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1. Background information on the procedure

1.1. Submission of the dossier

The applicant United Therapeutics Europe Ltd submitted on 5 December 2013 an application for
Marketing Authorisation to the European Medicines Agency (EMA) for Unituxin, through the centralised
procedure falling within the Article 3(1) and point 4 of Annex of Regulation (EC) No 726/2004. The
eligibility to the centralised procedure was agreed upon by the EMA/CHMP on 20 September 2012.

Unituxin, was designated as an orphan medicinal product EU/3/11/879 on 21 June 2011. Unituxin was
designated as an orphan medicinal product in the following indication: Treatment of neuroblastoma

The applicant applied for the following indication: Unituxin is indicated in infants, children, and
adolescents aged 11 months to 17 years for the treatment of high-risk neuroblastoma, following
myeloablative therapy and autologous stem cell transplant (ASCT), in combinati@with
granulocyte-macrophage colony-stimulating factor (GM-CSF), interleukin—&(\% , and isotretinoin.

Following the CHMP positive opinion on this marketing authorisation, the C@mittee for Orphan Medicinal

Products (COMP) reviewed the designation of Unituxin as an orphan icinal product in the approved
indication. The outcome of the COMP review can be found on the y's website: ema.europa.eu/Find
medicine/Rare disease designations. Q}

The legal basis for this application refers to: Q@

Article 8.3 of Directive 2001/83/EC - complete and indé@ment application. The applicant indicated that
DINUTUXIMAB was considered to be a new active@tance. The application submitted is composed of
administrative information, complete quality data, non-clinical and clinical data based on applicants’ own
tests and studies and/or bibliographic Iiterat%géubstituting/supporting certain test(s) or study(ies).

Information on Paediatric requir@nts

Pursuant to Article 7 of Regula&@EC) No 1901/2006, the application included an EMA Decision
P/0208/2013, on the agree‘rrb of a paediatric investigation plan (PIP).
N

At the time of submissi%éthe application, the PIP P/0208/2013 was not yet completed as some
measures were def

Information relating to orphan market exclusivity
Similarity

Pursuant to Article 8 of Regulation (EC) No. 141/2000 and Article 3 of Commission Regulation (EC) No
847/2000, the applicant did not submit a critical report addressing the possible similarity with authorised
orphan medicinal products because there is no authorised orphan medicinal product for a condition
related to the proposed indication.

Applicant’s request(s) for consideration
New active Substance status

The applicant requested the active substance dinutuximab, United Therapeutics contained in the above
medicinal product to be considered as a new active substance in itself, as the applicant claims that it is not
a constituent of a product previously authorised within the Union.
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Protocol Assistance

The applicant received from the CHMP on 17 November 2011. The Protocol Assistance pertained to
quality, non-clinical and clinical aspects of the dossier.

Licensing status
A new application was filed in the following countries: USA

The product was not licensed in any country at the time of submission of the application.

1.2. Manufacturers

Manufacturer of the active substance

United Therapeutics Corporation

1040 Spring Street

Silver Spring, Maryland 20910 . 6®
N

USA O&
Manufacturer responsible for batch release Q

Penn Pharmaceutical Services Limited \
23-24 Tafarbaubach Industrial Estate, Tredegar, Gwent QQ)
NP22 3AA QO
United Kingdom \O

O

1.3. Steps taken for the assessmen{g\f the product
The Rapporteur and Co-Rapporteur appoir@by the CHMP were:
Rapporteur: Robert James Hemmingﬁso—Rapporteur: Joseph Emmerich
e The application was receive@ the EMA on 5 December 2013.
e The procedure started@ 6 December 2013.

e The Rapporteur’ i@ ssessment Report was circulated to all CHMP members on 14 April 2014. The
Co-Rapporteur

t Assessment Report was circulated to all CHMP members on 13 April 2014.

e During the meeting on 10 April 2014 the Pharmacovigilance Risk Assessment Committee (PRAC)

adopted the PRAC Advice on the submitted Risk Management Plan.

e During the meeting on 25 April 2014, the CHMP agreed on the consolidated List of Questions to be
sent to the applicant. The final consolidated List of Questions was sent to the applicant on 25 April

2014.

¢ On 8 May 2014, the Applicant requested an additional 3-month clock-stop to provide responses to

the consolidated List of Questions.

= The summary report of the inspection carried out at the following sites Seattle Children’s (USA),
National Cancer Institute (USA) and The Children’s Mercy Hospital (USA) between 18 July and 07

August 2014 was issued on 18 August 2014.
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e The applicant submitted the responses to the CHMP consolidated List of Questions on 19 November
2014.

= The Rapporteurs circulated the Joint Assessment Report on the applicant’s responses to the List of
Questions to all CHMP members on 31 December 2014.

e During the meeting on 9 January 2015 the Pharmacovigilance Risk Assessment Committee (PRAC)
adopted the PRAC Advice on the submitted Risk Management Plan.

e During the CHMP meeting on 19-22 January 2015, the CHMP agreed on a list of outstanding issues
to be addressed in writing by the applicant.

e On 16 February 2015, the Applicant requested an additional one month clock-stop to provide
responses to the list of outstanding issues.

= The applicant submitted the responses to the CHMP List of Outstanding Issues on 17 April 2015.

e The Rapporteurs circulated the Joint Assessment Report on the applicant’s gsponses to the List of
Outstanding Issues to all CHMP members on 6 May2015. @

e During the meeting on 7 May 2015 the Pharmacovigilance Risk Assesﬁ?ﬁ t Committee (PRAC)
adopted the PRAC Advice on the submitted Risk Management PléMQ\O

= During the meeting on 18-21 May 2015, the CHMP, in the Iighﬁéﬁe overall data submitted and the
scientific discussion within the Committee, issued a positi\Q inion for granting a Marketing

Authorisation to Unituxin. QQ)
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2. Scientific discussion

2.1. Introduction

Problem statement

Short description of the disease

Neuroblastoma is an embryonal tumour of the autonomic nervous system, meaning that the cell of origin
is thought to be a developing and incompletely committed precursor cell derived from neural-crest
tissues. As may be expected with a disease of developing tissues, neuroblastomas generally occur in very
young children; the median age at diagnosis is 17 months. The tumours arise in tissues of the
sympathetic nervous system, typically in the adrenal medulla or paraspinal ganglia, and thus can present
as mass lesions in the neck, chest, abdomen, or pelvis. The clinical presentation is highly variable,
ranging from a mass that causes no symptoms to a primary tumour that causes cgcal iliness as a result

of local invasion, widely disseminated disease, or both. @

The diagnosis of neuroblastoma is based on the presence of characteristic &pathological features of
tumour tissue or the presence of tumour cells in a bone marrow aspirat iopsy accompanied by raised
concentrations of urine catecholamines. Computed tomography and etic resonance imaging are the

preferred methods for the assessment of tumor in the abdomen, ;@ws, mediastinum, or in paraspinal
lesions, respectively. For enhanced detection of tumor, radioIéied—metaiodobenzylguanidine (MIBG)
scintigraphy is used. Other methods are used to detect mi @ residual disease such as bone marrow

aspirates and biopsy, pathological evaluation and poly @—chain reaction-based techniques to identify

GD2 synthase, tyrosine hydroxylase and protein ger&p duct 9.5.

Neuroblastoma is the most common extracrania@% tumour of childhood. Its incidence is 10.2 cases per
million children under 15 years of age and ac G)nts for approximately 7% of paediatric malignancies in
this age category; it is the most common @kr diagnosed during the first year of life (Modak 2007).

For over a century, researchers have@ted that neuroblastomas exhibit diverse and often dramatic
clinical behaviours. On the one h uroblastoma accounts for disproportionate morbidity and
mortality among the cancers o dhood; on the other hand, it is associated with one of the highest
proportions of spontanetéﬁ}complete regression of all human cancers.

There have been subs ial efforts to develop a risk-classification algorithm for patients with newly
diagnosed neuroblas&. Most cooperative groups use a system that combines the assessment of easily
measured clinical variables, such as the patient’s age and the tumour stage, with specific biologic
variables. The age at diagnosis is considered a surrogate for underlying biologic characteristics, in that
younger patients are more likely to have tumours with biologic features that are associated with a benign
clinical course. To address this issue of classification, a new International Neuroblastoma Risk Group
(INRG) classification system has been proposed in 2009 with four broad categories — very low risk, low
risk, intermediate risk, and high risk — based on the assessment of the following prognostic factors: age
at diagnosis (2 cut-offs, 12 and 18 months), INRG tumour stage (L1, L2, M, MS), histologic category,
grade of tumour differentiation, DNA ploidy (hyperploidy/diploidy), MYCN oncogene status (amplified or

not), aberrations at chromosome 11q (presence/absence) (Cohn 2009).
Current therapy

Current treatment for high-risk neuroblastomas can be divided into three distinct phases (Maris 2010):
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. induction of remission with intensive chemotherapy. The backbone of the most commonly used
induction therapy includes dose-intensive cycles of cisplatin and etoposide alternating with
vincristine, cyclophosphamide, and doxorubicin'. Topotecan was added to this regimen based on
the anti-neuroblastoma activity seen in relapsed patients®. Response to therapy at the end of
induction chemotherapy correlates with EFS at the completion of high-risk therapy®. After a
response to chemotherapy, resection of the primary tumour is usually attempted.

. consolidation of the remission with myeloablative chemotherapy which attempts to eradicate
minimal residual disease using lethal doses of chemotherapy followed rapidly by rescue with
autologous hematopoietic progenitor cells to repopulate the bone marrow. Randomized
controlled studies have shown an improvement in 3-year EFS for HSCT (31% to 47%) versus
conventional chemotherapy (22% to 31%)°°.

. and finally a maintenance phase used to treat potential minimal residual disease following HSCT
to reduce the risk of relapse7, e.g. with isotretinoin, a molecule that induces terminal
differentiation of neuroblastoma cell lines; this therapy had been shown o increase the
event-free survival from 29% to 46% at 3 years. Overall survival was ignificantly different
between the two groups, with 3-year estimates for patients assigne\@ isotretinoin and no
further therapy of 56+6 % and 50+6 %, respectively®. O

There is still a high unmet medical need in this category of young pa’&s for more strategies able to
eradicate residual neuroblastoma cells at the completion of cytoto@ herapy.

About the product

Dinutuximab (also referred to as ch14.18) is a chimericx@%an/mouse monoclonal antibody (mAb),
produced in a murine myeloma cell (SP2/0 hybridom@el ), that incorporates human constant regions for
the heavy chain IgG1 and the kappa light chairg‘\aZQg with the mouse variable regions targeted

).

specifically against human disialoganglioside
Mode of action Ob

Disialoganglioside is a surface glycoli Sntigen that is normally found on neurons, peripheral pain fibres,
and skin melanocytes; it is ubiqui ly expressed on most neuroblastoma tumours regardless of disease
stage and is abundant on the‘@surface, providing a tractable target for passive immunotherapy
approaches. It is also expré by some melanomas, brain tumours, small cell carcinomas of the lung,
and some sarcomas. @

N\

1 Kushner BH, LaQuaglia MP, Bonilla MA, et al.: Highly effective induction therapy for stage 4 neuroblastoma in children over
1 year of age. J Clin Oncol 12 (12): 2607-13, 1994.

2 park JR, Scott JR, Stewart CF, et al.: Pilot induction regimen incorporating pharmacokinetically guided topotecan for
treatment of newly diagnosed high-risk neuroblastoma: a Children's Oncology Group study. J Clin Oncol 29 (33): 4351-7,
2011.

3 Cheung NK, Heller G, Kushner BH, et al.: Stage IV neuroblastoma more than 1 year of age at diagnosis: major response to
chemotherapy and survival durations correlated strongly with dose intensity. Prog Clin Biol Res 366: 567-73, 1991.

4 Matthay KK, Villablanca JG, Seeger RC, et al.: Treatment of high-risk neuroblastoma with intensive chemotherapy,
radiotherapy, autologous bone marrow transplantation, and 13-cis-retinoic acid. Children's Cancer Group. N Engl J Med 341
(16): 1165-73, 1999.

5 Berthold F, Boos J, Burdach S, et al.: Myeloablative megatherapy with autologous stem-cell rescue versus oral maintenance
chemotherapy as consolidation treatment in patients with high-risk neuroblastoma: a randomised controlled trial. Lancet
Oncol 6 (9): 649-58, 2005.

8 Pritchard J, Cotterill SJ, Germond SM, et al.: High dose melphalan in the treatment of advanced neuroblastoma: results of a
randomised trial (ENSG-1) by the European Neuroblastoma Study Group. Pediatr Blood Cancer 44 (4): 348-57, 2005.

7 Matthay KK, Reynolds CP, Seeger RC, et al.: Long-term results for children with high-risk neuroblastoma treated on a
randomized trial of myeloablative therapy followed by 13-cis-retinoic acid: a children's oncology group study. J Clin Oncol 27
(7): 1007-13, 2009.
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Dinutuximab reacts specifically with GD2 and has been shown to induce both antibody-dependent cellular
cytotoxicity (ADCC) and complement-dependent cytotoxicity (CDC) in vitro and has been found to
mediate the lysis of several neuroblastoma cell lines in a dose-dependent manner. It may also prevent
attachment of circulating malignant cells to the extracellular matrix.

Claimed indication and recommendation for use and posology

The applicant applied for the following indication: treatment of high-risk neuroblastoma, following
myeloablative therapy and autologous stem cell transplant (ASCT), in combination with
granulocyte-macrophage colony-stimulating factor (GM-CSF), interleukin-2 (IL-2) and isotretinoin.

The final indication following CHMP review of this application is:

Treatment of high-risk neuroblastoma in patients aged 12 months to 17 years, who have previously
received induction chemotherapy and achieved at least a partial response, followed by myeloablative
therapy and autologous stem cell transplantation (ASCT). Unituxin is administered in combination with
granulocyte-macrophage colony-stimulating factor (GM-CSF), interleukin-2 (IL-2), and isotretinoin.

Unituxin is restricted to hospital-use only and must be administered under th ervision of a physician
*

experienced in the use of oncological therapies. It must be administered ealthcare professional

prepared to manage severe allergic reactions including anaphylaxis in% vironment where full

resuscitation services are immediately available. \&\

Unituxin is intended to be administered by intravenous (1V) infusion=for four consecutive days during five
monthly courses at a daily dosage of 17.5 mg/m?. Unituxin i sented as a concentrate for solution for
infusion, with the active substance dinutuximab at 3.5 m in a clear, Type I glass vial (5mL) with a
latex-free bromobutyl rubber stopper and 20mm alumn\QI flip-off overseal. The proposed shelf life is 18
months at 2-8°C, to be used immediately after diIut@\.

The treatment regimen consists of dinutuximal s‘(5M—CSF, IL-2, and isotretinoin, administered over six
consecutive courses. The complete dosin r@lmen is outlined in Table 2

Table 1: Courses 1, 3, and 5 dosing@\edule for Unituxin, GM-CSF and isotretinoin

Day 1 2 3 4m\g 6 7 8 9 10 11 | 12 13 | 14 | 15-24
GM-CSF? X X )S .\\Q" X X X X X X X X X X X
Dinutuximab?® ,;0\ X | X | X [X

Isotretinoin® $\ X | X X X X

1 Granulocyte macrophage colony-stimulating factor (GM-CSF): 250 ug/m?/day, administered by either subcutaneous injection
(strongly recommended) or intravenous infusion over 2 hours.

2 Dinutuximab: 17.5 mg/m?/day, administered by intravenous infusion over 10—20 hours.

3 Isotretinoin: for body weight greater than 12 kg: 80 mg/m? administered orally twice daily for a total dose of 160 mg/m?/day; for
body weight up to 12 kg: 2.67 mg/kg administered orally twice daily for a total daily dose of 5.33 mg/kg/day (round dose up to nearest
10 mg).

Table 2: Courses 2 and 4 dosing schedule for Unituxin and IL-2; Courses 2, 4, and 6 dosing
schedule for isotretinoin

Day 1 2 3 4 5 6 7 8 9 10 11 12-14 | 15-28
IL-2* X | X X X X X X X

Dinutuximab? X X X X

Isotretinoin® X
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L Interleukin-2 (IL-2): 3 MIU/m?/day administered by continuous intravenous infusion over 96 hours on Days 1-4 and4.5 MIU/m?/day
on Days 8-11.

2 Dinutuximab: 17.5 mg/m?/day, administered by intravenous infusion over 10-20 hours.

3 Isotretinoin: for body weight greater than 12 kg: 80 mg/m? administered orally twice daily for a total dose of 160 mg/m?/day; for
body weight up to 12 kg: 2.67 mg/kg administered orally twice daily for a total daily dose of 5.33 mg/kg/day (round dose up to nearest
10 mg).

Unituxin should not be administered as an intravenous push or bolus. It should be administered by
intravenous infusion over 10 hours. The infusion is started at a dose rate of 0.875 mg/m2/h and
continued at this rate for 30 minutes; the rate is then increased to 1.75 mg/m2/h and continued at this
rate for the remainder of the infusion, if tolerated. The infusion duration may be extended up to 20 hours
to help minimise reactions during infusion (see sections 4.4 and 4.8) that do not respond adequately to
other supportive measures. The infusion must be terminated after 20 hours, even if the full dose cannot
be delivered within this timeframe.

Prior to starting each treatment course, refer to Table 3 for a list of criteria that must be evaluated.

Table 3: Clinical criteria that must be evaluated prior to the start of eacr‘?t\reatment course of
Unituxin

Central nervous system (CNS) toxicity ,@v
e Delay course initiation until CNS toxicity is Grade 1 or resolved an@ﬂelzure disorder is well
controlled
Hepatic dysfunction QOV
e Delay initiation of first course until alanine aminotransfe '(ALT) is less than 5 times upper
limit of normal (ULN). Delay initiation of courses 2-6 @tl ALT is less than 10 times ULN.
Thrombocytopenia P -

e Delay course initiation until platelet count is at | 20,000/pL.
e If patient has CNS metastases, delay course i on and give platelet transfusion to

maintain platelet count at least 50,000/uLs ()
Respiratory dysfunction \

e Delay course initiation until dyspnoea@ﬂ!st has been resolved and/or peripheral oxygen
saturation is at least 94 % on roomair

Renal dysfunction \C)

e Delay course initiation until cre&&ne clearance or glomerular filtration rate (GFR) is at least
70 mL/min/1.73 m?

Systemic infection or sepsis ,\\V

e Delay course initiationun‘NBsystemic infection or sepsis has resolved.
Leukopaenia N3

e Delay initiation of‘@‘éourse until absolute phagocyte count (APC) is at least 1,000/uL.
N

’\C)
In addition to the abﬁ@ﬂtena clinician judgement must be exercised in the evaluation of the patient’s
cardiovascular functi (see section 4.2 of the SmPC).

The development programme/compliance with CHMP guidance/scientific advice

Clinical development programme

The U. S. National Cancer Institute (NCI) has led the development of ch14.18 for more than 20 years with
the pivotal Phase 111 trial being conducted by the Children’s Oncology Group (COG). Further to the
significant results reported in that study, the NCI sought a commercial partner to complete the required
development activities to bring ch14.18 to the market.

In July 2010, United Therapeutics Corporation (UTC) entered into a Cooperative Research and
Development Agreement with the NCI to collaborate on the late-stage development and
commercialization of ch14.18. As such, UTC has exclusive rights to the clinical study data from all
NCI-sponsored ch14.18 studies as well as the technical information needed to manufacture comparable
ch14.18.
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As the whole clinical development programme was conducted using product manufactured for NCI, a
bioanalytical comparison of ch14.18 produced by the two processes has been conducted to ensure that
UTC-manufactured ch14.18 is comparable to the ch14.18 that NCl-produced. In addition, UTC is also
performing a PK comparability study in neuroblastoma patients to demonstrate that systemic exposure to
ch14.18 is similar with both products.

Since the premature discontinuation of the pivotal trial (DIV-NB-301) conducted by the COG and the
release of its results in the New England Medical Journal (Yu, 2010), ch14.18 has become part of the
standard therapy for the treatment of high risk neuroblastoma. In Europe, the International Society of
Paediatric Oncology (SIOPEN) has introduced ch14.18 in their ongoing protocol on high risk
neuroblastoma (HR-NBL-1/SIOPEN). Because GM-CSF is not available in Europe and IL-2 may be more
effective than GM-CSF, only the combination with IL-2 is applied (besides isotretinoin). Moreover, due to
the lack of randomised trial showing that the antibody alone was not effective and due to the enhanced
toxicity of the combination, which may need dose reduction of ch14.18, a randomised trial comparing
ch14.18 alone vs. ch14.18 + IL-2 is currently ongoing. It is important to note that the antibody used in
this multinational trial (20 countries) has been manufactured in a CHO cell line, anghas such, is not exactly
the same as dinutuximab produced in a murine myeloma cell line (SP2/0 hyt%%ma cells).

Scientific Advice / Protocol Assistance é\

Dinutuximab having been granted Orphan designation, protocol assi e was received from the CHMP
in 2011 (EMEA/H/SA/2232/1/2011/PA/111) about the comparabilitfbpproach between the NCI and UTC
products, including a limited in vivo study in a relevant species, the presentation of the clinical dossier
with emphasis on several points to be addressed more spe Ily (the primary endpoint of EFS in an
open-label trial without an independent blinded review ¢ ittee; the real contribution of ch14.18 to the
favourable results; the lack of long-term safety datab

S
S

e}\)

2.2. Quality aspects

2.2.1. Introduction QK
Dinutuximab (also referred to, 14.18) is a glycosylated chimeric IgG1 human/mouse monoclonal

antibody (mAb), produced. i @\nurine myeloma cell (SP2/0 hybridoma cell), that incorporates human
constant regions for the h&y chain IgG1 and the kappa light chain, along with the mouse variable
regions targeted spe%gﬁy against human disialoganglioside (GD2). The heavy chain has 443 amino
acids and one glycosylation site (Asn 293), molecular weight 49750 Da to 50075.4 Da. The light chain has
220 amino acids and a molecular weight of 24070.9 Da. The molecular weight of dinutuximab is in the
range of 147,625 — 150,744 Da.

Disialoganglioside is ubiquitously expressed on most neuroblastoma tumours regardless of disease stage
and is abundant on the cell surface. Dinutuximab reacts specifically with GD2 and has been shown to
induce both antibody-dependent cellular cytotoxicity (ADCC) and complement-dependent cytotoxicity
(CDC) in vitro and has been found to mediate the lysis of several neuroblastoma cell lines in a
dose-dependent manner.

Unituxin is intended to be administered by intravenous (1V) infusion. Unituxin is presented as a
concentrate for solution for infusion, with the active substance dinutuximab at 3.5 mg/mL (i.e. 17.5
mg/5mL), in a clear, Type | glass vial (6mL) with a Fluorotec stopper, and an aluminium flip-off overseal.
The product should to be used immediately after dilution.
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2.2.2. Active Substance

General Information

Dinutuximab (also referred to as ch14.18) is a glycosylated chimeric IgG1 human/mouse monoclonal
antibody (mAb), produced in a murine myeloma cell (SP2/0 hybridoma cell), that incorporates human
constant regions for the heavy chain IgG1l and the kappa light chain, along with the mouse variable
regions targeted specifically against human disialoganglioside (GD2). The heavy chain has 443 amino
acids and one glycosylation site (Asn 293), molecular weight 49750 Da to 50075.4 Da. The light chain has
220 amino acids and a molecular weight of 24070.9 Da. The molecular weight of dinutuximab is in the
range of 147,625 — 150,744 Da.

Manufacture, characterisation and process controls
Manufacture

The active substance is manufactured at United Therapeutics Corporation, 1040 Spring Street, Silver
Spring, MD 20910, USA.

The use of a single-tiered cell banking system, consisting only of the MCB,{@initially proposed for the
manufacture of dinutuximab. A working cell bank (WCB) has since been @ ufactured to allow use of a
two-tiered system; release testing is completed, but characterisatio YQ' ill ongoing. The WCB for

ch14.18 production will be implemented once the WCB is released &MP use and should be introduced

into the dossier via a variation procedure. &

The upstream process consists of the thawing of a cell ba@l, cell expansion in a series of flasks,
production in a bioreactor and recovery of the active @ nce. The active substance is purified with a
series of chromatography, viral inactivation and filtration and ultra-/diafiltration steps.

Process validation was based on a full scale apparoach and no claims with regards to a design space or
real-time product release is made. The proc escription and process controls include the revised flow
chart as well as the controls of critical ste@nd intermediates; CPPs and IPCs are defined and correspond
to what is expected to describe and coQ | the process. The establishment of the process parameters
ranges based on Design of Experir& DoE) studies is deemed acceptable.

ICH Q8/Q9/Q10 principles wet, ployed during the development and control strategy for ch14.18.
During manufacturing pro evelopment, both traditional and enhanced (DoE) strategies were
employed. Process valid@ was based on a full-scale approach and no claims with regards to a design

space or real-time p@ct release is made.

Some definitions were only considered for internal use (e.g. well-controlled critical process parameter or
non-critical process parameter) as they are not defined in ICH regulatory guidance (Q8) and thus not fully
supported. The establishment of the control parameters of the harvest bioreactor and the
chromatography conditions based on DoE studies submitted with the dossier are considered acceptable
and the corresponding steps at commercial scale are sufficiently detailed.

Hold time studies for the cell culture and downstream purification process were performed, including
cumulative hold times. Validation of the hold times for the intermediates was submitted in order to
support the requested hold times.

Process validation was successfully performed for the active substance manufacturing process.
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Characterisation

Characterisation of dinutuximab has been performed through analysis of primary, secondary and tertiary
structure, which demonstrates that this is consistent with the expected structure for a monoclonal
antibody. The expected primary structures of the heavy and light chain sequences were confirmed.
C-terminal lysine heterogeneity is observed, in common with other monoclonal antibodies.

The active substance is glycosylated and exhibits various glycoforms. The single N-linked carbohydrate
structure is the expected diantennary structure with microheterogeneity, including variability in the
terminal galactose residues. The main glycan structures are GOF, G1F and G2F, with lower levels of
Mannose 5. The carbohydrate moieties are mostly fucosylated.

Biological activity for active substance was assessed. Product- and process-related impurities were
adequately investigated.

Specification

Dinutuximab is tested for batch release by methods selected to address product racteristics (identity,
purity, potency, general quality), as well as product and process related imp%ﬁes and safety.

N\
Description and validation of the analytical methods for release and stab@stesting of the active
substance are in general considered adequate. s\'\(\

A number of new analytical methods were introduced since the tim@ the initial submission or improved

regarding to the former method used), or still undergoing dey, ment. Validation data has been

provided for release and stability assays, with the establish@t of acceptance criteria justified, in line

with ICH Q6B requirements. The active substance acc@%e criteria are mainly built upon compendial
5

requirements or established based on statistical analy, UTC lots history and process validation studies

A number of the proposed acceptance criteria v&een revised based on UTC batch data. Limits for
excipients have been added to the specificati % Acceptance criteria have been set for the five major
glycans as part of the control process for @&mnoclonal antibody. For alpha-(1,3)-galactose linked
sugars, the acceptance criterion was ti ned based on batch data. Acceptance criteria for levels of
afucosylated glycans and ADCC h%%o been included.

Container closure system Q(b
N\

with low density poly e for the product contact surface, ethyl vinyl alcohol as a gas barrier and
nylon to provide stn&al integrity. The bag material is certified to meet USP Class VI requirements for
plastics and to be free of animal-derived components. The primary closure materials also comply with the
requirements of CHMP/QWP/4359/03. Bulk drug containers are translucent and stored at 2-8°C in the
dark, which is considered acceptable to prevent photodegradation from occurring during bulk storage.

The primary container wég%uximab active substance is a 10 litre bag, comprising a multilayer film,

The Applicant has provided details of extractable studies, showing that levels of extractable from the
bags, filter and tubing are within acceptable limits.

Stability

Stability data under long-term (5° + 3°C/ambient humidity) were provided for three active substance
batches manufactured at United Therapeutics facility in Silver Spring, MD, USA. All the stability data
provided were within active substance acceptance criteria. Additional tests to further assess specific
degradation products are under development. Further stability data has been provided and the limit for
storage of active substance is proposed as 6 months at 2 - 8°C.
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Under accelerated conditions changes were observed in spectrophotometric based assays which could be
associated with changes in protein structure or aggregation. This will be further investigated.

Data to support 6 months storage of active substance has been provided and further studies are
scheduled up to 18 months at 2 - 8°C. However, this is the same storage condition as the finished product
and the cumulative storage time for dinutuximab needs to be considered. Based on the stability results,
the cumulative maximum storage limit is proposed as 24 months, comprising 6 months for active
substance and 18 months for finished product.

2.2.3. Finished Medicinal Product

Description of the product and Pharmaceutical Development

Dinutuximab finished product is provided as a sterile, buffered, aqueous solution of the antibody at 3.5
mg/mL, with Histidine, Sodium Chloride, and Polysorbate 20 in Water for Injections (WFI). An
appropriate titrant is used, as required, to adjust the solution to a target pH of 6.8.\There are no overages
&5 mL vial (17.5mg
dinutuximab). The primary container for dinutuximab is a 5mL/20mm Typ ass vial, with a 20mm
Pxoprlate dosage is removed
from the vial and diluted into a 100 mL infusion bag containing 0.9% s m chloride. The diluted solution

in the dinutuximab formulation and the finished product is supplied in a single
stopper and 20mm aluminium flip-off over seal. For administration, the a@

is held at ambient temperature prior to and during the infusion. (b
Manufacture of the product and process controls Q}
Manufacture of the product Q

The finished product manufacturing process mainly \ ts in a simple 0.22 pm filtration followed by an
aseptic filling into vials. The final batch size of the ka finished product will vary with yield from the active
substance manufacturing process. Active subs e batches are not pooled for manufacture of finished

product. 6\)

Controls are applied for the finished p t manufacturing process, including equipment and container
closure sterilisation and depyroge Q dispensing and pre-filtration limits (including maximum hold
times prior to filtration and fillin %d final filling (including maximum fill duration, 100% fill weight check
and 100% automated stopgecﬁ

also applied for the filled

sence and placement prior to capping). Defect inspection controls are

Validation of the fini@roduct manufacturing process was successfully demonstrated.
Control of excipients

All the excipients (histidine, sodium chloride, Polysorbate 20 and hydrochloric acid) used in the
formulation of the finished product comply with compendial requirements, including Ph. Eur. This is
acceptable.

Specification

Dinutuximab is tested for batch release by methods selected to address product characteristics (identity,
purity, potency, general quality), as well as product- and process-related impurities and safety.

Analytical methods are described in the active substance section, except for extractable volume and
dosage uniformity, endotoxin and sterility. The sterility assay was validated using Bacteriostasis/
Fungistasis (B/F) testing, performed according to USP <71> using the Membrane Filtration Sterility Test,
but all these assays conform to the Ph. Eur. requirements.
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A number of the proposed acceptance criteria have been revised based on UTC batch data. Excipient
content is determined in the active substance specification and are not included in the finished product
specification; this is acceptable.

Reference standards or materials

Reference Standard Lot S110601 appears to be representative of the batches of finished product (from
the lot release data) and analytical testing shows this to be suitable as a reference standard.

Container closure system

The container closure system (5 mL/20 mm Type 1 glass vial with a pre-washed Flurotec B2-40 20 mm
stopper, and an aluminium flip-off overseal) has been described in sufficient detail. Extractables testing
was provided for the stopper, which is acceptable. The vials are stored in a box due to light sensitivity of
the product. Considering the potential photodegradation of the finished product, instructions to keep the
vial in the carton to protect from light are included in the SmPC to avoid this degradation pathway.

Container closure integrity was demonstrated using liquid immersion of the samptes into a solution
containing the microorganism Brevundimonas diminuta. Details have been p@@ded regarding the test,
including the amount of time, pressure and vacuum used in the test. K\

Stability of the product s\'\(\

Five lots of finished product (in vials) were placed on stability und@?ng—term (5 = 3°C/ambient
humidity) and accelerated storage conditions (25 + 2°C/ 60 i%é Relative Humidity). All samples were
stored in the inverted position. The lots were manufacture TC between October 2011 and March
2013. Each lot satisfied all stability acceptance criteria_t last time point tested (four lots were tested
to 24 months, one lot to 18 months) O

Considering the proposed long term storage coqu" ns of the active substance are the same as those of
the finished product, the combined storage ti should be clearly stated. The cumulative maximum
storage time has been set at 24 months, rising 6 months for active substance and 18 months for
finished product at 2-8°C. This shelf li @supported by batch data. The in-use stability after dilution of
the finished product in 0.9% sodiuq@oride is 24 hours at ambient temperature (less than 25°C).

o

Adventitious agents | Q

The MCB and EOP cells wels sayed for adventitious and endogenous agents; it was confirmed that the
in vivo assays were pe d on newborn and adult mice for the MCB according to the “Note for guidance
on quality of biotech&ical products: viral safety evaluation of biotechnology products derived from cell
lines of human or animal origin” (CPMP/ICH/295/95 or ICH Topic Q5A (R1). Regarding the retroviral
contamination detected, it is typical and expected with this type of cells.

A number of orthogonal steps in the manufacturing process have been evaluated for removal or
inactivation of virus. Appropriate model viruses were selected for the study. Cytotoxicity/ interference
assays demonstrated that the process matrix used did not interfere with the tests. Spike and recovery
studies were performed on qualified scale-down models using process intermediates taken from a
representative full- scale manufacturing lots.

Chromatography columns are treated with a standard process for cleaning/regeneration with solutions
containing sodium hydroxide. Summary reports of the viral validation study sanitisation process for the
chromatography columns have been provided.

During the manufacturing process, no product of biological origin is used. Foetal Bovine Serum (FBS) was
used in generation of the initial Master Cell Bank from which the current Master Cell Bank was derived.
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The Applicant has provided details for the FBS used in the initial MCB and the new MCB and a revised TSE
assessment. The source of the FBS in both cases is considered satisfactory.

2.2.4. Discussion on chemical, pharmaceutical and biological aspects

Comparability has been demonstrated between the NCI material used in clinical studies and the proposed
commercial process (UTC material), although the comparability studies were complicated by the age of
the initial NCI material at the time of testing in comparability studies and changes in the analytical
methods. It can be concluded that sufficient comparability has been demonstrated between more recent
batches (post-2010) of ch14.18 manufactured by NCI using the original process and batches of ch14.18
manufactured by UTC using the proposed commercial process. This comparability issue, initially raised as
a Major Objection was satisfactorily addressed by the Applicant and is considered resolved.

The Applicant was not able to provide the required information concerning the source, history and
generation of the cells substrate, which is not in line with the ICH Q5D guideline, but considering the
length of time since the generation of the cell line and submission of the dossier{this can be accepted.
Data based on peer-reviewed literature were provided for the vector develq t and a plasmid map
were provided. Characterisation tests performed for the MCB are the |den8g§ssay, the coding sequence
and the determination of the copy number, which is acceptable. \

Confirmation has been given that the genetic stability performed cells from the manufacturing
process and expanded at small scale is representative of the eﬁetlc stability at commercial scale,
although the scale-down fermenter details have not been pr d to support this. When generating the
new WCB, the Applicant is recommended to make an oduction cell bank and characterise the

genetic stability of both the WCB and EPCB. The use o new WCB will have to be authorised with a

variation. Q

The manufacturing control strategy for the actlé%ubstance is considered satisfactory; process validation
studies demonstrated that upstream and tream manufacturing processes were well controlled.
Critical process parameters and in-proc @%ntrols are applied to the cell culture process, bioreactor
harvest and purification steps. Vahda? f the analytical methods used for the control of the active
substance and finished product h completed; acceptance criteria for active substance and finished
product have been tlghtened | with batch data and justified. Both the active substance and finished
product are stored at 2_80& a maximum cumulative shelf life of 2 years has been proposed (6 months

for active substance an onths for finished product).

A number of issues &med regarding inadequate validation and approach for the replacement,
improvement and development of the analytical methods. Following the additional information provided
by the Applicant, these issues are considered resolved.

Concerning stability, a 6-month and 18-month shelf life at 2-8°C have been justified for active substance
and finished product, respectively. Considering that the activity assays are now considered validated, this
is acceptable. The required in-use stability of 24 hours at ambient temperature (less than 25°C) after
dilution of the finished product in 0.9% sodium chloride is also considered acceptable. The following
statement, in line with the Note for guidance on maximum shelf life for sterile products for human use
after first opening or following reconstitution, has also been included in the SmPC: “From a
microbiological point of view, (...) the product should be used immediately. If not used immediately,
in-use storage times and conditions are the responsibility of the user”.
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2.2.5. Conclusions on the chemical, pharmaceutical and biological aspects

Overall, the quality of Unituxin is considered to be in line with the quality of other approved monoclonal
antibodies. The different aspects of the chemical, pharmaceutical and biological documentation comply
with existing guidelines. The fermentation and purification of the active substance are adequately
described, controlled and validated. The active substance is well characterised with regard to its
physicochemical and biological characteristics, using state-of-the-art methods, and appropriate
specifications are set. The manufacturing process of the finished product has been satisfactorily described
and validated. The quality of the finished product is controlled by adequate test methods and
specifications.

Viral safety and the safety concerning other adventitious agents including TSE have been sufficiently
assured.

The overall Quality of Unituxin is considered acceptable.

2.2.6. Recommendations for future quality development @b

o

In the context of the obligation of the MAHSs to take due account of techné%\and scientific progress, the
CHMP recommended several points for further investigation. \‘g\

2.3. Non-clinical aspects

@
\OQQ

2.3.1. Introduction

The data summarized includes studies conductg{ﬁh ch14.18 and/or its murine anti-human GD2
predecessors (murine Mab 14.18 or 14.G2a). @ese studies evaluated the in vitro and in vivo binding
profiles, mechanism of action and in vivo a mor activity of anti-GD2 therapy. In addition, secondary
pharmacology data were presented to (@ribe the proposed mechanism responsible for the pain
associated with administration of ch14 18 (as observed during clinical studies). Based on the data
submitted, which includes data to@ cribe similarities in binding affinities and similar in vitro and in vivo
biological activities; pharmac mic data generated with murine mab 14.18 or 14.G2a is relevant to
ch14.18. Hence, publishe& a which describe the effects of these antibodies have been submitted in

support of this appli@@

2.3.2. Pharmacology

Primary pharmacodynamic studies

The primary pharmacology data submitted in support of this application are summarised in Table 4.
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Table 4: Summary of primary pharmacology data

Test Article: chl14.18 (murine Mab 1418 and/or 14.G2a)"
Method of Administration/Test . Reference/
Type of Study Test System(s) Articles Testing Facility Study Numk
Primary Pharmacodynamics
Binding 1 tusors Sumor tissses and coll Linss _h;“:l“s NA® Mujoo 1987
M-21 melanoma cells In vitro
Binding to GD?2 antigen Neuroblastoma cells: IMR-6, | 1+18; 14.G2a, murine Mab Nab I\Iugﬂalmo
SMS-KCNR, CHP-134, NMB- 1418 Mejeo
7, SE-N-AS, SM5-EAN
GD2' neuroblastoma cells.
NMB-7, IMR-32, MRS, P Barker 1001
SMS-KCNR, SK-N-AS ch14.18. mearine Mab 14.8 Mueller 1990
Antibody & dent ari -18, -8, NAF
v dep o ty (ADCC) G Kendra 1999
GD?" melanoma cells: M-21, Mujoo :::;
A375 Mujoo
GD2" neuroblastoma cells:
SMS-ECN, SMS-LHN and
o LA-N-1 In vitro 5 2
Annbody dependent cytotoxicity (ADCC) ch14.18% NA a Chen 2000
‘GD2" neuroblastoma cells: @
SK-N-SH .
- 4
Binding to tamors tumor tissues and cell lmes _h:::M 18 ()Q Mujoo 1987
M-21 melanoma cells In vitro S\
N
. )
Binding to GD2 antigen Neurobiastoma cells -, | 1418 14G2 murine M\ Mueller 1990
SMS-ECNR, CHP-134, NMB- 14.18 Mujoo 1987
7, SKE-N-AS, SMS-EAN
GD2" neuroblastoma cells:
NMB-7, IMR-32, IMR-6, Barker 1991
] B SMS-KCNR, SK-N-AS . Mueller 1990
Antibody dependent cytotoxicity (ADCC) NA' Kendra 1999
GD?2" melanoma cells: M-21, Mujoo m’;
A375 Mujoo
GD2" neuroblastoma cn].h:\ s
SMS-ECN, SMS-LHN o
. LA-N-1 In vitro . N
Antibody dependent cytotoxicity (ADCC) chl4.18% NA' Chen 2000

In vitro studies

Binding of murine

R
>

@4.18 to various tumours

To characterise the @@ke of GD2 on different tumour types and identify potential tumour types that
may derive some benefit from ch14.18 therapy, reactivity of murine mab 14.18, the predecessor of
ch14.18, to a series of cultured tumour cells and frozen tumour tissues was evaluated by ELISA or

immunohistochemical analysis, respectively. Murine mab 14.18 reacted strongly with neuroblastoma,
melanoma, glioblastoma and small cell lung cancer tissues, while other tumour types showed no

detectable immunohistochemistry staining. No detectable staining to weak staining was observed for
Ewing’s sarcoma. The staining pattern of murine mab 14.18 measured by ELISA with various human

tumour cell lines confirmed that the antibody recognizes tumours of neuroectodermal origin:

neuroblastoma, melanoma, glioma and small cell lung carcinoma (Table 5)
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Table 5: Murine mAb 14.18 reactivity towards cultured cells

Tumor I Absorbance
Neuroblastoma
LAN-1
LAN-5 Duke
SMS-ECNR
CHP-134
SMS-EAN
NMB-7
IMR-6
SE-N-AS
Melanoma
Melur
A375P
A375 Met
FMS
FMO Met
M-14
M-21

Ghoma

U138 M6 |
Small Cell Lung Carcinoma
T203
NIH-N417
NIH-H-82
NIH-H-69
Other tumor cell lines
Pancreatic carcnoma (fast

growing)
Pancreatic carcinoma (slow

Erowing)
Pancreatic carcinoma 1320

coo [ [ (R R [FEEEEEEE

(metastatic) é
Adenocarcinoma (UCLA-P3) q
Lymphoblastoid cell Enes Q

114 (B cell)

LG-2 (B cell)

MOLT-4 (T cell)
HPB-ALL (T cells) . (\
Absorbance at 492um: 0.15-03 (+); 0306 (+); 0609 (- X
0.9-2.0 (++++); 0-0.050 ()

[Modified from Table 1 in Mujoo 1987)] bo

0

Anti-GD2 binding sites in @I&I’ cell lines

Binding of ch14.18, murine 2 4.18 and/or 14.G2a to a series of neuroblastoma cell lines and the
melanoma M-21 cell line sessed by Scatchard analysis (Mujoo 1987; Mueller 1990). Tumour cells
were incubated withi&@ ing amounts of *?°I-labeled ch14.18 or 125I-labeled 14.G2a.

With respect to the M*21 cells, similar results were obtained with the murine and chimeric GD2
antibodies. The number of binding sites per M-21 cell was 1.5 x 107 for ch14.18 and 1.4 x 107 for 14.G2a.
The Kp was 11.2 nM for ch14.18 and 11.9 nM 14.G2a. Non-specific binding was 5-10% total bound
radiolabel. Murine mab 14.18 bound to all of the neuroblastoma cells tested; however, the number of
GD2 binding sites was variable for the different neuroblastoma cell types, ranging from 110,000 to
267,000 sites/cell.

Effects on antibody-dependent cell cytotoxicity (ADCC)

The ability of ch14.18, murine mab 14.18 or 14.G2a to induce ADCC was evaluated with GD2+
neuroblastoma cell lines NMB-7, IMR-32, SMS-KCNR, IMR-6, SKN-AS and Kelly (Mujoo 1987; Mujoo
1989; Barker 1991; Zeng 2005) and two GD2+ melanoma cell lines, M21 and A375 (Mueller 1990;
Kendra 1999). In the Barker study, ch14.18 or 14.G2a, at concentrations ranging from 0.001 to 2.5
pg/mL, was added to the tumour cells, followed by addition of human peripheral blood mononuclear cells
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(PBMCs) or granulocytes harvested from the venous blood of healthy adult donors or of stage IV
neuroblastoma patients at least 4 weeks after the last therapy.

ch14.18 was capable of mediating the destruction of tumour target cells in the presence of non-adherent
PBMCs (i.e., PBMC fraction enriched for lymphocytes) or granulocytes; while adherent PBMCs did not
stimulate cell lysis. With the use of PBMCs from healthy donors, a ch14.18 dose-dependent increase of
NMB-7 cytotoxicity was observed with the percentage of tumour cells killed ranging from approximately
20% with to approximately 70%. With patient PBMCs, at a E:T ratio of 10:1; the percentage of IMR-32
tumour cells killed was similar across the ch14.18 concentration range of 0.005 to 2.5 pg/mL, ranging
from 33-58%. Background lysis of the tumour cells without ch14.18 was 0% with PBMCs from healthy
donors and ranged from 0-22% with PBMCs isolated from neuroblastoma patients.

As Figure 1 demonstrates, ch14.18 was able to induce more tumour cell lysis in the presence of
neuroblastoma patient granulocytes than in the presence of patient PBMCs(see section 5.3 of the SmPC).

& 2
-‘; v O\\
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2
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O

Ch14.18-mediated Lysis of NMB-7 Neuroblastoma Tumor Cells by %em&:mbq‘nes (boxes) or

PBM(Cs (trmangles) in the Absence (open symbols) or Presence (cl ) of Recombinant Human GM-
CSF. The concentration of ch14.18 and thGM-CSF was 1 yg/'mL ng/mL, respectively. The E:T ratio
was 25:1, 50:1 or 75:1. Percent of cells killed (mean * SD) ov, incubation period are shown. [Figure

7 in Barker 1991]
Figure 1: ch14.18-mediated Iysis@B—? neuroblastoma cells

N

Zeng, et al (Zeng 2005) and , et al (Mujoo 1987) conducted similar experiments except that human
PBMCs were either pre-in I d with IL-2 (200 1U/mL) or added directly to >'Cr labelled neuroblastoma
cells at various E:T ratjo 4 or 20 hours. Zeng, et al demonstrated that the effectiveness of the ADCC
to lyse tumor cells reater with a longer incubation time, higher E:T ratios and higher ch14.18
concentrations. The maximum cytotoxicity was 30% for SK-N-AS neuroblastoma cells and 80% for M-21
melanoma cells. Mujoo and coworkers reported maximum cytotoxicity of 49%, 35% and 20% for
SMS-KCNR, IMR-6 and SL-N-AS neuroblastoma cells with murine Mab 14.18.

In other experiments by Mueller, et al (Mueller 1990) and Kendra, et al (Kendra 1999), *'Cr-labeled M-21
or A375 melanoma tumour cells were incubated with human PBMCs (effector cells) in the presence or
absence of IL-2 and ch14.18 or 14.G2a for 4 hours at 37 °C. The E:T ratios ranged from 6:1 to 200:1, and
the anti-GD2 antibody concentrations ranged from 0.001 to 50 pg/mL. In both sets of experiments a
dose-dependent increase in ADCC was apparent for the two melanoma cell lines across the anti-GD2
antibody concentration range tested within each E:T ratio (see section 5.3 of the SmPC). Kendra, et al
demonstrated that ch14.18, at concentrations as low as 0.005 pg/mL (without IL-2 supplementation),
enhanced the lysis of M-21 cells by fresh human PBMCs (Figure 2). A dose-dependent increase in cell lysis
occurred over the ch14.18 concentration range of 0.005 — 0.1 pyg/mL; lysis then remained similar
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between 0.1 and 5 pg/mL ch14.18. IL-2 supplementation of the effector cells further increased the lytic
potential of ch14.18 at all mAb concentrations.

xo

Lyte wnnd (07 sy

AsLtnsy (RN

Cytotoxicity of M-21 cells by ch14.18 without IL-2 (open bars) and by ch14.18 with IL-2 (closed bars). Each bar 6
represents the mean = SE of 5 normal lymphocyte donors. [Figure 1 in Eendra 1999]

Figure 2: ch14.18-mediated cytotoxicity of M-21 cells in the abse@\and presence of IL-2

\Q
Similarly, Mueller and co-workers showed that maximum specific @5‘\& 25-55% of the M-21 cells was
achieved with ch14.18 at concentrations ranging between 0.5 a@ 0 pg/mL without IL-2
supplementation and that at least 0.1 pg/mL of ch14.18 (w%@dt IL-2) was necessary to obtain
approximately 25% or greater specific lysis of A375 cells Ql noted that ADCC was also observed with
14.G2a under the same conditions, although with 50- t 0-fold less efficiency (whereby 50- to 100-fold
higher concentrations of antibody were required) (\

Chen et al evaluated the ability of ch14.18 anc@effector cells (i.e., neutrophils or PBMCs isolated from

healthy human volunteers) to induce ADC series of GD2-positive neuroblastoma cell lines,
SMS-KCN, SMS-LHN and LA-N-1, and o GD2-negative cell line SK-N-SH. The effector cells
(neutrophils or PBMCs; 0.1 — 100:1 atio), ch14.18 at 0.1- 10 pg/mL and/or rhGM-CSF at 0-250

ng/mL were added to the wells aneNncubated. The results are summarised in Figure 3. ch14.18 in the
presence of either neutrophils MCs induced ADCC (approximately 40% and 20% tumour cell

cytotoxicity after 6 hours, eéectively, and approximately 60% cytotoxicity after 18 hours for both). The
addition of rhGM-CSF a@nted the ch14.18-mediated tumour cell killing only when neutrophils were

the effector cells (ap@Mmately 80 and 90% of the cells were killed after 6 and 18 hours, respectively).
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Calcein-AM labeled SMS-LHN neuroblastoma cells were incubated for 6 or 18 hours with no additions (closed
circles), 10 pg/mL ch14.18 (closed miangles) or 10pg/mlL chl4.18 + 250 ng/mL rhGM-CSF (open triangles).

Cell survival is plotted as mean = SE. [Figure 3 in Chen 2000]
Figure 3: Time course of ch14.18-mediated tumour cell cytotoxicity @
Table 6 depicts the ADCC effect after 7 days of co-culturing neuroblast ells with neutrophils (50:1
E:T ratio), ch14.18 at 10 ug/mL, in the presence or absence of rhG

Table 6: Tumour cell viability after 7 days of treatment Wit@eutrophils, ch14.18 and
rhGM-CSF

(%)
N
Cell line Exp | Neutrophils alone Neantrophils + ch14.18 +chl418 +
(% tumor cell (% tumor cell viability) SQQGM-CSF
viability) AN fumor cell ;ﬂ ity)

SMS-KCN 1 156* 237 3 17+
(GD24) o)

2 104 32+ LR 17+”

3 130 4T N 72

4 140 130 ) 61"
SMS-LHN 1 238* 336\} 30
(GD2+)

2 170 ¢ Q ar

3 177* 2 3557

3 137 N 76 80"
LANI 1 G fb‘ 10°% ot
(GD2+) +ON

2 10+ ~\* (5 1*
SE-N-SH 1 475% 6\\J 448* 563*
(GD2-)

2 g; ND 203*

3 g 141* 168~

3 NS16* 264° 205%

“EXP = expermment; ND = not Getermined; neutrophils = 50:1 E.T ratio; chl4.18 = 10 pg/mL;
rhGM-CSF= 250 ng/mL
*P < 0.05 (Student’s t-test) for tumer growth compared to that of control (tumor cells alone)
*P < 0.05 (Student’s t-test) for growth inhibition compared to the effect of neutrophils alone
[adapted from Table 2 in Chen 2000]

Effects on complement-dependent cytotoxicity

The ability of ch14.18 (0.05 to 50 ug/mL) to induce complement-dependent cytotoxicity (CDC) was
evaluated using melanoma and neuroblastoma cells (Mujoo 1987; Mueller 1990; Zeng 2005). M-21 GD2+
melanoma cells were more sensitive to ch14.18-mediated CDC than A375 GD2+ melanoma cells.

The Kelly cell line was the most sensitive with cytotoxicity of 60 to 80% at 0.1 to 10 pg/mL, whereas the
maximum cytotoxicity of M-21 cells was 80% at 1 pg/mL ch14.18 (with 25% complement). CDC ranging
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from 50 to 95% was also reported for IMR-6, SMS-KCNR, CHP-134, NMB-7, SKN-AS and SMS-KAN
neuroblastoma cells with murine mab 14.18 at concentrations of 5-10 pg/mL (Mujoo 1987).

In vivo studies
Binding of ch14.18 in a melanoma xenograft mouse model

To measure ch14.18 binding to tumour cells in vivo, three separate experiments were performed (Kendra
1999). SCID mice were inoculated IP with M-21 melanoma cells/mouse. For flow cytometry assessments,
animals were sacrificed at 0, 10, 13 or 24 hours after a single IP injection of 0.01, 0.1 or 1.0 mg (~0.5,
5 or 50 mg/kg based on 0.02 kg mouse) chl14. For immunohistochemistry assessments, the animals were
sacrificed 24 hours after antibody administration, and the presence of GD2 antigen or ch14.18 was
detected by immunohistochemical staining.

Figure 7 illustrates the flow cytometry analysis of M-21 tumour cells treated with ch14.18.

In addition, immunohistochemical staining performed on tumours excised 24 hours after antibody
administration demonstrated that the GD2 antigen was homogenously present thtQughout the entire
tumour. The highest dose of ch14.18 tested (1.0 mg) bound to the periphe@he tumour and
penetrated the tumour to a depth of approximately 20 cells. At the mid—dos’g 0.1 mg, ch14.18 binding
was only observed at the periphery of the tumour, and at the low dos Q.Ol mg, no staining was

observed. \
@0

X
&

24 HONE TOTAL BINDING

0 POURS

10 HOURS

O 0w~~~
*
S
Ome evaluated per time point Total bnding was determined by harvesting nodules from mice not
treated wi 14.18 and staining with ch14.18 ex vivo. [Figure 2 in Kendra 1999]

Figure 4: Flow cytometry analysis of M-21 tumor cells extracted from SCID bearing
xenografts and treated with ch14.18

Ch14.18 anti-tumour activity in a melanoma xenograft model

Two experiments (Kendra 1999) were conducted in which C.B.-17 scid/scid female mice (2-8 mice/group)
were injected SC into the right flank with (1) human melanoma cell line M-21(10° cells), (2) M-21 cells +
IL-2 (1,500 I1U), (3) M-21 cells + human PBMCs + ch14.18 (0.5 mg), (4) M-21 cells + 1gG (isotype
control, 0.5 mg) or (5) M-21 cells + IL-2 + ch14.18 + PBMCs. The PBMCs were used at E:T ratios of 3:1,
10:1 or 30:1.

Results are summarised in Table 7.
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Table 7: Effects of ch14.18, IL-2 and/or PBMCs on tumour growth in a mouse model of
melanoma

Experiment | # animals | ch14.18" | IL-2° | PBMC (E:D)° | Tumeor size (cm’)’

1 7 - = - 096,105.08 1651419, 14
(Mean=13*04)

1 8 - . . 2.04, 0.42, 1.05, 0.63, 0.65, 1.68,2.70, 1.28
(Mean=13%0.8)

1 7 Isotype | - = 1.08,2490136,28 399 33
(Mean=34*27)

2 2 = : = 0.54,0.34

2 2 = B 30:1 02,049

2 2 - + 10:1 032, 0.0

2 2 - B 31 0.72,0.72

2 2 B - 30:1 0.0,0.0

2 2 + + 10:1 0.0,0.0

2 2 B + 31 00,00

"Ammals received either 0.5 mg ch14.18 m PBS (+) or PBS alone (-)

*Animals received either 1,500 Units IL-2 in PBS (+) or PBS alone (-)

“Animals were injected with either PBS (-) alone or PBMCs in PBS at the stated E-T ratio

*Tumor nodules were measured 29 days after inoculation in experiment | and 24 days aﬁerinocuhu’oninéﬁnqt
[adapted from Table 1 in Eendra 1999] %

*
o R N\
Prophylactic anti-tumour activity in a neuroblastoma xenograft e model

5

To assess the ability of ch14.18 to inhibit neuroblastoma establishm nd growth, BALB/c athymic
(nu/nu) mice (n=6 animals/group) were given subcutaneous injec@ns of SK-N-AS neuroblastoma cells.
One day later, irrelevant mAb C281 (anti-GD3 mAb) or murin ab or PBS control was administered IP
and repeating on days 2, 4, 6, 8, 13 and 18 after initial tun@ inoculum (Mujoo, 1987).

Starting on Day 10, all animals in the PBS group bega\@ rapidly develop large tumours that ranged in
volume from 1600 to 6800 mm?® on the last day of t@ experiment (Day 23). Similarly, after 9 days,
animals receiving mAb C281 (control) rapidly deyeloeped large tumours with volumes on Day 23 between
600 and 4500 mm?. In contrast, murine mab Q) 8 delayed the development of tumours. Tumours
slowly developed starting on Day 20 with es of 200 to 900 mm® on Day 23. There was no
statistically significant difference betw he PBS control and mAb C281 groups, whereas statistical
significance was achieved on Days%@ when tumour volumes of murine mab 14.18 groups were
compared to the two control grm@

*

The experiment was repeatec@hereby the neuroblastomas were allowed to develop and grow for 9 days.
Animals were given 200 ose (~ 10 mg/kg) of irrelevant Mab C281 (anti-GD3 mAb) or murine mab
14.18 on Days 10, @éand 18. Tumours developed in both groups however animals treated with
murine mab 14.18 devweloped tumours that were statistically significantly smaller when compared with
the irrelevant mAb control on Day 10 and 23.

Secondary pharmacodynamic studies

Severe pain is associated with the administration of ch14.18 in the clinic (Yu, 2010). The mechanism
behind this neurotoxicity was explored during in vivo and ex vivo studies utilising mice, rats, rabbits and
dogs (Vriesendorp, 1997).

Dogs that had been administered 14.G2a displayed significantly reduced distal motor amplitudes when

compared to animals administered low doses of 14.G2a (—0.2 mg/kg) and to control animals, findings

that are indicative of distal axonal dysfunction. In immunohistochemistry studies, 14.G2a was found to
bind to the granular layer of the cerebellum, to the vagus nerves and many of the sciatic nerve fibres in
all of the animals (Vriesendorp, 1997). Despite the reduced distal motor amplitudes and the observation
that 14.G2a binds to many normal nervous system tissues, there was no evidence of histopathologic
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abnormalities, such as demyelination, axonal degeneration, or inflammation in sciatic nerves, vagus
nerves, brachial plexus, lumbosacral roots, sural nerve, or cervical or myenteric ganglia of the dogs
administered 14.G2a.

In addition, three independent studies demonstrated that ch14.18 or 14.G2a administered IV at 0.1 to 3
mg/kg or intrathecally (IT) at 0.01 — 0.1 ng induced rapid and prolonged mechanical allodynia (Slart,
1997; Xiao, 1997; Sorkin, 2002). Bolus administration of ch14.18 at dose levels >0.1 mg/kg resulted in
a clear, reproducible mechanical allodynia in the rat. The effect was fully developed within an hour after
administration and then plateaued for at least 3 hours. Allodynia was still present 24 to 48 hours after
ch14.18 administration, albeit to a lesser extent. This change in somatosensory processing was
accompanied by increases in heart rate and blood pressure.

Safety pharmacology programme
Safety pharmacology studies were performed to investigate the effects of ch14.18 on cardiovascular and
respiratory systems.

Table 8: Summary of Respiratory and Cardiovascular Systems studies.@

Study type / Species / Route of Doses No W)rthy findings
Study Number / Strain administration O
GLP status
Effects on the Cynomolgus 10 hour IV ch14.18: No chang@sn respiratory parameters.
Respiratory and Monkey Infusion 14 mg/kg | Incre in heart rate (2 of 3) and blood
Cardiovascular 3 Male press (1 of 3).
systems tening of PR and QT intervals related to
eased heart rate. No change in corrected QT
SBL354-005 ~(QTc).
Yes \O

Pharmacodynamic drug interactions (}'

No Pharmacodynamic drug interaction st were conducted.

Q\
2.3.3. Pharmacokinetics(&

Formal pharmacokinetic stuo@with ch14.18 have not been conducted, and instead data has been
obtained and summarized \"n the public literature. Data summarized include studies conducted with
ch14.18 and/or its mutie’ anti-human GD2 predecessors (murine mAb 14.18 or 14.G2a).

Two methods for analysis of ch14.18 were developed: a validated method for analysis of ch14.18 in
Sprague Dawley rat plasma and a qualified method for analysis of ch14.18 in Cynomolgus monkey
plasma.

A 28-day repeat-dose toxicity and toxicokinetic study (SBL354-003) was conducted. In this study,
vehicle or ch14.18 was administered to Sprague Dawley rats via IV infusion at increasing doses.

Table 9: TK data of the Toxicological Study SBL354-003

Daily dose 0 (Control) 5 15 45
(mg/kg)
Nb of M: 8 F: 8 M: 8 F: 8 M: 8 F: 8 M: 8 F: 8
animals
Co (ng/mL)
Day 1 NC NC 98000 179000 295000 318000 774000 1020000
Day 22 NC NC 1690 36300 324000 171000 1550000 1120000
AUCo.4an
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(ng-hr/mL)
Day 1 NC NC 358000 307000 930000 939000 2800000 2950000
Day 22 NC NC 12500 33200 889000 418000 5440000 3640000
Ti/2 (1) NC NC NC NC 70.1 70.2 98.2 132
AUC24h-inf NC NC NC NC 15000000 | 1390000 | 159000000 | 153000000
(ng-hr/mL)

After the final dose (Day 25), plasma concentrations of ch14.18 decreased rapidly at 5 mg/kg
(undetectable within 48 hours), gradually at 15 mg/kg (generally undetectable by the third week of
recovery) and were still detectable at 45 mg/kg at the end of the recovery period.

Following IV injection in mice, 1251-ch14.18 targeted and accumulated in the GD2-expressing tumour.
With the exception of the blood, which had similar levels as the tumour, non-targeted, normal tissues had
substantially lower levels of radioactivity at all time-points evaluated. By 4 days post-administration, the
level of 1251-ch14.18 within all tissues was slightly reduced, with the tumour maintaining the highest
levels. Similar results were observed with 1251-14.G2a.

1§[' Uﬂ 14.98, 24 e ~

'

D 14620, 24 hea, \@
12 B ch 1418, 96 Ivs. Q
n : 14.G28, 96 hes @)

W o
—
-

B

i

% Wjecled Doss/gram of Thsue
immrko
<.

! r A o

,g g !Eséhﬁ . * HEJ

.i_ i 'a- -I.-\ ‘gp Y

HEALIELCH Y
[Figure 2 in Mueller 1990] \Qﬁ

Figure 5: Distribution of 12%5@belled ch14.18 in melanoma tumour bearing mice.
S
In the dog, 2 animal@@e maximum dose of 202 mg (—20 mg/kg 14.G2a) had a terminal half-life that

was 14 hours faster t that observed at the low dose of 2 mg (i.e. TBY2 = 22 vs. 36 hours, respectively;
Vriesendorp 1997).

Table 10: Distribution of 14.G2a in the dog

Group | No.of Min-14.G2a Unlabeled- Blood Blood Liver Liver t,, Unine
dogs dose 14.G2a dose e Pue %D %D
H 2 2mg 0 3 hours 36 hours 46% 70 hours 4%
I 2 2mg 200 mg 3 hours 22 hours 53% 58 hours %%
tay» initial rapid clearance from blood; tf»: slower elimination; % ID: percentage of mjected dose [adapted from
Table 2 in (Vriesendorp 1997)]

Bone marrow, spleen and thymus do not show specific targeting with high or low doses of 14.G2a.
Following the high-dose administration of unlabelled 14.G2a uptake occurred in lymphoid tissues

including the tonsils and popliteal lymph nodes similar to uptake at the low-dose while distribution into
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the mesenteric lymph nodes was much more prominent at the high-dose compared to the low-dose. For
the kidney, adrenal glands and liver, ratios for low-dose 14.G2a were similar to the control antibodies
(data not shown). As discussed previously, the significantly elevated liver ratio for the high-dose group (I
group) was likely due to the use of anesthesia. Uptake ratios for the heart, lung, endocrine and
gastrointestinal tissues were between 3 and 7 (data not shown). In contrast, the ratios in CNS tissues
were 10-fold lower, attributable to the blood-brain barrier. The ratio in the pituitary gland (which is not
affected by the blood-brain barrier) was 5, and ratios within the periphery nervous system were 2-7 times
higher than in the CNS tissues.

Administration of a high-dose of 14.G2a was associated with an enhanced uptake of the mAb by the liver
and lymphoid tissue, which was associated with lymph node hyperplasia. While GD2 antigen is present on
tissues of the peripheral and central nervous system 14.G2a did not accumulate to any great extent in
these tissues.

No formal metabolism, excretion or pharmacokinetic drug interaction studies have been conducted.

O

2.3.4. Toxicology (%)
N
Single dose toxicity @)
While no formal single-dose toxicology studies were conducted, stu@tha’c have been published
demonstrating that major adverse events or deaths were not re c{&d following single dose
administration of ch14.18 and 14.G2a in mice, rats, rabbits, éd

o

0gs.

Table 11: Summary of single-dose toxicity studies

Species / Method of N Major findings
Study ID / Administration / O
GLP Doses (mg/kg) 7/ Q
Duration f\"
Mice AQ\J
SJL Mouse 1P OlQ\;Jéd Maximum Nonlethal Dose = 1600 mg/kg
Vriesendorp 14.G2a: 8-32 mg um nonlethal daily dose = 4800 mg/m2 ; multiple of Human = 274
1997 (400-1600 mg/ 4%:.62a bound to the granular layer in the cerebellum, myenteric ganglia
No based on 0.0Z% d dorsal root ganglia, sciatic nerves.
mouse) 14.G2a did not result in clinical, electrophysiological, or histological
4x ferﬁg findings of neuropathy.
lode
Rat \]
7.2
Lewis rat %\v v Observed Maximum Nonlethal Dose = 80 mg/kg
Vriesendorp Maximum nonlethal daily dose = 480 mg/m2 ; multiple of Human = 27
1997 14.G2a: 2-20 mg | 14.G2a bound to the granular layer in the cerebellum, myenteric ganglia
No (8-80 mg/kg based | and dorsal root ganglia, sciatic nerves.
on 0.25 kg rat) 14.G2a did not result in clinical, electrophysiological, or histological
11x Female findings of neuropathy.
1-day
Sprague-Dawley rat v Observed Maximum Nonlethal Dose = 10 mg/kg
Slart 1997 Maximum nonlethal daily dose = 60 mg/m2 ; multiple of Human = 3
No ch14.18: 0, 0.1, 1, | 0.1, 1, 3, 10 mg/kg:
3, 10 mg/kg Animals treated with all 4 dose levels of ch14.18 had statistically
significantly lower pain thresholds and thus higher percent maximum
4 to 6x Male allodynia than the saline control animals.
Touch Evoked Agitation (TEA) was significantly increased in the 0.1, 1 and
1-day 3.0 mg/kg groups on Day 1 and increased but not statistically significantly
in the 10 mg/kg group. By Day 2-3 after antibody injection, 1, 3 and 10
mg/kg groups showed statistically significant increases in TEA compared to
saline control.
1, 3 and 10 mg/kg:
An immediate and precipitous drop in mechanical threshold which
plateaued about an hour after antibody injection and was maintained for
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Species /

Method of

Major findings

Study ID / Administration /
GLP Doses (mg/kg) 7/
Duration
the remainder of the 2.5 hour of testing. 24 and 48 hours after ch14.18
administration thresholds increased compared to the acute response;
however, there was still statistically significant allodynia for animals that
had received 1.0 and 3.0 mg/kg of ch14.18, but not 10.0 mg/kg when
compared to the saline group.
Sprague-Dawley rat v Observed Maximum Nonlethal Dose = 1 mg/kg
Xiao 1997 Maximum nonlethal daily dose = 6 mg/m2 ; multiple of Human = 0.3
No ch14.18: 0, 1 After ch14.18 administration, animals presented with allodynia starting
mg/kg within the first 15 minutes, which then plateaued between 45-60 minutes.

14.G2a: 0, 1 mg/kg

14.G2a showed the same trend and timing, but at a smaller magnitude.
Animals treated with ch14.18 or 14.G2a had limited locomotor activity in

4 to 8x Male general and did not stand upright against the side of the cage.
Following ch14.18 or 14.G2a administration, a high incidence of
1-day background activity (i.e., electrical activity prior to mechanical
stimulation) was observed in primary afferent fibers in the sural nerve.
There was minimal activity in AB fibers (slowly adapting), whereas
background discharge was apparent in a significant percentage of Ad fibers
rapidly and slowly adapting) and was the prevaleqt condition in C-fibers.
A bolus injection of 15 mg/kg of lidocaine or tinuous infusion of
lidocaine suppressed the ch14.18-mediate ground activity >50%
when lidocaine plasma concentration was{«&ater than 0.3 pg/mL.
Sprague-Dawley rat IVorlT Observed Maximum Nonlethal Dose = \_]/kg
Sorkin 2002 14.G2a IV: 0, 1.0, | Maximum nonlethal daily dose = 1 m2 ; multiple of Human =1
No 3.0 mg/kg 1V bolus of 14.G2a displayed a statistically significant decrease in 50%
14.G2a IT: 0, 0.01, | probability mechanical withdra eshold over the 3 hours following
0.05, 0.1, 0.5 ng |administration.
4 to 8x Male Thermal withdrawal thresf@ were unaffected by 14.G2a at either 1.0 or
1-day 3.0 mg/kg dose levels.
Intrathecal administrafi f 14.G2a resulted in a dose-dependent
decrease in mech hreshold for the three lower doses (0.01, 0.05 and
0.1 ng). However, at the highest dose level (0.5ng) the mechanical
threshold did éiﬁer from baseline, although the animals reacted with
whole bo ﬁ@rections and/or startling response but did not lift the
stimulateéaw, a reaction not observed at any other dose level.
All ani retreated with capsaicin then with intrathecal 14.G2a reacted
to nical stimulation in a similar manner to that at baseline
th out the study.
trathecal administration of 14.G2a at any dose level did not produce a
\\ o ange in thermal threshold.
Rabbit
o)
New Zealand white v ’\\‘ Observed Maximum Nonlethal Dose = 22 mg/kg
Rabbit 14.G2a. ’\ﬁ}lo mg | Maximum nonlethal daily dose = 264 mg/m2 ; multiple of Human = 15
Vriesendorp (0.8- g/kg
1997 b @on 1.8 kg 14.G2a bound to the granular layer in the cerebellum, myenteric ganglia
No @rabbit) and dorsal root ganglia, sciatic nerves.
5 x Male
1-day 14.G2a did not result in clinical, electrophysiological, or histological
findings of neutopathy.
Dog
Beagle dog \Y Observed Maximum Nonlethal Dose = 0.2 mg/kg
Vriesendorp Maximum nonlethal daily dose = 4 mg/m? ; multiple of Human = 0.2
1997 14.G2a: 2 mg (0.2 | 14.G2a bound to the granular layer in the cerebellum, myenteric ganglia
No mg/kg based on 10 | and dorsal root ganglia, sciatic nerves.
kg dog) High-dose of 14.G2a in dogs produced signs of neurotoxicity,
2 sex not reported | characterized as reduced distal motor amplitudes, indicative of distal
1-day axonal dysfunction.
Monkey
Cynomolgus v Observed Maximum Nonlethal Dose = 21 mg/kg
Monkey ch14.18: 10.5 or 21 | Maximum nonlethal daily dose = 252 mg/m? ; multiple of Human = 14
SBL354-004 mg/kg Foreskin swelling noted in both ch14.18 dose groups.
No 2M/group Vomiting noted in high dose group within 30 minutes of dosing
1-day
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Repeat dose toxicity

Table 12: Summary of repeat-dose toxicity studies

Species / Method of Non-Lethal Major findings
Study ID / Administration dose
GLP /Duration / (mg/kg/d)
Doses (mg/kg)
Dog
Beagle dog v 202 mg/kg | 14.G2a bound to the granular layer in the cerebellum, myenteric
Vriesendorp over 5 days | ganglia and dorsal root ganglia, sciatic nerves.
1997 14.G2a: ~ 40 High-dose of 14.G2a in dogs produced signs of neurotoxicity,
No mg/day (4 mg/kg characterized as reduced distal motor amplitudes, indicative of
based on 10 kg distal axonal dysfunction.
dog)
2, sex not reported
5-day
Rat
Sprague-Dawley v NOAEL < 5 | Erythrocyte count, hemoglobin concentration, and/or
rat ch14.18: 5, 15, or mg/kg hematocrit values were decreased slightly in males at 15 mg/kg
SBL354-003 45 mg/kg and in females at 5 and 15 mg/kg. In addition, changes
Yes 10/sex/group indicating hematopoiesis (high reticulecyte ratio and/or platelet
PIVOTAL STUDY | duration of dosing: count, increased cellularity of the I—%tatopoietic cells in the
4 weeks femoral and sternal bone mar (@ and/or extramedullary
duration of hematopoiesis in the liver and® en) were observed in both
post-dose: 6 sexes at doses =5 mg/kg. Hi% een weight was noted in both
weeks sexes at doses = 15 mg/
Leukocyte counts (mai %nphocyte and neutrophil counts)

were increased in male 15 mg/kg and above, and in females
at 45 mg/kg. In munophenotyping of lymphocytes,
CD3-NKR-P1A+ cells (NK cells) were increased in both sexes at
doses =15 g. In histopathology, granulomatous
inflammatio e lung, ileum, and Peyer’s patch was observed
t 45 mg/kg, and hemorrhage in the lamina
ular layer of the ileum was observed in males at 45
mg@lncreased lung weight was also noted in females at 45
h

m .
t! changes in hematology and blood chemistry included low
(egsinophil count and A/G ratio, and high total protein, globulin,
Qpand Ca+2 in both sexes at doses =5 mg/kg. Prolongation of
b prothrombin time (PT) and activated partial thromboplastin time
O (APTT) in males at doses =5 mg/kg, and high monocyte and
\ basophil counts and low potassium in females at 45 mg/kg were
\Q noted.
Other changes in organ weight and histopathology included
. increased adrenal weight noted in females at doses 25 mg/kg,
. c)\ increased number of germinal centers in the white pulp in the
6\ spleen in males at 45 mg/kg and in females at doses 215 mg/kg.
@ LIVER CHANGES:
In histopathology, abnormal cell division (anisonucleosis of the
@ hepatocytes, increased number of mitosis, and diffuse basophilic
change of the hepatocytes) was observed in males at doses of
>15 mg/kg and in females at doses =5 mg/kg.
Centrilobular congestion and increased number/hypertrophy of
the Kupffer cells (potentially the result of circulatory
disturbances) were observed in both sexes at doses =5 mg/kg.
Hepatocellular necrosis and pericentral vein/interlobular fibrosis
were observed in 3 and 1 male respectively at 45 mg/kg, and
pericentral vein/interlobular fibrosis was observed in 2 females
at 5 mg/kg.
In organ weight, increased liver weight was observed in both
sexes at doses = 15 mg/kg.
In blood chemistry, high aspartate aminotransaminase (AST),
alanine aminotransaminase (ALT), and total cholesterol in both
sexes and high ALP in females were noted at 45 mg/kg, high ALT
and total cholesterol were noted in both sexes at 15 mg/kg, and
high total cholesterol was noted in females at 5 mg/kg.
(NOAEL) for males and females was lower than 5 mg/kg/day
based on the liver-related changes, the slight decrease in
erythrocyte parameters, and changes related to hematopoiesis
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Species /
Study ID 7/
GLP

Method of
Administration
/Duration /
Doses (mg/kg)

Non-Lethal
dose
(mg/kg/d)

Major findings

observed in both sexes at 5 mg/kg and above.

Genotoxicity

No in vitro/in vivo genotoxicity studies have been conducted or are planned with ch14.18.

Carcinogenicity

No carcinogenicity studies have been conducted.

Reproduction Toxicity

No reproductive and developmental toxicity studies have been conducted.

Toxicokinetic data

The following table summarises the toxicokinetic data with ch14.18

Table 13: Overview of TK data

%)

*

O

PAN
Dose Level Cmax Multiple of Human AU ~ Multiple of Human
pg/mL (Cinax) HgZFRK/mL (AUC)
Human 2 - -
25 mg/m’ 14 (‘0 00d
Rat (SBL354-003) -
30 mg/m’ 190 1.4 < ND
2
90 mg/m 2480 17.7 < 8195 3.2
270 mg/m? 13350 95 O 156000 60
N

ND - Not Determined

a - Desai et al. J Clin Oncol 30, 2012 (S; abstr 9576)
b - Determined as CO on Day 22 (day 1 of cycle 4),
c - AUC,4.ins after 4th weekly cycle of treatment, me

final dose is missing)

d - Mean AUCo.inf

Local Tolerance

No local tolerance studies ha@
\)

Other toxicity studiesgb

Tissue cross-reactivi

Table 14: Summary of repeat-dose toxicity studies

>

en conducted.

O

60
)
Q\

amvof male and female rats
male and female rats (therefore 24 hrs of exposure post the

udies were conducted on normal or malignant frozen tissue.

Species / Method of Non-Lethal Major findings
Study ID / Administration dose
GLP /Duration / (mg/kg/d)
Doses (mg/kg)
Tissue Fresh frozen Murine MAb 14.18 bound to adult cerebellum and fetal brain.
Cross-Reactivity normal human All other tissues tested showed negative staining.
Mujoo 1987 tissues
No in vitro
Murine Mab 14.18
(concentration
used for staining
was not reported)
Tissue Fresh frozen Little to no reactivity could be detected with murine Mab 14.18.
Cross-Reactivity normal human
Cheresh 1986 tissues
No in vitro
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Species / Method of Non-Lethal Major findings
Study ID / Administration dose
GLP /Duration / (mg/kg/d)
Doses (mg/kg)
Murine Mab 14.18
(concentration
used for staining
was not reported)
Tissue Fresh frozen Staining with ch14.18 was present in the juvenile human tissue
Cross-Reactivity normal human panel as summarized below:
IM2038 tissues (juvenile - Membrane/membrane granules in the following tissue
Yes and adult) elements:
in vitro o epithelium in the kidney (tubules), skin (epidermis), and
ch14.18: 2 and 10 thymus (reticular)
ug/mi o endothelium in the majority of tissues

o mononuclear cells in the gastrointestinal tract (colon,

esophagus, small intestine, and stomach), heart, liver (may

include Kupffer cells), lung, pancreas, skin, spleen, thymus,

tonsil, and urinary bladder

o reticuloendothelium in the spleen

o reticular cells in GALT in the small intestine

o chromaffin cells in the adrenal med

o glomerular tuft cells in the kidney;

o hilus cells in the ovary . %

o granulosa cells in the ovary \

- Cytoplasm/cytoplas@\granules in the following tissue

elements:

o epithelium in the

(tubules), lung (pne

thymus (reticular)al
he skin (sweat glands)

o myoepitheliun@
o endothelit@ e majority of tissues

ei?g gus (submucosal glands), kidney
ytes), prostate, skin (sweat glands),
tonsil (mucosa and crypts)

0 stroma/st{o cells in the majority of tissues

o smootK cytes in the gastrointestinal tract (esophagus and

stomagch)»prostate, urinary bladder, and uterus (endometrium)

o ﬁnuclear cells in the gastrointestinal tract (colon,
sd%agus, small intestine, and stomach), heart, liver (may

ﬁeﬁdude Kupffer cells), lung, pancreas, skin, spleen, thymus,
nsil, and urinary bladder

o reticular cells in GALT in the small intestine

o adipocytes in the adrenal, colon, pancreas, skin, and spinal

cord

o Schwann cells in the adrenal, gastrointestinal tract

(esophagus, small intestine, and stomach), heart, kidney, liver,

ovary, pancreas, prostate, skin, spinal cord, spleen, striated

(skeletal) muscle, testis, thyroid, urinary bladder, and uterus

(endometrium)

0 endoneurium in the heart, ovary, striated (skeletal) muscle,

and urinary bladder

o myenteric plexus (including neurons [ganglion cells] and

reserve cells) in the gastrointestinal tract (colon, esophagus,

small intestine, and stomach)

o ganglion cells (including neurons and reserve cells) in the

prostate

0 neurons in the brain (cerebrum)

o glial cells in the brain (cerebrum) and spinal cord

o neuropil in the brain (cerebrum) and spinal cord

o chromaffin cells in the adrenal medulla

o glomerular tuft cells in the kidney

o granulosa cells in the ovary

o theca cells in the ovary

Staining with ch14.18 was present in the adult human ovary and

testis as summarized below:

- Membrane/membrane granules in the following tissue

elements:

o hilus cells in the ovary

o seminiferous epithelium in the testis

o interstitial (Leydig) cells in the testis

o endothelium in the ovary and testis

- Cytoplasm/cytoplasmic granules in the following tissue
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Species / Method of Non-Lethal Major findings

Study ID / Administration dose
GLP /Duration / (mg/kg/d)

Doses (mg/kg)

elements:

o granulosa cells in the ovary

o luteal cells in the ovary

o theca cells in the ovary

o seminiferous epithelium in the testis

o interstitial (Leydig) cells in the testis

o endothelium in the ovary and testis

o stroma/stromal cells in the ovary and testis

Conclusion:

Staining with ch14.18 was present in numerous tissue elements
throughout the juvenile tissue panel, as well as in adult human
ovary and testis. In general this staining was consistent with
reported sites of Gp, expression.

Then in general, the staining was consistent with reported sites
of Gp, expression.

However no previous reports describing the expression of Gp, by
reproductive elements of the ovary and testis, endothelium,
adipocytes or glomerular tuft cells re identified, therefore
staining in these tissue elements represent previously
unreported sites of Gp, expressi or cross-reactivity with
another epitope(s) closely reIa@& Gpz.

Tissue Fresh frozen Staining with ch14.18 ge@ly consistent with literature
Cross-Reactivity | normal rat tissues reports. However no pre reports describing the expression
of Gp, by endotheliu or perithelium, cardiac muscle,

IM2189 in vitro chondrocytes or reprqﬁve elements of the ovary, placenta or
testis were identifigd, therefore staining in these tissue elements

Yes ch14.18: 2 and 10 may represent jously unreported sites of Gp, expression or

ng/mli cross—reacti;i\ h another epitope(s) closely related to Gps.
Tissue Fresh frozen Stainin%@n' ch14.18 generally consistent with literature
Cross-Reactivity normal rabbit reports. ever no previous reports describing the expression
tissues of G y mesothelium, endothelium or perithelium, skeletal
IM2190 m , chondrocytes, or reproductive tissue elements of the
in vitro ’b't@ry, placenta or testis were identified, therefore staining in
Yes Nthese tissue elements may represent previously unreported
ch14.18: 2 and 10 &’sites of Gp, expression or cross-reactivity with another

ug/mi epitope(s) closely related to Gp;.

Py

4

2.3.5. Ecotoxicity/envir(?g(%ntal risk assessment

No environmental risk assess\@nt was submitted for dinutuximab.

<
2.3.6. Discuss@on non-clinical aspects

Dinutuximab (or the murine monoclonal antibody 14.18) has been administered to mice, rabbits, rats,
and dogs in single- or repeat-dose regimens that exceed the dose that is used clinically (see section 5.3
of the SmPC).

The binding of murine mab 14.18 (the predecessor of ch 14.18) with various human tumour cell lines was
evaluated and the antibody was shown to recognise tumours of neuroectodermal origin: such as
neuroblastoma, melanoma, glioma and small cell lung carcinoma. The murine mab 14.18 bound to all of
the neuroblastoma cells tested; however, the number of GD2 binding sites was variable for the different
neuroblastoma cell types.

Data from the literature demonstrate that ch14.18, and to a lesser extent 14.G2a, have the ability to kill
both neuroblastoma and melanoma cells via an ADCC mechanism. There is also some evidence to
suggest a CDC mechanism. Lymphocytes and granulocytes, particularly neutrophils, may be the primary
cell populations responsible for ch14.18 mediated tumour cell cytotoxicity, and the activity of these
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effector cells was maintained in neuroblastoma patients that have been on induction therapy. Finally,
soluble cytokines such as rhGM-CSF and rhlL-2 enhance the ch14.18-mediated lysis of tumour cells,
which may be useful in optimizing the anti-tumour effect of ch14.18.

In vitro, both neutrophils and PBMCs have been shown to mediate ADCC with ch14.18 in the short-term
(up to 18 hours). Increased ADCC was dependent upon ch14.18 concentration, effector cell number, and
the addition of rhGM-CSF increased cytotoxicity of neutrophils but not PBMCs. Over the long-term (7
days), at a high effector-to-target cell ratio and high ch14.18 concentration, neutrophils, particularly in
the presence of rhGM-CSF, inhibited growth of GD2-positive cell lines, whereas under the same conditions
growth of the GD2 negative cell line, in which ADCC could not be triggered, was stimulated. However, any
tumour stimulatory effect induced by the hematopoietic cells alone on GD2 positive cell lines was
overcome by the addition of ch14.18 in the presence or absence of rhGM-CSF.

The augmentation of cell lysis and ADCC in the presence of IL-2 and GM-CSF, respectively, therefore aims
to optimise cytotoxicity in vivo and is therefore supportive of the proposed treatment regimen.

In vivo, in SCID mice bearing M21 xenografts, following intraperitoneal administré'\on of ch14.18, there
was a dose-dependent distribution within the tumour. In a separate study, admiristration of ch14.18 with
PBMCs and IL-2 prevented the establishment and growth of GD2+ melanoqu umours, whereas
treatment with ch14.18 alone or PBMCs and IL-2 alone had no effect our growth.

Administration of anti-GD2 antibodies IV and intrathecally led to a,?bid onset of mechanical, but not
thermal, allodynia that was prolonged, for at least 48 hours. This,qa accompanied with an increase in the
peripheral nerve background activity of AR, Ad and C-type fi @3 which was reduced with lidocaine and
fully blocked with capsaicin, demonstrating an involveme ptidergic fine afferent fibres. Most likely
the antibody induces pain (mechanical allodynia) by bn@g to GD2 antigen on peripheral nerves and/or
myelin. Although, the administration of dinutuxima@id not seem to be associated with peripheral

neuropathy, it is noted that these studies invol he administration of a single dose only. A
cardiovascular and respiratory safety pharm gy study conducted in the cynomolgus monkey
demonstrates that continuous intravenou inistration of ch14.18 resulting in plasma concentrations

greater than 10- fold (C,,ax) those obs @j clinically (Desai, 2012) showed minimal effects on the
n&erate increases in blood pressure and heart rate, and there were

cardiovascular system, consisting ;f

no observed effects on ECG paral rs or on the respiratory system. It is possible that increased heart

In the rat, rapid eliminati \f ch14.18 after the final dose indicates a potential anti-drug antibody
response which was ed only at 5 mg/kg/day. After the final dose, plasma concentrations of ch14.18
decreased rapidly at 5>mg/kg (undetectable within 48 hours), gradually at 15 mg/kg (generally
undetectable by the third week of recovery) and were still detectable at the maximum dose of 45 mg/kg

at the end of the 6-week recovery period. In these studies, the Applicant has indicated that ch14.18

rate and blood pressure are '@qult of indirect mechanisms such as a response to pain.

plasma concentrations were up to ~100-fold greater than the observed clinical exposures.

Following 1V injection, **®*1-ch14.18 targeted and accumulated in the GD2-expressing tumour. With the
exception of the blood, which had similar levels as the tumour, non-targeted, normal tissues had
substantially lower levels of radioactivity at all time-points evaluated. The chimeric ch14.18 and murine
14.G2a antibodies displayed identical blood clearance kinetics, and there appeared to be no difference in
their ability to target GD2-expressing tumour xenografts in nude mice.

A large difference in half-life (14 hours) was observed in a study investigating distribution of 14.G2a in
dogs. Initially, a potential mechanism for this large difference in half-life was requested. However the PK
profile associated with administration of a murine antibody (14.G2a) in the dog was considered to have
limited clinical relevance considering the pharmacokinetics of the actual drug product, ch14.18, has been
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more recently well characterized in man. Hence, no further clarification on the difference in PK profile was
sought.

In separate studies conducted in the dog, six days post-injection of the maximum dose (202 mg) of
14.G2a was associated with an enhanced uptake by the liver and mesenteric lymph nodes. The
anaesthesia used caused reversible blood pooling in splanchnic organs and may have contributed to the
liver accumulation. The high 14.G2a levels in the lymph node correlated with microscopic changes of mild
distension of the subcapsular sinusoids and large follicles with pale germinal centres in the cortex. Very
little 14.G2a penetrated the blood-brain barrier, and 2 - 7 times more radioactivity was detected in the
peripheral nervous system than in the central nervous system. Although these data suggest that ch14.18
does not cross the blood-brain barrier in appreciable amounts, during immunohistochemistry studies,
14.G2a was found to bind to the granular layer of the cerebellum, to the vagus nerves and many of the
sciatic nerve fibers. Moreover, as outlined previously, single doses of the proposed product, caused a
significant reduction in distal motor amplitude. Low motor amplitudes are not fully explained; however it
has been suggested that this could be due to binding of 14G2a to GD2 in the axon disrupting normal
axonal function. It has also been postulated that the observed effect could be aGc,ult of cytokine

production and that the corresponding hyperplastic lymph nodes are indicatiy, a robust immune
response to a mouse antibody. The release of cytokines has been described.Q\ potential mechanism for
the pain experienced in man. \Q

No formal metabolism studies have been conducted however IgG wodies are predominantly cleared
via catabolism to small peptides and individual amino acids. &

The repeated-dose study in the rat appears to be adequate i rms of the maximum dose evaluated. No
clinical signs of CNS toxicity were observed. Findings of n included treatment related adverse reactions
of the liver (characterized by centrilobular congestio %normal cell division, hepatocellular necrosis and
pericentral vein/interlobular fibrosis) which may ated to circulatory disturbances and changes
indicative of increased hematopoiesis (high reticulocyte ratio and/or platelet count, increased cellularity
of the hematopoietic cells in the femoral a Q}ernal bone marrow, and/or extramedullary hematopoiesis
in the liver and spleen). These changes noted to be very slight to slight in severity and recovered or
tended to recover following the cessat'@of dosing. The CHMP notes that a NOAEL has not been identified
for the 28-day study in the rat. T&p ncipal findings appear to affect the liver, and it is noted that the
increased ALT for e.g. is Iisteds\ e on the adverse reactions within the SmPC.

However, to date, only a ¥ of 28 days duration has been conducted. Given that this is the first
molecule of its class, the P was of the view that the incidence and extent of this peripheral neuropathy
following repeated a&

would benefit from further investigation. The Applicant will conduct further non-clinical investigations
post-authorisation, in order to fully characterise the effects of dinutuximab on peripheral nerves (see

ihistration, the underlying pathophysiology, and the potential for reversibility

RMP). The Applicant has suggested that a juvenile toxicity study in monkeys of 5 months duration will be
performed in order to evaluate the effects of dinutuximab on the central and peripheral nervous system.
However, the CHMP are of the view that studies in non-human primates are not necessary to fulfil this
request. Non-clinical data generated in a single study using one species, along with additional monitoring
in patients should provide additional information that would lead to improved information and advice for
the prescriber.

GLP tissue cross-reactivity studies were conducted with rat, rabbit and human tissues: staining with
ch14.18 was generally consistent with reported sites of GD2 expression. This information confirms the
relevance of rat and rabbit as relevant species in accordance with ICH S6. However, no previous reports
describing the expression of GD2 by endothelium or perithelium, cardiac muscle, chondrocytes or
reproductive elements of the ovary, placenta or testis were identified, therefore staining in these tissue
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elements may represent previously unreported sites of GD2 expression or cross-reactivity with another
epitope(s) closely related to GD2.

The Applicant’s rationale for not performing genotoxicity studies is deemed to be acceptable.

There is no direct evidence to suggest that anti-GD2 therapies do not have the potential to stimulate cell
proliferation of healthy/normal cells. However, there is a wealth of evidence to support the fact that
anti-GD2 therapies such as dinuxituximab suppress the growth of not only neuroblastomas, but small cell
lung cancer cells, and melanoma cells as well. The Applicant has also confirmed that a positive correlation
exists between GD2 expression and cell proliferation in a cell type that is not related to the proposed
indication. Hence, on the basis of the data provided, it is agreed that the potential for the dinuxtuximab
to cause carcinogenicity is low and that the absence of carcinogenicity studies is justified.

The lack of studies to determine the effects on fertility and embryofoetal development is accepted, given
the proposed indication. In the repeat-dose toxicity studies, administration of dinutuximab in male and
female rats resulted in no adverse effects on reproductive organs at exposures that were at least 60 fold
higher than those observed clinically. However, in light of the potential expressicbof GD2 in the

reproductive tract and the fact that the proposed product could be administer patients up to the age
of 17, at the request of the CHMP, the Applicant has discussed the effects Q\ ck thereof) on male and
female fertility as observed during the repeated-dose studies and the of information available has

been included within the SmPC (see sections 4.6 and 5.3 of the Sm@-

In addition, because of the limited reproductive toxicity data, di u@;dmab is not recommended during
pregnancy and in women of childbearing potential not using raception. It is also recommended that
women of childbearing potential use contraception for 6 after discontinuation of treatment with

dinutuximab. \O

Injection site reaction is listed as a common adveQQQvent within the SmPC, so from a non-clinical
perspective, no further action is warranted. (},

In accordance with the Guideline on Enviro ntal Risk Assessment of Medicinal Products for Human use
[CHMP/SWP/4447/00], proteins are e @t from the need for an environmental risk assessment.
Therefore, no environmental risk aQQment was provided and none is required.

o

2.3.7. Conclusion on\@&non—clinical aspects

In conclusion, the n(wcal studies (pharmacology, pharmacokinetics and toxicology), submitted for
the marketing authonsation application for dinutuximab were considered acceptable for the assessment
of non-clinical aspects. Non-clinical data reveal no special hazard for humans based on conventional
studies conducted to date. These studies support the current dinutuximab dosing regimen of 17.5
mg/m?/day administered for four consecutive days during five monthly courses.

The CHMP considers the following measures necessary to address the non-clinical issues:

- To conduct additional nonclinical research to evaluate the incidence and extent of peripheral and central
nervous system toxicity following repeated administration of dinutuximab, the underlying
pathophysiology, and the potential for reversibility.

Assessment report
EMA/CHMP/408316/2015 Page 39/98



2.4. Clinical aspects

2.4.1.

Introduction

The NCI has sponsored 11 clinical trials with ch14.18 including four in adult subjects with melanoma and
seven in paediatric subjects with neuroblastoma. All these studies have used the product manufactured
for the NCI. Four additional studies have been conducted in subjects with neuroblastoma outside the NCI.
Finally, UTC has performed a pharmacokinetic study comparing the product to be commercialised with the
NCI product.

GCP

The applicant has provided a statement to the effect that clinical trials conducted outside the community
were carried out in accordance with the ethical standards of Directive 2001/20/EC.

e Tabular overview of clinical studies

Study Study Description Sample Size Test Product( @osage Regimen | Durati
Identifier % on of
O\ Treat
ment
NCI Sponsored Studies in Subjects with Neuroblastoma
POG-9347 Open-label efficacy and tolerability Recurrent :I.(QS: 50 mg/m?/day IV over 5 14 days
study of ch14.18 + GM-CSF in Neuroblastoma éurs X 4 days
(Yu 1997) subjects with recurrent C M-CSF: 10 mcg/kg/day x 14 days IV
neuroblastoma (n=32) O\Por sc
CCG-0935 Open-label, dose escalation and Neurobﬁ@n ch14.18: 20-50 mg/m?/day IV over 5 | Up to
tolerability study of ch14.18 + (n= to 10 hours x 4 days SiX
(Ozkaynak | G\_csF in subjects with (\ GM-CSF: 250 mcg/m?/day IV or SC | 4-day
2000) neuroblastoma \ courses
\0 every
x\} 28 days
CCG-0935A | Open-label, dose escalation an U Neuroblastoma | ch14.18: 20-40 mg/m?/day IV over 5 | Up to
. tolerability study of ch14.18 (n = 25) to 10 hours x 4 days five
(Gilman GM-CSF + IL-2 in subjects.w Q GM-CSF: 250 mcg/m?/day IV or SC | 4-day
2009) neuroblastoma Courses 1, 3, and 5 courses
Q IL-2: up to 4.5 MIU/m?/day IV x four | (a 6"
CJ\ days Courses 2 and 4 with RA
N\ RA: 80 5 alone)
6 : mg/m</dose BID x 14 days, PO every
Courses 1-6 28 days
DI1V-NB-30 Open—labebrandomized, efficacy and | High-risk ch14.18: 25 mg/m?/day IV over 5 to Approxi
1 safety study of ch14.18 + GM-CSF + Neuroblastoma | 20 hours x 4 days Courses 1-5 mately
IL-2 in subjects with neuroblastoma (n = 251) GM-CSF: 250 mcg/m?/day IV or SC 6
(ANBL0032) Courses 1, 3, and 5 months
(Yu 2010) IL-2: up to 4.5 MIU/m?/day IV x four
days Courses 2 and 4
RA: 80 mg/m?/dose BID x 14 days, PO
Courses 1-6
DIV-NB-30 | Open-label, non-randomized, efficacy | High-risk ch14.18: 25 mg/m?/day IV over 5 to Approxi
2 and safety study of ch14.18 + GM-CSF | Neuroblastoma | 20 hours x 4 days Courses 1-5 mately
+ IL-2 in subjects with neuroblastoma | 737 subjects GM-CSF: 250 mcg/m?/day IV or SC 6
(ANBL0032) enrolled since Courses 1, 3, and 5 months
(Ongoing) the close of IL-2: up to 4.5 MIU/m?/day IV x four
randomization | days Courses 2 and 4
(13 Jan 2009) . 5
through 30 RA: 80 mg/m</dose BID x 14 days, PO
June 2013 Courses 1-6
DIV-NB-30 | Open-label, safety study of ch14.18 + | High-risk ch14.18: 25 mg/m?/day IV over 10 to | Approxi
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Study Study Description Sample Size Test Product(s); Dosage Regimen | Durati
Identifier on of
Treat
ment
3 GM-CSF + IL-2 in subjects with Neuroblastoma | 20 hours x 4 days Courses 1-5 mately
neuroblastoma (n = 105) GM-CSF: 250 mcg/m?/day IV or SC 6
(ANBL0931) Courses 1, 3, and 5 months
IL-2: up to 4.5 MIU/m?/day IV x four
days Courses 2 and 4
RA: 80 mg/m?/dose BID x 14 days, PO
Courses 1-6
CHP1002 Open-label PK correlative laboratory High-risk ch14.18: 25 mg/m?/day IV over 10 to | Approxi
. sub-study of the ANBLOO32 study. Neuroblastoma | 20 hours x 4 days Courses 1-5 mately
(Desai 2014) GM-CSF: 250 mcg/m?/day IV or SC | 6
(n=14) Courses 1, 3, and 5 months
IL-2: up to 4.5 MIU/m?/day IV x four
days Courses 2 and 4
RA: 80 mg/m?/dose BID x 14 days, PO
Courses 1-6 \
ANBL1221 Randomized, open-label efficacy and Refractory, Regimen A: Tf%?’lmide (100 Upto1l
. tolerability study. relapsed or mg/m?/dose P y, days 1-5), year
(Ongoing) progressive Irinotecan Qg/mzldose IV daily, | (17
neuroblastoma | days 1-5) b emsirolimus (35 courses
2,
(n = 74) mg/m IV on days 1 and 8) )
Re% B: Temozolomide (100
g/m“/dose PO daily, days 1-5),
é&’uotecan (50 mg/m?/dose 1V daily,
C ays 1-5) and ch14.18 (25
Q bmg/mzldose IV days 2-5) and GM-CSF
Ne) (250 mcg/m?/dose SC days, 6-12)
NANT 2011 | Open-label, uncontrolled, dose Refr ry, Lenalidomide (doses from 18 Up to 6
o4 escalation study of lenalidomide in relgig or mg/m?/dose, to 100 mg/m?/dose PO, | months
. combination with ch14.18 rogressive for days 1-21), ch14.18 (25
(Ongoing) éﬂroblastoma mg/m?/dose 1V days 8-11),
&"(n = 62) isotretinoin (80 mg/m?/dose, BID, PO
- days 15-28)
N
UTC Sponsored Study in Subjects with Nﬁé{%lastoma
DIV-NB-20 | Open-label, randomized, \V High-risk ch14.18: 17.5 (UTC) or 25 (NCI) Approxi
1 pharmacokinetic study @14.18 + Neuroblastoma | mg/m? IV over 10-20 hours x 4 days x | mately
GM-CSF + IL-2 in su with (n = 28) 5 courses; 6
neuroblastoma ¢ GM-CSF: 250 mcg/m?/day IV or SC months
6\ Courses 1, 3, and 5
@ IL-2: up to 4.5 MIU/m?/day IV x four
@ days Courses 2 and 4
RA: 80 mg/m?/dose BID x 14 days, PO
Courses 1-6
Non-NCI or UTC Sponsored Studies in Subjects with Neuroblastoma
Handgreting | Open-label, dose escalation and Neuroblastoma | ch14.18: 30-50 mg/m?/day IV over 8 | One to
er 1995 tolerability study in subjects with (n=9) hours x 5 days four
neuroblastoma courses
separat
ed by 8
to 12
week
interval
s
Uttenreuther | Open-label, dose escalation and Neuroblastoma | ch14.18: 10-200 mg IV over 1 to 4 One to
-Fischer tolerability study in subjects with (n = 10) hours x 1 to 4 days five
1995 and Yu | neuroblastoma or osteosarcoma courses
1998 Osteosarcoma separat
(n=1) ed by
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Study Study Description Sample Size Test Product(s); Dosage Regimen | Durati
Identifier on of
Treat
ment
two to
three
week
interval
s
NB90 and Retrospective analysis of open-label Neuroblastoma | ch14.18: 20 mg/m?/day over 8 to 12 | Six
NB97 ch14.18 administered in the NB90 and | (n = 334) hours x 5 days cycles
. NB97 studies separat
(Simon . ed by a
2004; S!mon two
2005; Simon month
2011) interval
Klingebiel Open-label safety and tolerability Neuroblastoma | iodine-131-meta-iodobenzylguanidine | Two to
1998 study of (n =11) followed by ch14.18: 20-40 five
iodine-131-meta-iodobenzylguanidine mg/m?/day over 8 hours x 5 days courses
(***1-MIBG), high dose chemotherapy,
and ch14.18 fo )
N
National Cancer Institute (NCI) Sponsored Studies in Subjects with Melanoma};\%
B89-0005 Part A: Open-label, dose escalation GD2-positive ch14.18: @)}) mg IV over 1 to 4 Single
and tolerability study of ch14.18 in metastatic hours day (100 mg dose split dose
(Saleh subjects with melanoma melanoma over &ys)
1992) (n = 13)
Part B: Open-label, single dose study | GD2-positive 2}14.18: 30 mg/m? IV over 1 to 4 Repeat
with ch14.18 in subjects with metastatic C ours X 2 days x up to 3 consecutive doses
melanoma melanoma .)weeks (up to a maximum dose of up to
(n =6) O 180 mg/m?) 3 week
"N :
B90-0014 Open-label, dose escalation and Me@%ﬁa ch14.18: 2-10 mg/m?/day IV over 4 Up to
. tolerability study of ch14.18 in &— 24) hours x 5 days x 2-3 cycles 10
(Albertini combination with IL-2 in subjects With\() IL-2: 1.5 MIU/m?/day IV x 4 days; weeks
1997) melanoma >\\-> continuous 96-hr infusion x 2-3 cycles
B93-0009 Open-label, dose escalation an Malignant ch14.18: 15-60 mg/m? IV over 4 2
tolerability study of ch14.18 i i Melanoma hours weeks
(Murray combination with GM-CSFain jects | (n = 16) GM-CSF: 250 mcg/m?/day SC x 14
1996) with melanoma 0) days
B94-0002 Open-label, dose es@n and Melanoma ch14.18: 2-7.5 mg/m?/day IV over 4 3
. tolerability study. 4.18 and R24 | (n = 23) hours x 5 days weeks
(Choi 2006) (an anti-GD3 m combination Sarcoma R24: 1-10 mg/m?/day IV x 5 days
(n=4)

with 1L-2 in gubjeCts with melanoma
and sarco@

IL-2: 1.5 MIU/m?/day IV (n = 26); 4.5

MIU/m?/day IV (n = 1)

2.4.2. Pharmacokinetics

The pharmacokinetics of ch14.18 have only been evaluated in patients, either adults with melanoma or

mostly children with neuroblastoma. The PK data collected in trials sponsored by NCI or UTC are

summarised in Table 15; most children enrolled in these trials were 1 to 15 years old.

Table 15: Summary of NCI/UTC sponsored studies providing PK data for ch14.18

Study

Identifier

Study Description

Sample Size
with PK data-age

Test Products; Dosage
Regimen

Source of
the data

Children with neuroblastoma

Assessment report
EMA/CHMP/408316/2015

Page 42/98




Study Study Description Sample Size Test Products; Dosage Source of
Identifier with PK data-age Regimen the data
CCG-0935 Open-label, dose Neuroblastoma ch14.18:
Ozkaynak escalation and 20-50 mg/m?/day IV over 5 to 10 | Publication
2000 tolerability study of n=18 hours x 4 days
ch14.18 + GM-CSF 2 — 15 years GM-CSF: 250 mcg/m?/day IV or | Data from
NCI SC x 7 days Course 1
CCG-0935A Open-label, dose Neuroblastoma Regimen 3
Gilman escalation and ch14.18: Publication
2009 tolerability study of n=12 25 mg/m?/day IV over 5 to 10
ch14.18 + GM-CSF + 2 — 14 years hours x 4 days Data from
NCI IL-2 GM-CSF: 250 mcg/m?/day IV or | Course 1to5
SC Courses 1, 3, and 5
*+ RA (80 mg/m?/dose IL-2: 4.5 MIU/m?/day IV x 4 days
BID x 14 days, PO Courses 2 and 4
Courses 1-6)
DIV-NB-301 Open-label, High-risk ch14.18:
(ANBL0032) randomized, efficacy Neuroblastoma 25 mg/m?/day IV over 5 to CSR
and safety study of 20 hours x 4 days Courses 1-5
NCI ch14.18 + GM-CSF + N = 138 GM-CSF: 250 mcg/m?/day, IV or Data from
IL-2 1 — 15 years SC Courses 1, 3, and 5 Course 1,4,5
IL-2: up to 4.5 MIU/mz@ﬂy 1V x
2
*+ RA (80 mg/m*/dose four days Courses 2\ 4
BID x 14 days, PO
Courses 1-6) @)
CHP1002 Open-label PK High-risk ch14.18: \"Qv
correlative laboratory Neuroblastoma 25 mg/m? IV over 10 to Publication
Desai sub-study of the
20 hour: days Courses 1-5
2014 ANBLOO032 study. n=14 GM- - 350 m)(l:g/mzlday IV or Data from
1 -7 years P r'ses 1.3 and 5 Course 1, 3,5
NCI *+ RA (80 mg/m?/dose @up 0 4.5 I\,/IIU/mzlday IV x
BID x 14 days, PO ﬁ -d ’
ays Courses 2 and 4
Courses 1-6) O Y !
DIV-NB-302 Open-label, efficacy and | High-risk N ch14.18:
(ANBL0032) safety study of ch14.18 Neuroblast@ 25 m 2 Safety
g/m*“/day IV over 5 to
NCI + GM-CSF + 1L-2 = 27 \ 20 hours x 4 days Courses 1-5 Summary
- GM-CSF: 250 mcg/m?/day IV or
*+ RA (80 mg/m?/dose | 1 — &ars SC Courses 1. 3 %nd 5 Y Data from
E'D x 141‘3'23’5’ PO b IL-2: up to 4.5 MIU/m?/day IV x 4 | Course 1, 4,5
ourses 1-6) (O days Courses 2 and 4
DIV-NB-303 Open-label, safety stud )Nigh—risk ch14.18:
(ANBL0931) of ch14.18 + GM-CSE\+ M Neuroblastoma 25 mg/m?/day IV over 5 to Safety
IL-2 20 h 4d c 1-5 Summary
NCI . Q n =103 ours x ays OéJl’Ses -
N\ GM-CSF: 250 mcg/m?/day IV or
*+ RA (80 /dose | 1 — 27 years SC Courses 1. 3. and 5 Data from
BID X 14 diy»PO IL-2: up to 4.5 MIU/m?/day IV x 4 | Course 1, 4,5
Cours days Courses 2 and 4
DIV-NB-201 Operm%l, crossover, | High-risk ch14.18:
randomized, Neuroblastoma 17.5 (UTC) or 25 (NCI) mg/m? IV CSR
uTC pharmacokinetic study )
10-20 h 4d 5
of ch14.18 + GM-CSF + | n = 28 jiteivedunineshi i dde UTC vs. NCI
IL-2 1-9years GM-CSF: 250 meg/m*/day IVor |,
*4+ RA (80 Jm2/d SC Courses 1, 3, and 5 d protile
o 1(4 0 mo/m dose IL-2: up 0 4.5 MIU/m*/day IV x | U9
X ays, four days Courses 2 and 4 ourse 1 an
Courses 1-6) 3
Adults with melanoma
B89-0005 Part A: Open-label, GD2-positive ch14.18: ) )
Saleh dose escalation and metastatic 5, 15, 45, and 100 mg IV over 1 Publication
1992 tolerability study of melanoma to 4 hours x one day (100 mg _
ch14.18 n=13 dose split over 2 days) Single dose
NCI 29 — 80 years
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Study Study Description Sample Size Test Products; Dosage Source of
Identifier with PK data-age| Regimen the data
B93-00091 Open-label, dose Malignant ch14.18:
Murray escalation and Melanoma 15, 30, 45, 60 mg/m? IV over 4 Publication
1996 tolerability study of n=>5 hours
ch14.18 in combination | 30 — 77 years GM-CSF: 250 mcg/m?/day SC x Single dose
NCI with GM-CSF 14 days

The Applicant performed a population PK analysis on the data from Study DIV-NB-201 where a validated
bioanalytical assay was used to measure dinutuximab concentrations. A two compartmental model was
fitted and the following parameters were estimated for the product manufactured by UTC.

Table 16: Summary of the PK parameters — popPK analysis

Weight BSA CL CL A\ V2 Vss t1/2
kg m2 L/day L/day/m2 L L L h
N 26 26 26 26 26 26 26 26
Mean 14.8 0.635 0.683 1.09 1.43 3.94 5.38 240
SD 4.13 0.138 0.307 0.457 0.403 1 1.47 135
CV% 27.9 21.8 44.9 41.9 28. ®27 9 27.4
Geometric Mean 14.2 0.62 0.602 0.971 ]@ 3.79 5.18
Geometric CV% 29.3 22.3 60 59 % \.29 29.3 28.6

,00
Absorption Q}

Dinutuximab is dosed via the IV route and therefore is co@@ely bioavailable.

N \®)
Distribution
O
The pharmacokinetics of dinutuximab were eva ated in clinical study DIV-NB-201. In this study, 27
children with high-risk neuroblastoma (age: €)+ 1.9 years) received up to 5 cycles of Unituxin at 17.5
mg/m?/day as an intravenous infusion ov %to 20 hours for 4 consecutive days every 28 days. The
mean (+ standard deviation) maximum ma concentration observed after the 4th infusion was 11.5 (+

2.3) mcg/mL. In a population phanq kinetic analysis, the geometric mean volume of distribution at

Classical biotransform§t@ studies have not been performed with dinutuximab. In children, mean

steady state was estimated at

Elimination

ted in the population PK analysis was 240 (% 135) hours, consistent with that
found in adults. The mean geometric clearance was determined to be 0.025 L/h.

terminal half-life est

Dose proportionality and time dependencies
Dose proportionality

In adult subjects, the AUC appeared to be dose-proportional when the dose (5 mg, 15 mg, 45 mg, or 100
mg) was normalized to the body weight based on data from Saleh (1992). In children,
Uttenreuther-Fischer et al (1995) found that peak concentrations and AUCs strongly correlated with the
administered dose. In Study DIV-NB-201, at the recommended dose, the mean observed C,,., after the
last infusion of the treatment course was 11.5 (* 2.3) mcg/mL.

Time dependency

Ch14.18 measurements in consecutive treatment courses were carried out in several paediatric studies.
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Uttenreuther-Fischer et al (1995) noted that the mean t;,, values significantly decreased in five subjects
receiving a second course of ch14.18 as compared to the first course: 72.9 * 19.8 hours (median 70
hours) versus 31.7 + 18.4 hours (median 24 hours). The investigators suggested that development of a
HACA response against the antigen-binding site of ch14.18 in three of five subjects could, in part, account
for these changes, another possible cause being progressive growth of bulky tumours in another patient
(increased antibody uptake and/or metabolism by this tumour).

In Study CHPOO02, where 7 children were studied on courses 1 and 3, there was no change in clearance
except in one subject that developed HACA between courses 1 and 3; this subject had a 41% decrease in
exposure (AUC) from course 1 to course 3.

In the pivotal Phase 111 trial (DIV-NB-301) and its further open-label extensions (DIV-NB-302& -303),
subjects assigned to ch14.18 immunotherapy had samples taken for the determination of ch14.18 and
HACA at the following time points: pre-treatment and in Course 1 (before the 4" infusion), 4 (one week
prior the 1% infusion and before the 4™ infusion), 5 (one week prior the 1% infusion and before the 4"
infusion), and after Course 6 (see Table 5). Median ch14.18 concentrations after.the first treatment
course were lower in subjects that developed HACAs, especially trough levels. @ﬂermore, one patient
in the bioequivalence study (DIV-NB-201) who developed neutralising antibgdigS had no detectable

ch14.18 levels during the 3™ treatment course. O

Finally, in a population PK analysis performed on all available data \QNB-SOL -302, -303, -201, and
CHP1002) the presence of HACA increased clearance by 60%. The @ ysis of antibody titre with post-hoc
PK parameters showed some correlation with clearance howe@\there is high variability.

In the absence of antibodies, the clearance and exposure g14.18 did not change over treatment
courses. In particular, the population PK analysis did mghow an impact of concomitant medication
(GM-CSF and IL-2). O

(\
o

Table 17: Summary of ch14.18 plasm centrations (ng/mL) in Studies DIV-NB-302
and-303 by antibody status O\
A
H.&Q ositive HACA NMNegative
\5 jects Subjects
Study Day A (N=064) (N=318)
Day -1 n . ,:\\ 46 231
Mean AN 141.92 105 34
SD >\ 259982 4242

@d
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Comparability of the NCI and UTC products (Study DIV-NB-201)

Median 12,78 1837
IMin, Max 0.0, 17660.0 00, 37304
Day 6 o 55 265
Mean 5481.29 5049 33
5D 123756 233143
IMedian 5081.22 573000
Min, Max 2712, 13454.0 20.6, 150113
Day 80 [ 53 230
Mean 403.10 706.01
<D 003,36 1144.50
Median 121.00 440,50
Min, Max 0.9, 5520.0 26.0, 10910.0
Day 90 [a 56 219
Mean 3765.00 525020 @é
5D 277256 2086.70 .
NP
Median 3746.34 3003 04 \J
\f\
Min, Max 233,10370.8 1245, 1514s®
7
Day 111 [ 43 {u -
¥y 5
Mean 227.63 AO 6.65
<D 44843 \ 04600
O
Median 00,41 ~ 432 51
Min, Max 19.27120 X\Q 1.5, 116300
AN
Day 118 [ 49 é\) 204
Mean 5 &) 6738.40
<D QX??:: 235305
\,
Median (b.‘ 5027.70 658306
WX
Min, Max C)\\ 59, 133546 277.6.17415.6
Final ™ \Q) 40 208
A 3085 268.74
5D 109.40 50736
|Mcd.ia.n 30.71 157.35
IMin. Max 0.0, 416.0 0.6, 53473

Overall, 28 subjects were enrolled in this randomised cross-over trial: 2 courses of one product followed
by 3 courses of the other product. ch14.18 manufactured by UTC was administered at a dose of 17.5
mg/m?/day intravenously (1V) x four days in each course (either Courses 1 and 2 or Courses 3, 4, and 5)
whereas ch14.18 manufactured by NCI was administered at a dose of 25 mg/m?/day IV x four days in
each course (either Courses 1 and 2 or Courses 3, 4, and 5). Doses of ch14.18 are equivalent between the
two manufacturers in terms of total ch14.18 protein amount.
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The mean age of subjects at randomisation was 3.9 years (range 0.76 to 8.8 years). The majority of
subjects were male (16/28; 57%) and white (23/28; 82%). There were no notable differences in the
demographics of subjects by treatment sequence.

Blood sampling was performed during Courses 1 and 3 (ch14.18 co-administered with GM-CSF). All 28
subjects received at least one dose of study therapy and were included in the safety population.
Twenty-seven subjects were included in the PK population as one subject was excluded from the PK
analysis due to a HACA response that was inhibiting in the PK assay during Course 3.

A model-based approach was employed by the Applicant to account for the complexities of the study in a
paediatric oncology population. PK parameters estimates were based on a nominal ch14.18 dose of 17.5
mg/m? and an infusion time of 10 hours. Product was determined not to be a significant covariate on
clearance or volume of distribution. Simulations were performed with population values of body weight
(14.2 kg) and body surface area (BSA; 0.62 m?). The primary comparability analysis is summarised in
Table 6. A conventional non-compartmental analysis was also performed and the geometric mean ratio
for AUC was 108 (90% Cl: 97-120) and for C,ax 133 (90% CI: 104- 169). When ex¢luding the patient with
neutralising antibodies, the C,,4 ratio was substantially reduced and the varia of Chax IS expected
given the variability of the duration of infusion. In totality, it is considered t Gg%ese data demonstrate

comparable exposure between the NCI and UTC products. O
Table 18: Primary comparability analysis of NCI and UTC pror{@s

Geometric Geometric 90"@{& Ratio
Mean UTC Mean NIC Ratio & _
(Comparator) | (Reference) LB{@ Upper

AN 4312 4135 1.04 Q\Q 1.11

(mci*h"mlj \O

PK
Parameter

65682 68769 0.95 b 0.88 1.04
(ng/mL) \

N
Of the 27 subjects evaluated for HA Q‘)ﬁlx (22%) had confirmed HACA titres during the study with only
one testing positive for neutralisin \ ody. There were more patients developing antibodies on the UTC

product (5) than on the NCI pr (1); however, the study population was relatively small and 3/5
patients had low titre antibo@ to the UTC product.

There was no substanti erence in the AE profile of the two products; in particular, the rate of allergic
reactions appeared r

Special populations

Important covariates on PK were explored in a population PK analysis based on data from the following
clinical studies: ANBL0O032 (DIV-NB-301 and DIV-NB-302), ANBL0931 (DIV-NB-303), DIV-NB-201, and
CHP1002. Some data imputation was required for this model. This analysis confirmed that dosing based
on BSA is appropriate. The important covariates identified in the model are the presence of antibodies and
manufacturer, although the latter is attributed to the known difference in nominal dosing units, as
previously described. Of the other covariates tested there was no effect of age, race, gender, concomitant
medications (IL-2, GM-CSF) or presence of capillary leak syndrome. Finally, there was no apparent
significant correlation between CL (or V1) with any of the renal and hepatic impairment measures.

Pharmacokinetic interaction studies

No Pharmacokinetic interaction studies were conducted with dinutuximab
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Pharmacokinetics using human biomaterials

2.4.3. Pharmacodynamics

No human pharmacodynamic data have been presented in this application. The immunogenicity response
to ch14.18 is presented in the safety section of the report.

In addition, the Applicant refers to ch14.18’s ability to mediate an antibody-dependent cellular
cytotoxicity (ADCC) response, which has been evaluated in several non-clinical studies described from the
published literature in the Non-clinical part of the application.

Mechanism of action

GD2 is a surface glycolipid antigen that is normally found on neurons, peripheral pain fibres, and skin
melanocytes. In neuroblastoma, GD2 is expressed homogeneously and abundantly on 100% of
neuroblastoma cells and facilitates the attachment of tumour cells to the extracellular matrix. GD2 is also
expressed by some melanomas, brain tumours, small cell carcinomas of the lun nd some sarcomas.

and complement dependent cytotoxicity (CDC). In vitro studies have de trated that anti-GD2
antibodies effectively lyse tumour cells through ADCC (Mujoo 1987, & er 1990) and CDC (Mujoo

The mechanism of action for ch14.18 is through antibody dependent celwted cytotoxicity (ADCC)

1987). Anti-GD2 therapies may also prevent attachment of circulatj alignant cells to the extracellular
matrix. Q}

Multiple anti-GD2—targeted antibodies have been develop urine antibodies (3F8 and 14G2a), a
chimeric antibody (ch14.18), humanised antibodies ( and hul4.18 K3222A). The murine 1gG3
monoclonal antibody 3F8 was discovered in 1985 anghtepresents the first anti-GD2 antibody. During the

1990s, 14.G2a, an IgG2a murine anti-GD2 antibo@} was evaluated in Phase | and Il clinical trials, but

research ceased after the less-immunogenic ¢ ric preparation (ch14.18) became available for clinical
evaluation; ch14.18 demonstrated 50-100 s more potency for the GD2 antigen and less
immunogenicity than 3F8. KO

Rationale for the combination R&I-CSF and IL-2

In clinical studies investigating\® safety and efficacy of ch14.18 monotherapy, results were mixed (see
supportive studies in the Effi section). Given the less than optimal responses for subjects treated with
ch14.18 monotherapy, i
outcomes in patient

igators posited whether the addition of GM-CSF to ch14.18 could improve
high-risk neuroblastoma.

The rationale for including GM-CSF is multi-fold. It is known to promote antitumor immunity through the
activation of monocytes, macrophages, and dendritic cells, thereby enhancing ADCC which is a known
mechanism for ch14.18. In addition, peripheral blood mononuclear cells (PBMC), T cells, and antigen
presenting cells cultured with GM-CSF exhibit increased production of Type-1 cytokines (i.e., IL-12,
interferon-y, and tumour necrosis factor-a), which stimulate inflammatory and cellular responses, and
decreased production of Type-2 cytokines (IL-10 and IL-4), which are mediators of immune suppression.
GM-CSF has been consistently demonstrated in vitro that granulocytes are more efficient at inducing
ADCC to neuroblastoma cells when combined with GM-CSF and anti-GD2 antibodies. Importantly,
GM-CSF has not been shown to induce the proliferation of neuroblastoma cells nor does it appear on its
own to kill neuroblastoma cells. The clinical effect of the combination of ch14.18 and GM-CSF has been
investigated in Phase I-11 studies (see supportive studies in the Efficacy section).

The reason for including IL-2 is multi-fold. It causes activation of natural killer (NK) cells, generation of
lymphokine-activated killer (LAK) cells, and augments ADCC, a mechanism of action for ch14.18.
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Increased natural killer and ADCC induced tumour lysis has been shown in vitro when murine 14.18 was
applied with PBMC cells incubated with recombinant IL-2. In a melanoma xenograft mouse model, IL-2
alone had no effect on tumour growth while the combination of both ch14.18 and IL-2 was effective at
eradicating tumours. In a Children’s Cancer Group (CCG) Phase Il clinical trial, IL-2 was administered to
children with refractory solid tumours; no antitumour effects were observed in children with sarcomas or
neuroblastomas, whereas one of five children with renal cell carcinoma had a complete response. Early
clinical studies with the murine antibody 14.G2a and IL-2 demonstrated the combination was well
tolerated and induced ADCC-mediated tumour lysis. A Phase | study was subsequently conducted with
ch14.18 and IL-2 in patients with melanoma; immune activation was confirmed following ch14.18 and
IL-2 administration through the induction of LAK cells and ADCC (Albertini 1997). Based on these results,
IL-2 was added to the ch14.18 regimen included in the CCG-0935A study (see supportive studies in the
Efficacy section).

2.4.4. Discussion on clinical pharmacology

All PK data have been collected in patients, mostly in the target population of @en and adolescents.
This is acceptable given the toxicity of the product. {\

PK information is extracted from published literature but mostly from{@,gcently completed studies
CHP1002 and DIV-NB-201 using validated bioanalytical assays and l@—compartmental methods as well
as PK modelling. In addition, plasma concentrations are availabli%m sparse sampling in the pivotal

Phase 111 trial (DIV-NB-301) and its extensions. Finally, a p(@\ ion PK analysis taking into account all

available paediatric data was conducted. Q
The PK profile of ch14.18 appears bi-exponential with ean terminal half-life of 10 days. Geometric
mean estimate for the volume of distribution at st state is 5.2 L, consistent with other monoclonal

antibodies, and for the clearance 0.025 L/h. \
The kinetics of ch14.18 appear roughly do@\}oportional over the range of 10 — 100 mg/m?.

In the absence of antibodies, the clea z{Qg and exposure to ch14.18 do not change over treatment
courses. The development of HACA: dgeases the exposure to ch14.18, which may become undetectable

in the presence of neutralising @odies.
N\

Dinutuximab is a protein f&ﬁhlch the expected metabolic pathway is degradation to small peptides

andindividual amino aci(@ ubiquitous proteolytic enzymes.

A population PK anal demonstrated that dosing based on BSA is appropriate. The important covariate
identified in the model is the presence of antibodies; the presence of HACA increases clearance by 60%.
The role of neutralising antibodies is currently unclear as the number of subjects affected was too small
to draw any conclusion. Therefore, the applicant will develop and validate an assay for the detection of
neutralising antibodies in the presence of dinutuximab and conduct a study to assess the neutralising ADA
response to dinutuximab (see RMP).

A major concern was raised during the procedure regarding the comparability between the UTC
commercial product (administered at a dose of 17.5 mg/m?/day) and the NCI product (administered at a
dose of 25 mg/m?/day) that was used in the clinical trials. However the Population PK and conventional
non compartmental analyses of data from Study DIV-NB-201 demonstrate that there is not a significant
difference in exposure between the two products. Limited data from this study suggest that the safety
profile of the two products is comparable although the UTC product appeared slightly more immunogenic.
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There was no effect of age, race, gender, concomitant medications (IL-2, GM-CSF) and presence of
capillary leak syndrome, renal or hepatic impairment on the PK of dinutuximab. No interaction studies
have been performed. A risk for interactions with concomitantly used medicinal products (other than
those cited above) cannot be excluded.

Pharmacodynamics

The mechanism of action of ch14.18 is through antibody dependent cell-mediated cytotoxicity (ADCC)
and complement dependent cytotoxicity (CDC). Pharmacodynamic data (ADCC and CDC) from serum of
patients treated with ch14.18 +/- cytokine are available in the literature. In the NCI trials (including the
pivotal trial), ADCC was planned to be measured in patient blood samples; the applicant is recommended
to submit these data post-authorisation, including the impact of HACAs on these results.

Following intensive chemotherapy, the immune system of patients with high-risk neuroblastoma is
weakened in terms of functioning neutrophils, macrophages, and lymphocytes. Therefore, the rationale
for combining ch14.18 with a cytokine stimulating neutrophils and other white blood cells (GM-CSF) and
a cytokine stimulating NK and LAK cells (IL-2) is acknowledged from a PD perspettive. Furthermore, in
vitro and experimental animal model data have shown the effects of these c@waﬂons on tumour cell
lysis and tumour growth. {\

Available clinical data indicate that the cytokines on their own have \@*evant anti-tumour effect in
patients with neuroblastoma. In the early monotherapy trials With,ﬁ}GDZ monoclonal antibodies
clinicians did not consider the treatment benefit sufficiently impertant, and therefore, based on in vitro
and experimental animal models, investigated the combinat'&@o GM-CSF, and subsequently to IL-2.

Q

2.4.5. Conclusions on clinical pharma%N%y

The PK profile of ch14.18 has been well charac%&:l in the target population

O

Exposure is considered comparable followi e administration of the NCI and UTC products, therefore
the clinical data generated with the NC uct can be extrapolated to the UTC product.

Further information on the UTC pr uQis required post-authorisation to determine the type and kinetics
of the antibody response and it act on dinutuximab exposure (see Annex Il obligation).

.\Q\
2.5. Clinical effic@

This application is suﬁted by a single pivotal open-label randomised trial, which evaluated the addition
to isotretinoin of ch14.18 in combination with GM-CSF and IL-2 in comparison to isotretinoin alone
(control).

2.5.1. Dose response study(ies)

- A Phase | pilot trial was conducted in 10 children with neuroblastoma and one adult with
osteosarcoma where escalating doses of 10 to 200/mg/m2 ch14.18 were administered and PK data were
obtained (Uttenreuther-Fischer, 1995). Although the maximum tolerated dose (MTD) was not reached,
clinical responses were observed and the biologic activity of ch14.18 was demonstrated in vivo using
post-treatment sera against ch14.18 coated tumour target cells to mediate lysis in a complement
dependent cytotoxicity assay (Yu, 1998).

Assessment report
EMA/CHMP/408316/2015 Page 50/98



- The first efficacy trial was a Phase 1l study (open-label, uncontrolled) sponsored by the NCI and
conducted by the Pediatric Oncology Group from 1994 to 1997, which evaluated the addition of GM-CSF
to ch14.18 (POG-9347): 4 daily IV doses of ch14.18 50 mg/m2 over 5 hours (total 200 mg/m2) and 14
SC daily doses of 10 mcg/kg of GM-CSF. 32 subjects were enrolled and treated for 1 to 12 courses. As
6/28 evaluable patients exhibited some kind of response, the product was considered worthy of further
evaluation.

- Over the same period from 1995 to 1997, a Phase | study also sponsored by the NCI but
conducted by the Children’s Cancer Group (CCG-0935) evaluated the tolerability of ch14.18 at daily doses
of 20 to 50 mg/m2 administered for 4 days in combination with GM-CSF 250 mcg/m2 (1V or SC) for 7
days. 22 patients received at least one dose of ch14.18 and the MTD was determined to be 40
mg/m2/day. Subsequently, from 1997 to 2001, the same group conducted another study (CCG-0935A)
to evaluate the tolerability of the addition of IL-2 to the previous combination, and from 2000, the
addition of 13-cis-retinoic acid (RA). Three regimens were tested consecutively in 23 patients, and
regimen 3 with an MTD of 25 mg/m2/day for ch14.18 was the one to be further used in the Phase IlI
pivotal trial, which was performed by the cooperative group (COG) after POG an@*CGC had merged.

. P
2.5.2. Main study Q)
DIV-NB-301 (ANBLOO032): Phase 111 Randomized Study of Ch@ﬂ'ic Antibody 14.18 (ch14.18)
in High-Risk Neuroblastoma Following Myeloablative The{a@and Autologous Stem Cell
Rescue

Methods

&
\®)
- O
Study Participants Q
The main selection criteria were as follows: (}'

e patients diagnosed with neuroblasto&band categorized as high-risk at the time of diagnosis and <
40 years of age at diagnosis \

e having completed therapy (in@dous other protocols) including intensive induction followed by ASCT
and radiotherapy, AND ad\i@ed CR, VGPR, or PR (according to International Neuroblastoma
Response Criteria (IN pre-ASCT evaluation

e with no more than@@bnths from the date of starting the first induction chemotherapy after diagnosis
to the date of AS

e after assessment of residual disease by tumour imaging (CT, MRI, MIBG scan), bone marrow
aspiration & biopsy

¢ enrolment and randomisation between Day 50 and Day 85 (maximum Day 100 if significant
post-ASCT complications) post final-ASCT procedure, when the APC (APC = neutrophils +
monocytes) was at least 1000/uL (cytokine support allowed), at least 7 days after completing
radiotherapy

e patients could not have PD
e with a Lansky or Karnofsky Performance Scale score of = 50% and a life expectancy of > two months

e with adequate renal, hepatic, cardiac, pulmonary, CNS function (defined according to set criteria)
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e Females of childbearing potential were required to have a negative pregnancy test. Subjects of
childbearing potential were required to use an effective birth control method. Female subjects who
were lactating were required to stop breast-feeding.

Treatments
Standard Therapy (regimen A)

Patients in the standard-therapy group received isotretinoin (RA) given orally at a dose of 160 mg/m? of
body-surface area per day, divided into two daily doses, for 14 consecutive days within each of 6
consecutive 28-day courses.

Immunotherapy (regimen B - see scheme below)

e Patients received ch14.18 at a dose of 25 mg/m? per day IV (initially over 5 hours; from 2009
extended to 10-20 hours) for 4 consecutive days during each of five consecutive 4-week courses.

e During the last 2 weeks in each of the five courses, they also received isotretgoin orally at a dose of

160 mg/m?); this dose of isotretinoin was also given by itself during a fina h course.

e During courses 1, 3, and 5, GM-CSF (sargramostim, Leukine, Berlex \her manufacturer) was
given daily at a dose of 250 ug/m? per day SC or IV for 14 days, g 3 days before ch14.18 was

started. \}
>

e During courses 2 and 4, IL-2 (aldesleukin, Proleukin, Chiran) was given, by means of continuous IV

infusion, for 4 days during week 1 at a dose of 3.0x10° 2 per day, as well as for 4 days during
week 2 at a dose of 4.5%10° 1U/m? per day, concurr, h ch14.18.

Course 1 Course 2 Course 3 @11‘“‘ 4 Course 5 Course 6

Chl4.18 Ch14.18 Chil4.18 \QhH,lS Chl14.18

GM-CSF IL-2 GM-CSI—'bQO IL-2 GM-CSF

13cisRA 13cisRA 13c1 O 13cisRA 13cisRA 13cisRA

AN
4

QS
N
S

)
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Treatment schema for courses 1, 3, & 5 with GM-CSF (28 days per course)

Day 01 2 3 4 5 6 7 8 9 1013 24
GM-CSF X X¥ X X X X X X X X X

chl4.18 X X X X

13cisRA X

Begin Course 2&4 X

Treatment Schema for Courses 2 & 4 with IL2

Day ¢ 1 2 3 46 7 8 92 10 1113 14-27 28
m2 X X X X X X X X b
Ch14.18 X X X X . %Q
N\

13cisRA X OK
Begin course 3&5 §

Figure 6: Treatment scheme of immunotherapy with ch14.®(reg|men B)

<

Ch14.18 was as a sterile solution in single-dose vials conh@q 25 mg/5 mL (5 mg/mL) in phosphate
buffered saline. \

Dose modifications for GM-CSF, IL-2, ch14.18, al were planned for toxicities during the study. In
addition to dose modifications, the protocol in@ed standard of care recommendations/nursing
guidelines for the treatment of toxicities e@(ed with study therapy including fever, neuropathic pain,
capillary leak syndrome, electrolyte |mb@ es, allergic type reactions, visual changes, and weight
loss/anorexia and joint pains. \Q

\Sﬂucts, anti-emetics, fluids, electrolytes and general supportive care
measures were allowed. ddition, the following pre-medications were required during all ch14.18
courses for the prewv. of anticipated toxicities associated with ch14.18 including neuropathic pain
and allergic reactions:*hydroxyzine OR diphenhydramine 1V, oral acetaminophen, morphine sulfate 1V
(hydromorphone or fentanyl also allowed), lidocaine or gabapentin if needed. Epinephrine and
hydrocortisone had to be available for the treatment of anaphylactic reactions. Pre-medications were also

Concomitant therapy

Appropriate antibiotics, bl

required with IL-2 infusions; recommendations were given for the treatment of chills (meperidine),
anti-emetics and signs of capillary leak syndrome (furosemide).

Prohibited treatment included other anti-cancer therapies, immunosuppressive drugs, corticosteroids
except for treatment of acute life-threatening allergic reactions and anaphylaxis, cytokines or growth
factors and intravenous immunoglobulin post-ASCT were discouraged (due to possible interference with
ADCC).

However, concomitant medications were not recorded during this study, except for steroid use, which was
infrequently reported (2-5% depending on the courses with highest use during Courses 2 and 4 with
IL-2).
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Treatment compliance

ch14.18 was administered in an inpatient setting. However, other components of therapy including
GM-CSF, IL-2, and RA were administered in both the inpatient and outpatient settings and not recorded
in the electronic case report form.

Objectives

The primary objective was to determine if monoclonal ch14.18 in combination with GM-CSF, IL-2 and RA
improved event-free survival (EFS) after myeloablative therapy and stem cell rescue as compared to RA
alone, in high-risk neuroblastoma subjects who achieved a pre-ASCT response of complete response
(CR), very good partial response (VGPR), or PR.

The main secondary objectives included:
e the comparison of overall survival (OS) between treatment arms,

e the comparison of EFS and OS in the subgroup of high-risk International NeLéoblastoma Staging
System (INSS) Stage 4 neuroblastoma subjects, @

e the correlation of tumour biology characteristics with EFS and OS, K\%

e the determination of the toxicities of the combination of ch14.18 @cytokines,

e the determination of a descriptive profile of HACA during trea@nt,

e the comparison of the outcome data of the subjects wit sistent disease documented by biopsy
(Stratum 07) to the historical data for the analogous ts from past protocol CCG-3891.
Outcomes/endpoints \

The primary endpoint was event-free survival (% deflned as the time from study enrolment until the
first occurrence of relapse, progressive dlseas @
(if no event occurred).

), secondary malignancy, death, or date of last contact

Progressive disease was defined acco g to INRC and included the development of any new lesion, the
increase of a measurable lesion by\z %, previously negative bone marrow testing positive for tumour,
or anincrease from < 10% tum marrow to > 10% tumour. Elevated urine catecholamine metabolite
levels and tumour cell mvam@\)f bone marrow were also considered in the assessment of tumour

)

Disease status was ated prior to the start of study therapy and within two weeks after the last dose
of RA in Course 6. This included tumour imaging (CT, MRI, MIBG, and FDG-PET scan or bone scan if
tumour was not MIBG avid) and bone marrow aspirates/biopsies. Tumour imaging was repeated every 3

response.

months until 1 year post-treatment, then every 6 months for the next 2 years (approximately 3.5 years
after enrolment) and then as clinically indicated. Another bone marrow biopsy/aspiration was collected 3
months after the completion of study therapy and again at relapse. Copies of MIBG were required to be
submitted to the Quality Assurance Review Center (QARC) for central review at enrolment and
post-treatment.

Secondary endpoints included Overall survival (OS) defined as the time from enrolment until death (or
time of last contact in the absence of death).
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Sample size

Following FDA advice, the sample size was increased to support a one-sided alpha level of 0.025
(previously 0.05) to address the primary objective, involving the intent-to-treat (ITT) cohort of all eligible
randomised subjects. For at least 80% power, this required 386 subjects.

Randomisation

Patients were stratified according to pre-ASCT response (“CR” vs. “VGPR” vs. “PR”), stem cells received
(“purged” vs. “unpurged”), and various frontline chemotherapies (25 strata in total). Patients were
randomised to immunotherapy or standard therapy treatment arms except those from stratum 07, which
consisted of patients with biopsy-confirmed post-ASCT persistent disease; these were not randomised
but assigned to the immunotherapy treatment. Stratified permuted blocks were used for randomisation,
which was centrally performed using the COG Remote Data Entry system.

Blinding (masking)

N/A
S

Statistical methods X%)

All efficacy analyses were performed on the Intent-to-Treat (or ITT) p%jgion, which was defined as all
eligible subjects randomised into the study; which did not include St 07 subjects. All ITT subjects
were analysed in the arm to which they were randomised, regardle%of the treatment they were actually
given. Q}

A two-sided log-rank test with a significance level of 0.05 sed to test for a difference between the
EFS/OS distributions of the ch14.18 immunotherapy & A arm versus the RA alone arm.

Results (\
Participant flow 60

Overall, 257 subjects were enrolled i@ﬂe trial prior to the close of randomisation (13 January 2009)
including: ®\

e 230 subjects that were r@&nised: 114 to immunotherapy + RA and 116 to RA alone

o Two subject@omised to the RA alone arm had no data recorded in the eCRF at the time
of the d@ to confirm the start of study therapy and one subject was removed from the
database due to ineligibility; 113 subjects were included in the ITT analysis (2009).

0 One subject in the immunotherapy + RA arm had no data in the database; 113 subjects were
included in the ITT analysis (2009).

e 27 subjects (Stratum 07) non-randomly assigned to receive ch14.18 immunotherapy and RA as these
subjects had post-ASCT biopsy-proven residual disease; only 25 subjects had data at the time of the
primary analysis (2009).
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The patient disposition (2009) is shown in Figure 10 and Table 22.

N=1
Subject Removed
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Figure 7: Patient o@%on in the randomised trial (2009 analysis)

Subjects receiving ch14.18 immunotherapy and RA were followed for a median (range) of 830 (4-2522)
days after study enrolment as compared to RA alone subjects who were followed for 731 (7-2495) days

after study enrolment.

Of the 249 subjects who were reported to have received at least one dose of study therapy at the time of

the data cut:

e 179 subjects were reported to have completed study therapy

e 70 subjects were reported to have discontinued study therapy prematurely: 41 subjects in the
immunotherapy + RA arm and 29 subjects in the RA alone arm.
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Table 19: Summary of subject disposition (30 June 2009)

30 June 2009 Data Cut
RA Alone Immunotherapy + RA Overall

MNumber of subjects enrolled 113 138 251
Number of subjects randomized 113 113 226
Number of Stratum 07 Subjects 0 25 25
MNumber of subjects completed 82 97 179
Safety Population 111 138 249
[Intent-to-Treat Population 113 113 226
No. of Subjects that discontinued Protocol Therapy (Safety Population)

Missing' 0 6(4.3%) 6 (2.4%)

Course 1 12 (10.8%) 11 (8.0%) 23 (9.2%)

Courses 2 1(0.9%) 6(4.3%) 7 (2.8%)

Courses 3 7 (6.3%) T(5.1%) 14 (5.6%)

Courses 4 5(4.5%) T(5.1%) 12 (4.8%)

Courses 5 1(0.9%) 2(1.4%) 3(1.2%)

Courses 6 3(2.7%) 2(1.4%) 5(2.0%)
Reason For Discontmuation of Protocol Therapy (Safety Population) O‘éf

PD 18 (16.2%) 12 (&?&v 30(12.0%)

Withdrawal By Subject 9(8.1%) 14 (](Nﬁ’ 23 (9.2%)

Missing' 0 4% 6 (24%)

Toxicity 0 O\ ON4.3%) 6 (2.4%)

Corticosterond Use 0 \\V 2(1.4%) 2(0.8%)

Death 1(0.9%) 0y 107 2 (0.8%)

Other 1(0.9%) P 0 1(0.4%)
[No. of Subjects that discontinued Study (Safety Population) w

Missing' 71 (6—!.0‘!\@ 96 (69.6%) 167 (67.1%)

Discontinued 40&3?‘0\.\ - 42 (30.4%) 82(32.9%)

\v

|Reason For Discontmuation of Study (Safety Population) o

Missing' V1 (64.0%) 96 (69.6%) 167 (67.1%)

Death Pad\ 7(6.3%) 7(5.1%) 14 (5.6%)

Enrollment onto another COG therapeutic study with tumor W\J 8(7.2%) 7(5.1%) 15 (6.0%)

therapeutic mtent (e.g., at recurrence) A\>

No Data Entered’ ‘(\V 20 (18.0%) 22(15.9%) 42(16.9%)

Subject Lost to Follow-up - 0 0 0

Withdrawal of Consent for further data submission 5(45%) 6(4.3%) 11 (4.4%)
1 Subjects with “missing” values Were@oing at the time of the data cut.

were reported to have discontinued the study; however, a reason for study

2 Subjects with “no data entered".\@
discontinuation was not reportgct)\

S
The Applicant becan%g%re later that 5 subjects in the RA alone arm and 4 subjects in the

immunotherapy + RA arm had not received any treatment. Therefore, these subjects were later excluded
from the safety analyses.

After the data cut-off date for the 2009 analysis, four subjects originally randomised to RA alone and after
having completed their full course regimen were crossed-over during the study protocol follow-up and
received ch14.18 immunotherapy and RA (start dates in July and August 2009).

The long-term efficacy analysis (June 2012) was performed on 114 subjects in each randomised
treatment arm. In the RA alone arm, a second subject was removed from the database due to ineligibility
but the two subjects initially without data in 2009 had their data completed. In the immunotherapy + RA
arm, the subject initially without data in 2009 had the data completed.

Recruitment

Conduct of the study
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A total of 19 versions of the protocol have been submitted including 18 amendments (1, 2, 3, 4, 4a, 4b,
5,6,7,8,9b, 10, 11a, 12, 13, 13a, 14, 15) up to 07 December 2012.

Study data were monitored by the COG according to the NCI's Guidelines. A minimum of 10% of accrued
study subjects (across all study protocols) participating at each institution were required to be reviewed
every 36 months.

A Study Data Review Committee was established to ensure data quality during the conduct of the study.
This committee was comprised of the Study Chair, COG Study Statistician, and COG Research
Coordinator. Study data were reviewed by this committee on a regular basis according to the Study Data
Review Plan.

A Data Safety Monitoring Committee (DSMC) consisting of NCI, COG, and independent members was
established to review safety and efficacy data during the study. This DSMC consisted of a minimum of
nine voting members, the majority of which were not affiliated with the COG; however, the Chair and
Vice-chair were COG members. This committee was responsible for evaluating subject safety during the
conduct of the study and for reviewing study data against the specific predefined @nitoring boundaries.

After the data transfer to UTC, the Applicant re-monitored 28 of the top enr @ institutions (during the

randomised portion of the study) in US and Canada for targeted study en ints reviewed against source
documents and audited approximately 10% of study sites. s\'\(\
Interim analyses (b\>

A brief outline of relevant landmarks from the study derived&n information scattered throughout the
dossier is given below. Q

October 2001 First patient enrolled. O\

Interim analyses plann &ry 6 months after the first 23 events with the
intention to stop for féﬁity only.

12 March 2004 Revised study en s and sample size increased from 322 (one-sided 0.05 test)
to 386 subjec@@ne-sided 0.025 test) (amendment 4).

28 November 2005 Stopping @s changed to allow early stopping for efficacy; the lower bound is
calculg ased on repeated testing of the alternative hypothesis that the
relat risk is equal to 1.6 at a p-value of 0.005 and the upper bound uses an
% *t2 spending function for a cumulative alpha level of 0.05 (amendment 6).

June 2007 pper boundaries re-calculated using alpha = 0.025 (one-sided) changing from
0.05 (one-sided).

November 2008 Study to be temporarily closed due to concern for increased incidence of allergic
reactions in the experimental arm; decision to confirm the interim analysis after
review of the EFS events.

13 January 2009: Interim analysis conducted on the basis of which it was decided to close the study
to randomisation.

30 June 2009 Cut-off for the confirmatory efficacy analysis

30 June 2012 Cut-off for the long-term efficacy analysis

The table below gives a summary of the stopping boundaries used at each interim analysis.
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Upper
Obs d U
Observed ewfa Observed PREr boundary z-
. proportion boundary z- .
L. .| cumulative upper Observed p- value, Nominal
Monitoring Time point of total value, .
number of boundary z- value ; cumulative alpha
expected cumulative
events | _ value alpha =
information alpha =0.05
0.025
Nov-05 29 0.212 1.963 0.0495 2.853 - 0.0043
Jun-06 39 0.285 1.905 0.0567 2.758 - 0.0058
Nov-06 49 0.360 2.257 0.0240 2.633 - 0.0085
Jun-07 57 0.416 2.450 0.0143 - 2.764 0.0057
Dec-07 62 0.453 2.120 0.0340 - 2717 0.0066
Jun-08 70 0.511 2.550 0.0108 - 2.700 0.0069
Nov 2008 {Jan 2009} 83 0.606 2528 0.0115 - 2.550 0.0108
Jun-09 94 0.686 0.0330

Baseline data

The demographics of the ITT population (i.e. all patients randomised) are

baseline prognostic factors in Table 24.

9
Y

%)

O

\marised in Table 23 and the

For several prognostic factors, the baseline differences between tr@nent arms pointed towards worse
prognosis in the control arm compared to the immunotherapr)ﬁA arm as reflected by more tumours

showing MYCN amplification (40% vs. 32%), diploidy (41%

Vvs. 60%), respectively. The proportion of CR was also m

(35.4% vs. 33.6%).

Table 20: Summary of patient demograph[cs(\

31%), and unfavourable histology (72%

inally higher in the immunotherapy + RA arm

Characteristics \ITT Population
65\\’0 ‘ P
O Treatment
RA aldne Immunotherapy Overall
=113 *RA n =226
:\Q n=113

Age at Enrollment (years): \NM.0 (0.94-13.29) | 4.3 (095-15.29) | 4.1(0.94-15.29)
mean (range) 7>
Gender: Male/Female () 57/43 63/37 60/40
Ethnicity: n (%) N
Hispanic or Latino 11 (10%) 11 (10%) 22 (10%)
Not Hispanic or Latino 96 (85%) 100 (89%) 196 (87%)
Unknown 6 (5%) 2(2%) 8 (4%)
Race: n (%)
White 90 (80%) 95 (84%) 185 (82%)
Black or African American 8 (7%) 8 (7%) 16 (7%)
Asian 4 (4%) 2 (2%) 6 (3%)
Native Hawaiian or Other 2 (2%) 0 2 (1%)
Pacific Islander
Multiple 2 (2%) 1(1%) 3 (1%)
Other / Unknown 7 (6%) 7 (6%) 14 (6%)
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Number of Days Post-Final 77120 7587 76 =105
ASCT: mean = SD
Table 21: Summary of baseline prognostic factors
Immunotherapy| Chi-square
EA Alone +RA test
Baseline Prognostic Factor (n=113) (n=113) p-value

Age at Enrollment - 1.0000

=18 months 4 (3.5%) 4 (3.5%) -~

=18 months 109 (96.5%) 109 (96.5%) ~
Age at Diagnosis Category 0.2308
Adolescent (12-18 v) 1(0.9%) 4 (3.5%)

Child (2-12 ¥) 71 (62.8%) 79 (69.9%)

Infant Toddles (28 d-2 ¥) 35 (31.0%) 78 (24.8%) -
Unknown & (5.3%) 2(1.8%) =
Age at Enrollment Category - - n:m‘o,e"\
| Adolescent (12-18 v) 1(0.9%) 4 (3.5%) el
Child (2-12 ) 04 (83.2%) 07 (85.8%) oS -
Infant Toddler (28 d-2 v) 18 (15.9%) 12006%) W]V -

N

INSS Stage - - “b'\} 0.0604
Stage 2a 0 EETON -
Stage 3 16 (14.2%) 10 G)0) -
Stage 45 0 . ,‘&}m; -
Stage 4 02 (81.4%) "\ {0 (788%) -
Unknown 54400 [8(7.1%) -
MYCN amplification \Cj‘-- - 0.4155
Amplified OReL30.8%) 36 (31.0%) -
Non-amplified O 51%) 52 (46.0%) -
Unknown OO [17050%) 75 (22.1%)

N\ X
DNA ploidy AT - - 03300
Diploid N 46 (40.7%) 35 G10%) -
Hyperdiploid AN 48 (42.5%) 49 (43 4%) -
Unknown [ 19 (16.8%) 29 (25.7%) -
QS

Histology - - 10,9444
Favorable 5 (4.4%) 4 (3.5%) -
Unfavorable 81 (71.7%) 68 (60.2%) -
Uniknown 27 (23.9%) 41 (36.3%) -
Pre ASCT Response - - 09546
CR 38 (33.6%) 40 (35.4%) --
VGPR 40 (43.4%) 47 (41.6%) -
PR 26 (23.0%) 26 (23.0%) -
Stemn Cell Type - - 10,7907
Purged 29 (25.7%) 28 (24.8%) -
Unpurged 58(51.3%) 61 (54.0%) -
Unknown 26 (23.0%) 24(21.2%%) -
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Numbers analysed

Outcomes and estimation

Event-free survival

The results of the primary analysis (13 January 2009), confirmatory analysis (30 June 2009), and
follow-up analysis (30 June 2012) are shown in Table 20 and the Kaplan-Meier plots (June 2009 and
2012) are shown in Figures 8 and 9.

Table 22: Summary of EFS results

Immunotherapy+RA

RA alone

13 January 2009

n=113

n=113

2-year EFS (95% CI)

66.3% (56.2%, 76.3%)

46.4% (35.8%, 57.1%)

Log-rank test p-value

0.01

15

Hazard ratio (95% CI)

0.57 (0.37; 0.89)

30 June 2009 n=113 n=113
2-year EFS (95% CI) 65.6% (56.1%, 75.2%) 48.1% (38.0%, 58.2%)
Log-rank test p-value 0.0330 A

Hazard ratio (95% CI)

0.64 (0.43; 0.97) o~

30 June 2012

n=114

. &y~ n=114

3-year EFS (95% CI)

62.8% (53.9%, 71.7%)

_50.9% (41.6%, 60.2%)

Log-rank test p-value

0.09

Hazard ratio (95% CI)

\9)
0.69 (0.4,’[‘3&01)

Of note, the 2-year EFS estimate increased between Januar

correction of data errors.

(b\)

@'June 2009 in the RA alone arm due to
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Product-Limit Survival Estimates
With Number of Subjects at Risk
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Figure 8: Kaplan-Meier plot of EFS (30 Jur;(’iaog)
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Product-Limit Survival Estimates
With Number of Subjects at Risk
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Figure 9: Kaplan-Meier plot of EFS (30 Juni'éOE_Z)

Overall survival

O

follow-up analyses (30 June 201

The results of the primary analysi; (IQ]\

the most recent analysis (Mare

Table 23: Summary of (ﬁk\’esults

&

anuary 2009), confirmatory analysis (30 June 2009), and
March 2014) are shown in Table 23 and the Kaplan-Meier plot of
14) is shown in Figure 10.

N2 Immunotherapy+RA RA alone
13 January 2009 &\ n=113 n=113
2-year OS (95% CI) * 86.2% (78.8%, 93.6%) 74.5% (65.2%, 83.9%)
Log-rank test p-value 0.0223

Hazard ratio (95% CI)

0.52 (0.30; 0.92)

30 June 2009 n=113 n=113

2-year OS (95% CI) 85.4% (78.2%, 92.6%) 75.3% (66.4%, 84.2%)
Log-rank test p-value 0.0213

Hazard ratio (95% CI) 0.54 (0.32; 0.92)

30 June 2012 n=114 n=114

3-year OS (95% CI) 79.5% (72.1%, 87.0%) 67.3% (58.4%, 76.1%)
Log-rank test p-value 0.0165

Hazard ratio (95% CI) 0.57 (0.36, 0.89)

March 2014 n=114 n=114

5-year OS (95% CI)

74.2% (66.1%, 82.3%)

57.0% (47.5%, 66.4%)

Log-rank test p-value

0.0301

Hazard ratio (95% CI)

0.62 (0.40, 0.96)
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Of note, the 2-year OS estimate increased between January and June 2009 in the RA alone arm due to

correction of data errors.

Product-Limit Survival Estimates
with Number of Subjects at Risk
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Figure 10: Kaplan-Meier plot of OS (Marclé014)

@b

Results in INSS stage 4 patients

The EFS and OS results of the confismatory analysis (30 June 2009) and follow-up analysis (30 June 2012)

are shown in Table 24 and 25‘®pectively.
Table 24: Summary of ﬁég‘f'esults in INSS stage 4 patients

N (7‘\’ Immunotherapy+RA RA alone
30 June 2009 &« \\7 n=89 n=92
2-year EFS (95% CD' N 62.6% (51.8%, 73.4%) 43.7% (32.8%, 54.7%)
Log-rank test p-value 0.0422
Hazard ratio (95% CI) 0.64 (0.42, 0.99)
30 June 2012 n=90 N=93
3-year EFS (95% CI) 59.5% (49.3%, 69.7%) 46.5% (36.3%, 56.8%)
Log-rank test p-value 0.0971
Hazard ratio (95% CI) 0.71 (0.47, 1.07)
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Table 25: Summary of OS results in |

NSS stage 4 patients

Immunotherapy+RA

RA alone

30 June 2009

n=89

n=92

2-year OS (95% CI)

83.3% (74.9%, 91.7%)

75.8% (66.2%, 85.4%)

Log-rank test p-value

0.0813

Hazard ratio (95% CI)

0.62 (0.

36, 1.07)

30 June 2012

n=90

n=93

3-year OS (95% CI)

79.6% (71.2%, 88.0%)

64.3% (54.3%, 74.2%)

Log-rank test p-value

0.0149

Hazard ratio (95% CI)

0.55 (0.

34, 0.90)

Results according to pre-ASCT status

The EFS and OS results of the confirmatory analysis (30 June 2009) and follow-up analysis (30 June 2012)

are shown in Table 26.

Table 26: Summary of EFS results in patients with pre-ASCT CR/VGPR vs. PR

Immunotherapy+RA

RA alone

30 June 2009

N

CR/VGPR

n=87

(),\f n=87

2-year EFS (95% ClI)

68.5% (57.9%, 79.1%)

Log-rank test p-value

0.1

+ 64.8% (40.0%, 63.5%)
~

Hazard ratio (95% CI)

0.68&?&’; 1.11)
LN n=26

PR n=26
2-year EFS (95% CI) 56.7% (36.0%, 77.49%)~ 35.7% (16.5%, 54.9%)
Log-rank test p-value < Y 0.0987
Hazard ratio (95% CI) AQ)b.54 (0.26; 1.13)
N
CR/VGPR N=8Y n=87
2-year OFS (95% CI) 91.2% (8\ %, 97.5%) 80.9% (71.8%, 90.0%)
Log-rank test p-value ,\O 0.0340
Hazard ratio (95% CI) « U 0.49 (0.25; 0.96)
PR ™~ n=26 n=26

2-year OFS (95% CI)

\A\O7.4% (47.3%, 87.5%)

58.3% (37.3%, 79.3%)

Log-rank test p-value ,-\\.) 0.2773
Hazard ratio (95% CI) RS 0.62 (0.26; 1.49)
NS,
30 June 2012 o
CR/VGPR <O\ n=88 n=88
3-year EFS (95% CI) C 68.1% (58.4%, 77.9%) 54.5% (43.9%, 65.1%)
Log-rank test p-value NN 0.2265
Hazard ratio (95% 0.71 (0.45; 1.12)

C &\@“’

PR n=26 n=26

3-year EFS (95% CI) N 44.3% (24.8%, 63.8%) 38.5% (19.8%, 57.2%)
Log-rank test p-value 0.2158

Hazard ratio (95% CI) 0.65 (0.33; 1.29)

CR/VGPR

n=88

n=88

3-year OS (95% CI)

82.9% (75.0%, 90.8%)

71.4% (61.7%, 81.1%)

Log-rank test p-value

0.0265

Hazard ratio (95% CI)

0.55 (0.

32; 0.94)

PR

n=26

n=26

3-year OS (95% CI)

67.3% (48.6%, 85.9%)

53.8% (34.7%, 73.0%)

Log-rank test p-value

0.3715

Hazard ratio (95% CI)

0.69 (0.

31; 1.56)

Results in patients with persistent disease documented by biopsy (stratum 07)
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The 3-year point estimate of EFS (95% CI) for Stratum 07 subjects treated with ch14.18 immunotherapy
+ RA was 33% (16%, 51%) as compared to an historical control with a 3-year EFS estimate of 12% =+
6%.

Subgroup analyses by prognostic factors

Certain factors including age at diagnosis, international neuroblastoma staging system (INSS) stage,
MYCN oncogene amplification, DNA ploidy, pre-ASCT response, tumor histology, and stem cell type have
been associated with overall outcomes among patients diagnosed with neuroblastoma. Specifically,
patients diagnosed at greater than 18 months of age, with stage 4 disease, or with MYCN amplification
have a poorer prognosis as compared to patients diagnosed at less than 12 months of age, with a lower
tumor stage (i.e., stage 1-3) or without MYCN oncogene amplification. In addition, subjects with diploid
DNA ploidy, unfavorable tumor histology, and a pre-ASCT response of PR are also expected to have a
poorer prognosis.

The forest plots of EFS and OS for the main prognostic factors are presented in Figures 11 and 12.
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Figure 11: Forest @6* EFS results by prognostic factors (30 June 2009)
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Suhgroup
Overall
Age at Enrollment
<18 months
>=18 months
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Histology
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Unknown Histology
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Figure 12: Forest plot of OS results by prognostic factors (30§?e‘ 2012)

o

In addition, an evaluation of survival according to the existe \ minimum residual disease at baseline

was performed. Patients enrolled in the trial had to have

line MIBG scan (up to 30 days before

starting therapy) and data were available from 197 pat@ts (97 in the RA alone arm and 100 in the
experimental arm). Patients were evaluated at 10 d@rent sites: Head, T-Spine, Chest, L-Spine, Pelvis,
Upper Arms, Lower Arms, Femurs, Lower Legs,é'ﬁ&tra—osseous. A patient’s Curie score was calculated

as the sum of their scores over all individual

The results of this analysis are shown in T

Table 27: EFS and OS by treatmerl_t\@

Curie score

. s 3yeay DS+ | EFS | 3yearOS% | OS
- 0, v R
ARG Renart RN -;I’d\ &l‘ (%) p-value | std error (%) | p-value
Treatment ‘\\\
RA Only 97 (49% \S) 46451 0.0493 64749 0.0033
GD2+RA 100 (553 63.9+49 ’ 81.9+39 ’
. N4
Curie Score =0 —
Treatment
RA Only 82 (49%) 47556 0.0202 66853 0.0019
GD2+RA 85 (51%) 70.5+5.0 83.5+41
Curne Score >0 —
Treatment
RA Only 15 (50%) 400x126 0.9305" 53.3+129 0.5875
GD2+RA 15 (50%) 267114 733x114

# Apparent violation of proportional hazards assumption; log-rank test mnvalid

Summary of main study

The following table summarises the efficacy results from the main studies supporting the present

. Patients were categorized by Curie score (0 vs. =>0).

application. This summary should be read in conjunction with the discussion on clinical efficacy as well as

the benefit risk assessment (see later sections).
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Table 28: Summary of efficacy for trial DIV-NB-301

Title: Phase Ill Randomized Study of Chimeric Antibody 14.18 (ch14.18) in High-Risk Neuroblastoma

Following Myeloablative

Therapy and Autologous Stem Cell Rescue

Study identifier

DIV-NB-301 (COG ANBLO032)

Design Multicentre, open-label randomised as add-on to isotretinoin
Duration of main phase: 7 years (Oct 2001 — Jan 2009)
Duration of Run-in phase: not applicable
Duration of Extension phase: | Ongoing
Hypothesis Superiority
Treatments groups RA alone Isotretinoin, 6courses, 113
Immunotherapy + RA Ch14.18 + GM-CSF + IL-2 + isotretinoin, 6
courses, 113
Endpoints and Primary EFS Event-free survival
definitions endpoint
Secondary os Overall survival b
endpoint fo
Database lock 13 January 2009 N>
Y .r\v%
vsi o
Results and Analysis S
Analysis description | Primary Analysis A N
Analysis population Intent to treat %
and time point (h

6-monthly interim analyses with sto;@' g rules for efficacy using Fleming

description Harrington-O’Brien boundaries wit mulative alpha of 0.025 one-sided, later
changed to Lan-DeMets bound
Descriptive statistics Treatment group Imu?&Qtﬂerapy+RA RA alone
anq es_t_lmate Number of subject O 113 113
variability \(‘\
2-year EFS 66.3% 46.4%
Y S
NJ
95%cCl O 56.2%, 76.3% 35.8%, 57.1%
Q
Y
2@ S 86.2% 74.5%
c’) N
6\ 95%ClI 78.8%, 93.6% 65.2%, 83.9%
Effect estimate per ©~ imary endpoint Log-rank
comparison (EFS) P-value (one-sided) 0.0115
Secondary Log-rank
endpoint (OS) P-value (one-sided) 0.0223

Analysis performed across trials (pooled analyses and meta-analysis)

Clinical studies in special populations

Supportive studies

Study DIV-NB-302 (ANBL0032)

Efficacy was also evaluated in 737 subjects in the large extension study (DIV-NB-302) enrolled after the
close of randomization in January 2009.
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Results were consistent with those of the pivotal trial with a similar estimate for 2-year EFS of 65.2%
(95% CI 60.7%, 69.8%) and a 2-year survival rate of 81% (95%CI 77%; 85%).

Table 29: Summary of Time to EFS

Immunotherapy + RA

n=726
Two-year EFS 65.2% (60.7%. 69.8%)
% (95% CI)
Censored Observations 547 (75%)

n (%)
Data Source: Tables 14 2.1.1 and 14 2.1 2 and Listing 1626 1 1|

Product-Limit Survival Estimate for Group = Immmotherapy
with Nuauber of Suljects ol Rk

L =

1 50—

Chverall Suryival

s

fird ) i

Data Source: Figure 14.2 4
Figure 13: Kaplan-Meier Cu@ of OS

&
Some information is@@rovided by the results of the early development of ch14.18 (see tabulated

overview of clinical studies).

German development

Evidence of the efficacy of ch14.18 administered alone has been provided by the retrospective analysis of
a combination of two German trials sponsored by Deutsche Krebshilfe. In two trials (NB90O and NB97), all
subjects having successfully completed induction chemotherapy could proceed to receive either low-dose
maintenance chemotherapy or myeloablative high-dose chemotherapy followed by ASCT but only if they
did not relapse, progress, or develop a second malignancy. All NB97 subjects and some NB90 ASCT pilot
subjects were subsequently treated with either a 12-month maintenance treatment of low-dose
chemotherapy (12 alternating cycles of oral melphalan/etoposide and vincristine/cyclophosphamide) or
ch14.18 at a median dose of 20 mg/m? (12 — 40) on Days 1-5 of a two-month cycle for a total of six

cycles.

A retrospective analysis compared EFS and OS rates between three groups of subjects (=1 year old) with

neuroblastoma stage 4:
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e subjects who received maintenance treatment with ch14.18 (n = 166);
e subjects who received 12-month low-dose maintenance chemotherapy (n = 99);

e subjects who received no further treatment after the induction chemotherapy (n = 69, control
group).

Univariate analysis showed similar EFS in all three subject groups at three years (46.5 + 4.1%, 44.4 +
4.9%, 37.1 + 5.9%, respectively; p = 0.314). Superior OS was noted at three years in the ch14.18
treatment group (68.5 *+ 3.9%) compared to either the maintenance therapy group (56.6 + 5.0%; p =
0.029) or the control group (46.8 + 6.2%; p = 0.009). However, multivariate analysis revealed no clear
benefit for patients treated with ch14.18 and consequently this treatment was discontinued in the
neuroblastoma trials. In addition, the investigators concluded that ch14.18 maintenance treatment was
associated with considerable but manageable adverse events (pain, elevated CRP and fever, rash and
pruritus, signs of capillary leak syndrome) (Simon, 2004). Similar results were observed in smaller
cohorts of infants < 1 year old (Simon, 2005).

A follow-up of the same subjects (> 1 year old) was published by Simon et al in (median observation
time: 11 years). The 9-year EFS rates were 41 + 4%, 31 + 5%, and 32 * 6% r subjects who received
maintenance therapy with ch14.18, maintenance therapy with oral chem rapy, or no maintenance

chemotherapy, respectively (p = 0.098). At 9 years, OS was significasﬁ\'Q‘better in subjects treated with
ch14.18 (46 + 4%) as compared to subjects treated with low-dose ihtenance chemotherapy (34 + 5%)
or subjects who did not receive maintenance therapy (35 =+ 6%{(@0.019). A multivariate analysis
found that maintenance treatment with ch14.18 significantl roved EFS and OS compared to no
maintenance therapy (EFS: p = 0.021; OS: p =0.011); h r, no difference was observed in EFS and
OS between maintenance treatment with ch14.18 as c\@yared to low-dose chemotherapy (EFS: p =
0.688; OS: p = 0.182). The authors concluded that @14.18 may prevent late relapses in subjects with
minimal residual disease, which may explain Whggtfe\survival benefit was observed at nine years and not
at the initial three-year follow-up. \)()

O

2.5.3. Discussion on clinic ﬁQicacy

Design and conduct of cIinicik dies

the COG in the US, Can
complexity of the im@\otherapy regimen. The study population of high risk neuroblastoma is the target
population (the majority being INSS stage 4) although the criteria used to define “high risk” were not
exactly those currently used (as defined by the International Neuroblastoma Risk Group (INRG) task

This application is support ‘@K@a single open-label pivotal trial sponsored by the NCI and conducted by
@and Australia. An open-label design was the only feasible given the

force) however the two classifications are broadly overlapping, the cut-off age, which is one of the main
criteria to define high risk, was 12 months in the COG classification rather than 18 months in the INRG
classification. Only 8 children were less than 18 months old. It is therefore accepted that most study
patients would be considered with high risk neuroblastoma. In principle, the design of the study is
considered acceptable with EFS as the primary endpoint. However, the study was open-label, no central
review of tumour imaging was conducted, the clinicians and radiologists were aware of the treatment, and
the type of contact accepted for the determination of the absence of relapse is considered questionable.

A DSMC was established to review safety and efficacy data during the study but it is not considered fully
independent as the Chairs were COG members. Interim analyses were planned every 6 months. The trial
was stopped prematurely because, according to the DSMC, superiority of immunotherapy with ch14.18
over the control had been established on EFS. However, this was not justified as it is obvious that the
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stopping boundary was not crossed; hence superiority of immunotherapy was not demonstrated in
January 2009, when the decision to stop the randomisation was taken. The GCP inspection revealed that
the reason was that there was only very small chance that the final result would not meet the 0.025
significance level for licensure and that the data had been trending in the same direction throughout the
study. However, the DSMC documentation also revealed that the trial accrual rate had been much slower
than expected and the perspective of its temporary closure due to an increase in allergic reactions is likely
to have also impacted the decision. The GCP inspection also concluded that the efficacy data were
reliable. For all the reasons previously listed, the EFS results have to be interpreted with caution and the
overall survival results are considered paramount to evaluate the treatment benefit.

Efficacy data and additional analyses

The baseline prognostic factors with respect to tumour biology were not well balanced across the
treatment arms and pointed towards worse prognosis in the control arm. However, this was taken into
account in additional statistical analyses with adjustment for prognostic factors.

When the trial was stopped by the DMSC in January 2009, the stopping boundar d not been crossed;
the observed p-value was 0.0115, which was superior to the nominal alpha c I@lated (0.0108).
Therefore, the trial should not have been stopped. Estimates for 2-year EF{ re 66.3% vs. 46.4% for
the immunotherapy and control arms, respectively. In the analysis co d 5 months later, these
estimates were 65.6% vs. 48.1%, respectively (p = 0.0330) with an of 0.64 (0.43; 0.97); the
apparent increase in EFS rate in the RA alone treatment arm was @e to the correction of errors in the
dataset. In the large extension study (737 patients), a similar eémate of 65.2% (95% CI 60.7%, 69.8%)

was reported. g

In contrast with these EFS results, overall survival resbk@in four analyses (from 2009 to 2014)
unequivocally demonstrate the benefit of immunoth@py, which is both statistically and clinically
relevant with a survival benefit of 14% at 3 years % vs. 68%; p < 0.02) and an HR of 0.57 (0.36;
0.89). The 2-year survival rate reported in th akfension study (81%; 95%CI 77%; 85%) is in line with
this result. Treatment effects remained significant and with similar hazard ratios when the analysis was
adjusted for each individual prognostic r; therefore, the imbalance in prognostic factors did not seem
to have had a notable impact on th{@ults.

No information was collected p(ﬂ&t-relapse/progression therapies during the study and therefore the
possible effects of these on @ival cannot be assessed. However, it is acknowledged that there is
currently no effective ther@ in the relapse setting and that the prognosis remains poor. Various
therapeutic options @Gposed by the NCI and there is no foreseeable reason that would suggest that
the two randomised arms could have had access to different therapies. Furthermore, it is known that
some patients from the control arm received ch14.18 either before or after progression/relapse and this
might work in favour of the control arm. Finally, the magnitude of the difference in overall survival is such
that any bias in these therapies would not be expected to substantially affect the observed benefit.

A major prognostic factor in high-risk neuroblastoma is the type of response to induction chemotherapy
and the benefit of the immunotherapy regimen in the most favourable setting (CR and VGPR) was
questioned during the procedure. Subgroup analyses showed that most prognostic groups benefited from
the immunotherapy regimen, in particular patients with CR and VGPR after induction chemotherapy, who
have a more favourable prognosis than those with PR. However, there was no apparent effect on EFS/0OS
in patients with two favourable prognostic factors (HR around 1): those who had received a purged stem
cell transplant (2-year OS of 85% [ch14.18] vs. 82% [control]) and those with hyperdiploid tumours
(84% vs 86%, respectively). Given the sample sizes and the high level of missing data for the tumour
biology, these results should be interpreted with caution. Finally, the small group of patients with residual
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disease at MIBG (Curie score > 0) did not seem to benefit from immunotherapy and the results in patients
with persistent disease are not considered convincing.

The contribution of each component of the proposed combination to the observed benefit and risks of
treatment was requested during the procedure. The applicant summarised the non-clinical and clinical
data available however no definite proof of clinical benefit can be ascribed to one or the other component
of the combination as the definition of the dosing regimen currently proposed is the result of progressive
adjustments solely based on toxicity results.

Post-hoc analysis of efficacy results were presented by antibody status for Study 302, which suggested a
negative trend for EFS in subjects developing HACAs but no clear difference for OS. However amongst the
patients who developed HACAs, survival outcomes did not appear worse when the antibodies were found
to be neutralising. The Applicant will conduct a post-authorisation immunogenicity study to better
characterise the immunogenicity profile of the commercial product as well as its impact on dinutuximab
exposure (see Annex Il obligation).

The efficacy of Unituxin in children aged less than 12 months has not yet been egtablished.

Q
&

2.5.4. Conclusions on the clinical efficacy o)

The initial indication has been modified to reflect the age group of thQ,}\’udy population and the fact that
only patients with at least partial response following induction c{e%therapy were included.

)
2.6. Clinical safety (\g
\®)

The Applicant has provided a safety summary of the@ain studies sponsored by NCI/UTC where ch14.18
was administered in combination with GM-CSF a;Qr: in two Phase 1/11 studies (CCG-0935 and POG-9347)
and in combination with GM-CSF, IL-2, and im four Phase I1-111 clinical studies (CCG-0935A,
DIV-NB-301, -302, -303, and the PK stud V-NB-201]); all studies were conducted in children and
young adults with high-risk neuroblast@.

>
Patient exposure
-

and IL-2: 578 male (59¢% d 406 female (41%) patients, with a median age of 3.8 years (range: 0.75
— 29.4; 11 children %ear and 8 adults > 17 years) and mostly white ethnicity (75%) (see Table 30).
The majority of subjects (78%) received 5 courses of ch14.18 therapy, which is the recommended
regimen (see Table 34).

The safety results are presented separately for the randomised pivotal trial (with the control arm and the
immunotherapy arm) and the remaining trials.

Overall, 984 subjects with ’E’lgg)risk neuroblastoma were exposed to ch14.18 in combination with GM-CSF
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Table 30 Demographics of the safety population

Treatment
n (%) [# of Events]
Control  |ch14.18 group| ch14.18
group from from
from ANBL0032 other All ch14.18
ANBL0032 ((Randomized)] studies gruupsl

(N=108) (N=114) (N=843) | (N=984)

|Age at Enrollment (Years)

N 108 114 843 084
Mean (SD) 4(2.15) 43 (2.46) 45(3.02) 45(2.97)
Median 3.67 3.86 3.79 3.83
Min, Max 0.95 13.29 0.95,1529 0.75,20.4 0.75,204

Categorical Age at Enrollment (Years)

Age 1 year or less 1(0.9%) 1(0.9%) 10 (1.2%) 11,@&35}
Age 1103 years 30 (36.1%) 33(289%) | 290(344%) | 1965 4%)
Age =3 105 years 30 (36.1%) 52(45.6%) | 307(364%) (369 (37.5%)
Age =5 to 8 years 23 (21.3%) 23 (20.2%) 150 (18 9%H\.] 189 (19.2%)
Age = 8 to 12 years 5 (4.6%) 1 (0.9%) 5565 | 58(5.9%)
Age > 12 to 15 years 1(0.9%) 3(2.6%) Lln3%) 15 (1.5%)
Age > 15 to 17 years 0 100%) |, 4% 5(0.5%)
Age = 17 years 0 0 A@\s (0.9%) 3(0.8%)
FaN

Sex i

Male 61 (56.5%) ;{ts,\_-!%) 403 (58.5%) | 578 (58.7%)
Female 47 (43.5%) (\\9’(3 77%) | 350(41.5%) | 406 (41.3%)

N
Table 31: Summary of exposure to ch:l\4\§g)(safety population)

O No. of Subjects(%0)
Duration of Exposure _{’ (N=084)
=1 cycle N V 60 (6.1%)
o>
T cycle and =2 ks | 7 (35%)
RS
2 cycles }@:“: cycles | 66 (6.7%)
AN\
'3 N and <=4 cycles | 46 (4.7%)
4 cycles and <=5 cycles | 764 (77.6%)
5 cycles and <=6 cycles I 1(0.1%)
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Adverse events

An overall summary of adverse events is presented in Table 32 and those occurring in 25% of the whole
ch14.18 population in Table 33.

Table 32: Overall summary of Adverse Events (safety population)

Control group

ch14.18 group

from from
ANEBLOOD32 ANBLOD32 All
(Randomized)| (Randomized) | ch14.18 aroups
(N=108) (N=114) (N=984)
No. of Subjects with at least one Adverse Event 91 (84.3%) 112 (98.2%) 922 (93.7%)
[Total No. of Adverse Events 1023 2844 36807

No. of Subjects with at least one AdEER/SAE (ANBLO032, ANBLOS31 or DIVNB201)

4/108 (3.7%)

52/114 (45.6%)

560/961 (58.3%)

No. of AdEERs/SAEs (ANBLO032, ANBL0931 or DIVNEB201) 5 186 2761

No. of Subjects with at least one Grade 3 or Higher Adverse Event 69 (63.9%) 109 (95.6%) 845 (85.9%)

No. of Grade 3 or Higher Adverse Events 305 1175 8747

No. of Subjects with an Adverse Event Resulting in Death 0 ZDH) 9 (0.9%)

No. of Adverse Events Resulting in Death 0 N o"é 9
A

No. of Subjects with an Adverse Event that Lead to Treatment Discontinuation [1] 0 ‘1\(. v o 19/51 (37.3%)

No. of Adverse Events that Lead to Treatment Discontinuation [1] Ox\‘ 0 66

No. of Subjects with an Adverse Event Related to the Study Drug ‘sa’@s.om 111 (97.4%) 915 (93.0%)

No. of Adverse Events related to the Study Drug ,’\ 561 3142 25584

Note: Only studies ANBLO032, ANBLO931, CCG0935A and DIVNB201 have been ingh

[1] The Action Taken for an Adverse Event was collected only for the CCG0935.

Bed Jor this summary.
DITNB201 studies.

Assessment report
EMA/CHMP/408316/2015

Page 74/98




Table 33 Adverse Events occurring in = 5% of the whole ch14.18 population

Treatment

n (%) [# of Events]

Control
group chl4.18 group

from from All
ANBLO03Y | ANBLOO2I chl4.18
(Randomized)|(Randomized) groups’
Body SystemPreferred Term (N=108) (IN=114) (IN=0284)
BLOOD AND LYMPHATIC SYSTEM DISOEDERS 23 (21.3)[49] | 39 (51.8)[181] 4T[£ 1(3;]9}
; 43 ) 445 (45.3)

ANAFMIA 23 (21.33 [48] | 58 (50.9) [176] (19577

CARDIAC DISOEDERS

2 (1.9) [2]

24 (21.1) [68]

186 (18.9) [956]

SINUS TACHYCARDIA

0

16 (14.0) [34]

128 (13.0) [803]

CASTROINTESTINAL DISOEDERS

38 (35.2) [90]

84 (73.7) [406]

488 (49.6)
[2604]

ABDOMINAL PAIN 9 (8.3) [12] | 66 (57.9) [136] [323 (32.8) [620]
VOMITING 20 (18.5) [34] | 49 (43.0) [99] |201 20.4) [579]
DIARRHOEA 16 (14.8) [26] | 47 (41.2) [104] [236 24.0) [512]
NAUSEA 328001 5 (7.9) [161 |[117 (11.5) [306]
CONSTIPATION 201902 76012 | s46.50108)

)

CENERAL DISORDERS AND ADMINISTRATION - | 686 &N

CITE CONDITIONS 32(29.6)[56] | 97 83321 | "5y

_ R R  152.6)
PYREXIA 29 (26.5) [38] | 81 (71.13[221] \\’%”3]

, - ) - LN 5595 (40.5)
PATN 6 (5.6)[14] |59 (51.8) [}-Q} .480]
FACE OEDEMA 0 10 (8.8r§N] (123 (12.5) [219]
FATIGUE 2(1.9)[3] ool BTG
OEDEMA PERIPHERAL 0 e Dis 58 (5.9) [91]
CHILLS 0 JOYvrmnag 56 (5.7) [80]

>

IMMUNE SYSTEM DISORDERS 9 (8.3 73 (64.0) [220] 651[11_52;:.'1}

g = =
- ; - 551 (5600
HYPERSENSITIVITY \BC?}’ [21] |68 (59.6)[170] 347
ANAPHYLACTIC REACTION N Dom |28 @ee 411 176 07.5) 220]
CYTOKINE RELEASE SYNDROME PRy D 6330081 | 92(9.3)[177]
)
-

INFECTIONS AND INFESTATIONS

47 (43.5) [68]

39 (51.8) [129]

410 (21.7) [820]

O
DEVICE RELATED INFECTION Y

11 (10.2) [14]

19 (16.7) [28]

155 (15.8) [234]

INFECTION SUSCEPTIBILITY ]INCR_EW

& (5.6) [6]

8 (7.0) [11]

54 (3.5) [69]

XA
=

676 (65.7)

INVESTICATIONS >‘\\ 67 (62.0) [432] | 97 (85.1) [958] [8342]
PLATELET COUNT DE D 44 @0.7) [140] [ 70 6Ly 38 | P20
L¥YMPHOCYTE COUNNDECREASED 38 (35.23 [97] | 72 63.2) 2221 33’[51 ?(gﬂ_'j“}

| 338 (345)
ALANINE AMINOTRANSFERASE INCREASED | 33 (30.6) [S1] | 56 (49.1) [152] 10531
WHITE BLOOD CELL COUNT DECREASED 16 (14 2 239 (24.3)
: (148 [37] | 42 3681 [951 o1e]

NEUTEOFHIL COUNT DECREASED

17 (15.7) [23]

45 (39.5) [93]

305 (31.0) [945]

ASPARTATE AMINOTRANSFERASE INCREASED | 7 (6.5) [12]1 | 26 (22.8) [54] |258 (26.2) [680]
GAMMA GLUTAMYLTRANSFERASE j R
DiCREASED 0 SA4[12] | 98 (10.0) [285]
WEIGHT INCREASED o 11 (963 [19] | 95 (9.7) [286]
BLOOD CREATINDNE INCREASED 6 (5.6)[12] | 17(14.9)[28] | 81 (8.2) [210]
BLOOD ALKALDNE PHOSPHATASE INCREASED | 7 (6.5) [14] 6 (5.3) [7] 67 (6.8) [129]
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A

Treanment
n (%) [# of Events]
Control
group ¢hld 18 group

from from Al
ANBLOOZE | ANBLOOAZ chl4.1%
(Randomized)(Randomized)) groups’
Body SvstemPreferred Term (N=10%) (=114} (N=934)

NMETABOLISM AND NUTRITION DISORDERS 29 (26.9) [115] | 83 (72.8) [631] ﬁzlgiggjs)
HYPOALBUMINAEMIA 3e9E [35607009) 35["; o
HYPONATRAEMIA 13 (12.0) [31] | 60 (52.6) 149 35[511‘;;1”
HYPOKALAEMIA 5(4.6)[11] | 42(36.8) [80] ""[llggis)
HYPOCALCAEMIA 0 24 (21.1) [56] [229 23.3) [877]
HYPERTRIGLYCERIDAEMIA 12(11.1) [18] | 18(15.8) [45] [160 (16.3) [350]
HYPERGLYCAEMIA 43D | 17049 37 [133(13.5) [338]
HYPOPHOSPHATAEMIA 3287 | 2521.9) [37] [159 16.2) [334]
DECREASED APPETITE 5@6)[12] | 17(14.9) [36) [118 (12.0) [242]
HYPOMAGNESAEMIA 109011 | 13(11.4)[26) | 87 (8.8) [190]
HYPERKALAEMIA 4(3.7MH) 63N [s4@5HN
HYPOGLYCAEMIA 0 saapE | 2o vl
HYPERCALCAEMIA 847 | 90916 [ 70 ENM20]

202

NUSCULOSKELETAL AND CONNECTIVE TISSUE .

DISORDERS 10 (9.3)[24] | 41(36.0) RQ" 2 (24.6) [769]
PAIN IN EXTREMITY 437 | 16 (14}\\@9 167 (17.0) [386]
BACK PAIN 1090 [ R@ad s | s132)[178]

\v

INERVOUS SYSTEM DISORDERS 11(10.2) 18§35 (30.7) [63] 232 (23.6) [591]
NEURALGIA o, N[ 1136 122] | 89 .0 229
HEADACHE 4 (;@*pj 8(7.0)[8] [ 0 @®.1)[161]

AN\

[RENAL AND URINARY DISORDERS ANLIB.5) [14] | 29 (25.4) [57) [167 (17.0) [497)
PROTEINURIA {396 [ 15032025 | 76 0.7 [180]
HAEMATURIA N 1(0.9)[1] 7(6.1)[11] | 59 (6.0)[128]
URINARY RETENTION o 0 7(6.1)[10] | 65 (6.6) [120]

Y
- \ >

[RESPIRATORY, THORACIC AND MEDMSTINAL 404 (41.1)

DISORDERS P\\@“ 76501231 |47@12) 1104 [1363)
HYPONIA N 2009021 | 2954 [51] [185 (18.8) [385]
COUGH AN 2(1.9[5] 11 (9.6) [18] [159 (16.2) [344]
DYSPNOEA k‘ 1(0.9)[1] 6(53)[91 [114(11.6)[165

SKIN AND SUBCUTANEOUS TISSUE DISORDERS | 24 (22.2)[52] | 635 (37.0) [181] 51[21 ;ﬁf}

485 (49.3)
URTICARIA 32804 |49 43.00[103] [1007]
PRURITUS 1{0.9)[1] 11 (3.6 [17] [139 (14.1} [332]
DREY SKIN 16 (14.8) [29] | 20(17.5) [33] [130 (13.2) [264]
FASH PAPULAR 5 (4.6) [8] 10 (3.8[13] | 94 (9.6) [164]

VASCULAR DISORDERS 931 [ s2mermm TE gg]”

659 (67.0)
HYPOTENSION 32841 | 70 (81.4) [166] 133]
CAPILLARY LEAK SYNDROME 1(09)[1] | 45 (39.5) [76] |445 (45.2) [696]
HYPERTENSION 7(6.5)[16] | 17(14.9)[28] [112 (114} [497]
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The most commonly reported AEs included hypotension (67%), hypersensitivity (56%), pyrexia (53%),
urticaria (49%), capillary leak syndrome (45%), anaemia (45%), pain (41%), hypokalaemia (41%),
decreased platelet count (40%), hyponatraemia (37%), increased ALT (35%), decreased lymphocyte
count (34%), and abdominal pain (33%). When all pain-related AEs were grouped together (i.e., any PTs
containing “pain” and “-algia” as well as abdominal discomfort), “pain” became the second most
commonly reported AE with 66% of subjects reporting a pain related AE during clinical studies with

ch14.18.

Of note, a higher proportion of subjects reported events of abdominal pain, vomiting, diarrhoea, pyrexia,
decreased platelet and lymphocyte count, and hyponatraemia in the randomised study as compared to
the other ch14.18 studies.

Adverse reactions are defined as those adverse events that occurred at a higher frequency in the
dinutuximab, GM-CSF, IL-2 and isotretinoin-treated group compared with the isotretinoin-treated control
group during the ANBLOO32 randomised, controlled, pivotal study, and that have a plausible mechanistic

relationship to treatment with dinutuximab. Originally reported terms have been coded to preferred

terms (using the Medical Dictionary for Regulatory Activities [MedDRA]. Frequ

ategories described

in Table 34 are defined as: very common (=1/10); common (=1/100 to <l« ; uncommon

(=21/1,000 to <1/100).

patients receiving dinutuximab in combination with GM-CS

o

-2, and isotretinoin.

Table 34: Adverse reactions that have occurred during studieiﬁ\&ﬂgh risk neuroblastoma

£

System Organ Class Very Common Common 0,\ Uncommon
Infections and infestations Device-rélated infection,
infecti ceptibility
in @ed bacteraemia,
colitis

Blood and lymphatic
system disorders

Anaemia <

{obrlle neutropenia

Atypical haemolytic
uraemic syndrome

Immune system disorders

Anaphylactic reaction,
hypersensitivity \\

0\

Cytokine release syndrome

Serum sickness

Endocrine disorders

Hyperthyroidism

Metabolism and nutrition
disorders

Hypokalaemia, ()~
hyponatraer@

Hypomagnesaemia, acidosis,

hypoglycaemia,

Nervous system disorders (

Neuralgia, peripheral
neuropathy, headache

Posterior reversible
encephalopathy syndrome

Eye disorders

Y

Vision blurred, photophobia,
mydriasis

Unequal pupils

Cardiac disorders

Tachycardia (sinusal,
atrial, ventricular)

Atrial fibrillation,
ventricular arrhythmia

Vascular disorders

Capillary leak syndrome,
hypotension, hypertension

Respiratory, thoracic and
mediastinal disorders

Hypoxia, cough, dyspnoea

Bronchospasm, pulmonary
oedema

Stridor, laryngeal oedema

Gastrointestinal disorders

Diarrhoea, vomiting,
nausea

Constipation, lower
gastrointestinal
haemorrhage

Skin and subcutaneous
tissue disorders

Urticaria, pruritus

Maculo-papular rash

Renal and urinary
disorders

Urinary retention,
proteinuria, haematuria

Renal failure

General disorders and
administration site
conditions

Pyrexia, pain', face
oedema

Peripheral oedema, chills,
fatigue, irritability
Injection site reaction

Investigations

Decreased platelet count,
decreased lymphocyte

Increased

gamma-glutamyltransferase,

Blood culture positive
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System Organ Class

Very Common

Common

Uncommon

count, decreased white

blood cell count,

decreased neutrophil
count, increased aspartate
aminotransferase,
increased alanine
aminotransferase

increased

weight

increased blood creatinine,

1 Includes preferred terms abdominal pain, abdominal pain upper, arthralgia, back pain, bladder pain, bone pain, chest pain, facial pain,
gingival pain, musculoskeletal chest pain, myalgia, neck pain, neuralgia, oropharyngeal pain, pain, pain in extremity, and proctalgia.

As shown in Table 35, the most commonly reported severe (Grade 3 and higher) AEs that occurred across
all ch14.18 dosing groups included pyrexia (37%) and laboratory abnormalities (anaemia [35%0],
hypokalaemia [32%], decreased lymphocyte count [30%], decreased platelet count [29%] and
neutrophil count decreased [27%]).

Table 35: Severe (2 Grade 3) Adverse Events occurring in = 5% of the whole ch14.18

population

Treatment

n (%) [# of Event:]

RS

Control

&

chl4.18 gronc§ Al
Body System/Preferred Term group fro ¢
from ANB chl4.18
ANBL0032 (I-{an ze-d) groups
(Randomized) 14) (N=984)!
=108 | o0

[BLOOD AND LYMPHATIC SYSTEM DISORDERS 17 Q5.7 [2 a0 (34.2) [70] | 363 (36.9) [706

ANAEMIA 17(5.7) _%\ 737 (32.5) [66] | 342 (34.8) [643
\

IGASTROINTESTINAL DISORDERS 7 (8')1\01 46 (40.4) [94] [ 262 (26.6) [517]
ABDOMINAL PAIN PR 31 27.0[51] | 148 15.0) [240]
DIARRHOEA 0.9 3] 14 (12.3) [19] 94 (9.6) [120]

C

IGENERAL DISORDERS AND ADMINISTRATION N R R

CONDITIONS % 10 (9.3) [10) | 67 (58.8) [123] |494(502) [1075]
PYREXIA N\~ 6 (5.6) [6] 45(39.5) [61) | 368 (37.9) [621)
PAIN PR et 3 (2.8)[3] 31 (27.2)[49] | 207 21.0) [404)

)

[DMMUNE SYSTEM DISORDERS A\ 20192 20 (25.4) [46] | 218 (22.2) [306]
ANAPHYLACTIC REACTION A 1 (0.9) [1] 28 (24.6) [41] [ 172 (17.5) [216]
HYPERSENSITIVITY AN\ 0 1(09)[1] 50 (6.1) [72]

W\J

[INFECTIONS AND INFESTATIGNS® 32(20.6)[46] | 48 (42.1)[100] [ 334 (33.9) [607]

| DEVICE RELATED INFE ) 11 (10.2) [14] 19 (16.7) [26] | 146 (14.8) [217]

[INVESTIGATIONS k‘ 44 (40.7)[132] | 87 (76.3) [380] [610 (62.0) [2952]
PLATELET COUNT DECREASED 26 (24.1) [58 30 (34.2) [04] | 282 (28.7) [767
LYMPHOCYTE COUNT DECREASED 21(19.4) [32 58 (50.9) [123] | 293 (29.8) [725
NEUTROPHIL COUNT DECREASED 14(13.00[20) | 38(33.3)[67] [ 263 (26.7) [517]
ALANINE AMINOTRANSFERASE INCREASED 3(2.8) (3] 22(19.3)[30] | 168 (17.1) [255
WHITE BLOOD CELL COUNT DECREASED 0 (8.3)[14] 24211 [36] | 123 12.5) [214
GAMMA-GLUTAMYLTRANSFERASE INCREASED 0 2 (1.8) [3] 71 (7.2) [158]
ASPARTATE AMINOTRANSFERASE INCREASED 0 11 (9.6) [12] 91 (9.2) [113]

[METABOLISM AND NUTRITION DISORDERS 15 (13.9) [34] | 62 (33.4) [150] [511 (51.9) [1313]
EYPORALAEMIA 308 (5 35 (30.7) [48) | 317 (32.2) [507)
EYPONAIRAEMIA 1060 [5] 23 (20.2) [26] | 210 (31.3) [293]
DECREASED APPETITE 1G.D10) 12 (10.5) [26] | 63 (6.4) [116)
EYPOPHOSPHATAEMIA 0 9 (7.9) [10] 2 (6.3) [65]
EYPOALBUMINAEMIA 0 £07.0) [0 51(5.2) (611

Assessment report
EMA/CHMP/408316/2015

Page 78/98




Treatment
n (%) [# of Events]
Control
. . chl4.18 group All
Body System/Preferred Term E}‘ oup from 1418
Irom chil=.
N 32
ANBL0032 | ANELOSE | groups
(Randomized) l(\'=ll-l} (N=984)!
(N=108) i

;IIEECR’%EGRSBKELE TAL AND CONNECTIVE TISSUE 5 (4.6) [9] 23 (20.2) [38] | 107 (10.9) [213]

PATN [N EXTREMITY 1(19) 3] 7 (6.1) [12] 60 (6.1) [98]
NERVOUS SYSTEM DISORDEERS 3 (281 [3] 17 (14.9) [26] | 111 (11.3) [218]

NEURALGIA i g (7.0) [14] 63 (5.4) [149]
Ef;g;ﬁll;g“* THORACIC AND MEDIASTINAL 3 (2.8) [E] 20(17.5 [29] | 203 (20.6) [380]
HYPONIA 1 (08 1] 14 (12.3) [20] | 132 (13.4) [21§]
SEIN AND SUBCUTANEOUS TISSUE DISORDERS 2 (L9 [3] 16 (14.00 [18] [ 110 (11 4J153]

URTICARIA [0 14 (12.3) [16] 28 (B0NI12]

%

VASCULAR DISORDEES 1 (0.8) [4] 38 (33.3) [67] g@a.s} [479]
HYPOTERSION i 22 (18.3) [30] ANDE4 (18.7) [269]
CAPILLARY LEAE 5YNDROME i 23 (20.2) [SEN P 133 (13.5) [179]

>

Serious adverse event/deaths/other significant events (b
In total, 25 subjects (2%) died within 30 days of study therap, ross all ch14.18 studies. The majority
of deaths (19/25; 76%) were considered disease related b investigators.

Out of the six other deaths, one death due to extensi\f\aracranial haemorrhage occurred before the
patient received any ch14.18. As for the five deaths@ patients having received ch14.18, one was
attributed to an IL-2 overdose and two were re to a lung infection; the last two deaths occurred
during/after the first treatment course and w l‘%oth characterised by sudden abdominal pain followed
by collapse. The pathophysiology of the e é in the last two cases remains unclear.

Serious AEs and AdEERS from the AN?&%Z ANBL0931, and DIV-NB-201 studies were combined into a
single table by CTCAE version 4. 0&
SAE was 3.7% in the control ar,q\

(Table 22). Overall, the proportion of subjects experiencing an
6% in the randomised ch14.18 arm, and 60.6% in the all ch14.18

groups (N=961). \C)
The most commonly r d SAEs in subjects who received ch14.18 immunotherapy included
hypotension (15%), r (14%), capillary leak syndrome (11%), catheter related infections (10%b),

anaphylaxis (10%), and hypokalaemia (9%).
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Table 36: Serious AEs occurring in 2196 of the whole ch14.18 population

Treatment
n (%) [# of Events]
Control
group chl4.18 group
from from All
ANBLOO32 | ANBELOO32 chl4.18
(Randomized)|(Randomized) El'D‘l.l]:l-Sl
Body System/CTCAE v4.0 Term (N=10%8) (N=114) (IN=261)
[ELOOD AND LYMPHATIC SYSTEM DISORDERS ] 2 (L8[ T2 (7.5) [91]
ANEMIA ] 2 (1.8) [ 64 (6.7) [77]
ICARDIAC DISORDERS 1] I6eME 3334 [43]
SINUS TACEYVCARDILA o 2 (1.8 2] 15 (1.6 [19]
ICASTROINTESTINAL DISORDERS 1(08)[2] 10 (2.8) [15] | 103 (10.7) [170]
ABDOMINAL PATN ] 4(3.5)[5] 36(3.7) [49]
DIARRHEA 1] 3 (2.6) [3] 40(4.2) [42]
VOMITING 1(0.8)[1] 1(0.9)[1] 20(2.1) [21]
ILEUS ] 1(0.9)[1] 10 (1.0) [11]
QENE.R—!J_ DISORDERS AND ADMINISTRATION SITE ] 15 (13.2024] 189 (12.T) [320]
[CONDITIONS .
FEVER ] 7 (6.1) [9] 131 (13.6) [1
PATN 1] 5 (44 [5] 47 (4.4 RS
EDEMA FACE ] 2 (1.8) [ 17
CHILLS ] 1(0.9)[1] 1NN [13]
TRRITABILITY ] 1o ALY
FATIGUE o 1090 . | Yoaonng
oD
IMMUNE SYSTEM DISOEDERS 0 2 ;@J 142 (14.8) [192]
ANAPHYLAMIS 1] & A 01 (9.5 [100]
ALTLERGIC REACTION 1] =N m)ﬂ} 4] 58 (5.0) [99]
CYTOEIME RELEASE SYNDROME 0 \‘_’(1.3} (] 15 (1.6) [18]
INFEC TIONS AND INFESTATIONS 200N 262EEn | 245 25 R
CATHETEFR. RELATED INFECTION 2% 8 (7.0)[11] 95 (9.0} [131]
DNFECTIONS AND INFESTATIONS - OTHER, SPECIFY 0 57 (5.9) [74]
INFECTION WITH NORMAL ANC OR GRADE 1 OR 2 60 10 (2.8) [13]
WEUTEOPHILS: BLOOD
LUNG INFECTION ¢ [ 10811 20 (2.13 [23]
SERSIS o) ] 0 10 (2.0) [20]
];ZIFDEOCD'HDNS AND INFESTATIONS - on{ER(}sghh ] 109y 15 (1.9) [19]
ENTEROCOLITIS INFECTIOUS « O\ 1] 1(09)[1] 14 (1.5) [15]
URINARY TREACT INFECTION  , (~ N\° ) 109 1] 10 (1.0} [14]
INVESTIGATIONS A ] 10 @8 [12] | 165 (7.2 [384])
LYMPHOCYTE COUNT DECREISYD 0 205 M) 5 5.9 [V
NEUTROPHIL COUNT :g!(sn 0 1091 %6 (5.5) [83)
PLATELET COUNT DECT ED g 1080 35 3.6) [#0]
ALANDNE AMINOTRANSFERASE INCREASED 3 108 33 (3.3) [38]
WHITE BLOOD CELL DECREASED Q L BEABT
ASPARTATE AMINOTRANSFERASE DNCREASED 0 10 (1] 2425 25
GGT NCREASED g 0 20 2.1 [23]
BLOOD BILIRUBIN INCREASED a [ 16 (1.7 [19]
WEIGHT GAIN 1] 0 15 (L& 07
URINE OUTPUT DECREASED ] [ 11 (1.0 [15]
CREATINDNE DNCREASED 0 20182 13 (1.4) [14]
Treatment
n (%) [# of Events]
Control
Sroup chl4.18 sroup
from from All
ANBELO032 | ANBLOO32 chl4.18
(Randomized)|(Randomized)| groups’
Body System/CTCAE v4.0 Term (N=108) (N=114) (IN=961)
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BMMETABOLISM AND NUTRITION DISORDERS

] 1aosi) [ 218 0re e
HYPOEALEMIA ] 7 (6.1} [E] 85 (9.2) [#9]
HYPOMATEEMIA 4 & 42 (8.5) [47M
HYPOCALCEMIA 0 108[ H(4.5) [57]
HYPOPHOSPHATEMIA 1] 1] 35 (3.6) [#0]
HYPERCALCEMIA ] 3 (2.6) [6] 11 2.3 [E1]
HYPOALBUMINEMIA 0 T 4.5 25
DEHYDRATION 0 109 [1] 17 (1.8) [18]
ANOREXIA 0 T 1708517
HYPEREALEMIA ] 10501 120.2502
BIUVSCULOSKELETAL AND CONNECTIVE TISSUE Q 76.0) [12] 45 4. TI[EN
DISORDERS
PADN IN EXTREMITY 0 365 28 (2.9) [40]
BACE PADI 0 1091 10 (1.0} [15]
WERVOUS SYSTEM DISORDERS g 4« MR
HEADACHE ] 1(08)[1] 12 (1.3 [14]
SELZURE ] 0 10 (1.0} [11]
[RESPIRATORY, THORACIC AND MEDIASTINAL 0 . 120 (12.5) [209]
[DISORDERS
HYPOXIA [ 4G5 M 58 (6.00 [71] b
BRONCHOSPASM ] 0 2425 [29] ,-@
COUGH ] [} 2129 4\
DYSENEA [ [} 20 21N
N
SKIN AND SUBCUTANEOQUS TISSUE DISORDERS ] 2(1E) [ s@ [68]
URTICARIA ] 0 AP 51 [47]
O
VASCULAR DISORDERS [ 11 (0.8 18\ ] 216 (22.5) 323
HYPOTENSION ] 8 (7.0 140 (14.6) [174]
CAPILLARY LEAK SYNDROME ] 3 101 (10.5) [120]
HYPERTENSION [] a\i 22 (2.3) [25]
A\ d

RS

AEs occurred more frequently and with a greatesr)\everity in Courses 1, 2, and 4 as compared to Courses
3 and 5. This is illustrated in Figure 14 for Bﬁvents of capillary leak syndrome, hypotension, pain, and
pyrexia.

O
N
&0 Q
>

50

20

10

Course 1 Course 2 Course 3 Courze 4 Course 5

W Capillary lzak syndrome [ Hypotensiocn M Pain B Pyrexia

Figure 14: Frequency of Capillary Leak Syndrome, Hypotension, Pyrexia, and Pain by
treatment course (total safety population)
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Adverse events of interest
Pain-related AEs

Pain-related AEs included any PTs containing “pain” and “-algia” as well as abdominal discomfort. Overall,
66% of subjects reported a pain-related event during the course of treatment with the majority of
pain-related events occurring during ch14.18 courses; 41% of the patients experienced severe pain
(Grade 3-4). Pain-related events generally decreased over the course of the study suggesting improved
tolerability and/or pain management over time. Concomitant medications to prevent/manage
pain-related events were administered during the Phase Il and 111 studies prior to each course of ch14.18.

All chl4.18 groups
Total

Course n (%4) [# of Events]
Neo. of Unique Subjects (N=084) 640 (56.0%)
COURSE 1 (N=084) 541 (55.0) [089]
COURSE 2 (N=024) 374 (40.5) [758]
COURSE 3 (N=877) 311 (35.5) [558] b
COURSE 4 (N=811) 105 (36.5) [640] . %Q
COURSE 5 (N=T56) 244 (31.9) [450] OK\

Allergic reactions §Q

An allergic reaction-related event was reported by 81% of the s gb ts; the majority were Grade 1 or 2
but 29% of the subjects reported a severe (Grade 3-4) all er?l action. These reactions were more

frequent during Courses 1, 2, and 4, which was expected 2 is known to be immunogenic.

)
All ch14.18 5'0116
Total q
Course n (%0) [# o t
Mo. of Unique Subjects (N=084) "ES‘-
COURSE 1 (M=084) SN 4);335]
COURSE 2 (N=924) ¢ €9) (60.T)[976]
COURSE 3 (=377} Q) B85 (#3.9)[575]
COURSE 4 (14=311) N 456 (56.29[788]
COURSE 5 (N=166) § )' 306 (30.00[4H47]

Allergic reactions were mo monly reported as hypersensitivity (56%b), urticaria (49%), anaphylactic
reaction (18%), prurit s&ema rash and bronchospasm. A standardized MedDRA query identified 52%
of anaphylactlc/ana ctoid reactions. The most frequently reported term which contributed to this
high number of subjects was hypotension, which is often associated with anaphylaxis but may also be
associated with capillary leak syndrome, another commonly reported AE during immunotherapy with
ch14.18.

Infection-related events

Infection-related AEs occurred in 42% of the patients. The majority of infection related events were
considered Grade 3. Overall, infection-related AEs were expected in this subject population as subjects
were enrolled after the completion of an ASCT and were subsequently immunosuppressed at the time of
study participation. In addition, subjects received ch14.18 and cytokines via a central venous catheter,
which explains the frequency of device-related infections (16%b).
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Other events

Other events of interest included neuropathy-related events (muscular weakness, peripheral
sensory/motor neuropathy), neurologic-related disorders of the eye events (mydriasis, photophobia and
vision blurred), hypoxia, dyspnoea, vomiting, diarrhoea, and hepatic dysfunction.

Peripheral sensory neuropathy was reported in 3% of patients and peripheral motor neuropathy in 2% of
patients; less than 1% of patients experienced serious peripheral neuropathy.

Posterior reversible encephalopathy syndrome (PRES) has been reported in the literature as a possible
ADR of anti-GD2 monoclonal antibodies. Clinical signs and symptoms include hypertension, seizures,
headache, visual disturbance and altered mental status associated with oedematous changes of brain
magnetic resonance imaging. Three possible cases of PRES were reported with ch14.18.

Atypical haemolytic uremic syndrome (aHUS) in the absence of documented infection and resulting in
renal insufficiency, electrolyte abnormalities, anaemia, and hypertension occurred in three patients
following the first treatment course. It recurred following re-challenge in one of tgse patients.

Clinical laboratory assessments were performed during clinical trials withé&4.18; however, data from
these assessments were recorded inconsistently. Therefore, study DI -303 was used as a

Laboratory findings

representative study for clinical laboratory evaluations for this su y of safety as this study included
the most comprehensive collection of clinical laboratory data. &

CBC values were generally below or close to the lower end ormal for expected values. In particular,
neutrophil, RBC, haemoglobin, haematocrit, and platek%t es were routinely below normal both prior to

and after ch14.18 dosing in Courses 1-5, as expecte subjects post-ASCT.

The total percentage of eosinophils did appear t&lfc\rease (approximately double) between the first and
last measured values for Courses 1, 2, and 4 not in Courses 3 or 5. This finding correlated with AE
reports that were considered allergic in nat nd may demonstrate a difference in the immune response
for Courses 1, 2, and 4 as compared to&&rses 3 and 5.

WBC and neutrophils appeared hi r at the end of Courses 1, 3, and 5 as compared to Courses 2 and 4,
which was likely due to the use.Q( M-CSF. Lymphocytes generally increased over the course of study
which was expected as subje@}were recovering post-ASCT. Lymphocytes appeared highest at the time
of last assessment in CO@@\GZ and 4 as compared to Courses 1, 3, and 5 which was likely due to IL-2’s
ytes.

ability to increase ly

Overall, mean BUN values were within normal limits when observed over the first and last assessments
during Courses 1-6. In addition, mean serum creatinine values were stable over the course of the study,
indicating that renal function was maintained during the study.

In the whole safety database, the most commonly reported haematology-related AEs were anaemia,
decreased platelet count, decreased lymphocyte count, decreased neutrophil count, and decreased WBC.
The most commonly reported chemistry related AEs included: hypokalaemia, hyponatraemia, increased
ALT, hypoalbuminaemia, and hypocalcaemia. Although the frequency of these events tended to decrease
over time they were more frequent during courses 2 and 4 when ch14.18 was combined with IL-2 (see
Figure 15 and Figure 16).
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Figure 16: Frequency o 1@\ common chemistry-related events by treatment course (total
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Immunological events

Human anti-chimeric antibody (HACA) assessments were conducted in the pivotal trial (DIV-NB-301) and
its extensions on study Days -1, 6, 80, 90, 111, 118, and at the end of treatment, at the same time as PK
measurements. Importantly, the assay used in the pivotal trial was not validated and the incidence of
HACAs in this trial was much lower than in the extension studies and in the bioequivalence study, where
validated assays for binding as well as for neutralising antibodies were used.

In Study 301, 7/138 subjects (5.1%) developed HACAs while overall in Studies 302 and 201, 71/409
subjects (17.4%) developed HACAs, which were neutralising in 15 subjects (3.7%). HACAs were
persistent (i.e. more than one antibody-positive sample post therapy initiation) in 51 subjects (12.5%).
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Safety related to drug-drug interactions and other interactions

As reflected in the protocol for the pivotal study, use of systemic corticosteroid medicinal products is not
recommended due to possible interference with immune activation which is necessary for the therapeutic
action of dinutuximab. It is also not recommended to use intravenous immunoglobulin after ASCT. If
necessary, its use must be limited to the first 100 days after ASCT, as immunoglobulin may interfere with
dinutuximab-dependent cellular cytotoxicity. Immunoglobulin must not be given within two weeks before
and one week after completing each course of Unituxin.

Discontinuation due to adverse events

Out of 984 subjects, 179 (18.2%) discontinued treatment, i.e. received less than 5 ch14.18 cycles. The
main reasons were progressive disease (63; 6.4%), withdrawal of consent (37; 3.8%), and toxicity (29;
3%). Discontinuation occurred at a similar rate across treatment courses (3-4%).

Dose reduction may not have been adequately recorded in all studies and may be underestimated.
Nevertheless, it was about twice as frequent in the treatment courses with IL-2 (8.5%) as in the other
courses (4-5%). @

Post marketing experience

N/A \'\(\

2.6.1. Discussion on clinical safety K
The safety population exposed to the recommended dosi ination of ch14.18 with GM-CSF and IL-2
consists of 984 subjects with a median age of 3.8 year nge: 0.75 — 29.4; 11 children < 1 year and 8

adults > 17 years).

In the pivotal randomised trial, most subjects @%) exposed to the combination therapy experienced at
least one severe (Grade = 3) AE compared % in the control arm treated with RA alone and they were
almost all considered treatment- related e investigator. The proportion of subjects experiencing AEs
and severe AEs, as well as some spec Es (digestive symptoms, pyrexia, and laboratory abnormalities)
was higher in the randomised ar |n the overall exposed population. This could not be fully
explained by the Applicant alt part of the differences might have been related to differences in data
collection and variable |nt after the ASCT.

pyrexia (563%), urtic (49%), capillary leak syndrome (45%), haematotoxicity (anaemia [45%],
decreased platelet count [40%], decreased lymphocyte count [34%]), and electrolyte disorders
(hypokalaemia [41%0], hyponatraemia [37%]).

The most commonly&ed AEs included hypotension (67%), pain (66%), hypersensitivity (56%),

More than half the subjects (61%) exposed to the combination therapy experienced SAEs. The most
commonly reported SAEs included hypotension (15%), fever (14%), capillary leak syndrome (11%),
catheter related infections (10%), and anaphylaxis (10%). As ch14.18 is used in combination with
GM-CSF, IL-2, and isotretinoin, it is difficult to ascertain the causal relationship of each adverse reaction
to a particular medicinal product.

The most frequent reactions followed a typical pattern over treatment courses; they tended to decrease
over the courses with higher occurrence during Courses 1, 2, and 4 than during Courses 3 and 5. Part of
this finding may be explained by preventative measures taken in individual patients but this was also
expected as IL-2 (Courses 2 and 4) is associated with more significant AEs than GM-CSF.
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It is noteworthy that the study protocols required prophylactic medications for the management of
allergic reactions and pain. Antihistaminic medications had to be systematically administered and, when
recorded, this appeared to be the case in about 70-80% of the subjects. Likewise, most patients received
prophylactic analgesics, including intravenous opioids.

Severe pain (Grade 3 or 4) occurred most frequently during the first 4-day course of dinutuximab, often
subsiding over time with subsequent courses. If it occurs, infusion rate should be decreased to 0.875

mg/m2/hour. Unituxin should be discontinued if pain is not adequately controlled despite infusion rate
reduction and institution of maximum supportive measures (see sections 4.2, 4.4 and 4.8 of the SmPC).

Paracetamol should be administered orally 20 minutes prior to starting each dinutuximab infusion, and
repeated every 4-6 hours as needed. Regular dosing every 4—6 hours is recommended when IL-2 is
coadministered. If required for persistent pain, ibuprofen should be administered orally every 6 hours
between doses of paracetamol. Ibuprofen should not be administered if there is evidence of
thrombocytopenia, bleeding, or renal dysfunction.

An opioid, such as morphine sulphate, is recommended to be administered by intFfavenous infusion prior
to each dinutuximab infusion and continued as an intravenous infusion durin until 2 hours after
completion of the treatment. It is recommended that additional intravenou ‘%us doses of an opioid are
administered as needed for treatment of pain up to once every 2 hour g the dinutuximab infusion.
If morphine is not tolerated, then fentanyl or hydromorphone may % lised.

Lidocaine may be administered as an intravenous infusion (2 mg/kg’in 50 mL of 0.9 % sodium chloride)
over 30 minutes prior to the start of each dinutuximab infusi&hd continued via intravenous infusion at
1 mg/kg/h up to 2 hours after completion of the treatment: ocaine infusion should be discontinued if
the patient develops dizziness, perioral numbness, or N@tus.

Gabapentin may be administered at the time of s g morphine premedication, at an oral dose of 10
mg/kg/day. The dose may be subsequently i sed (up to a maximum of 60 mg/kg/day or 3600
mg/day) as needed for pain management. \}

Although most patients received proph E&ic analgesics as required in the study protocols, two-thirds of
the patients experienced pain and 41@experienced severe pain. Its incidence decreased over the first
three treatment courses but abou@fe

third of the patients were still suffering in the last ch14.18 courses.

However, despite the signiﬁo@ toxicity of the combination regimen, the rate of discontinuation for
adverse reactions appear \o be low (3%0).

Dinutuximab is a chi it monoclonal antibody, which implies a certain degree of immunogenicity. Based
on the data currently available, 17% of the patients exposed developed HACAs, which were persistent in
12% and neutralising in 3%. These antibodies did not seem to be associated with allergic reactions but
the detection of specific IgE against non-human glycans (galactose alpha-1,3-galactose and
N-glycolylneuraminic acid) has not been performed. The Applicant will collect data on antibodies against
non-human glycans from the ANBLOO32 study and assess their impact on safety and efficacy (see RMP).
In addition, the applicant will conduct a safety study to better characterise the immunogenicity of
dinutuximab (see Annex Il obligation).

In order to anticipate toxicities associated with ch14.18 including neuropathic pain and allergic reactions,
Antihistamine premedication (e.g. hydroxyzine or diphenhydramine) should be administered by
intravenous injection approximately 20 minutes before starting each dinutuximab infusion and should be
repeated every 4—6 hours as required during infusion. Patients should be monitored for signs and
symptoms of infusion reactions for 4 hours after the completion of the dinutuximab infusion.
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Epinephrine (adrenaline) and hydrocortisone for intravenous administration should be immediately
available at the bedside during administration of dinutuximab to manage life-threatening allergic
reactions. It is recommended that treatment for such reactions include hydrocortisone administered by
intravenous bolus, and epinephrine administered by intravenous bolus once every 3-5 minutes as
necessary according to clinical response. The applicant will analyse laboratory data from patients with
documented grade 4 allergic reactions to allow for improved characterisation of these reactions (see
RMP).

Capillary leak syndrome is more likely when dinutuximab is co-administered with IL-2. It is therefore
recommended to administer oral metolazone or intravenous furosemide every 6—12 hours as required.
Supplemental oxygen, respiratory support, and albumin replacement therapy should be used as
necessary according to clinical response.

In case of ADRs reported and depending of the severity of the ADR, the infusion rate should be modified
or treatment discontinued (see section 4.2 of the SmPC).

In order to prevent the risk of hypotension, intravenous sodium chloride 9 mg/ 0.9%) solution for
injection (10 mL/kg) should be administered over one hour just prior to the 'l@luximab infusion. If
hypotension occurs, this can be repeated, or intravenous albumin or packe%g d blood cells can be
administered as clinically indicated. It is recommended that vasopres @erapy is also administered if
necessary to restore an adequate perfusion pressure. 0

Cases of blurred vision, photophobia, mydriasis and unequal pupilshave been reported, especially with
repeated courses. These changes usually resolve over time %tlents should have an ophthalmic
examination before initiating therapy and be monitored fz(@lal changes.

Cases of hepatic dysfunction have been reported ands}gar monitoring of liver function is recommended

during dinutuximab immunotherapy. Q
Patients typically have a central venous cath :\IT’I situ and as a consequence of prior ASCT are likely to

be immunocompromised during therapy, a@ erefore, at risk of developing systemic infection. Patients
should have no evidence of systemic in@on and any identified infection should be under control before

beginning therapy. Q
N\

Electrolyte abnormalities have reported in patients who received dinutuximab. Electrolytes should
therefore be monitored dail&@}nng therapy.

Haemolytic uremic sy e in the absence of documented infection and resulting in renal insufficiency,
electrolyte abnormalities’, anaemia, and hypertension has been reported. Supportive measures should be
instituted including control of hydration status, electrolyte abnormalities, hypertension, and anaemia.

No cases of dinutuximab overdose have been reported. In clinical trials, scheduled dinutuximab doses of
up to 120 mg/m? (60 mg/m?3/day) have been administered with an adverse reaction profile similar to that
described in section 4.8. In case of overdose, patients should be closely monitored for signs or symptoms
of adverse reactions and appropriate symptomatic treatment instituted.

The safety of dinutuximab in children aged less than 12 months have not yet been established (see
sections 4.2, 4.4 and 4.8 of the SmPC).

Because of the lack of data on long-term effects of dinutuximab on the central and peripheral nervous
system, the prevalence of organ dysfunction, on growth and endocrine development, hearing loss,
cardiac toxicity and survival data, the applicant will conduct a registry (see Annex Il obligation).

From the safety database all the adverse reactions reported in clinical trials have been included in the
Summary of Product Characteristics
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2.6.2. Conclusions on the clinical safety

The safety profile of the combined treatment regimen has been reasonably characterised in the target
population. The toxicity is clearly significant and includes in spite of pre-medication a high rate (81%) of
allergic and infusion reactions, including hypotension, hypersensitivity, pyrexia, urticaria, anaphylactic
reactions, rash, oedema, and bronchospasm. Other highly frequent adverse reactions include capillary
leak syndrome, and abnormal laboratory tests (hypokalaemia, hyponatraemia, low platelet count,
anaemia, and increased alanine aminotransferase).

Pain is the major ADR of anti-GD2 monoclonal antibodies, GD2 being expressed on normal nerve cells.

Intravenous opioids administered before and during the infusion of ch14.18 are needed to alleviate the
pain but despite prophylaxis two thirds of the children experience pain and about 40% experience severe
pain.

The impact of antibodies to the product needs to be further addressed post-authorisation.
The CHMP considers the following measures necessary to address issues related 8safety:

e Post authorisation safety study (PASS): In order to better characteriQ%@'e safety and
immunogenicity of the commercial product (UTC) and its impact o Q}UQ exposure, the applicant
should conduct and submit the results of a safety study by Q@

¢ Non-interventional PASS: In order to evaluate the Iong—te@ afety outcomes of dinituximab
(including central and peripheral nervous system, preva@nce of organ dysfunction, long-term
effects on growth and endocrine development, heari ss, cardiac toxicity and survival data in
high-risk neuroblastoma patients) the applicant s@!@gnduct and submit the results of a safety

registry by Q2 2029. O\
<

2.7. Pharmacovigilance (}

e}\)

Detailed description of the pharm Qggilance system

The CHMP considered that the @rmacovigilance system as described by the applicant fulfils the
legislative requirements.

-\
S
2.8. Risk Man@@ent Plan
The CHMP received the following PRAC Advice on the submitted Risk Management Plan:

The PRAC considered that the risk management plan version 1 could be acceptable if the applicant
implements the changes to the RMP as described in the PRAC advice.

The CHMP endorsed this advice with the following change of safety concerns: the important potential risk
of atypical haemolytic uraemic syndrome was added due to the update of SmPC wording (sections 4.4 and
4.8 of the SmPC) based on three serious events reported in two subjects during the ANBLO032 study with
ch14.18.

The applicant implemented the changes in the RMP as requested by PRAC and CHMP.

The CHMP endorsed the Risk Management Plan version 1 (dated 20/05/2015) with the following content:
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Safety concerns

Summary of safety concerns

Important identified risks .

Infections

Haematological toxicities
Allergic conditions

Peripheral neuropathies
Neurological disorders of the eye
Hypotension

Capillary leak syndrome
Vomiting and diarrhea

Pain @

Cytokine release syndrome

Hypertension \\'Q

Important potential risks .

Hepatic dysfunction (bv

Medication Errors q@

Off-label use R ients < 12 months of age
Arrhythmii\o

Immu@enicity

?@l al Haemolytic Uraemic Syndrome

~
Missing information Q\_ong term effects of treatment early in childhood

>

Potential harm from overdose

Drug-Drug interaction information between ch14.18 and
GM-CSF and IL-2 and isotretinoin

Effects in patients with pre-existing hepatic, renal and
cardiovascular impairment

Pharmacovigilance plan

Study/Activity Objectives Safety Status Date for
Concerns (planned, submission of
addressed started) interim or final

reports
(planned or
actual)

Long-term e To evaluate Long-term effects | Planned Protocol

Non-Interventional long-term safety Central and submission: Q4
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Study/Activity Objectives Safety Status Date for
Concerns (planned, submission of
addressed started) interim or final

reports
(planned or
actual)

Prospective outcomes peripheral 2015

Observational associated with the | nervous system First patient

Registry in central and Growth and enrolled: Q4 2016

Patients who peripheral nervous | endocrine Enrolment

received Unituxin
for the Treatment
of High-risk
Neuroblastoma

Category 1

system and the
prevalence of

including the
on growth and
endocrine
development,

patients who

for high-risk

relapse.
e To evaluate

*
enroll
. *
fiv rs.

outcomes of

cytokines
vs.patients not
exposed using

data (e.g.
literature)

and overal
(OS) on ? tients

r up to

patients treated

organ dysfunction

long-term effects

hearing loss and
cardiac toxicity in

received Unituxin
neuroblastoma and

have survived for >
5 years without

Q

event-free (EFS@\

val

T@)compare the
&te effect safety
with Unituxin and

historical control

development
Hearing loss
Cardiac toxicity

complete: Q4
2028

Yearly interim
results date:
Beginning 1 year
after 1% patient
enrolled (Q4
2017). First
survival data
expected 5 years
post-study start
(— 2021)

Study
completion: Q4
2029

Post-authorisation
Study

Category 1

e To assess the

incidence rate of
human-anti-chimer

ic antibody (HACA)

Immunogenicity

Planned

First patient
enrolled: Q1 2016
Final report
submission: Q4
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Study/Activity

Objectives

Safety
Concerns
addressed

Status
(planned,
started)

Date for
submission of
interim or final
reports
(planned or
actual)

e To determine the
incidence of
neutralizing
antibody in HACA
positive samples
To assess the

safety and
tolerability of
Unituxin
combination in
high-risk
neuroblastoma
patients

2018

Non-clinical
toxicology study

Category 3

Measure chronic
toxicity on the
central and
peripheral nervous
system

Central and
peripheral

nervous systerQ
toxicity

Final report
submission: May
2018

Safety and
tolerability

Category 3

Assess risk of

serious infusion
reaction and
neuropathy an theé
overall safety a(
tolerability f
Unituxin

J ASSG@&&UOHS n

endent
@ell—medlated
toxicity on safety
and tolerability
lots.

Infusj Qeaction

Neg{r'o athy

&rall safety and
)Molerability

Planned

Final report
submission:
December 2017

Analysis of
laboratory data for
allergic conditions

Category 3

¢ Analyse laboratory
data including
serum
complement, IgE,
tryptase,
histamine, and
human
anti-chimeric
antibody levels

Grade 4 Allergic
reactions

obtained in

Planned

Final report
submission:
March 2017
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Study/Activity Objectives Safety Status Date for
Concerns (planned, submission of
addressed started) interim or final

reports
(planned or
actual)
patients with
documented Grade
4 allergic reactions
to allow for
improved
characterization of
these adverse
reactions and to
determine if the
clinical
presentation and {@Q
laboratory data O
obtained were s&
consistent with an (00
allergic reaction or 4
infusion reaction ,\Q\
Assay e Develop and N/A Q\o Planned Final report
development validate an assay \O submission:
for the detection of O October 2015
Category 3 neutralising \(\
antibodies in the 0()
presence of é)
dinutuximab le el

Neutralizing e Assess the\Q Clinical impact of | Planned Interim report:

antibody study neutralizi neutralizing September 2016

Category 3 anti;té)@%sponse antibody Final report

to dinutuximab submission: June
a validated 2019
&ssay.
Non-human e Collect data on Clinical impact of | Planned 2016
glycans study antibodies against | antibodies
non-human against

Category 3

glycans from the
ANBLO032 study
and their impact on

safety and efficacy

non-human
glycans
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Risk minimisation measures

Safety concern

Routine risk minimisation
measures

Additional risk minimisation
measures

Infections

Haematological toxicities

Allergic conditions

Peripheral neuropathies

Neurological disorders of the eye

Hypotension

Capillary leak syndrome

Vomiting and diarrhea

Pain

Cytokine release syndrome

N

Hypertension

. : . N
Subject to restricted medical (b'

Hepatic dysfunction

prescription; provision of Q)

warnings and recomm ions

Medication Errors

relating to the imp.
e’'SmPC

Off-label use in patients < 12
months of age

identified risks i
(Sections 4.2,4.4 and 4.8);

inclusion ofrigformation from the

Arrhythmia

SmPC ib\& carton with the drug

Immunogenicity

pro

\

Atypical Haemolytic Uraemic
Syndrome

(
.

&Q

Long term effects of tre

\t
early in childhood @ﬁ

Potential harm from overdose

Drug-Drug interaction
information between ch14.18
and GM-CSF and IL-2 and
isotretinoin

Effects in patients with
pre-existing hepatic, renal and
cardiovascular impairment

None proposed.
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2.9. Significance of paediatric studies

The CHMP is of the opinion that the paediatric clinical studies (DIV-NB-301, DIV-NB-302, ANBL0931 and
DIV-NB-201) of dinutuximab which are contained in the agreed Paediatric Investigation Plan
P/0208/2013 and completed after 26 January 2007 are significant. The assessment criteria for
significance of studies as defined in Section 111, Title 4.2 of the Europe Commission Communication -
Guideline on the format and content of applications for agreement or modification of a paediatric
investigation plan and requests for waivers or deferrals and concerning the operation of the compliance
check and on criteria for assessing significant studies (2014/C 338/01) has been fulfilled, taking into
account the study type of the above-mentioned study:

(1) Comparative efficacy studies (randomized/ active control or placebo): The randomized pivotal study
DIV-NB-301 and its non-randomized extension DIV-NB-302 are Phase 3, open-label, multicentre clinical
trials conducted in paediatric patients with high risk neuroblastoma

(2) Prospective clinical safety studies: The study ANBL0O931 (DIV-NB-303) primary objective was to
comprehensively define the safety profile of ch14.18 when administered with cytokines and isotretinoin
(RA) in subjects with high-risk neuroblastoma after ASCT. %Q

Furthermore study DIV-NB-201 provides meaningful pharmacokinetic infdhation as per criteria (e) of
the above mentioned Guideline which is supporting the claimed indica@.

2.10. Product information (b.
2.10.1. User consultation Q}

The results of the user consultation with target patien é\ps on the package leaflet submitted by the
applicant show that the package leaflet meets the criteria for readability as set out in the Guideline on the
readability of the label and package leaflet of medjtifral products for human use.

X,
&)
e}\)
3. Benefit-Risk BalancS\O
AN
Benefits . Q(b
Beneficial effects 6\0

In children with highﬁgfeuroblastoma who had responded to induction chemotherapy (at least a partial
response), the immunetherapy regimen of ch14.18 combined with GM-CSF and IL-2 added to isotretinoin
improved event-free survival compared to isotretinoin alone; the 2-year EFS was 65.6% vs. 48.1%,
respectively; with a hazard ratio of 0.64 (95% CI 0.43, 0.97; log-rank test p = 0.033).

A sustained improvement of overall survival was observed in all analyses; the estimated 3-year OS rate
was 79.5% vs. 67.3%, respectively, with a hazard ratio of 0.57 (95% CI 0.36, 0.89; log-rank test p =
0.017). In a recent update, the estimated 5-year OS rate was 74.2% vs. 57.0%, respectively, with a
hazard ratio of 0.62 (95% CI 0.40, 0.96; log-rank test p = 0.030).

Most patients had a tumour classified as INSS Stage 4 and the results were similar in this subgroup to
those of the whole population. Other subgroup analyses showed that most prognostic groups benefited
from the immunotherapy regimen, in particular patients with CR and VGPR after induction chemotherapy,
who have a more favourable prognosis than those with PR.
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Patients in the control arm had worse prognosis based on their tumour biology than patients on
immunotherapy but statistical analyses adjusted on various prognostic factors showed significant hazard
ratios that were similar to the unadjusted estimates. Therefore, the imbalance in prognostic factors does
not seem to have had a notable impact on the results.

Uncertainty in the knowledge about the beneficial effects.

The efficacy results are based on a single pivotal trial, which was prematurely discontinued following an
interim analysis that did not meet the pre-defined stopping rules. However, a GCP inspection and
supportive data allowed to conclude that the efficacy data were reliable and that efficacy has been
established.

Subgroup analyses of EFS and OS response indicated that patients with minimal residual disease, DNA
hyperploidy, and those having received a purged bone marrow may not have benefited from dinutuximab
immunotherapy (see section 5.1 of the SmPC).

Finally, as the results in patients with persistent disease are not considered convging, these patients

have been excluded from the indication. @
Risks 6\%
Unfavourable effects s\'\(\

The combination of ch14.18 to the two cytokines GM-CSF and IL—Z(é.associated with significant toxicity,
primarily because it is highly allergenic despite pre—medicatio@&l% of the patients experience an
allergic reaction. Other frequent adverse reactions include (in 66% of the patients), capillary leak
syndrome, and various abnormal laboratory tests (hy[ﬁ@ emia, hyponatraemia, low platelet count,

O

To alleviate pain symptoms, a known adverse ree'@)n of anti-GD2, administration of opioids is

anaemia, and increased alanine aminotransferase).

recommended in patients. \§)
Uncertainty in the knowledge about@unfavourable effects

There are limited safety and imm o@nicity data for the ch14.18 product manufactured by UTC. More
information on the safety and imn@ genicity profile are needed post-authorisation and the Applicant will
conduct a study to further invé @ate these aspects in addition to the impact on the immune response on

drug exposure (see Anne>8\ ligation).

In addition, only Iim%@éta are available regarding the long-term effects of ch14.18. A registry will be
e

set up to investigate se effects (see Annex Il obligation).

Benefit-risk balance
Importance of favourable and unfavourable effects

Patients with high-risk neuroblastoma generally require aggressive multimodal therapy including,
chemotherapy, radiotherapy, autologous stem cell transplant and isotretinoin. However, despite this
aggressive treatment strategy, most patients relapse or have persistent residual disease. Eradication of
minimum residual disease remains therefore a major challenge and an unmet need. The immunotherapy
regimen including ch14.18 demonstrates a sustained improvement of overall survival and the significant
toxicity is considered acceptable in this life-threatening disease.
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Benefit-risk balance

Survival was significantly improved with ch14.18 immunotherapy and isotretinoin as compared to
isotretinoin alone. The immunotherapy regimen also includes GM-CSF and IL-2, precluding any firm
conclusion on the real contribution of ch14.18 to the observed benefit. Therefore, the current indication
has to rely on the combination that was studied.

Significant toxicities were observed with the combination regimen. The management of these toxicities
requires a considerable level of medication, which is not desirable. However, despite the significant
toxicity of the combination regimen, the rate of discontinuation for adverse reactions appeared to be low
and preventive measures together with monitoring of patients and management of adverse events (see
section 4.4 of the SmPC) mitigate the risks.

For the combined immunotherapy, the benefit in overall survival in this paediatric population with poor
prognosis is statistically and clinically relevant and is considered to outweigh the toxicity of the regimen.

Discussion on the benefit-risk balance

Based on the trial data, the clinical benefit of dinutuximabhas only been shoga patients with at least
partial response to induction therapy, which is reflected in the proposed in:q ion. The contribution of
each component of the recommended regimen to the efficacy results i cult to appreciate but the
combination is justified by a pharmacodynamic rationale. The result old monotherapy trials were
not considered sufficiently positive to continue the development of@e product alone and cytokines were
subsequently added to boost the cytotoxic effects of ch14.18. aese cytokines did not work on their own
in neuroblastoma. g

Therapeutic options in this orphan and Iife—threatening@dition are limited and a significant and
sustained improvement in overall survival in this pa@atric patient population is of clinical relevance.
Despite the significant toxicity of this immunoth,{r' y regimen, the benefits are considered to outweigh

the risks. 6\)0
©

4. Recommendatio{r\rg\x
>

Outcome

%
Based on the CHMP $W of data on quality, safety and efficacy, the CHMP considers by consensus that
the risk-benefit balance of Unituxin in the “treatment of high-risk neuroblastoma in patients aged 12
months to 17 years, who have previously received induction chemotherapy and achieved at least a partial
response, followed by myeloablative therapy and autologous stem cell transplantation (ASCT). It is
administered in combination with granulocyte-macrophage colony-stimulating factor (GM-CSF),
interleukin-2 (IL-2), and isotretinoin” is favourable and therefore recommends the granting of the
marketing authorisation subject to the following conditions:

Conditions or restrictions regarding supply and use

Medicinal product subject to restricted medical prescription (see Annex I: Summary of Product
Characteristics, section 4.2).
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Conditions and requirements of the Marketing Authorisation
. Periodic Safety Update Reports

The marketing authorisation holder shall submit the first periodic safety update report for this product
within 6 months following authorisation. Subsequently, the marketing authorisation holder shall submit
periodic safety update reports for this product in accordance with the requirements set out in the list of
Union reference dates (EURD list) provided for under Article 107c(7) of Directive 2001/83/EC and
published on the European medicines web-portal.

Conditions or restrictions with regard to the safe and effective use of the medicinal product
. Risk Management Plan (RMP)

The MAH shall perform the required pharmacovigilance activities and interventions detailed in the agreed
RMP presented in Module 1.8.2 of the Marketing Authorisation and any agreed subsequent updates of the

RMP. @

An updated RMP should be submitted: \%

O

® At the request of the European Medicines Agency; s\'\(\

)

® \Whenever the risk management system is modified, es e@lly as the result of new information
being received that may lead to a significant change e benefit/risk profile or as the result of
an important (pharmacovigilance or risk minimis milestone being reached.

If the dates for submission of a PSUR and the update b@RMP coincide, they can be submitted at the
same time.

. Obligation to complete post—authorétion measures

e}\)

The MAH shall complete, within the s}a\\(@timeframe, the below measures:

Description \\< Due date

TS
Non-interventional post authpfigation safety study (PASS): In order to evaluate the
long-term safety outcome of dinutuximab in high-risk neuroblastoma patients (including
central and peripheral§%/ous system, prevalence of organ dysfunction, long-term

effects on growth an docrine development, hearing loss, cardiac toxicity and survival

data) the applicant should conduct and submit the results of a safety registry. The final 06/2029
study report should be submitted by
Post authorisation safety study (PASS): In order to better characterise the safety and
immunogenicity of Unituxin and its impact on drug exposure, the applicant should conduct]
and submit the results of a safety study.

12/2018

The final study report should be submitted by

New Active Substance Status

Based on the CHMP review of data on the quality properties of the active substance, the CHMP considers
that dinutuximab is qualified as a new active substance.
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Paediatric Data

Furthermore, the CHMP reviewed the available paediatric data of studies subject to the agreed Paediatric
Investigation Plan P/0208/2013 and the results of these studies are reflected in the Summary of Product
Characteristics (SmPC) and, as appropriate, the Package Leaflet.

In accordance with Article 45(3) of Regulation (EC) No 1901/2006, significant studies in the agreed
paediatric investigation plan P/0208/2013 have been completed after the entry into force of that
Regulation.
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