsed / refractory B-cell acute lymphoblastic leukaemia. For these 127 

subjects at enrolment: 52% were male; median age 46yrs, min 20yrs, max 81yrs; 74% white, 

13% Asian, 2% black. Subjects had undergone a median of 2 prior lines of therapy; 10% 

were refractory to all prior lines; 44% had previous stem cell transplant; subjects had a 

median of 40% bone marrow blast cells; 23% with extramedullary disease; ECOG score 0 

(39%) or 1 (60%); 100% CD19 status +ve; median neutrophil count (10^9/L) = 1.6; median 

platelet count (10^9/L) = 85. 

 

Prior to preconditioning: subjects had a median of 40% bone marrow blast cells; 21% 

extramedullary disease present; median neutrophil count (10^9/L) = 1.4; median platelet 

count (10^9/L) = 89; 24% normal karyotype; 40% complex karyotype; 28% Philadelphia 

chromosome-positive. 

 

The procedure 

Subjects underwent leukapheresis to obtain material to be sent to the central manufacturing 

site. Bridging therapy was permitted and was based on local practice; chemotherapy was the 

most common form of bridging therapy in 118/127 subjects. 

 

All subjects received fludarabine and cyclophosphamide as lymphodepletion therapy, as 

described. 

 

Exposure 

The target total dose of obe-cel was to be the same for all patients: 410 × 106 CD19 CAR-

positive T cells (± 25% variance) administered as a split dose. The median dose of obe-cel 

administered in the Safety Set was 410 × 106 CD19 CAR-positive T cells.  

 

Most subjects received both administrations (94.5%, 120/127); the target dose was achieved 

in 116/127 patients. Reasons for not administering the second dose were related to adverse 

events, rapid disease progression or disease-associated death.  

 

9 patients had a delay in administration of their second dose until up to Day 21; this did not 

appear to affect the efficacy outcome. 

 

Pre- and post-infusion therapies such as paracetamol were permitted. 

 

Adverse events 

As of the cut-off date of 07-Feb-2024: 

 

104/127 patients experienced treatment-emergent adverse events of ≥Grade 3.  

 

For the grade >3 adverse events: 

• 77/127 subjects experienced an obe-cel related treatment emergent adverse event; 

such events were serious in 40/127 subjects.  

• There were severe infections in 66/127 subjects; cytokine release syndrome in 3/127 
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subjects and immune effector cell-associated neurotoxicity syndrome in 9/127 

subjects. 

• 64/127 of patients died post-obe-cel infusion. The most common primary reasons 

reported for death remained progressive disease (45 patients). The deaths of 2 

subjects were evaluated as related to exposure to obe-cel. 

• 83/127 patients experienced at least one serious adverse event of any grade post-obe-

cel treatment. 40/127 subjects had an obe-cel related serious treatment emergent 

adverse event. 

• The most common serious treatment emergent adverse events (≥5% of patients) 

suspected to be related to study treatment by the Investigator were immune effector 

cell-associated neurotoxicity syndrome (ICANS, 9.4%), cytokine release syndrome 

(CRS, 7.9%), febrile neutropenia (6.3%) and hyper-ferritinaemia (5.5%).  

• 119 patients experienced treatment emergent adverse events of any grade and that 

were suspected to be related to obe-cel by the Investigator.  

• The most commonly reported events in this category (≥10%) were cytokine release 

syndrome (CRS) and immune effector cell-associated neurotoxicity syndrome 

(ICANS), irrespective of grade (68.5% [87/127] and 22.8% [29/127], respectively). 

 

Cytokine Release Syndrome  

• The median time to onset of cytokine release syndrome was 6 days after the first 

infusion and a median of 2 days after the second infusion.  

• For both first and second infusions, the event occurred up to 2 weeks after exposure. 

• The event lasted up to 21 days. 55% of subjects received anti-cytokine therapy. 

 

Immune effector cell-associated neurotoxicity syndrome 

• The median time to onset of immune effector cell-associated neurotoxicity syndrome 

after the first infusion was 8 days (up to a maximum of 10 days) 

• The median time to onset of immune effector cell-associated neurotoxicity syndrome 

after the second infusion was 6.5 days (up to a maximum of 22 days) 

• The event lasted up to 53 days. 19% of subjects were administered anti-ICANS 

therapy 

 

Infections 

• 90/127 patients (70.9%) had any grade infection. 

• Most serious infections occurred within the first 3 months after obe-cel infusion, 

consistent with the established higher risk period following lymphodepletion.  

• The most common (≥5% of patients) non-COVID severe infection ≥Grade 3 were 

pneumonia (7.1%, 9/127) and sepsis (6.3%, 8/127). 

 

Hypogammaglobulinemia 

12/127 patients in the Safety Set experienced at least 1 episode of any grade 

hypogammaglobulinemia during the study. 

 

Conclusion on clinical safety 

At this stage of the procedure: there would not appear to be novel (novel for a CAR-T cell 

therapy) aspects of safety. Aspects of harm are considered to be amenable to clinical 

management. 
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IV.6 Risk Management Plan (RMP) 

The applicant has submitted an RMP, in accordance with the requirements of Regulation 182 

of The Human Medicines Regulation 2012, as amended. In addition to routine 

pharmacovigilance and risk minimisation measures, additional risk minimisation measures 

and additional pharmacovigilance activities have been proposed (see table below for the risk 

minimisation measures and pharmacovigilance activities for the important identified risks): 
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This is acceptable. 
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IV.7 Discussion on the clinical aspects 

The grant of a marketing authorisation is recommended for this application. 

  

V USER CONSULTATION 

A text draft of the Patient Information Leaflet (PIL) was presented. A commitment to provide 

a mock-up and evidence of user consultation of the PIL to the MHRA prior to marketing was 

accepted. 

 

VI  OVERALL CONCLUSION, BENEFIT/RISK ASSESSMENT AND 

RECOMMENDATION 

The quality of the product is acceptable. The non-clinical and clinical data submitted have 

shown the positive benefit/risk of these product for the treatment of adult patients (≥18 years) 

with relapsed or refractory B cell precursor acute lymphoblastic leukaemia. 

 

Aucatzyl has been authorised with the condition to perform further studies and/or to provide 

additional measures to minimise the risk. The Marketing Authorisation Holder shall 

complete, within the stated timeframe, the following measures: 

 

Description Due date 

To confirm the long-term efficacy and safety of Aucatzyl in adult patients 

with relapsed and / or refractory B cell acute lymphoblastic leukaemia, 

the Marketing Authorisation Holder shall submit follow-up results of the 

FELIX clinical study. Interim report due 30/06/2026. 

30/06/2029 

Prior to the launch of AUCATZYL the Marketing Authorisation Holder 

(MAH) must agree the content and format of the Controlled distribution 

programme and educational materials with the MHRA.  

 

The MAH shall ensure that where AUCATZYL is marketed, all HCPs in 

the qualified treatment centres who are expected to use AUCATZYL are 

provided with the following educational material:  

- HCP educational material  

- Patient card 

30/04/2030 

In order to confirm the short and long-term safety and effectiveness of 

Aucatzyl in adult patients with relapsed or refractory B cell acute 

lymphoblastic leukaemia, the Marketing Authorization Holder shall 

conduct and submit the results of a prospective, international, non-

interventional study to assess long term safety and effectiveness of adult 

patients with relapsed or refractory B cell acute lymphoblastic leukaemia 

receiving Aucatzyl treatment (obe-cel LT2). Interim reports due 

according to schedule in the RMP. 

30/06/2044 

It is a condition of this approval that the marketing authorisation holder 

(MAH) work with the MHRA to resolve to the satisfaction of the 

Department for the Environment, Food and Rural Affairs (Defra) any 

concerns it may have with this product, about deliberate release of a 

GMO into the environment. The aim is to resolve this by 1 December 

2025. 

01/12/2025 

 

The following post-authorisation measures are recorded which should be fulfilled by the 

MAH by the dates shown. 

 

Autolus commits to providing confirmatory stability data from patient 01/01/2027 
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derived retain material manufactured at The Nucleus according to the 

commercial process, as it may become available 

Autolus commits to characterising the ratio of empty: partial: full capsids 

in LV18970. and commits to execute this characterisation study and 

provide data post-approval 

01/01/2027 

 

Autolus commits to provide batch data from 30 commercial batches 

manufactured at The Nucleus when available post-authorisation 

01/01/2027 

Autolus commits to evaluating an alternative to the current Human AB 

serum, male, off the clot (BIOVT- GemBio, UK) post-approval (from 

Major Objection 1). 

01/01/2027 

 

The Summary of Product Characteristics (SmPC), Patient Information Leaflet (PIL) and 

labelling are satisfactory, and in line with current guidelines.  

 

In accordance with legal requirements, the current approved UK versions of the SmPC and 

PIL for this product are available on the MHRA website. 
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TABLE OF CONTENT OF THE PAR UPDATE 

Steps taken after the initial procedure with an influence on the Public Assessment Report 

(non-safety variations of clinical significance). 

 

Please note that only non-safety variations of clinical significance are recorded below and in 

the annexes to this PAR. The assessment of safety variations where significant changes are 

made are recorded on the MHRA website or European Medicines Agency (EMA) website. 

Minor changes to the marketing authorisation are recorded in the current SmPC and/or PIL 

available on the MHRA website. 

 

Application 

type 

Scope Product 

information 

affected 

Date of grant Outcome Assessment 

report 

attached 

Y/N  
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Annex 1  

Summary of fulfilment of the criteria for orphan drug designation 

 

 

Product:   Aucatzyl 410 × 106 cells dispersion for infusion 

Active substance:   obecabtagene autoleucel 

Orphan Designation Number: PLGB 46113/0001/OD1 

Background: 

 

This application was evaluated for fulfilment of orphan designation criteria by the 

Commission on Human Medicines (CHM) and the designation criteria were considered 

fulfilled.   

 

Orphan condition 

The orphan condition is acute lymphoblastic leukaemia. This is acceptable. 

 

 

Orphan indication 

The orphan indication is for the treatment of adult patients (≥18 years) with relapsed or 

refractory B cell precursor acute lymphoblastic leukaemia. 

 

Life threatening/ debilitating condition 

Acute lymphoblastic leukaemia is characterised by the malignant transformation and 

proliferation of lymphoid progenitor cells in the blood and bone marrow, replacing 'normal' 

blood cells over time. This compromises the patient’s haematopoietic and immune functions; 

infections and haemostatic complications owing to coagulopathy are the leading causes of 

morbidity and mortality in patients with acute lymphoblastic leukaemia. 

It may be accepted that B-cell acute lymphoblastic leukaemia is seriously debilitating and 

life-threatening. 

 

Prevalence of the Condition in Great Britain (GB) 

Suitable evidence has been provided that demonstrates that, at the time of orphan 

designation, the condition is estimated to affect 1.04 in 10,000 people in GB. This does not 

exceed the upper limit of prevalence for orphan designation, which is 5 in 10,000 people in 

GB.  

 

Existing methods of treatment 

The following methods have been identified: 

 

Table 1. Products approved in the UK for the treatment of acute lymphoblastic 

leukaemia 



PAR Aucatzyl 410 × 106 cells dispersion for infusion 

 

PLGB 46113/0001 

 

 

Full Dossier, Regulation 50 197 

 
  

 

 

 



PAR Aucatzyl 410 × 106 cells dispersion for infusion 

 

PLGB 46113/0001 

 

 

Full Dossier, Regulation 50 198 

 
  

 

 

 



PAR Aucatzyl 410 × 106 cells dispersion for infusion 

 

PLGB 46113/0001 

 

 

Full Dossier, Regulation 50 199 

 
  

 

 
 

Table 2 provides an overview of the medicinal products authorised in the UK for the 

therapeutic indication intended for Aucatzyl [treatment of adult patients (18 years and 

older) with relapsed / refractory B cell acute lymphoblastic leukaemia]: 
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Justification of significant benefit 

Methods for the treatment of the orphan condition already exist in GB. Suitable justification 

has been provided that Aucatzyl provides a significant benefit to those affected by the 

condition as specified in the orphan indication. 

 

By comparison to Blincyto and Besponsa, available clinical efficacy data suggest that 

Aucatzyl offers a clinically relevant advantage via better clinical efficacy / better clinical 

effect in the claimed indication. 

 

By comparison to Tecartus, it may be accepted that Aucatzyl offers a clinically relevant 

advantage via improved safety by means of less serious and less frequent adverse reactions as 

exemplified by the immune-mediated toxicities i.e. cytokine release syndrome and immune 

effector cell associated neurotoxicity syndrome. 

 

Improved safety may also be accepted by means of a treatment-sparing effect (less need for 

additional therapies) resulting from a higher persistence of cells of Aucatzyl in comparison to 

Tecartus. 

 

It may be accepted that the applicant has demonstrated significant benefit in comparison to 

other (named) licensed products. 

 

Conclusion on acceptability of orphan designation 

The applicant has demonstrated fulfilment of the criteria for approval as an orphan medicinal 

product. 
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All medicines that gain an orphan marketing authorisation from the UK Licensing Authority 

are listed on its publicly available Orphan Register until the end of the market exclusivity 

period. The authorised orphan indication defines the scope of orphan market exclusivity. 

 

Decision: Grant 

 

Date: 25 April 2025 


