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Background Information
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2. Summary Report
2.1 Chemistry, Manufacturing and Controls Evaluation
2.1.1 Drug substance

Dinutuximab beta, the drug substance of brand name Qarziba, is a mouse/human
chimeric anti-GD2-mAb, a ganglioside overexpressed by cells of neuroectodermal origin
such as neuroblastoma cells. The manufacturer of dinutuximab beta is Rentschler Biopharma
SE, Germany.

Dinutuximab beta is produced in CHO cells and contains the 1gG-typical fucosylated
N-glycans. The relative molecular mass of dinutuximab beta is approximately 150 kDa.
Detailed description of the origin, history, and preparations of cell banks including MCB,
WCB, and EPC are provided. Adventitious and endogenous agent safety testing, identity, and
genetic stability for cell banks were conducted based on the recommendations in ICH
guidance. Raw materials of direct and indirect biological origin are also justified.

Characterization studies are presented including primary and higher-order structure,
glycosylation, disulfide structure, charge and size variants, and biological activity of target
binding, as well as product variants and process-related impurities. The exclusion for some
process-related impurities from routine testing is appropriately justified. Manufacturing
process with in-process controls, process development histories for 3 process versions,
comparability studies, process validation, specification, analytical methods and validation,
batch analyses, reference materials, and virus clearance studies, are provided abundantly to
demonstrate the quality and consistency of dinutuximab beta using commercial process.

Long-term, accelerated, and stress stability studies have been carried out for
Dinutuximab beta batches. The stability studies are derived from Dinutuximab beta batches
produced with the commercial process.

2.1.2 Drug product

Qarziba is the clear, colorless liquid in glass vials, containing 4.5 mg/mL per vial,
concentrate for solution for infusion. It is intended for intravenous infusion after dilution.
The manufacturer for the drug product, Qarziba, is Rentschler Biopharma SE, Germany.

The composition of drug product is listed. The excipients for drug product are complied
with Ph. Eur. No novel excipients and no excipients of human or animal origin are used in
the formulation.



Drug product manufacturing process and formulation development are described
appropriately. Adequate justifications for potential impurities and the container closure
integrity are provided to support the suitability of the container closure system. The
compatibility data is submitted adequately. Manufacturing process within process controls,
process validation, specification, and batch analyses are provided and show that the
manufactures of Qarziba are controlled properly and consistently.

The release specification and stability specification for Qarziba include appearance,
identity, content, potency, purity and impurities, contaminants, and general tests. The
specifications of Qarziba are generally acceptable.

Stability studies, conducted under long-term storage, accelerated, stress conditions, and
in-use stability studies could support the storage and on-site usage for Qarziba. The
long-term stability study results support the shelf life of Qarziba for 36 months under the
storage condition of 5+3°C, protected from light.

In conclusion, information on the drug substance and finished drug product is regarded
as appropriate to support the quality of Qarziba.

2.2 Preclinical Pharmacology/Toxicology Evaluation
2.2.1 Pharmacological Studies

Dinutuximab beta (anti-GD2 mADb) is a monoclonal, chimeric antibody targeting the
disialoganglioside GD2 antigen, which is highly expressed on neuroectodermal tumors such
as neuroblastoma and melanoma but also osteosarcoma and soft tissue sarcomas.

Pharmacology data demonstrated dinutuximab beta has two key anti-tumor modes of
action: (i) antibody-dependent cellular cytotoxicity (ADCC)-mediated killing of
GD2-positive tumor cells and (ii) triggering of complement-dependent cellular cytotoxicity
(CDC)-mediated killing of GD2-positive tumor cells. Dinutuximab beta showed strong lysis
of the GD2-positive cell lines LAN-1 and M21 via complement-mediated cytotoxicity. In
vivo data showed that Dinutuximab beta was effective in syngeneic, neuroblastoma cell, liver
metastasis mouse models.

No stand-alone safety pharmacology studies have been performed with Dinutuximab
beta in accordance with ICH guidance S9. However, tests of neurological, cardiovascular,
and respiratory function parameters included in repeated-dose toxicity studies in Guinea pigs
and Cynomolgus monkeys showed no test item-related changes.

2.2.2 Toxicological Studies

In toxicology, dinutuximab beta has been administered to juvenile Guinea pigs and
young cynomolgus monkeys as repeated-dose regimens exceeding the recommended clinical
dose. Noteworthy findings included changes (decrease) in thymus weight and bone marrow



changes (atrophy affecting myeloid and erythroid precursor cell lines), reduced activity, food
consumption, and body weight gain possibly due to pain associated with drug treatment. The
bone marrow changes were slight to severe and recovered after cessation of dosing. No
effects on cardiovascular functions (ECG, blood pressure) were observed in monkeys.

The absence of genotoxicity and carcinogenicity studies is reasonable since dinutuximab
beta is an antibody that is not expected to interact with DNA or be carcinogenic. No
dedicated reproductive organ and developmental toxicity studies have been performed with
dinutuximab beta. However, due to its mode of action (induction of CDC/ADCC after
binding), the expression of GD2 on neuronal tissues, especially during embryo-fetal
development, and the potential of placental transfer of antibodies, Dinutuximab beta has the
potential to cause fetal harm when administered to pregnant women.

2.3 Clinical Pharmacology Evaluation
2.3.1 General Pharmacodynamics and Pharmacokinetics

Dinutuximab beta is dosed via the IV route and therefore is completely bioavailable.
Calculations of PK parameters for dinutuximab beta are based upon measurements using
non-validated bioanalytical methods. This has to be taken into consideration when
interpreting PK parameters. Following a 10-day continuous intravenous infusion of 10
mg/m?/day (equal to a total dose of 100 mg/m?/course), peak concentrations were generally
reached at the end of the 10-day infusion. The mean Cmax was approximately 12 pg/mL in
Cycle 1. The mean accumulation ratio for AUCo-s04nr increased from Cycle 2 to Cycle 5, but
did not exceed 1.61. The volume of distribution is stated to be 5- 6.5 L/m? and the terminal
half-life is estimated to be 8 days. From the results of study APN311-202, mean AUCins in
Cycle 1 appeared roughly proportional over the dose range of 40 to 100 mg/m?/cycle. PK of
dinutuximab beta has not been evaluated in healthy volunteers. No metabolism or excretion
studies have been performed because dinutuximab beta are proteins which are degraded into
amino acids that are then recycled into other proteins.

Serum samples from Study 303 were re-analyzed using a validated ECLIA to obtain PK
results. Following a 10-day continuous intravenous infusion of 10 mg/m?/day (equal to a total
dose of 100 mg/m?/course), mean Cmax was approximately 9.63 pug/mL in Cycle 1. The
volume of distribution (V) is predicted to be 8.31 L/m?. The terminal half-life is estimated to
be 7.78 days.

2.3.2 Interaction Studies
No interaction studies have been performed. Dinutuximab beta is expected to be
catabolized into amino acids by general protein degradation process, not to be metabolized
by phase I and Il metabolizing enzymes. It has been shown in study APN311-201 that
dinutuximab beta induced the release of cytokines, in particularly IL-6 and TNFa. Therefore,
interactions with concomitantly used medicinal products, cannot be excluded.



2.3.3 Special Populations

A population PK analysis conducted on the data obtained with the initial non-validated
assays was used to investigate the important covariates on dinutuximab beta exposure.
Gender and age did not have a significant impact on the PK. The assay for anti-drug antibody
is also not considered robust; however, the suggestion is an effect on Vd, but not clearance.
Markers of renal and hepatic clearance (eGFR and bilirubin) did not show a relationship with
exposure (Cmax and AUC24n on day 1 and day 10 during a 10-day infusion). Due to poor drug
tolerance of the immunogenicity assay, the impact of ADA formation on PK can only be
considered exploratory. Overall, there was a trend towards a reduction in Cmax and AUC in
subjects with ADA positive.

2.4 Clinical Efficacy and Safety Evaluation
2.4.1 Efficacy Results
The regimen of dinutuximab beta + RA with or without IL-2 may give 3-year survival
rates of at least 63% for R/R or high risk neuroblastoma.

2.4.2 Safety Results
Major safety concerns include bone marrow suppression, infusion reactions/hypersensitivity,
neurotoxicity (especially pain), visual disturbances, infections, capillary leak syndrome/fluid
retention, cytokine release syndrome, elevated liver enzymes, decreased calcium/potassium
level and GI symptoms.

Dosing modification schedule for toxicities is provided in label.

2.5 Bridging Study Evaluation

A Phase | bridging study was conducted to evaluate PK parameters to bridge between
Japanese and European results. Ch14.18/CHO (100 mg/m?/cycle; 3.3mg/kg/cycle below 12
kg body weight) was administered over 10 consecutive days every 5 weeks to patients with
recurrent/refractory neuroblastoma. The PK of ch14.18/CHO in the Japanese patients was not
significantly different from that observed in Caucasian patients.

2.6 Conclusion
There is unmet clinical need for R/R or high risk neuroblastoma. Based on the provided
dossier, approval is recommended.

3. Post-Marketing Requirements
(1) Submit the results of APN311-202v3 to evaluate the add-on effect of IL-2 in patients with
R/R neuroblastoma.

(2) Submit the 5-year survival data for patients included in Study APN311-202 and APN311.



(3) Routine pharmacovigilance



