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1. Background information on the procedure

1.1. Submission of the dossier

The applicant MolMed SpA submitted on 5 March 2014 an application for Marketing Authorisation to the
European Medicines Agency (EMA) for Zalmoxis, through the centralised procedure falling within the
Article 3(1) 1of Annex of Regulation (EC) No 726/2004. The eligibility to the centralised procedure was
agreed upon by the EMA/CHMP on 20 September 2012.

Zalmoxis was designated as an orphan medicinal product EU/3/03/168 on 20 October 2003 in the
following condition: adjunctive treatment in hematopoietic cell transplantation.

The applicant applied for the following indication: Zalmoxis is indicated as adjunctive treatment in
haploidentical haematopoietic stem cell transplantation of adult patients with high-risk haematological
malignancies.

Following the CHMP positive opinion on this marketing authorisation, the Com e for Orphan
Medicinal Products (COMP) reviewed the designation of Zalmoxis as an orp edicinal product in the
approved indication. The outcome of the COMP review can be found on tl@ gency's website:
ema.europa.eu/Find medicine/Human medicines/Rare disease design: ton.

The legal basis for this application refers to: (b'

X\

Article 8.3 of Directive 2001/83/EC - complete and indepen application. The applicant indicated
that ‘Allogeneic T cells genetically modified with a retrovj ctor encoding for a truncated form of the
human low affinity nerve growth factor receptor (ALN and the herpes simplex I virus thymidine
kinase (HSV-TK Mut2)’ was considered to be a nebﬁive substance.

The application submitted is composed of adrr@&trative information, complete quality data, non-
clinical and clinical data based on applican \Evn tests and studies and/or bibliographic literature
substituting/supporting certain test(s) dy(ies).

Information on Paediatric requ@ents

o

Pursuant to Article 7 of Regul t@v (EC) No 1901/2006, the application included an EMA Decision(s)
P/057/14 on the agreeme t\ﬁ)a paediatric investigation plan (PIP).

At the time of submissi f the application, the PIP P/057/14 was not yet completed as some
measures were defe .

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 submit a critical report addressing the possible similarity with authorised
orphan medicinal products.

Applicant’s request for consideration: Conditional Marketing Authorisation

The applicant requested consideration of its application for a Conditional Marketing Authorisation in
accordance with Article 14(7) of Regulation (EC) No 726/2004 based on the following claims:

Zalmoxis falls under the following categories regarding the scope of conditional marketing
authorisation as laid down in Article 2 of Regulation (EC) No 507/2006:
¢ “medicinal products which aim at the treatment, the prevention or the medical diagnosis of
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seriously debilitating diseases or life-threatening diseases”
o “medicinal products designated as orphan medicinal products in accordance with Article 3 of
Regulation (EC) No 141/2000*

The applicant considers that the requirements for conditional marketing authorisation as laid down in
Article 4 of Regulation (EC) No 507/2006 are met:

(a) the risk-benefit balance of the medicinal product, as defined in Article 1(28a) of Directive
2001/83/EC, is positive;

(b) it is likely that the applicant will be in a position to provide the comprehensive clinical data;
(c) unmet medical need will be fulfilled;

(d) the benefit to public health of the immediate availability on the market of the medicinal product
concerned outweighs the risk inherent in the fact that additional data are still required.

New active Substance status

The applicant requested the active substance ‘Allogeneic T cells genetically ied with a retroviral
vector encoding for a truncated form of the human low affinity nerve grow’ ctor receptor (ALNGFR)
and the herpes simplex | virus thymidine kinase (HSV-TK Mut2)’ contai in the above medicinal
product to be considered as a new active substance in itself, as the cant claims that it is not a
constituent of a product previously authorised within the Union. (b

The applicant MolMed SpA submitted on 30 July 2009 an ap %tion for scientific recommendation on
Classification to the European Medicines Agency (EMA) fo oxis, which was designated as an

Advanced Therapy Medicinal Product on 16 October 20@
Protocol Assistance (\O

The applicant received Protocol Assistance fr rﬁt e CHMP on 7 December 2011, 17 November 2011,
22 October 2009, 7 February 2007 and 19@
quality, non-clinical and clinical aspectigathe dossier.

Q}Q

The product was not Iicensedd‘} y country at the time of submission of the application.
N

ember 2004. The Protocol Assistance pertained to

Licensing status

1.2. Steps take@@? the assessment of the product

The Rapporteur and Co-Rapporteur appointed by the CHMP were:
CAT Rapporteur: Johannes H. Ovelgbnne CAT Co-Rapporteur: Sol Ruiz
CHMP Coordinator (Rapporteur): Pieter de Graeff
CHMP Coordinator (Co-Rapporteur): Concepcion Prieto Yerro
. The application was received by the EMA on 5 March 2014.
. The procedure started on 26 March 2014.

. The CAT agreed to consult the national ERA authorities on the Environmental Risk Assessment of
the GMO as the ATMP is a somatic cell therapy medicinal product. The consultation procedure
closed on 1 April 2016.

. The Rapporteur's first Assessment Report was circulated to all CAT and CHMP members on 14
June 2014. The Co-Rapporteur's first Assessment Report was circulated to all CAT and CHMP
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members on 13 June 2014.

. The PRAC Rapporteur’s Risk Management Plan (RMP) Assessment report was endorsed by PRAC
on 10 July 2014.

. During the meeting on 18 July 2014, the CAT greed on the consolidated List of Questions to be
sent to the applicant.

3 During the meeting on 24 July 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 24
July 2014.

3 The applicant submitted the responses to the CAT consolidated List of Questions on 27 January
2015.

. GMP and GCP inspections were requested and their outcome taken into consideration as part of
the Quality/Safety/Efficacy assessment of the product.

- The Rapporteurs circulated the Joint Assessment Report on the applican’@ésponses to the List
of Questions to all CAT and CHMP members on 4 March 2015. 0\@

. The PRAC RMP Advice and assessment overview was adopted b@c on 12 March 2015.

- During the CAT meeting on 20 March 2015, the CAT agreed@ list of outstanding issues to be
addressed in writing by the applicant. K

. During the CHMP meeting on 26 March 2015, the CHP@greed on a list of outstanding issues to
be addressed in writing by the applicant. O

- The applicant submitted the responses to the @T list of outstanding issues on 20 November

2015.
X

. The Rapporteurs circulated the Joint&essment Report on the applicant’s responses to the list
of outstanding issues to all CAT ar@ MP members on 5 January 2016.

. The PRAC RMP Advice and a§ ment overview was adopted by PRAC on 14 January 2016.

- During the CAT meeting (é January 2016, the CAT agreed on a second list of outstanding
issues to be addresse@\(yl\writing by the applicant.

. During the CHM ting on 28 January 2016, the CHMP agreed on a second list of outstanding
issues to be a sed in writing by the applicant.

. The applicant submitted the responses to the second CAT list of outstanding issues on 22
February 2016.

. The Rapporteurs circulated the Joint Assessment Report on the applicant’s responses to the
second list of outstanding issues to all CAT and CHMP members on 11 March 2016.

. The PRAC RMP Advice and assessment overview was adopted by PRAC on 17 March 2016.

. During the CAT meeting on 23 March 2016, the CAT agreed on a third list of outstanding issues
to be addressed in writing and in an oral explanation by the applicant.

. During the CHMP meeting on 1 April 2016, the CHMP agreed on a third list of outstanding issues
to be addressed in writing and in an oral explanation by the applicant.

. The applicant submitted the responses to the third CAT list of outstanding issues on 20 April
2016.
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. The Rapporteurs circulated the Joint Assessment Report on the applicant’s responses to the list
of outstanding issues to all CAT and CHMP members on 4 May 2016.

. The PRAC RMP Advice and assessment overview was adopted by PRAC on 13 May 2016.

. During the CAT meeting on 18 May 2016, outstanding issues were addressed by the applicant
during an oral explanation.

. The CAT/CHMP agreed on a fourth list of outstanding issues to be addressed in writing and in an
oral explanation by the applicant on 30 May 2016.

. The applicant submitted the responses to the fourth CAT/CHMP list of outstanding issues on 31
May 2016.

. The CAT/CHMP adopted a report on similarity of Zalmoxis versus Mozobil and Tepadina on 17
June 2016.

. On 21 June 2016, the CAT, in the light of the overall data submitted and tlgscientific discussion
within the Committee, issued a positive scientific opinion to Zalmoxis. @

o During the meeting on 23 June 2016, the CHMP, in the light of the o( Il data submitted and
the scientific discussion within the Committee, issued a positive tific opinion to Zalmoxis.
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2. Scientific discussion

2.1. Introduction

During haematopoietic stem cell transplantation (HSCT) allogeneic haematopoietic stem cells (HSCs)
are derived from a healthy donor and transplanted to a patient. It is regarded as a potentially curative
procedure for a variety of malignant and non-malignant conditions. The preferred donor for an HSCT
candidate is an HLA-identical sibling. Given dominant inheritance patterns, there is a 25% chance that
a given sibling will be HLA-identical with a patient. Overall, approximately 15-30% of patients referred
for allogeneic HCT have suitable HLA-identical sibling donors. For patients without sibling donors, a
search for an HLA-matched unrelated donor can be undertaken. For patients in whom allogeneic HSCT
is indicated, but who lack a suitable HLA-matched unrelated donor, three alternative stem cell sources
are potentially available: HLA-mismatched unrelated donors; umbilical cord blood and HLA-
haploidentical (family) members.

versus Host disease (GvHD) remains a major issue, and some protocols studied more intensive

Each approach brings a set of challenges. In the case of HLA-mismatched §:%ated—donor HSCT, Graft
prophylaxis in these patients. Umbilical cord blood has unique proper; of immunologic naivety, but
brings about issues as the small unit size, slow engraftment and antial rates of opportunistic
infection. To solve these issues, the most promising approaches@t present involve the use of double-

cord HSCT and/or ex vivo expansion of progenitor cells to a nt the cord blood cell dose.

The graft in the haploidentical HSCT setting is typicall ed from a parent, sibling or child of the
patient. Many patients have such a donor available. &
attempts at HLA-haploidentical HSCT were unsucc@@ul, owing to severe and often fatal hyperacute
GvHD, as well as immunologic graft rejection. ent approaches to haploidentical HSCT rely on T-cell
depletion from the allograft to ameliorate & reactions and overcome the HLA disparity. With
advances in positive selection of CD34+@§, encouraging rates of engraftment and disease control
with acceptable rates of GvHD have reported when transplanting high numbers of CD34+ cells
/kg combined with a limited num \?T—cells added back to the graft. The Johns Hopkins group has
taken an alternate approach t @I depletion in HLA-haploidentical HCT, administering the
lymphotoxic agent cyclopf&bamide in one or two doses several days after stem cell infusion, with
the goal of selectively dg ing activated alloreactive donor lymphocytes in vivo. (Gyurkocza et al.,

n the profound HLA disparity involved, early

Expert Rev Hematol

HSCT can be associated with prolonged immunodeficiency post-transplantation, especially after
extensive treatment for underlying malignancies and the use of T-cell-depleted grafts. Considerable
time (about 1-2 years) is needed for the complete regeneration of the T-cell and B-cell compartments,
especially when the thymus has lost most of its function owing to age or prior therapies. GvHD and the
immunosuppressive drugs used for its prevention can also severely delay immune reconstitution.
During this period, patients are subject to opportunistic infections, which in many cases are fatal. Thus,
effective approaches to hastening immune reconstitution following transplantation are needed. (Wei Li
et al., Nature Immunology Reviews 2012)

Zalmoxis is an Advanced Therapy Medicinal Product based on somatic T-cells genetically modified to
express the Herpes Simplex Thymidine Kinase (HSV-TK) suicide gene and a truncated form of the
human Low Affinity Nerve Growth Factor Receptor (ALNGFR) genes (for identification of transduced
cells).
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Zalmoxis therapy is intended as adjunctive therapy in patients who underwent haploidentical
hematopoietic stem cell transplantation (HSCT) in order to aid immune reconstitution (IR). A hastened
IR would subsequently prevent the onset of infectious diseases and thus result in a lower treatment-
related or non-relapse mortality (NRM) and fewer disease relapse.

The finished product (FP) proposed for the present application is an ATMP based on somatic T-cells
genetically modified to express the HSV-TK suicide gene and ALNGFR genes (for identification of the
transduced cells). The FP has been classified by the Committee for Advanced Therapies (CAT) as an
ATMP, somatic cell therapy medicinal product, as defined in Dir. 2009/120/EC amending Directive
2001/83/EC Annex | part IV (EMEA/CAT/419154/2009).

The HSV-TK suicide gene therapy is based upon the observation that the efficacy of allogeneic HSCT
strongly relies on the immune advantage conferred by donor T-cells that are able to mediate a potent
graft-versus-leukaemia effect and effectively control the opportunistic infections. The post-
transplantation administration of donor T-cells aims to improve immunological reconstitution, to

facilitate engraftment, and to mediate long-lasting anti-leukaemia effects. Howewer, the post-
transplantation administration of T-cells is also associated with occurrence of C@

Zalmoxis is constituted by donor’s T lymphocytes genetically modified to e ’ ss the HSV-TK gene, as
suicide gene. This allows the selective killing of dividing cells upon ad Qration of the pro-drug
ganciclovir (GCV), which is enzymatically phosphorylated to an acth@&hosphate analogue by HSV-
TK. Triphosphate GCV competitively inhibits incorporation of deox@uanosine triphosphate (GTP) into
elongating DNA, thus killing the proliferating cells. Q}

If GvHD occurs, ganciclovir/valganciclovir will be adminis The activated, transduced T-cells that
are causing the GvHD should convert the GCV to its tch\Q‘orm and thereafter undergo apoptosis. This
strategy should allow the direct targeting of those T@Ils that are initiating the GvHD response and
should permit to avoid/reduce the administrati he immunosuppressive therapies usually given in
the post-transplantation phase to prevent o%& GVHD.

The claimed indication is: “Zalmoxis is i ed as adjunctive treatment in haploidentical

haematopoietic stem cell transplanta & of adult patients with high-risk haematological malignancies.”
The recommended dose and sche&q
a maximum of four times untu\(Q ulating T-cell count higher than 100 per pL.

1x10’ cells/kg given as intravenous infusion every 30 days for

The medicinal product is 1 istered by intravenous infusion, at the foreseen dose of 1x10’ cells/kg.

The first administratio, Id occur between day 21 to day 49 after HSCT. In case of failed IR,
calculated as CD3+ &)/ pl, up to 3 further infusions were performed at 30 day intervals each.

The Applicant received CHMP scientific advice (Protocol Assistance) on several occasions during the
development of the product on regulatory, quality, toxico-pharmacological and clinical aspects and
scientific recommendation on classification of ATMP according to Article 17 of Regulation (EC) No.
1394/2007.

2.2. Quality aspects

2.2.1. Introduction

The finished product (FP) is presented as a cell dispersion for infusion; containing 5-20x10° cells/ml
allogeneic T cells genetically modified to express the Herpes Simplex Thymidine Kinase (HSV-TK)
suicide gene and a truncated form of the human Low Affinity Nerve Growth Factor Receptor (ALNGFR)
genes (for identification of transduced cells) as active substance.

EMA/CHMP/589978/2016 Page 10/101



Other ingredients are sodium chloride, human serum albumin and dimethyl sulfoxide.

The medicinal product is available as one individual treatment dose in 50-500 mL ethylene-vinyl-
acetate cryo bag containing a volume of 10-100 mL of frozen dispersion at the concentration of 5-20
x10° cells/mL.

2.2.2. Active Substance

General information

Zalmoxis contains allogeneic T cells genetically modified to express a suicide gene (referred to by the
Applicant as MM-TK) as active substance. The allogeneic T-cells have been genetically modified to
express the Herpes Simplex Thymidine Kinase (HSV-TK) suicide gene and a truncated form of the
human Low Affinity Nerve Growth Factor Receptor (ALNGFR) genes (which serves for the identification
of transduced cells).

Allogeneic T cells are obtained from lymphocyte aphaeresis of haploidentical don@.

Genetic modification is achieved by ex vivo transduction with the SFCMM- t2 #48 retroviral
vector encoding for a mutated form of the HSV-TK gene and the ALNGFK gene.

Manufacture, characterisation and process controls Qs\‘

o

Manufacture of the active substance takes place at MolMed SpM\Via Olgettina 58, 20132 Milan, Italy.
This site is further responsible for the analytical testing and@ se of the active substance. This site is
authorised for the manipulation and handling of GMOs. CDQ

In the manufacture of Zalmoxis two biopharmaceuti@ starting materials are used, the retroviral
vector (SFCMM-3 MUT2 #48) and peripheral bIoerhononucIear cells (PBMCs).

The manufacture of the retroviral vector ( F@AG MUT2 #48) and peripheral blood mononuclear cells
(PBMCs) is described below. O

¢ Manufacture of the SFCM MUT2 #48 retroviral vector

The SFCMM-3 Mut2#48 vector\i&%eplication-defective retroviral vector derived from MoMu. The

establishment of the SFCMM t2 vector has been described in sufficient detail.

N\
Establishment of SFCM@ut2#48 vector cell banks

A cell bank system e of a Master Cell bank (MCB), a Working Cell Bank (WCB) and a Post
Production Cell Bank (PPCB) has been established. Cell banks were tested for identity, functionality and
adventitious agents. Upon request, additional characterisation of the cell banks was performed in line
with current guidance on cell substrates (ICH/WHO/Ph. Eur.).

Adequate information was provided on the sequence of the provirus in PPCB and on the implications of
the genetic instability with respect to vector copy nhumber in MCB and PPCB. As requested, the
Applicant has introduced additional testing of the cell

SFCMM-3 Mut2#48 vector manufacture/control of materials

The SFCMM-3 Mut2 #48 retroviral vector supernatant is produced from the WCB, serially split in flasks
and in cell factories (CF), satisfactory data on validation (active substance and finished product),
stability (vector, active substance and finished product), and comparability (vector, active substance
and finished product) have been provided.

SFCMM-3 Mut2#48 vector process development
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The TKOO7 clinical phase I/11 studies were performed with material obtained by vector SFCMM-3 #35 .
Prior to initiation of TKOO8 phase Il studies, the retroviral vector was re-designed to avoid the
generation of spliced forms (SFCMM-3 Mut2 #48). Furthermore, the process was scaled up and
improvements to the safety of certain raw materials were made (process B). Process changes have
been adequately described and the rationale for the changes is valid.

During the procedure concern was raised in relation to comparability between vectors manufactured
according to the different processes, which was considered insufficiently supported by the provided
data.

During the procedure new data were provided that demonstrated comparability between vectors
SFCMM-3 Mut2#48 vector process validation
Process validation was developed in a step-wise approach, which mainly consists of the following

phases: small scale studies to investigate the cell growth, metabolism and productivity of the cells, and

attributes of the

validation of full scale manufacture at the level of cell expansion, bioreactor inocylum and growth
phase, production and harvest, filtration and filling. Process parameters and q@

viral vector bulk were analysed. ~\@
The Applicant has provided data from three full scale validation batch nufactured according to the
commercial vector manufacturing. Control of the SFCMM-3 Mut2#48 or.

A thorough quality control of each batch of retroviral vector is n@ered essential in view of the low
frequency of production and to ensure viral safety of the fini product, as no viral removal or
inactivation steps are included further downstream. The attributes tested for are considered
adequate for determining the vector identity and propb@s, potency of the vector and the absence of
adventitious agents. With regard to impurities, upor@quest, the Applicant has added a test for
residual host cell proteins to the release test pa&e'.

The description of the analytical methods i é{cient. Upon request, additional information on method
validation, including a number of validatj eports, have been provided. Several issues related to
method validations have been resolv ome minor issues remain to be addressed, but this can be

Stability of the SFCMM-3 Muté)@ vector

done post-authorisation.

.

The SFCMM-3 Mut2 #48 @viral vector stability is evaluated according to a program including real
time (< -65° C), acce ed (-20° C) and stressed (+5° C ) storage conditions at different time

points. .
¢ Manufacture of peripheral blood lymphocytes (PBMCs)

Haplo-identical donor peripheral blood lymphocytes are obtained by lymphocyte aphaeresis. Total
mononuclear cells, collected in a dedicated bag and transported and processed. Donors are screened in
agreement with the directive (2006/17/EC) and for the presence of mycoplasma. Upon request,
additional information was provided regarding the presence of EBV screening and the risk of
reactivation of latent viruses in the PBMCs.. Final cell suspension of PBMCs is collected and diluted in
freezing medium containing HSA 7% and 10% dimethylsulphoxide (DMSO), frozen and stored in liquid
nitrogen vapour. During the procedure, the Applicant has provided detailed information on the isolation
of PBMCs from the apheresis material and the freezing of these cells. In addition, the Applicant has
identified critical process parameters (CPPs) that can impact the critical quality attributes (CQAs) of the
isolated PBMCs and has performed a failure mode and effects analysis (FMEA) risk assessment. Data
have been provided that support the proposed shelf life of the PBMCs. PBMCs processing and quality
control is performed at MolMed. The PBMCs have a specification for viability, sterility, endotoxin.
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Zalmoxis active substance (Allogeneic T cells genetically modified with a retroviral vector
encoding for a truncated form of the human low affinity nerve growth factor receptor
(ALNGFR) and the herpes simplex I virus thymidine kinase (HSV-TK Mut2))

Manufacture of active substance

The manufacturing process of Zalmoxis active substance comprises the transduction of stimulated
peripheral blood lymphocytes (PBMCs) with retroviral vector (SFCMM-3 Mut2#48 vector) and
subsequent cell expansion and selection of transduced cells.

At each stage, a sample is taken for microbial control as in-process control.
Process validation and control of critical steps and intermediates

Since only a change in the formulation medium occurs between Zalmoxis active substance and the
finished product, the manufacturing process is considered a single intervention starting from thawing
the donor PBMCs to the production of the finished product. Therefore, the validation exercise covers
both the active substance and the finished product manufacturing processes. b

The manufacturing process has continuously been in development and man anges have been
introduced while the clinical studies were on-going. As a result, for proce@\'alidation and evaluation
batch data from different stages were presented as follows: full scal uation runs, full scale
transfer runs, full-scale GMP runs (Process validation batches), co@ous process verification
(batches from Phase Il clinical study) and validation of the ase{ti rocess. Upon request process
validation data have been provided for vector produced acc @g to the commercial vector
manufacturing process. Q%

Process consistency was assessed. All batches Were'6>greement with the specification set.

Understanding of the process parameters for t &ous steps in the process is limited but sufficient,

especially because narrow operating ranges been set. Validation data have been provided for
finished product manufacturing. The appli provided information on the rationale of the CPPs and
their ranges and justified that they ca maintained within the specified ranges during normal

operation. Not all process steps h veQen demonstrated to be optimised. Robustness of the
transduction step has been addre%i by using a fixed MOI, which yields consistent results.

*

Cellular impurities have bee\r@aluated. The capability to manufacture aseptically has been
appropriately validated. 6

Manufacturing prc@g development

A number of changes and improvements were made to the manufacturing process throughout clinical
development. Between Phase I/11 and the Phase 11l study there was a more substantial change in the
manufacturing process. The vector used for transduction was changed from #35 to #48, with a
different sequence and manufactured in a different cell line with a different vector manufacturing
process.

To demonstrate comparability between the commercial process and previous versions of the processes,
the Applicant submitted data on validation (active substance and finished product), stability (vector,
active substance and finished product), and comparability (vector, active substance and finished
product). These validation data were considered adequate to confirm comparability for vector in a
head-to-head comparison. The comparability of viral vector commercial manufacturing process with
previous versions of the process was considered to be demonstrated.

Characterisation

The parameters analysed in the characterisation studies include identity, purity, potency and safety.
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Focus of the product characterisation was the immunophenotype profile.. The applicant committed to
continue the analysis of cellular markers throughout the Phase 111 clinical study and submit the final
analysis of the expression of the cellular markers after finalisation of the phase 111 clinical study.

Specification

The set of specifications for Allogeneic T cells genetically modified with a retroviral vector encoding for
a truncated form of the human low affinity nerve growth factor receptor (ALNGFR) and the herpes
simplex | virus thymidine kinase (HSV-TK Mut2) are detailed in the dossier. Since only a change in the
formulation medium occurs between Zalmoxis active substance and the finished product, the
manufacturing process is considered a continuous process from thawing the donor PBMCs to the
production of the finished product. Therefore, there is no holding step at the level of the active
substance and this is reflected in the limited set of parameters that are tested at the level of the active
substance specifications. This was considered acceptable.

Of note, cell number was not included as release specification neither for active substance nor for
finished product. The required cell number will be dependent on the patient’s wej t and the Applicant
has provided adequate clarification on how the required cell number is targe Qdurlng active
substance and finished product manufacture (one individual treatment dosﬂ\%

100 mL of frozen dispersion at the concentration of 5-20 x 10° cells/n\IQ\

\

ntains a volume of 10-

Stability

As the manufacturing process is a continuous process and no |ng step for the active substance is
introduced no information is included on the active substan@ ability.

\

2.2.3. Finished Medicinal Product O

Description of the product and pharmacen@bal development

The finished medicinal product of Zalmo deflned as frozen donor T lymphocytes genetically
modified with the SFCMM-3 Mut2 #48 ﬁmral vector and encoding for the HSV-TK and the ALNGFR
genes in the final formulation me nd container closure system, ready for the intended medical
use. The finished product cont @ 20x10° cells/mL, 10% DMSO as a freezing protectant and 7%
human serum albumin (HSA §~87 mLNacCl solution (final volume depends on the number of cells),
which are used as diluent r freezmg) The frozen cell product is filled in 50-500 mL ethylene-vinyl-
acetate cryo bags, wh l%re stored in stored liquid nitrogen. No cell washing is performed prior to
patient administrati(Q

The final DMSO concentration of 10 % in the finished product is considered to be acceptable.

The min-max volume and min-max number of cells of the finished product batches was not provided
as it depends on the patient’s weight. With a fixed final product concentration of 5-20 x 10° cells /mL
finished product is divided into freezing bags (50-500 mL ethylen-vinyl-acetate cryo bags) with an
appropriate volume depending on the total number of cells that are needed to obtain one dose of
1+0.2 x 10’ CD3+/kg, including a 20% overhead to account for viability loss (historically around 20%)
after thawing.

Manufacture of the product and process controls

Zalmoxis finished product is produced at MolMed SpA, Via Olgettina 58, 20132 Milan, Italy. The site is
also responsible for the analytical testing and batch release of Zalmoxis.
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For manufacture, the suspension of allogeneic T cells genetically modified are re-suspended in a
solution of saline + HSA 7% + 20% DMSO). The final concentration of DMSO in the suspension is
10%.

The formulated cell suspension is then filled into the final container and frozen under a controlled
temperature decrease ramp and finally stored in liquid nitrogen vapours.

The finished product is packaged as individual treatment doses in 50-500 mL ethylene-vinyl-acetate
cryo bags and shipped to the clinical centres in liquid nitrogen. Temperature is monitored with a data
logger to record excursions during shipment.

The potential process-related impurities, endotoxin, cell viability and % of non-T cell lineages are
routinely monitored for finished product manufacture.

As the finished product is patient-specific therefore no reference standard material has been
established. This is considered acceptable.

Product specification b

The finished product manufacturing process is a continuous process from ing the donor PBMCs to
the production of the finished product, with no holding step at the level e active substance. This is
reflected in the limited set of active substance specifications. There more emphasize is placed on

the finished product release specifications, which include paran@é‘s for functionality, alloreactivity
and immuno-phenotyping. The analytical methods used havegbe€en adequately described and (non-
compendial methods) appropriately validated in accordance ICH guidelines.

During the procedure, the Applicant has revised the s téQpecifications and included GCV sensitivity
and potency test to the specification set. The validatign“ef methods will be completed post-marketing
prior to commercial batch release. This proposal h@ een accepted.

Stability of the product 0

The proposed shelf life of the finished pr&t is 18 months when stored in liquid nitrogen vapour.

Once thawed, the product should ke Qﬂinistered immediately and in-use storage times and conditions
should not exceed 2 hours at roo

mperature (15 - 30°C).

*
Based on the available stab{@&ta, shelf life and storage conditions as stated in the SPC are
acceptable.

Comparability exe@é for finished medicinal drug product
Adventitious agents

No viral clearance studies have been performed since the finished product is a cell therapy product
which cannot undergo any elimination/inactivation virus step during the manufacture process.

An estimation of the risk of adventitious viral contamination in the finished product was provided. This
is considered adequate.

An estimation of the presence of Replication Competent Retroviruses (RCR) and Endogenous
Retroviruses in the finished product was provided. According to the Applicant, the risk of transmitting
retroviruses to patients through the administration of contaminated doses of MM-TK is very low or
negligible. The provided risk assessment was considered to be acceptable.

Adequate information on TSE has been presented for most of the materials. Information on viral safety
of materials of animal origin used for MM-TK active substance, finished product or other relevant
starting materials (e.g. for preparation of existing cell banks) are reported. Information on reagents
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derived from human tissues used for MM-TK active substance or finished product manufacturing and
formulation are provided as well.

GMO

Zalmoxis is defined as a GMO. For information on GMO and the detailed assessment of the
Environmental Risk Assessment (ERA) please refer to the nonclinical section.

2.2.4. Discussion on chemical, pharmaceutical and biological aspects

Zalmoxis is an advanced therapy medicinal product based on allogeneic genetically modified cells. It
contains allogeneic T cells which have been genetically modified to express the Herpes Simplex
Thymidine Kinase (HSV-TK) suicide gene and a truncated form of the human Low Affinity Nerve
Growth Factor Receptor (ALNGFR) genes, which is intended to aid the manufacturing process by
identifying transduced cells. Allogeneic T cells are obtained from lymphocyte aphaeresis of

haploidentical donors. b
During the procedure several major concerns were raised regarding the defini and control of the
manufacturing process, comparability between the various stages of the facturing process and

control of the finished product as well as a large number of other cor\

During the procedure the Applicant provided a revised Module 3 i@ng a process validation exercise
for each process step with CPPs and CQAs involved. The CPPs fd{ almoxis active substance and
finished product were identified as the parameters to impac, As. For each of the steps (including
transduction and selection) the CPPs have been indicate he process overall was considered to be
sufficiently controlled. There were also concerns with %Qect to the optimisation of CPP ranges.
However, as the Applicant proposed to set the ran ather narrowly the process was considered well

controlled. \'
O

It was also questioned whether comparabili etween the various stages of the manufacturing process
had sufficiently been demonstrated. Se(W changes were introduced to the manufacturing process
resulting in different processes A andQ] hich were used during clinical development and process C
(including changes to the viral ve, ahd media changes), which is the proposed commercial
manufacturing process. .

&

Specifically the Applicant asked to provide characterisation data to demonstrate a direct
comparison that the&s of the commercial process are comparable to the batches used in the
clinical studies The appticant has provided data The Applicant has introduced finished product
manufactured using vector produced according to a new vector manufacturing process C in the
ongoing clinical study TKOO08. As this may further complicate interpretation of the clinical data
introduction of this new vector manufacturing process had to be considered with great care because
the history of manufacturing is already complicated. The Applicant provided additional data on
validation (active substance and finished product), stability (vector, active substance and finished
product), and comparability (vector, active substance and finished product). Adequate validation data
were provided for vector manufacturing process C as well as for MM-TK manufacturing using vector
from this process C. In addition stability was established.

A major concern was also related to the control of the finished product in particular the potency. To
address these concerns, the applicant has performed additional tests to demonstrate the functionality
of the T-cells. All quality issues are considered resolved. However, the Applicant has committed to
address a number of recommendations on further quality development post-marketing. These are
stated in section 2.2.6.
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2.2.5. Conclusions on the chemical, pharmaceutical and biological aspects

In conclusion, based on the review of the quality data provided, the CAT considers that the marketing
authorisation application for Zalmoxis can be approved from the quality point of view as all quality
concerns have been resolved and the Applicant has committed to the list of recommendations as
further detailed under 2.2.6.

The CHMP endorse the CAT assessment regarding the conclusions on the chemical, pharmaceutical and
biological aspects as described above.

2.2.6. Recommendations for future quality development

In the context of the obligation of the MAHSs to take due account of technical and scientific progress,
the CAT recommended several points for investigation.

The CHMP endorse the CAT assessment regarding the recommendation for futurguality development
as described above. @

2.3. Non-clinical aspects OK

2.3.1. Introduction (b

The non-clinical program was discussed in a scientific adv.'@ EA/H/SA/516/2/2011/PA/SME/ADT/I.

Advanced Therapies Medicinal Product (ATMPs), due cﬁir specificity, may follow a non-standard

@gms described in the ICH M3 guideline that apply
to non-clinical development of conventional p aceuticals may not be appropriate or relevant for
Cell or Gene Transfer Medicinal Products ( &; or cell based therapy products consisting of

approach for non-clinical development. Indeed, p

genetically modified cells. In this light, itissalso acknowledged that issues either related to proof of
principle or toxicity data can be addr concurrently in the same pre-clinical study(-ies)
(EC/2009/120, 2009; ICHM3, 2009, IGHS6, 2011).

Preclinical in vitro and in vivo’s@ies in immune deficient mice were performed using for cell
preparation both the SFC A @#35 retroviral vector and an optimized version of the vector, encoding
a mutated form of the, F&K gene (HSV-TK Mut2 #48), as well as and an optimized process
manufacture develo efore launching the phase IlI clinical study. Moreover, NOD/SCID mice
subcutaneously transplanted with human skin were also used so that the direct evaluation of allogeneic
GVvHD response against the grafted human skin could be observed.

2.3.2. Pharmacology

Primary pharmacodynamic studies
In vitro studies

In vitro pharmacodynamic and pharmacokinetic properties of the MM-TK were investigated in a series
of studies performed at different stages of product development and encompassing either the original
version of the SFCMM-3 retroviral vector encoding for the wild type HSV-TK gene (SFCMM-3 #35) or
the optimized version coding for a mutated form of the HSV-TK gene (SFCMM-3 Mut2 #48).

Phenotypic characterization of MM-TK DS is integral part of routine Quality Control assessment
performed on all produced batches. Batch analysis data indicate that > 99% of the cells express CD3,
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expression of CD4 or CD8 is reversely related and variable depending on the batch. In addition, CD2,
CD45 and CD95 are present on >99% of the cells while activation markers such as CD69, CD69L CD25
and HLA-DR are expressed at variable level between batches.

The relative distribution of memory T cells subsets was determined. Overall, the results obtained
indicate that the transduced MM-TK lymphocytes were mostly T effector memory cells (Tgy).
Unmanipulated PBL showed the highest percentage of naive T cells (Ty) cells while Tgy and T central
memory (Tcy) were similarly represented between MM-TK cells and unmanipulated T cells.

In addition, cell polarization following transduction into Thl or Th2 type was evaluated based on
cytokine production (IL-2, IFNy, IL-4). An elevated percentage of transduced cells produced IFNy and
IL-2, cytokines typically produced by the Thl and Tcl lymphocytes. A lower percentage of cells
produce IL 4, which is typically produced by the Th2 and Tc2 lymphocytes.

Response to ganciclovir

The HSV-TK protein makes donor lymphocytes sensitive to GCV in a reproducible, dose-dependent

manner with an optimal percentage of cell death (Verzeletti et al., 1998). In vitr@ependency of the

MM-TK cell survival at different GCV concentrations is routinely assessed as’%@of the quality control
y

assessment of manufactured batches. The dose/response relationships ty obtained is a five

parameter logistic curve characterized by a two plateau trends at hig low GCV concentration and
a steep linear trend in the central part of the curve in the range of @e d 1.0 uM of GCV
concentration. The specification limit for IC50 is < 1.0 pM. (b

In vivo studies Q)Q)

Two studies in two different GVHD animal models botl t@ d on the NOD/SCID system were
performed to evaluate the PK and primary PD of M ¥ In preliminary studies a dose dependent
GvHD-induced mortality was observed with a 100(’1\)/\@cidence at the dose of 20x10° cells/mouse,
which was chosen as the target dose. Of note, sﬁe chosen target dose is around two log higher than
the proposed clinical dose, thus providing 6@ safety margins.

In these studies all animals were foIIov&nd observed for clinical signs effects on body weights,
engraftment (human chimerism, eQ]Qted as the percentage of human CD3+). At sacrifice human T

cell infiltration in various organs analysed by histopathology.

An arbitrary, global patho KG} score was designed to have a semi-quantitative overall evaluation of
the severity of GvHD. @

The first study utilis e humanized NOD/SCID mouse to evaluate MM-TK cell engraftment, long-
term safety of the treatment and the efficacy of the suicide system in a xenograft model of GVHD.
GvHD was recorded when >10% body weight loss and >1% donor chimerism. After GVHD diagnosis,
mice were alternatively treated with GCV, PBS (as negative control) or euthanized. Body weight
increase after the start of GCV treatment was eventually considered as a sign of efficacy of the salvage
treatment.

Observations:

Body weight showed a general negative variation in all experimental groups in the first two weeks
after treatment. The initial overall decrease of body weight observed in all groups was considered a
direct consequence of the pretreatment protocol (irradiation). Only 10 days after treatment, body-
weight loss, if associated with previous T cell engraftment was considered a relevant parameter for
GvHD diagnosis. The body weight loss was more pronounced in the positive control group.

Chimerism increased progressively over time in all experimental groups.
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GVvHD occurrence was observed in all experimental groups, although at different rates. Positive control
showed the higher incidence, while the MM-TK group had the lower incidence, while group 3 (other
stimulation protocol) showed intermediate values.

All mice positively recorded for GVHD were either treated with GCV or with PBS (negative control) to
evaluate the efficacy of the suicide machinery. At the end of the observation period, tissue sections
were analysed for GVHD based on degree of transduced T cell infiltration. According to the study, data
indicative of long term safety was obtained by evaluating the body weights of animals that never
developed GvHD or that recovered after GCV treatment.

In the second study NOD/SCID mice were subcutaneously transplanted with 50 mm? of full-thickness
human skin to allow a direct evaluation of alloreactive responses against the grafted human skin.

Observations:

Body weight. A transient and mild loss of body weight was observed only in the positive control. This
is due to the low dose of y irradiation used.

Chimerism increased progressively over time in the two treated groups. M i@m chimerism is
observed 3 weeks after injection in both the unmanipulated cohort of mice{ the MM-TK treated
mice. \QO

Xenogenic GVvHD incidence was monitored in all treated mice at é&é(\'l, 2, and 3 post-infusion and
expressed as a score, which takes into account different observational parameters (body weight loss,
ruffled fur, loss of animal activity and hunchback). Overall, t Qp sults showed the development of
GvHD in both groups. An earlier onset, higher frequency gher severity of GvHD was observed in
positive control group when compared to MM-TK tream@roup.

The lower level of GVHD observed upon administrgtidpn of MM-TK genetically modified cells in
comparison to unmanipulated PBL is probably ted to the lower content of naive T present in the
gene-modified lymphocytes. Q

Upon termination histological and imm{@ustochemistry evaluation of organs (liver, lungs, gut,
kidney) and human skin was perfor . The presence of human CD3+ cells was detected in almost all
lymphohematopoietic organs, in qw\,br organs known to be targeted by the GvHD as well as in the

*

allogeneic human skin. N
Secondary pharmacod \nic studies

Studies on secondal rmacodynamics have not been submitted (See discussion on non-clinical
pharmacology).

Safety pharmacology programme

Studies on safety pharmacology have not been submitted (See discussion on non-clinical
pharmacology).

Pharmacodynamic drug interactions

Specific studies on secondary pharmacodynamics safety pharmacology and pharmacodynamics drug
interaction have not been performed.

2.3.3. Pharmacokinetics

To study the distribution of MM-TK cells, selected tissues were collected and processed for histology.
Formalin-fixed, paraffin embedded organs were cut in 4 um thin sections and stained with
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haematoxylin and eosin for histological evaluation. Immunohistochemical assessment for the presence
of human T lymphocytes was carried out by staining with anti-human CD3 mAb.

Engraftment was observed in the control mice as early as week 1 post-administration. An increase of
the presence of human CD3+ cells in the course of the three weeks of observation was recorded not
only in the positive control animals, but also in mice administered with the MM-TK test sample with
levels raising from less than 10% in week 1 to around 30% or more at week 3. (see also
Pharmacodynamics).

No formal biodistribution studies have been performed for MM-TK. (see discussion on non-clinical
aspects).

No specific studies on viral shedding have been performed, however, since no direct in vivo
administration of the SFCMM-3 Mut2 #48 retroviral vector is foreseen in the proposed therapeutic
approach, shedding is limited to viral particles eventually associated to transduced T cells at time of
patient administration. Due to the complexity and length of the manufacturing process, the final
burden of free viral particles associated with the MM-TK would be probably very . Furthermore,
vertical germline transmission is unlikely to occur (see Environmental Risk A%&ment)

\\
2.3.4. Toxicology ,&\QO

To evaluate safety and functional properties of MM-TK, the Applic @developed an integrated approach
which included both in vivo pharmacodynamic, toxicology anc@ etic data concurrently obtained taking
advantage of two different immunodeficient mouse model Graft versus Host Disease (GvHD) based
on the Non-Obese Diabetes/Severe Compromised Imr\t@ﬁlent (NOD/SCID) mouse system, as
well as series of in vitro laboratory tests mainly alm6 an in-depth investigation of the product.

Single dose toxicity (}

Single dose toxicity has been assessed in munodeficient animal models in the pharmacodynamic
studies. \O

Repeat dose toxicity \Q

Repeat-dose toxicity studies \A@»not submitted (See discussion on non-clinical aspects).
Genotoxicity 6\0

Genotoxicity studies@e not been submitted. (See discussion on non-clinical aspects).
Carcinogenicity

Studies aimed at the in vitro assessment of the oncogenic risk of MM-TK were performed by analysis of
the TCR repertoire and of the integration profile of the retroviral vector. Further, oncogenic risk of MM-
TK has been comprehensively evaluated taking into consideration also the results obtained from quality
control of MM-TK batches so far produced since leukomogenesis may occur by other than insertional
mutagenesis derived mechanisms.

In vitro assessment of oncogenic risk of MM-TK was performed by a series of ad hoc studies aimed to
evaluate the clonality of the transduced cell population; characterize the insertional pattern of the
SFCMM-3 #35 as well the SFCMM-3 Mut2 #48 retroviral vectors and any related variation in the
transcriptional machinery; evaluate transduced cells survival in the absence of non-dispensable growth
factor; assess any break out of replication competent retroviruses (RCR) which have been linked to
leukomogenesis in immunosuppressed non-human primate (Donahue et al., 1992; Nienhuis et al.,
2006).
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Results obtained showed a cell population with no monoclonal or oligoclonal features. Additionally,
supportive data confirming the clonal distribution of the transduced T cells were obtained by the
spectratyping analysis of 25 V[ families in follow-up samples of patients treated with MM-TK during the
phase I/II. Median distribution of monoclonal, oligoclonal and polyclonal VB families was measured at
immune reconstitution (n=17), 6 (n=9) and 12 (n=5) months after haematopoietic stem cell
transplantation. The results obtained showed a T cell repertoire progressively developing towards a full
polyclonality indistinguishable from that of healthy individuals at 1 year post transplant (Ciceri et al.,
2009).

Insertional mutagenesis is a recognized safety concern of integrating vector-based Cell and Gene
Therapy Medicinal Products (CGTMP) as serious adverse events linked to the haematopoietic system
and due to insertional mutagenesis have been reported in 12 patients treated with gene corrected HCS
transduced with y-retroviral vectors (Aiuti et al., 2012; Gaspar et al., 2011a; Hacein-Bey-Abina et al.,
2008; Hacein-Bey-Abina et al., 2010; Hacein-Bey-Abina et al., 2003; Seymour and Thrasher, 2012;
Stein et al., 2010). It has been showed that retroviral vectors do not integrate in the human genome
randomly. On the contrary, their integration pattern is skewed towards specific omic regions, called
Common Insertional Sites (CIS), which include actively transcribed genes. I\@er, all transformed
cell clones harboured vector insertions next to proto-oncogenes like LMO—Z’K vil leading to their
activation that subsequently progressed to malignancy (Biasco et al., , Hacein-Bey-Abina et al.,
2003; Ott et al., 2006; Stein et al., 2010). 0’\'

The detection of integration nearby cancer genes does not nec s@iy associate to malignant clonal
expansion as in ADA-SCID trial patients harbouring integrati %targeting the LMO2 or MECOM did not
aberrantly expand (Aiuti et al., 2012; Candotti et al., 20 @

that insertional mutagenesis and transcription deregum@1 of cellular genes are not sufficient per se to
induce malignant transformation and that other fact@ are important and synergistically cooperate to

spar et al., 2011b) thus pointing out

increase the risk of oncogenesis, including cell differentiation stage. In fact, oncogenesis appears
inversely related to the maturity of the cell a: Gg adverse events related to vector integration have
been observed both in vitro (Newrzela et @ 008) and in all the clinical trials based on ex vivo gene
transfer into mature T cells (Deeks et .QOOZ; Mitsuyasu et al., 2000; Recchia et al., 1999; Walker et
al., 2000), thus suggesting that mat d\r cells are less susceptible to transformation than HSCs likely
because of the different genetic am of the two cell types (Biasco et al., 2011).

*

However, even if T cells car\€9\considered a safer substrate for genetic modification by y retroviral
vectors, integration anal and expression profile was performed in three SFCMM-3 Mut2 #48
transduced cell batc@éforeover, the same analysis was performed on four SFCMM-3 #35 clinical
batches and on the foMlow-up samples taken 1 month up to 9 years after patient administration, to
assess whether any selection may occur in vivo post-treatment. Analyses were performed by LM-PCR
followed by sequence mapping using BLAST browser. Additionally, in order to verify whether the level
of gene expression influences the ability of the retroviral vectors to integrate in specific genome sites,
the expression profile of >16.000 genes in mock-transduced lymphocytes harvested at the time of
transduction, was analysed by microarray analysis. Overall, the results obtained showed that, despite
the preferential integration of the retroviral vector within or in the proximity of transcriptional active
genes, the transduced T cell population maintained stable gene expression profile, phenotype and
biological functions. A comparison of the integration sites in transduced T cells before and after
infusion showed that vector integration within genes involved in cell cycle control or in other
physiological T cell functions are counter-selected in vivo. Furthermore, no clonal selection or
expansion could be observed during the follow-up. Therefore, the results obtained clearly point out
that retroviral integration in SFCMM-3 transduced T cells is not associated with a measurable risk of
insertional oncogenesis (Recchia et al., 2006). The vector copy numbers as reported for a few clinical
batches is relatively low.

EMA/CHMP/589978/2016 Page 21/101



During the course of the MM-TK development, at least 115 independent preparations of human
lymphocytes transduced with 2 different retroviral vectors (84 with SFCMM-3, 25 with SFCMM-3 Mut2
and at least 20 with an unrelated vector that does not contain HSV-TK) have been tested for IL-2
dependency. This assay calls for the cultivation of test cells in the presence or absence of IL-2 for 30
days. Periodically, the cell number and viability using trypan blue is determined. In all cases analysed
the genetically modified lymphocytes were IL-2 dependent.

In vivo data

The MM-TK DP is a species specific product and therefore standard carcinogenicity studies using
rodents or non-human primates as described in the ICH guidelines are not appropriate. Therefore, no
specific in vivo carcinogenicity studies were performed for the MM-TK to date.

However, based on a supposed, highly context dependant oncogenic activity of the ALNGFR (Baum et
al., 2003), both pre-clinical and clinical evidence supporting the safety of ALNGFR as a cell-marking
molecule has been accumulated in a collaborative effort between 17 independent groups of
investigators, (Bonini et al., 2003). Cumulative data obtained from >300 mice tr@splanted with BM
cells transduced with ALNGFR-expressing retroviral vectors showed normal e ftment, persistence
and differentiation of ALNGFR-expressing haematopoietic stem cells (HSC){?\ rimary, secondary and
tertiary haematopoietic cell transplant (HCT) recipients, with no adver. Qents. Over 100 of these
mice were monitored for >20 weeks after HCT; more than 70 anima \ cluding 16 recipients of
secondary or tertiary HCT, were monitored for > 28 weeks. Consi@ﬂng that a total of >1x10°
transduced cells were transplanted, and assuming an average@j\one retroviral integration per cell, the
estimated risk of oncogenic transformation after transductic@wth a HSV-TK/ALNGFR-encoding
retroviral vector is <1 in 10° integration events. O

Moreover, transcriptosome studies recently perform@ to investigate the influence of cell activation and
selection process, further support the absence cogenic potential of transduced T cells, as the
major impact of ex vivo T cell activation on o ene expression was down-regulation with no case of
up-regulated oncogene expression (Desch@fft al., 2008). In detail, the analysis showed that no
impact on the Trk/NGFR expression pa y was observed after selection as previously suggested
(Baum et al., 2003), but also expr. 5@1 of LMO-2 and MDS-Evil genes, so far found involved in
insertional mutagenesis phenomd&(Hacein-Bey-Abina et al., 2003; Ott et al., 2006; Stein et al.,
2010) in patients administené}ch genetically modified CD34+ stem cells, was unchanged.

.

Toxicokinetic data @6\

Local Tolerance @

Local tolerance studies were not submitted. (See discussion on non-clinical pharmacology).
Other toxicity studies

Studies on antigenicity or immunotoxicity, dependence, metabolites, impurities were not submitted
(See discussion on non-clinical pharmacology).

2.3.5. Ecotoxicity/environmental risk assessment

The environmental risk assessment was performed in accordance with Annex Il to Directive
2001/18/EC on the deliberate release into environment of genetically modified organisms (GMOs) and
following the precautionary principle using the methodology set down in Commission Decision
2002/623/EC, and EMA guidelines on environmental risk assessments for medicinal products consisting
of, or containing GMOs (EMEA/CHMP/BWP/473191/2006).
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A complete ERA included as part of the submission of the MAA discusses the environmental risk
assessment for the clinical use of Zalmoxis.

Zalmoxis is constitued of genetically modified lymphocytes ex vivo transduced with a y retroviral
vector. The viral vector used for ex vivo transduction is replication defective and therefore unable to
replicate when integrated in the final host cells. No in vivo administration of the retroviral vector is
foreseen, but ex vivo genetically modified T cells are administered.

The assessment is performed in taking into account the indications described in the Directive
2001/18/EC on the deliberate release of GMO’s and EMA guidelines on environmental risk assessments
for medicinal products consisting of, or containing genetically modified organisms (GMOSs)
(EMA/CHMP/BWP/473191/2006) and on scientific requirements for the environmental risk assessment
of gene therapy medicinal products (EMA/CHMP/GTWP/125491/2006).

The Applicant developed two SFCMM-3 retroviral vectors: the SFCMM-3 #35 retroviral vector encoding
for the WT form of the HSV-TK gene and its final, subsequent version, the SFCMM-3 Mut2 #48
retroviral vector encoding for a mutated form of the HSV-TK gene, the latter is considered the GMO
central to this ERA. Similarly, the two vectors were used to prepare clinical @es of MM-TK cells,

either used in the Phase I/11 TKOO7 clinical trial or in the subsequent Phasi KOO8 study.
The SFCMM-3 Mut2 #48 retroviral vector is an integrating retroviral tor, replication defective by
design. Moreover, the preparation of the medicinal product is perf d by ex vivo transduction and

therefore no in vivo administration of the viral vector is foresee&

The target cells for transduction are donor T cells. These ar rminally differentiated cells with
migratory properties likely directed towards lymphohae poietic organs as also indicated in gene
marking studies performed in the frame of non-clini ame

occur with infection and stable integration of the ector (or viral vector related organisms) in
germinal cells. The chance that this event hap in the proposed setting is essentially related to viral
shedding or to the probability that a new @ le to carry out a complete life cycle arise and then
migrates towards sexual organs.

velopment. Vertical transmission may only

administration of the SFCMM-3 M
approach, shedding is Iimited'@ral particles eventually associated to transduced T cells at time of
patient administration. Du . he complexity and length of the manufacturing process, the final
burden of free viral part associated with the MM-TK would be probably very low.

No specific studies on viral sheddi Q/e been performed. However, since no direct in vivo
§#48 retroviral vector is foreseen in the proposed therapeutic

Since the proposed therapy is indicated as adjunctive treatment to haematopoietic cells transplantation
in leukaemia affected patients, individuals administered with MM-TK have been previously treated with
highly aggressive myeloablative treatments that are associated with sterility, thus excluding any
possible vertical transmission of vector related sequence to the progeny.

In summary vertical germline transmission is unlikely to occur since:

= The provirus is integrated in the final human cell host and mobilization of the virus is needed to
produce an RCR able to infect patient tissues and ultimately germline cells. The likelihood that
this happens is minimized by the fact that at least three different recombination events are
required to produce an RCR;

= Transduced T cell fate following infusion is mainly driven by stimulation/culture conditions used
for manufacturing but ultimately targeted to hematopoietic and not sexual organs

= The limited number, if any, of free infectious viral particles associated with the MM-TK cells will
be rapidly inactivated by the complement system of the patient;
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= The myeloablative conditioning regimens performed in the context of a haploidentical
transplant of selected CD34+ cells (and included in TKOO8 study) is associated with sterility.

Based on the above, the MM-TK product falls in the lower risk category and therefore, in the light of
recommendations reported in the EMA document related to inadvertent germ line transmission of gene
therapy vectors (EMA/273974/2005, 2007), no specific studies have been performed to evaluate germ
line transmission of SFCMM-3 Mut2 #48 related sequences.

Information on the characteristics of Zalmoxis and its components, on the intended mode of
administration of Zalmoxis and on possible interaction between Zalmoxis and the environment has
been used to evaluate the environmental risk of Zalmoxis, in particular any potential adverse effects
due to survival, multiplication or dispersal, in case it would get into contact with people other than
patients and the environment.

From the environmental risk assessment it was concluded that the risk to people other than patients
and the environment from the intended marketing of Zalmoxis is negligible. Potential adverse effects
and negative consequences, such as the potential of lymphoproliferation due to Iease of significant
numbers of free retroviral vectors or RCR and infection of non-target human @ammal species were
found unlikely to occur because of the specificity of the medicine and of th(}%or likelihood of RCR

break out.
\Q
S

2.3.6. Discussion on non-clinical aspects \(b

In vitro analysis of the transduced T cell population indica 6 at there is a shift in the T cell
population as a result of the transduction protocol in \I@
when compared to untreated/stimulated PBMCs. Thig-shift

cells were also stimulated with anti-CD3
included inversion in the CD4/CDS8 ratio
among the CD3+ T cell population, enrichment onFector memory cells, primarily at the cost of

frequency of naive T cells, elevated percenta cells producing Tcl cytokines. It was shown that TK-

cells infusion in patients promotes a rapid ne reconstitution and a direct control of viral infection

and leukemic relapses. (Vago et al. Blo 12). Furthermore, it was shown preservation of
alloreactive and of viral-specific prech_I

ahufacturing process or with other process (Marktel et al. Blood

rs along the transduction process in batches manufactured
with both the proposed commerci
2003). ‘ \{\
MM-TK cells are geneticall@odified to express the MM-TK suicide gene, which, in theory will allow
treatment of the pa’ct&h case of adverse events caused by MM-TK cells, most likely graft versus
host disease (GvHD)NRe TK gene is activated by ganciclovir (GCV). Based on the batch analysis it
appears that a sufficient level of GCV sensitivity is reached for the product. However, it is not clear
how these in vitro results relate to the in vivo response of circulating MM-TK cells to GCV. Newly
submitted Clinical data show that in the majority of patients GCV treatment at time of GvHD results in
a reduction in circulating LNGFR+ cells at the 4th day of GCV treatment. This indicates that GCV
treatment works. The clinical data suggest that it is likely that GCV treatment contributed to the
resolution of GvHD. Provided that vector #35 and #48 only differ one base pair that does not influence
aminoacid sequence of the TK gene, data obtained with vector #35 could be finally used for #48 as
well. In four publically available non clinical studies the effect of combination of GCV treatment and the
insertion of the HSV-TK gene in the donor cells on GVHD is described. Insertion of the HSV-TK gene in
donor cells combined with GCV treatment resulted either in delay of lethal GVHD, in increased survival
or in the residual presence of human CD45RA+ CD3+ cells. Thus, preclinical, GCV treatment adds an
effect to the introduction of HSV-TK in the donor cells.

Two studies in two different GVHD animal models both based on the NOD/SCID system were
performed to evaluate the PK and primary PD of MM-TK. 1: humanized NOD/SCID mouse to evaluate
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MM-TK cell engraftment and the efficacy of the suicide system in a xenograft model of GVHD, and 2:
humanized NOD/SCID mice that were subcutaneously transplanted with 50 mm2 of full-thickness
human skin to allow a direct evaluation of alloreactive responses against the grafted human skin. In
these studies MM-TK was compared to unmanipulated PBMCs. In both studies the engraftment and
potency to induce GvHD was less for MM-TK cells. Both the reduced GvHD and reduced T-cell
engraftment are the effect of the required T-cell activation, which promotes a differentiation of T-cells
to effector and effector memory cells. This supports the notion that the transduced cells are not
directly comparable to unmanipulated PBMCs.

Only in the first model the efficacy of GCV treatment was evaluated. However, as only a limited
number of animals developed GvHD/Xeno-reaction only limited information on the effectiveness of GVC
treatment could be obtained in this study. However, the submitted clinical data showing that in the
majority of patients GCV treatment at time of GvHD results in a reduction in circulating LNGFR+ cells
at the 4th day of GCV treatment, indicates that GCV treatment and thus addition of the transgene
results in reduction of MM-TK driven GVHD.

There are no specific studies on secondary pharmacodynamics and safety phar@ logy, which is
agreed considering the type of product. ~\@

It is recognized that standard pharmacokinetics studies are not applic Oor this type of product.
Distribution of MM-TK cells was evaluated in the two in vivo studies&bed in the pharmacology
section. However interpretable results can only be obtained in the@udy where GvHD was not treated
by GCV. MM-TK cells were tracked with a focus on lymphohae opoietic and non-
lymphohaematopoietic organs known to be target of GvHD. erall, the results obtained showed that
the presence of human CD3+ cells was detected, three s post-dosing, in almost all
lymphohaematopoietic organs, in other organs know, % e targeted by the GvHD, as well as in the
allogeneic human skin. t is noted that the data o istribution is limited to relatively few organs and
limited number of animals. Organ selection w. sﬁﬂased on the frequency with which the organs are
affected by GvHD (The EBMT handbook 6t «ég{on, 2012, Chapter 13: GvHD by Jane Apperley and
Tamas Masszi). Organs spared from le—@%‘u particular CNS, pancreas, stomach, ovaries) were
excluded from the analysis. The avai[@e data indicate that the cells can end up in any tissue which is
vad

not an unexpected finding following\i ministration.

MM-TK cells express ALNGFR@eir cell surface. This truncated protein represents a surface marker
for transduced cells lackin "\ nctional (cytoplasmic) domain. However, the extracellular domain of
the protein is still pre l@ is not clear whether this extracellular domain can still interact with its
(natural) ligands, W@“ﬂ

are membrane bound proteins. Given the fact that NGF, the potential ligand for NGFR, is a secreted
protein and not membrane bound, is unlikely to affect localisation of the MM-TK cells.

ay affect the distribution of transduced cells especially when these ligands

Germline transmission of the integrated transgene is not an expected event because of the provirus is
integrated in the final human cell host and mobilization of the virus is unlikely to occur and the limited
number, if any, of free infectious viral particles associated with the MM-TK cells are expected to be
rapidly inactivated by the complement system of the patient.

Lack of specific pharmacokinetic drug interactions is agreed considering the type of the product, and
no additional pharmacokinetic studies are needed.

Studies presented in the pharmacology section for in vivo safety evaluations are severely hampered by
lack of data (end points), insufficient and inconsistent reporting/documentation. The DLI engraftment
is dependent on the availability of human cytokines IL7, IL15 and IL2, and promoted by the TCR of
HLA-expressing antigen presenting cells, which are not present in the animal model. The extrapolation
of the repeated dose administration in infused mice to human is limited.

EMA/CHMP/589978/2016 Page 25/101



In the toxicology section the concern for oncogenicity has been addressed. Considering the nature of
the product, genetically modified T cells, it is agreed that the occurrence of GvHD and oncogenic
transformation are the two main concerns associated with this product.

The potency of Zalmoxis to induce GvHD has been addressed in the studies also presented in the
pharmacology section. Some safety related endpoints (death, bodyweight loss) were included in this
study, however they have not been clearly described in the study report.

Oncogenicity is more than a theoretical concern as leukaemia-like lymphoproliferative disorders have
been observed in patients receiving retrovirally transduced HSC. The Applicant has performed studies
aimed at the in vitro assessment of the oncogenic risk of MM-TK. These studies were performed by
analysis of the TCR repertoire and of the integration profile of the retroviral vector. The in vitro studies
pertain 1) evaluation of clonality of the transduced cell population, 2) characterisation of the insertional
pattern, 3) evaluation of growth-factor independent growth, and 4) assessment of break out of
replication competent retroviruses (RCR). Overall the presented and discussed results do not suggest
an oncogenic risk.

The lack of studies on reproductive and development toxicity is justified. No %Qtlssion on antigenicity

was provided. é\
The environmental risk of Zalmoxis is negligible. s&
As expected, in vitro and in vivo data indicate that the MM-TK are the same as unmanipulated

PBMCs. A skewing of the T cell population towards CD8+ T eff r memory cells of Thl type is
observed. Moreover, the engraftment and potency to induc@/HD in vivo was less for MM-TK cells
when compared to unmanipulated PBMCs. The impact_o se changes on the functionality of the T-
cells has not been fully elucidated, but T-cell respzﬁ}ness against a-specific and antigen specific

stimuli was shown to be maintained in the MM-TK uct.

The CHMP endorse the CAT discussion on th%@\-clinical aspects as described above.

O

2.3.7. Conclusion on the n ginical aspects

Conventional toxicology, carcir@city, mutagenicity and reproductive toxicology studies have not
*
been performed, which is cpr@ red acceptable.
\

Non clinical safety data ned in two different immunedeficient animal models for Graft Versus Host
disease did not india%pecial hazards for humans, but allowed only a very limited safety assessment.
In vitro evaluation of oncological potential indicate that the risk of malignant transformation is low.

Based on the submitted data and in the context of an ATMP the non-clinical aspects of the product can
be considered sufficiently described.

The CHMP endorse the CAT conclusions on the non-clinical aspects as described above.
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2.4. Clinical aspects

2.4.1. Introduction
GCP

The Clinical trials were performed in accordance with GCP as claimed by the applicant.

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

® Tabular overview of clinical studies

Table 1: Overview of the studies supporting the MAA

a ~ F~ 2 > 3 = @ =
> szfs S 3 . P3f §_30% ¢ i
3 ;3 c @ = = S EZE g cw T T = Esg
& 2%8.4 & & &8 25§88 6IAFISAD g5
TKOO7 8 Open- MM-TK cells IR 57/52 11 @!ﬂ High-risk IR
(compl.) (IT, label 1x10%kg or  Control of y‘O ¥ haemato-
UK, DE, Single 1x107%/kg GVHD- @ (17 -86) logical
GR,IL) arm IV Gl effect K malignancies
Phase Up to 4 @ candidate for
/11 times every q haplo-
30 days Q identical
until IR NO) HSCT
TKOO8 16 Open- MM-TK cells  Superiorjig  29/17 7y 11/6 High-risk DFS/
{ongo.) (I, label 1x107/kg versu 6 Planned 49 y AML and ALL PFS
DE, FR, Rando- IV st Q 170 (19 -85) infirstor
E, GR, mised Up to 4 hép subsequent
B, IL, Phase times every @entical remission or
USA) III 30 days bHSCT in relapse
until IRK candidate for
haplo-
\Q identical
Qo) HSCT
O
* enrolment 6 years, foll p 5 years
ALL, acute | blastic leukaemia; AML, acute myeloid leukaemia; B, Belgium; compl, completed; DE,

Germany; E, Spain; FR, France; GR, Greece; GVvHD, Graft-versus-Host Disease; GvL, Graft versus
Leukaemia; HSCT, haematopoietic stem cell transplant; IL, Israel; IR: immune reconstitution; IT, Italy;
1V, intravenous; ongo, ongoing; UK, United Kingdom; USA, United States of America; y, years.

The application for marketing authorisation was initially based on the single arm, phase I/11 study
TKOO7 with the primary objective of immune reconstitution (IR) defined as CD3+ cells =100 per uL by
MM-TK treatment. The randomised controlled phase 11l study TKOO8 with disease free survival
(DFS)/progression free survival (PFS) as primary endpoint, is ongoing.

Upon assessment of the TKOO7 data and as only limited data from the TKOO8 study were available, the
applicant was asked to perform a comparison of the MM-TK treated patients (TKOO7 and TKOO8
combined) with results from suitable historical controls to determine the adjunctive treatment effect of
the MM-TK cells given after T-cell depleted haploidentical hematopoietic stem cell transplantation
(HSCT). To this end, the Applicant formally approached the European Blood and Marrow Transplant
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(EBMT) society (www.ebmt.org) to request the use of their patient database to compile an appropriate
control group.

This control group included patients who underwent haploidentical transplantations performed
according to the two most commonly used modalities of GVHD prevention: T-cell depleted transplant
without any add-back strategy (TCD cohort) and T-cell replete (unmanipulated) transplant followed by
post-graft infusion of cyclophosphamide and immune suppression with a calcineurin inhibitor and
mycophenolate (PT-Cy cohort). Both options are also included in the control arm of the ongoing phase
111 trial TKOOS.

In total 47 patients have been treated with MM-TK cells (n=30 in TKOO7 and n=17 in TKO0O8) of whom
of 45 patients clinical data were available (n=30 in TKOO7 and n=15 in TKO08). For these patients,
matched control patients were identified in the EBMT database using a specific set of matching
parameters.

The results of the matching strategy and the comparison between the MM-TK treated population and
the compiled control population are presented and discussed in the further beIov@ection Clinical

efficacy. @

N
O

2.4.2. Pharmacokinetics ,&\Q

)

Zalmoxis (MM-TK) consists of T lymphocytes that are harvested fl@i the same donors as the CD34+

cells used for HSCT, and are ex vivo genetically modified to e ss a mutated form of the HSV-TK
suicide gene. The purpose of the HSV-TK suicide gene is t MM-TK cells evoke a GvHD reaction,
the administration of GCV results in the selective elimi of proliferating MM-TK cells and thereby

in GvHD control. For identification and cell selection gpurposes, the T lymphocytes are also genetically
modified to express the human truncated low affir{t\ Nerve Growth Factor receptor (ALNGFR).

The relative distribution of memory T-cells_s ts appeared different (see non-clinical assessment
report) between the grafts produced usi@troviral #35 (process A — TKOO7) and #48 (process B+C
— TKO08) as determined using a speci ﬁ\ t of surface markers. The clinical significance of these
differences in the T-cell compositio& he products in relation to achieving immune reconstitution (IR)
was investigated. . Q

The number of samples avai \Ie was limited (n=13 for TKOO7 and n=16 for TKO08) and the variability
in the composition of th ell subsets was large. In this respect, products that were made using
process A seem to ¢ n a median = 2-fold lower percentage of naive T-cells than the grafts
produced using process B+C, though ranges are wide and overlap, i.e. 10.3% (range 7.2 — 39.6) vs
23.9% (0.9 — 63.7%), respectively. Regarding the ratio EC/TM, this appeared median = 5-fold lower in
the products for the patients in TKOO7 (process A) as compared to the products for the patients in
TKOO8 (process B+C), i.e. 0.48 (0.11 — 1.91) vs 2.36 (0.39 — 5.59), but also here ranges are wide and
almost completely overlap. The differences were not statistically significant. There was no correlation
between the T-cell composition in the grafts and the median number of cells administered to patients
from TKOO7 and TKOO8. There were no clear differences in the reported baseline characteristics
between the groups and the results further showed that when using the T-cell subset data (naive vs
central memory (CM) vs effector memory (EM) as continuous or as dichotomous variables, there was
no correlation with IR (as illustrated for the dichotomous results in table 19).

EMA/CHMP/589978/2016 Page 28/101


http://www.ebmt.org/

Table 2: Median values of T-cell subsets according to IR

Median values of T-cell subsets according to IR

TK007 (n=13) TK008 (n=16)

IR No IR IR No IR
T-Naive 11.4% 10.5% 18.8% 29.3%
T-CM 19.0% 23.4% 41.3% 49.2%
T-EM 67.6% 66.0% 33.1% 30.5%
CM/EM ratio 0.49 0.51 2.46 2.32
p-value=nonsignificant for all tests

As the product is constituted of cells, i.e. donor T lymphocytes, no PK-PD studies have been conducted.
Circulation of normal and genetically modified T lymphocytes was measured and Spearman correlation
between Cmax LNGFR+ and Cmax HSV-TK transgene PCR was 0.76. However, HSV-TK gene and
LNGFR expression are regulated by different promoters and also, the different analysis methods, i.e.
flow cytometry (LNGFR) vs PCR (HSV-TK), may hamper a perfect correlation.

Starting from first month after the baseline, a progressive increase of T-cells served. The
percentage of LNGFR+ positive CD3+ cells decreased over time after MM- %usion, because the
number of CD3+ cells increased, while the number of LNGFR+ CD3+ ceII&s rather stable during the
8 month follow-up period. The progressive increase in LNGFR negati\®3+ cells and the change in
relative distribution pattern of immune phenotypes over time, sho, an increase in effector cells
instead of effector memory cells and an increase in naive cells, Qﬁt a thymus-dependent T-cell

development.
S

2.4.3. Pharmacodynamics O\

Mechanism of action (}(\

The proposed mechanism of action of MM-&)eIIS is depicted in Figure 4. After a myeloablative
conditioning, patients receive CD34-sel d donor’s hematopoietic stem cells. T lymphocytes,
harvested from the same donors, ar vivo genetically modified to express a mutated form of the
Herpes Simplex Virus Thymidine se (HSV-TK) suicide gene. For identification and cell selection

purposes, the T lymphocytes a@lso genetically modified to express the human truncated low affinity
Nerve Growth Factor rece ALNGFR).

Gene modified T celwuriﬁed and infused after haplo-HSCT. The proposed in-vivo fate of gene
modified cells is représénted: non-alloreactive (orange circles) and alloreactive (red circles) T cells
directly mediate a rapid immune reconstitution and prompt a thymic-dependent long-term immune
reconstitution, composed of host tolerant (black circles) cells. If TK- cells evoke a GvHD reaction, the
administration of ganciclovir may result in the selective elimination of proliferating TK-cells and in
GvHD control. Thus, the in-vivo activation of the suicide gene machinery allows abrogation GvHD,
while preserving the recovery of a functional and wide T-cell compartment.
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Figure 1: Mechanism of action of MM-TK cells

Non-alloreactive
TK cells

I
I
Allograft | Host
. P Immune
: > o Reconstitution
I ! (®) ] Gl
HSCs : Boge T-cell GvT
I Ma precursors [ 4 1
I )
1 } [ Thymus
Thymicrenewal ey ki
1 Ay 23
1
Donor : l,
1
: Host-tolerant
TK cells 1 Teells
1
1
1
1

OO

1
1 L) Immune
—
7 y Oé) @ Reconstitution
1
HSV-TK 1 Alloreactive
transduction : TK cells
1

selection
expansion !
1
| .
1
1
1
., |
1
1
1
1
1
1
1

Clonal expansion
of alloreactive TK cells

Teells

Primary and Secondary pharmacology 0

Gene-marking and immunophenotype i@gterization in patients following MM-TK infusion (study TK-
007)

The infused cell products were %Cterized in terms of cell subsets by the immune phenotype profile
(see table 20). MM-TK cells Y ssed the panlymphocytic CD2 marker and the T-cell CD3 marker,
whereas B lymphocytes ( +) and monocytes (CD14+) were lost during culture. Immune
phenotype analyses s Qﬂd that all transduced MM-TK cells were CD45+ and CD3+ T-cell
subpopulations. CD4§\d CD8+ were represented in variable degrees among different donors, with a
general prevalence of CD8+ cells. Cells with CD56 marker, typical of natural killer (NK) cells and some
subpopulation of T cells, were also present. Overall, about 95% of the cells were LNGFR+ cells, i.e.
transduced MM-TK cells.

Table 3: Immunophenotype characterization of the infused cell products

Value CD45" | CD3" | CD4" | CD8" C‘Df;t(i‘;?f CD56° | CD2" | CD16 | LNGFR®
Mean 99.5% 96.9% 32.7% 70.1% 2.6 13.1% | 98.7% 2.0% 94.5%
Median 99.7% 97.5% 31.6% 71.1% 2.2 11.1% | 98.9% 1.9% 95.0%
Minimum | 96.8% 88.8% 15.2% 44.4% 0.8 4.0% 95.8% 0.5% 90.0%
Maximum 100% 99.0% 95.6% 85.0% 54 32.7% | 99.9% 4.7% 98.3%
Data from 29 patients receiving 47 infusions: values for two infusions of patient TK21 are missing
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Engraftment of MM-TK cells was quantified by flow cytometry analysis evaluating the LNGFR
expression on circulating lymphocytes and by PCR analysis evaluating the HSV-TK transgene on DNA
extracted from circulating peripheral blood mononuclear cells (PBMC). Concentration-time profiles of
LNGFR+ and TK+ cells are shown in Figure 5. Spearman correlation between Cmax LNGFR+ and Cmax
HSV-TK transgene PCR was 0.76.

Figure 5: Mean (&+ SD) distribution values over time of LNGFR+ and TK+ cells in treated
patients (study TK-007)
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Starting from first month after the baseline a progressive | se of T cells was observed (Figure 5).

Mean values increased above the cutoff value of 100 ﬁ L for CD3+ lymphocytes. During the
immunologic follow-up of treated patients, an incre Ih percentage of CD3+ cells that were negative
for the surface marker LNGFR was detected. CDS@reased over time doubled in relation to CD4+

cells, as expected based on the relative distri n of T-cell subsets in the infused cell products. The
median time to reach a count = 50 cells/u @CD4+ cells was 88 days from the HSCT and 27 days
from last infusion, while for the CD8+ ¢ e corresponding values were 77 and 21, respectively.

Circulating CD3+ and LNGFR+ cellcoupts were significantly higher for 23 patients who achieved IR
than for 7 patients who did not. an Cmax values for CD3+ were 591 cells/uL (95% CIl 434-872
cells/puL) and 27 cells/pL (959 0-82 cells/pL) in subjects with and without IR, respectively, and
median Cmax for LNGFR+ " were 105 cells/pL (28-253 cells/pL) and 9 cells/pL (0-15 cells/pL),
respectively. The mc{&@me to reach peak values was 76 days (95% CIl 55-150 days) for subjects

with IR and 43 days %0 Cl 0-81 days) for subjects without IR.
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Figure 6: Concentration-time profiles of CD3+ and LNGFR+ cells according to immune
reconstitution achievement
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After a first wave of circulating MM-TK+ cells, the majority of T cells suppor@ ong-term immune
reconstitution did not carry the suicide gene. At IR nearly all circulating cells had an effector-
memory phenotype similar to that of infused cells but at 6 month thes%kentage of naive and effector
lymphocytes were increased (see Figure 7). @'0

Figure 7: Mean distribution values of immune phenotyp, f CD3+ cells in peripheral blood
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2.4.4. Discussion on clinical pharmacology

The application is based on one single arm study TKOO7. The primary objective of study TKOO7 is IR
that is defined as CD3+ cells =100 per pL upon MM-TK treatment. The product is constituted of donor
T lymphocytes genetically modified ex vivo to express the suicide gene HSV-TK gene and the surface
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marker LNGFR. As the product consists of genetically modified donor T lymphocytes, no classical PK-PD
studies have been conducted. However, circulation of normal and genetically modified T lymphocytes
was measured, which is considered acceptable. Relationships between dose and GvHD are discussed in
the safety section of this report.

In study TKOO7, the MM-TK cells were produced using the original version of the SFCMM-3 retroviral
vector encoding for the wild type HSV-TK gene (SFCMM-3 #35 — process A), while in study TKOO8 the
optimized version coding for a mutated form of the HSV-TK gene (SFCMM-3 Mut2 #48) was used. This
change seemed to affect the distribution of the T-cell subsets. However, analysis of T-cell subset of
n=13 for TKOO7 and n=16 for TKOO8 from the in total 47 patients treated with MM-TK, showed that
the variability in the composition of the T-cell subsets is large and that the observed difference in the
median percentage of naive T-cells and the EC/TM ratio was not statistically significant. Most
importantly there was no correlation between the T-cell subset composition of the grafts and the
achievement of IR. The impact of the missing samples is likely to be limited due to the large
interpatient variability in T-cell profile.

The number of LNGFR+ cells was rather stable during the 8-month follow-up p@. Spearman
correlation between Cmax LNGFR+ and Cmax HSV-TK transgene PCR was @ HSV-TK gene and
LNGFR expression is regulated by different promoters. The different an methods, i.e. flow
cytometry (LNGFR) vs PCR (HSV-TK), may hamper a perfect correlatiQ'Qbut presence of the HSV-TK
gene is essential for this treatment. (b'Q

Starting from the first month after the baseline, a progressivesgrease of T-cells was observed. The
percentage of LNGFR+ positive CD3+ cells decreased over after MM-TK infusion, because the
number of CD3+ cells increased, while the number of L + CD3+ cells was rather stable during the
8-month follow-up period. The increase in LNGFR ne }Ne CD3+ cells and the change in relative
distribution pattern of immune phenotypes over time;’showing an increase in effector cells instead of
effector memory cells and an increase in na'fveélls, suggest a thymus-dependent T-cell development.

The primary mechanism of action of Zalm@’elies on its ability to engraft and stimulate immune-
reconstitution. \O

Zalmoxis is constituted of donor's(g(y%phocytes genetically modified to express the Herpes Simplex
Virus Thymidine Kinase (HSV—,TQ‘ S
upon administration of the K@b)\lrug ganciclovir (GCV), which is enzymatically phosphorylated to an
active triphosphate analo y HSV-TK. Triphosphate GCV competitively, inhibits incorporation of
deoxyguanosine triphgs e (GTP) into elongating DNA, thus killing the proliferating cells.

suicide gene. This allows the selective Killing of dividing cells

If GVHD occurs, ganciclovir/valganciclovir will be administered. The activated, transduced T
lymphocytes that are causing the GvHD should convert the GCV to its toxic form and thereby undergo
apoptosis. This strategy allows the direct targeting of those T lymphocytes that are initiating the GvHD
response. Relationships between dose and GvHD are discussed under Clinical safety and relationships
between CD3+ and LNGFR+ peak concentrations and PFS, OS and NMR are discussed in the efficacy
section of this report.

Overall, in the clinical study TKOO7, the 30 treated patients received their first infusion of Zalmoxis
cells at a median time of 43 days from the date of HSCT. The median interval time between the first
and the subsequent infusions of Zalmoxis cells was 30 days.

Immune-reconstituted patients reached a CD3+ cell count = 100/uL at a median of 77 days after
HSCT. In particular, at immune reconstitution Zalmoxis represents a high proportion of the circulating
lymphocytes, while at later time points the proportion of Zalmoxis progressively decreases and
untransduced lymphocytes expand from donor-derived precursors. One year post-Zalmoxis
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administration the newly reconstituted T cell repertoire is dominated by untransduced cells of donor
origin which displayed a polyclonal pattern comparable to healthy individuals.

2.4.5. Conclusions on clinical pharmacology

The nature and the intended use of the product are such that conventional studies on
pharmacokinetics including absorption, distribution, metabolism and excretion are not applicable.

The pharmacological properties of Zalmoxis have been adequately studied within study TKOO7. Its
primary mechanism of action relies on its ability to engraft and stimulate immune-reconstitution. If
GvHD occurs, ganciclovir/valganciclovir will be administered; subsequently the activated, transduced T
lymphocytes that are causing the GvHD should convert the GCV to its toxic form and thereby undergo
apoptosis. This mechanism allows the direct targeting of those T lymphocytes that are initiating the
GVHD response.

The product development changed over time and a different retroviral vector enceding for HV-TK gene
was used. Upon analysis of the data of 29 samples, there are no indications th@ﬁe differences in
production process of the grafts impacted the likelihood to achieve IR. Thef: e, there are currently
no concerns on the impact of such changes on the clinical data from bot 007 and TKOO0S8.

The CHMP endorse the CAT assessment regarding the conclusions o.@'re Clinical pharmacology as
described above. (b

2
2.5. Clinical efficacy O{\q
A
O

&

No formal dose response studies were con d. The phase I/11 study TKOO7 did contain a dose-
response component with two doses tri nted, i.e. 1x10° cells/kg or 1x107 cells/kg IV.

2.5.1. Dose response study(ies)

The dose of infused cells did not m&g& on the percentage of patients that achieved IR: among
patients starting with 1x10° or cells/kg, there was no difference in proportion of IR (9 of 12;
75% versus 14 of 18; 78%, ’&vely) and proportion of IR after a single dose (5 of 9; 56% versus
8 of 14; 57%, respectivel \S% relevant differences were detected in results of analysis based on the
first dose administere @){106 or 1x10’ cells/kg) for time to first infusion, time to IR from last infusion,
peak absolute count@

CD4+ and CD8+ counts.

ax) and time to reach the peak (Tmax) of CD3+ and LNGFR+ cells, Cmax of

There was also no relation between cumulative cell dose and IR, yet a relationship between the
cumulative dose of MM-TK and an anti-leukaemia effect could be seen (see Figure 8). Based on this
observation the recommended dose in TKOO8 is 1x10’ cells/kg of MM-TK. To what extent the higher
cell dose in TKOO8 contributes to the apparent better results in TKOO8 is difficult to assess considering
the additional differences between the two studies in characteristics of the MM-TK graft and of the
patient population treated.
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Figure 8: Relationship between cumulative dose of MM-TK cells and occurrence of relapse or
progression
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Based on the proposed specifications, up to 10% of the infused MM-TK cellg g&llowed to be negative
for LNGFR, implying a lack of GCV responsiveness of near 1 x10° CD3+T- &g that lack the HSV-TK
gene. This is well above the threshold of 2x10* T-cells, below which o nce of GVHD is very
unlikely (Reisner Y., et al.). Thus, this higher dose of MM-TK may p@ safety risk, because of the
higher dose of unmanipulated T-cells. Notably, this risk does not @y depend on the cell dose, but also
on the timing of infusion relative to HSCT. The more time bet n HSCT and T cell infusion, the lower
the risk of GVvHD. Therefore, at the time of MM-TK infusio @ threshold below which no GVHD may
be expected is likely to be higher than mentioned abo@rently, the data indicate, that in the
majority of GVHD cases, the transduced cells have n*involved in the development of GvHD and that
GCV treatment indeed has helped to resolve the (Qt@ (see also safety section). Also patients, in
whom there was no proof of an effect of GCV té}GvHD, were able to resolve the GvHD that was likely
to be either caused by the unmanipulated ﬁélls in the MM-TK product, or by cells originating from the
stem cell graft. So either way, the risk O&D caused by the presence of unmanipulated T-cells in the
MM-TK product appears to be mana e. Therefore, further discussion about the dose is currently

not required. (&
&

2.5.2. Main study 6\0

TKOO7 @Q

TKOO7 was a multicenter, international, open-label, non-randomized phase I-11 study designed to
evaluate the safety and activity of MM-TK cells in patients with haematological malignancies who
underwent allogeneic HSCT from haploidentical donor.

Methods

Study Participants
Inclusion criteria

a. Patients > 18 years old affected by haematological malignancies at high risk of relapse based on
disease progression or presence of negative prognostic factors, who had received a HSCT from HLA-
mismatched donor (haploidentical) for 2 or 3 loci

b. Engraftment documented by more than 500 neutrophils/pL for three consecutive days in the
absence of growth factors
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c. Mixed chimerism or full donor chimerism confirmed

d. Acute myeloid leukaemia (AML) in first or second relapse or primary refractory

e. High-risk AML in first or subsequent remission

f. Refractory anaemia with excess of blasts (RAEB) and RAEB in transformation

g. Chronic myeloid leukaemia (CML) in second chronic phase, blast crisis or accelerated phase

h. Poor prognosis acute lymphoblastic leukaemia (ALL) in first or subsequent remission

i. High grade Hodgkin disease (HD) or non-Hodgkin lymphoma (NHL) in third or subsequent remission
j. Multiple myeloma in advanced stage relapsing or progressing after high dose chemotherapy

k. Absence of fully HLA matched or one HLA locus mismatched family donor

|. Stable clinical conditions and life expectancy > 3 months

m. Performance status (PS) according to Karnofsky score > 70 @b
O‘&
Exclusion criteria s&

a. Infection with cytomegalovirus being treated with ganciclovir (b.

n. Written donor/patient informed consent

b. Presence of GVHD grade > | requiring systemic immunos&essive therapy

(2]

. Ongoing systemic immunosuppressive therapy

d. Ongoing acyclovir administration

D

. Administration after HSCT of granulocyte co@qy-stimulating factor (G-CSF) and cyclosporin A

—h

. CD3+ lymphocytes > 100/ul before infu \)

«Q

. Life-threatening condition or comp@tlon

. CNS disease (&

>

*
i. Pregnant or lactating Wom()\

n
O
For the exclusion critegi b, c, d, and e, the MM-TK cells could however be administered after an
adequate patient wa@ut period.

Treatments

In absence of immune reconstitution (circulating CD3+ cell count = 100/uL) and/or GvHD, the overall
treatment plan consisted of up to four infusions given every 30 days at the following doses:

e first infusion: 1x10° or 1x107 cells/kg between day +21 and day +49 after HSCT

e second infusion: 1x10’ cells/kg

e third infusion: 1x10° cells/kg plus interleukin-2 (1x10° IU/m2, subcutaneously, for 5 days)
e fourth infusion: 1x10’ cells/kg plus interleukin-2 (1x10° 1U/m2, subcutaneously, for 5 days)

In patients receiving ganciclovir for cytomegalovirus infection, the infusion of MM-TK cells was given at
least 24 hours after ganciclovir discontinuation.

In patients transplanted in relapse, investigators could start treatment with a dose different from that
planned in the trial (1x10’ cells/kg, instead of 1x10° cells/kg).
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For treating relapsed or progressive disease on study, protocol allowed, at investigator discretion, the
administration of further MM-TK cells given as donor lymphocytes infusions (DLI) with or without
further HSCT. In this case the dose was not fixed and, based on the results and patient clinical
condition, the investigator requested a specific dosage of MM-TK cells. The DLI was given upon
confirmation of disease relapse, during or after the follow-up phase.

Identity of investigational product: MM-TK cells

The drug product is defined as frozen haploidentical donor T lymphocytes genetically modified with the
retroviral vector SFCMM-3 Mut2 #48 (SFCMM-3 Mut2 #48 transduced lymphocytes), encoding for the
ALNGFR and HSV-TK Mut2 genes in the final formulation and container closure system, ready for
intended medical use.

MM-TK is a patient-specific product prepared starting from a lymphocyte apheresis of a haploidentical
donor. At least 20 days before HSCT, donor peripheral lymphocytes were collected at investigational
sites from haploidentical donors, before mobilisation of haemopoietic precursors in order to avoid the
immune-modulatory effect of G-CSF. b

%)

The lymphocyte apheresis bag was sent to MolMed GMP facility for manipul\ .

Initially, the investigational product consisted of fresh HSV-TK cells, s a freezing step was
subsequently introduced at the end of manufacturing process to obt ryopreserved cells. This
change in drug formulation was implemented for both logistic rea@s and better efficiency assessment
before infusion. For this reason, after completion of first and nd study stage with 18 treated
patients, an additional 12 patients were subsequently inclu 0 test biosimilarity between fresh and
cryopreserved cells. O

Ganciclovir for treatment of GVHD related to MM-TK(cglls

Ganciclovir (GCV) is the drug of choice for tre nt and pre-emptive strategies for CMV infection in
allogeneic HSCT and extensive experience een accumulated with this drug.

The use of genetic engineering of dono, anhocytes with the herpes simplex virus-thymidine kinase

(HSV-TK) suicide gene confers th a@y to modulate GvHD by in vivo ganciclovir-induced elimination

of the transduced cells. The HSVe-ﬂb\Jroteins convert the pro-drug ganciclovir to its monophosphate

intermediate derivate. Cellulainkinase phosphorylates it to a triphosphate (GCV-3P) compound which is

the toxic form. GCV-3P caf. incorporated into DNA, replacing deoxyguanosine triphosphate,
&chain elongation and causing cell death.

resulting in inhibitior§
Ganciclovir is an intra¥enously administered drug that requires hospitalization, and therefore it was
sometimes replaced with the oral pro-drug valganciclovir.

Valganciclovir is absorbed and rapidly metabolized to GCV in the intestinal wall and liver. The
bioavailability of ganciclovir from valganciclovir is approximately 60%, and the systemic exposure to
valganciclovir 1800 mg daily per os provides comparable systemic exposure to that of 10 mg/kg daily
per intravenous infusion of ganciclovir.

In case of grade = 2 acute or chronic GvHD related to MM-TK cells, the recommended treatment was
ganciclovir 5 mg/kg/day or valganciclovir 900 mg two times per day for 14 days.

Interleukin-2 in combination with MM-TK cells (third and fourth infusion)

The recombinant interleukin-2 at dosage of 1x10° 1U/m? subcutaneously administered for five days
was planned in combination with the third and the fourth dose of MM-TK cells infusions to increase the
differentiation and proliferation of T cells and antitumor effects.

The overall procedures of the study are described in Figure 9.
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Figure 9: Overall study Procedures (study TKOO7)
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Objectives

The primary objecti ere the evaluation of clinical activity in terms of immune reconstitution (IR)
after haploidentical HSCT, the evaluation of the in vivo control of GvHD after administration of
ganciclovir in patients treated with HSV-TK transduced T cell and the evaluation of graft-versus-
leukemia (GvL) effect.

Secondary objectives were the evaluation of disease free survival and overall survival, the evaluation
of incidence of infectious events and the evaluation of acute and long-term toxicity related to the
infusions.

Outcomes/endpoints

The primary endpoint was the proportion of patients who achieved immune reconstitution (IR),
empirically defined a priori as an absolute CD3+ cell count of 100/uL or more for two consecutive
observations (and/or CD4+ cells = 50/uL and/or CD8+ cells = 50/uL).

Secondary endpoints were the following:

Time to IR :defined as the time to reach an absolute CD3+ cell count = 100/ u L for two consecutive
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observations (and/or CD4+ cells = 50/ v L and a CD8+ cells = 50/ 1 L), starting from the first date of
HSCT (and, additionally, from the date of the first and last infusion).

Cumulative incidence of grade 2 to 4 acute GvHD (aGvHD): diagnosed and graded according to

standard criteria and computed from the date of HSCT. Death without occurrence of aGvHD was
considered competing event.

Cumulative incidence of extensive chronic GvHD (cGvHD): diagnosed and graded according to
standard criteria and computed from the date of HSCT for patients surviving at least 100 days. Death
without occurrence of cGvHD was considered competing event.

Disease/progression-free survival (DFS/PFES): measured from the date of HSCT until the date of

disease relapse (for patients in complete remission at HSCT) or disease progression (for patients with
active disease at HSCT) or death from any cause, whichever occurs first. The term progression refers
to any stage advanced of that at the date of HSCT.

Overall survival (OS): measured from the date of HSCT until death resulting fromq any cause.

relapse/progression, which was considered as competing event. Patients a ithout disease
relapse/progression were censored at last date known to be alive. \Q

Cumulative incidence of non-relapse mortality (NRM): defined as any death g@receded by disease

Cumulative incidence of relapse/progression: based on hematologj \bmrphologic, cytogenetic, or
radiologic evidence of relapse or progression, as appropriate. K

Acute and long-term toxicity related to MM-TK cells, with a se events (AEs) graded according to
National Cancer Institute Common Toxicity Criteria (NC version 3.0).
Sample size O

This phase I/11 TKOO7 trial was designed accoré,g to Simon’s two-stage design method. The method
provides the number of patients to enrol i s@ irst (n1) and second stage (n) of the study. To apply
this method one must specify: a target @f interest (P1), a rate of no interest (P0), the levels of a
(type 1 error) and B (type 2 error). T@Iable below shows the calculation of n, n1, r1, r2 after fixing
PO (rate of immunereconstitution Unde¥ the hypotesis that the therapy is not efficacious) equal to 0.15,
P1 to 0.5 (rate of immune-reg ution under the hypotesis that the therapy is efficacious) and a and
B to 0.05 and 0.10, respect@.

“&6 Optimum design (a=0.05, p=0.10)
~N
Py Py n r1/11 rn/n PET Py PET Py ANP
0.15 0.5 18 1/7 5/18 0.72 0.6 10

Simon’s method suggested that 7 patients have to be enrolled in the first phase. If the number of
responses is equal or less than 1 the study will terminate at this stage. Under the hypothesis that PO is
the true rate such a result has a probability of 0.72 to occur. If rl is greater than 1 then the enroliment
will continue until the end of the second stage. The second stage ends when the 18th patient has been
enrolled. The therapy will be considered a success if the number of responders is equal or greater than
6.

Additionally, 12 patients were included to test biosimilarity between fresh and cryopreserved cells.
Randomisation

This was a single arm study.
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Blinding (masking)
This was an open-label study.
Statistical methods

Definition of study populations

The ITT population included all enrolled patients who received at least one haploidentical HSCT. Two
additional patient populations were identified:

- the standard (or treated-patient) population, which included all patients who received at least
one infusion of MM-TK cells, and

- the subset of treated-patient population who achieved IR as previously defined.

Concerning the effect analyses in pivotal study TKOO7

The first date of HSCT (study day 0) was the starting point for calculating all the {ime-to-event
outcomes. For patients undergoing more than one transplantation from the sa onor, outcomes
were computed from first HSCT, while for patients undergoing transplantat'r& rom different donors,
the outcomes were computed from last HSCT. O

Continuous variables were summarized by mean with standard devi (SD) or median with 95%
confidence interval (95% CI), interquartile range (IQR; 25" to 75%ercentile) and range (minimum to
maximum). Categorical variables were summarized by freque and proportion of patients in each
category. The 95% CI of proportions were computed usin @odified Wald method.

Comparisons of categorical data were done with the Pé@)n chi-squared test or Fisher exact test as
applicable, while unpaired and paired continuous da@were compared using Mann-Whitney test and
Wilcoxon test, respectively. For handling missin(' ta, a complete-case analysis was used by excluding
patients with missing values from the data s§)

Rates of NRM, relapse/progression, acut D (aGvHD) and chronic (cGvHD), with related standard
error (SE), were estimated using the‘iﬁwulative incidence function, to adjust analysis for presence of
competing events. The Gray test % e

endpoints (Gray, 1988). .
N

d to compare cumulative incidences of competing-risk

Median times for DFS/PFSRIPOS were estimated using the product-limit Kaplan-Meier method and
the 95% CI was calcug ith the Brookmeyer and Crowley method. The log-rank test was used for

univariate comparis f survival function between groups with different covariates and the hazard

ratio (HR), with related 95% CI, was computed using a Cox proportional-hazards model. Follow-up
duration was calculated according to the inverse Kaplan-Meier approach (Shemper et al, 1996).

Univariate and multivariate logistic and Cox regression models were fitted to test associations of the
outcomes of DFS/PFS and OS with patient, donor and disease-related variables available at study
screening:

- patient age (equal or greater than median versus lower than median);

- patient sex (male versus female);

- patient performance status (equal or greater than 90 versus lower than 90);

- time from diagnosis to HSCT (equal or greater than 12 months versus lower than 12 months);
- donor/patient sex combination (female/male versus other combinations);

- donor/patient Natural Killer (NK) alloreactivity (yes versus no);
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- diagnosis (acute myeloid leukaemia (AML) versus other diagnoses);
- disease status at HSCT (complete remission versus relapse).

To mitigate time-guarantee bias, univariate and multivariate Cox proportional hazards methods, in
which administration of MM-TK cells and achievement of IR were modelled as time-dependent
covariates, were used to estimate unadjusted and adjusted hazards ratios for MM-TK treatment and IR
effects on DFS/PFS and OS. In time-dependent covariate analysis, coding of treatment and IR were
changed from absent to present at the time of their first occurrence.

Statistical analyses were done using SAS (version 9.2). All the reported p values were two-sided and
were considered significant if equal or less than 0.05, without formal multiplicity adjustments.

Concerning the comparison of the TKOO7 results with historical controls

Currently, there are neither approved therapy nor widely accepted standard of care able to overcome
the two intertwined problems that continue to account for most of the non-relapse deaths,
opportunistic infections and GVHD, as well as to improve relapse-free rates afterghaploidentical HSCT.

Therefore, the magnitude of treatment effect and clinical benefit of MM-TK &:}) can be only assessed
versus historical control data from either a large retrospective survey (Cigehi et al, 2008) or single-
centre experiences (Aversa et al, 2005; Mehta et al, 2004; Luznik et WQZOOS; Munchel et al, 2011)
that have been reported in similar patient populations undergoing@@loidentical HSCT.

Additional comparisons with historical control data from patie ho are included in EBMT data base
for the two treatment options (T-cell depleted and T-cell re e, with or without add back strategies),
with a pre-specified search strategy, endpoints and statjstical methods for comparing the historical
controls to the uncontrolled TKOO7 Phase 11 results.oi
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Results

Participant flow TKOO7

Patients enrolled
N=57

Patients not Patients transplanted but not
transplanted treated with MM-TK cells

(N=5) (N=22)

AN
o
"oQ
Patients transplanted and Q\
treated with MM-TK cells
SRR
D
K2
/)
Patients retsggfed with
MM-TK ls given as

DLI{o k@eatmg disease

1el Or progression
Completed b (N=8) Discontinued
the follow- & follow-up
up phase phase
N=13 (&Q N=17

@Q Death (N = 8)
Disease relapse (N = 8)
Lost to follow-up (N =1)

Recruitment

The study centres were located in Milan (IT), Rozzano (IT), Perugia (IT), Pescara (IT), London (UK),
Hannover (DE), Thessaloniki (GR) and Jerusalem (IL).

Conduct of the study

The enrolment phase was 6 years and the follow-period lasted 5 years. The table below lists changes
implemented in the clinical protocol.
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Table 4: Summary of protocol amendments

Summary of amendment objectives

Inclusion of additional sample collection for LNGFR™ and
PCR-TK at the 3rd and 5th month time points during the
follow-up phase. Collection of buffy coat at screeming phase
for immunological studies.

Changes 1 the time pomts of sample collection for immuno
phenotype analysis: from every-week to every-2-week
schedule during the first month and from every-2-week to
every-4-week schedule during the second and third month.
Introduction of ISHAGE method for CD3". CD4™ and CD8§™
assessment

Inclusion of specific procedures to be followed in case of
potential pregnancy during study (protocol section 11.1)

Use of DLI for disease relapse extended after the 6® month of
follow-up, thorough the study

Definition of safety data collection in case of DLI during the
entire study (protocol section 11.1) and introduction of
follow-up phase for patients undergomng RLI for disease
relapse (protocol section 9.7) |

Addition of further reduced toxicity ¢ oning regimens
for a patient subset affected by , hoid or myeloid
haematological disease. with age = ears and/or presenting
with associated comorbidity n mmpawrment (protocol
section 7.3 4)

AN
Introduction of a ﬁeeﬁl@i@p the end of manufacturing
process of the MMM cells. In order to assess the
therapeutic equiv@ between fresh cells and
crvopreserved ce additional cohort of 3 to 6 patients
was included a enrolment of the 13th evaluable patient
(protocol segfiops 2.3, 10.1 and 12.1)

Protocol

Amendment LB
Version B October 23™, 2002
Version C Apnl 24®, 2003
Version D September 1%, 2003
Version E March 1%, 2005
Version F May 31¥, 2005
Version G June 14%, 2007

O

with eserved cells.
rgdment of the interval timing and anticipation of the
s Tfusion of MM-TK cells after HSCT at 21 to 49 days
stead of 35 to 49 days) (protocol section 6.1). _
Investigator choice for a starting dose of 1x10° or 1x10
cells/kg applied for all patients (protocol section 6.1).

Iucluf@f An additional cohort of 6 patients to be treated

Baseline data

Table 22 summarizes patien

Q\
&

*

or and disease characteristics at screening phase for the 52

transplanted patients, incI@hg 30 patients who received MM-TK cells and 22 patients who did not.
Median patient age w @ years, with 12 patients (23%) being 60 years or older, 26 patients (50%)
having de novo AML, with secondary AML (19%) and 31 patients (60%) complete remission at

HSCT. The median number of prior treatment lines was 2 (range, O to 5).
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Table 5: Patient/donor and disease characteristics at screening

Variable All patients Untreated patients Treated patients
n=52 (%) n=22 (%) n=30 (%)
Patient age
Median in years 49 49 49
Range 17 - 66 18 - 65 17 - 66
259 ?Smpﬂcentile 35-57 41 -56 32-57
> 60 years 12 (23) 5(23) 7(23)
Gender
Male 22 (42) 12 (55) 10 (33)
Female 30 (58) 10 (45) 20 (67)
Kamofsky performance status
100 37 (71) 14 (64) 23 (77)
90 3 (6) 1(4) 2(7)
80 8(15) 3(14) 5(17)
70 3 (6) 3(14) §
Not available 1(2) 1{4) -
Time from diagnosis to HSCT
Median in months 10.6 11.3 9.8
2 months 22 (42) 10 (45) 2 (40)
< 12 months 30 (58) 12 (55) 60)
Diagnosis @v
AML 26 (50) 11 (50) \% 15 (50)
Secondary AML 10 (19) 3(14) LN 704
MDS/RAEB/RAEB-T 7(13) 3(14) X @) 4(13)
HD/NHL 4(8) 3(14) N\ 1(3)
ALL 3 (6) § Q 3 (10)
CML 1(2) 1(4) @ -
Biphenotipic leukemia 1(2) 1 (ﬂ;& -
Complete remission at HSCT 31 (60) @m 20 (67)
First 16 12
Second 11 OQ 4 7
Third 4 Y 3 1
Relapsed/progressive disease at HSCT 21 (40) -O 11 (50) 10 (33)
Donor age
Median mn years 41 ,.\& 46 36
Doneor gender \J
Ve & 1 1
Female . -
Donor/patient gender ~
Male/male \ Q 13 7 6
Male/female 20 3 12
Female/female . Q 10 2 8
Female/male N 9 5 4
Donot/patient CMV serostatus b\\J
Positive/positive 39 (75) 15 (68) 24 (80)
Positive/negative @ - - -
Negative/negative 4(8) 3(14) 1(3)
Negative/positive 7(13) 3(14) 4(13)
Not available 2(4) 1(4) 1(3)
Donot/patient EBV serostatus
Positive/positive 45 (86) 18 (82) 27 (90)
Positive/negative 2(4) 1(4) 1(3)
Negative/negative - - -
Negative/positive 1(2) 1(4) -
Not available 4(8) 2(9) 2(7)
Donor/patient NE alloreactivity
Yes 23 (44) 9 (41) 14 (47)
No 27 (52) 13 (59) 14 (47)
Unknown 2(4) - 2(6)
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Numbers analysed

Table 6: Main data set analysed in the study

Populations Number of patients

Ln

Patient enrolled

h

Patients not included in the intent-to-treat (ITT) population

Patients included in the ITT population 52
Patients not included in the treated-patient population 22
Patients included in the treated-patient population Ab 30
Patients treated who did not achieve immune reconstitution (\%(0 7
Patients treated who achieved immune reconstitution QQO‘ 23
Patients included in the safety population (b.ov 52

AN
Q)Q)
Outcomes and estimation Q
\®)

IR as assessed by circulating T lymphocytes (CD3+ @d/or CD4+ and/or CD8+).

Overall, 23 of 30 MM-TK treated patients (77% \‘25 % CI, 59 to 88) reached the protocol-defined IR.
This percentage of IR seems to indicate th @ ibility of the treatment in particular considering the
fact that a median of 1 infusion was req@ to establish IR with a median cumulative dose of 1x10’
MM-TK cells/kg. It is, furthermore, rg@suring that baseline characteristics were equally distributed
between MM-TK treated patients thit ached IR and those that did not. Also there was no difference
in starting dose (1x10%/kg orl cells/kg), cumulative cell dose (median, 1.3x107/kg versus 1.0x10”
cells/kg), number of infusian edian, one for both) or fresh vs frozen MM-TK cells between the IR

(n=23) vs the non-IR patié( group (n=7), respectively.

Only three patients @—11—52) received the third and the fourth MM-TK infusion and only one patient
(TK11) received IL-2, which was associated with toxicity. None of the three patients who received the
third and the fourth MM-TK dose reached immune reconstitution. Two additional patients received two
non-protocol-mandated IL-2 courses. The impact of adding IL-2 after the first two infusions of MM-TK
cells was deemed negligible and, therefore, IL-2 was not included in the treatment plan of the phase
111 trial TKOOS.

Time to IR

Treated patients received their first infusion of MM-TK cells at a median of 43 days from the date of

HSCT (Figure 10), without difference detected between patients who achieved IR (n=23; median, 45
days; 95% CI, 41 to 48) and patients who failed to attain IR (n=7; median, 38 days; 95% ClI, 27 to
53). The median interval time between the first and the subsequent infusions of MM-TK cells was 30
days (range, 27 to 39; 95% CI, 28 to 38).
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Figure 10: Time to first infusion of MM-TK cells
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Immune-reconstituted patients reached a CD3+ cell count = 100/uL after a m@ of 77 days (95%
Cl, 66 to 88) from the date of HSCT, 31 days (95% CI, 21 to 45) from the @ of first infusion and 21
days (95% ClI, 14 to 28) from the date of last infusion of MM-TK cells), wi D4+ cells tending to

recover slightly slower than CD8+ cells (data not shown). \"Q
Figure 11: Time to immune reconstitution (IR) for CD3+ce@mt3
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Furthermore, the ti@to both first dose of MM-TK cells and IR reconstitution was not different
among patients receiving myeloablative or reduced-intensity preparative regimens, fresh or
cryopreserved MM-TK cells and a first dose of 1x10° or 1x10” cells/kg. The time to CD3+ peak was not

influenced by starting dose, but was quicker in case the MM-TK cells were frozen as compared to being
fresh cells.

According to the protocol, MM-TK infusion was planned between day 21 and 49 post-HSCT in the
absence of IR or GvHD. However, treated patients received their first infusion of MM-TK cells at a
median of 43 days from the date of HSCT ranging from 16 days to 75 days post-HSCT. The delay in
administration was caused by decisions from the treating physician, and were in part related to the
inclusion criteria (e.g. delay for CMV infection requiring GCV treatment). The consequence of these
protocol deviations is that heterogeneity regarding the baseline parameters is likely to be larger than
planned. It is difficult to ascertain the impact of this on the study conduct and results, though
considering the explanations provided, it is assumed to be limited.
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Disease/progression-free survival (DFS/PES)

The Applicant presented DFS/PFS data according to patients treated with MM-TK (N=30) vs patients
untreated with MM-TK (n=22) and patients with IR (n=23) vs patients without IR (n=29).

Upon comparison of MM-TK treated patients with and without IR (Figure 12), it is clear that IR upon
administration of MM-TK cells is associated with increased OS, fewer infectious events and reduced
NRM. The effect of IR on relapse cannot be adequately analysed, because as indicated by the
Applicant, NRM and relapse are competing risk events. Patients without IR tended to die before relapse
could occur. Overall, the results are suggestive of IR being an early surrogate marker for efficacy in
this small uncontrolled study in terms of OS, infections and reduced NRM.

Figure 12: DFS/PFS and OS according to IR in patients treated with MM-TK cells (n=30)

A B
DF5PF5S in patients treated with NM-TK cells 25 in patients treated with MM-TK cells
100 by achieveinent of IR 100 by achiey ﬂnﬁ.-ntg Ir
.9
80 20 .
= = Patients with IR [re23 = - Fi= with IR [re23)
E «Patients *-.l.-itl-nl_t[:-;[rg? ] & @%ﬁﬁ wathout 1R (=7)
g E E Eil \
|- 0.002 T O P20 0001
540 T 2 a0 '
& ’ g <
20 20 P@

:D
.
(4]
%

2 3
Tirne [wears)

1 2 3 4 5 & 7 8 9 10
Tirne [wears]

(o)

(\
S

Overall survival (0OS) 0

The Applicant presented OS data accordi 0 patients treated with MM-TK (N=30) vs patients
untreated with MM-TK (n=22) and p@nts with IR (n=23) vs patients without IR (n=29).

Similar as with the DFS/PFS res ®\the presented OS data by treatment with MM-TK cells (n=30)
represent the effect of com‘bi ‘NQHSCT and the administration of MM-TK cells, resulting in a OS at 1

year of 40%, at 2 years o@m and a 5 year OS of 27%.

To further address t%@@e of IR upon MM-TK cell administration as a surrogate for long-term outcome
also in patients who uhderwent HSCT in complete remission (CR), the rates of the main endpoints
(DFS, OS, infections, NRM and relapse) of the 15 patients with CR at HSCT who achieved IR were
compared with those of the 5 patients with CR at HSCT who did not achieve IR. In comparison with
patients without IR, those with IR had a 75% lower risk of relapse or death (unstratified HR=0.25 for
DFS) and an 86% lower risk of death (unstratified HR=0.14 for OS). Thus, also in this population, IR is
associated with increased OS, fewer infectious events and a reduced NRM, but the patient numbers
involved are small.

Non-relapse mortality (NRM)

By ITT-population analysis (n=52), the cumulative incidence of non-relapse mortality was 50% (*7%)
both at 1 year and 5 years. The cumulative incidence of non-relapse mortality was 17% for the 23
immune-reconstituted patients, with 4% (*+4) because of infection, and 76% for the 29 non-immune-
reconstituted patients, with 38% (+9) because of infection.
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Table 7: Cumulative incidence rates of non-relapse mortality (NRM)

Camulative incidence of NREAL %5 (25E)

Patients n 100 davs G months 1 vear S veart p valae
All 52 27 (=9 40 (£8) 0(zT) S0 (xT)
Untreated with MM-TE cells el 64 (£10) T3(z9) TT (%) 7 (=9)

=1, 0001
Treated with MM-TK cells 10 0 17 (=7) 30 (=8) 30 (=8)
Nom mumumne reconstituted 9 48 (=) 66 (=9) 76 (=8) TG (x8)

<0001
Iemine feconstinuted 23 1] 9 (28) 17 (£8) 17 (£8)

The data indicate that the patients treated with MM-TK have a lower NRM as compared to the patients
that were not treated. However, the results from this comparison are difficult to paterpret as the

patients who can actually be treated with MM-TK are those patients that had @ ied and had myeloid
engraftment, no GvHD, though no IR, by the time that infusion with MM- TI{ s would become at the
patient’s disposal. This means that the remaining patients represent
to have a better prognosis anyway as compared to the patients that

ted population that is likely
eligibility for the MM-TK cells
in terms of NRM (due to

after HSCT. A similar argumentation can be applied for the comp
infection) in the IR vs the non-IR patients.

N
<
In order to determine the effect of the combination of thg@' and the infusion of the MM-TK cells,
the results from all MM-TK treated patients (n=30) sh e compared to the NRM as observed in
historical controls. As stated earlier, the details of tl@:omparison of the MM-TK data with historical
control group from the EBMT database, such a trategy for the matched-pair analyses, the patient
characteristics and outcomes will be discusse he end of this section.

Relapse incidence (RI) (as a measure fop& effect)

The cumulative incidence of disease x)se or progression for all transplanted patients (n=52) was
29% at 1 year and 33% at 5 yea igure 13), while the cumulative incidence of progression at 1 year
was 48% for patients transplé(@d with active disease (n=21) and at 5 years 23% for those
transplanted in remission [ ).

@@
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Figure 13: Cumulative incidence of disease relapse or progression for all transplanted
patients.
Cumulative incidence of relapse or progression (n=52)
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With respect to MM-TK treatment, among patients transplanted in remissio %gure 14), the
cumulative incidence of relapse at 5 years was 25% (%+10) for those Who® eived MM-TK cells (n=20).
For comparison, the cumulative incidence of relapse at 5 years was +13) for those in CR at
HSCT and who achieved IR upon MM-TK (n=15). @

Figure 14: Cumulative incidence of relapse for patients Q}eomplete remission (CR) at HSCT
receiving MM-TK cells
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For the overall MM-TK treated population (n=30), there was no difference between the patients with or
without IR regarding the median cumulative cell dose, i.e. 1.3x10’ versus 1.0x10’ cells/kg. Compared
with patients who relapsed or progressed, those who did not experience disease relapse or progression
had received significantly higher cumulative doses MM-TK cells (1.3x10’ cells/kg vs 0.7x107 cells/kg;
p=0.04) (Figure 15A). Accordingly, patients who had received doses of MM-TK cells greater than
median (1.1x10’ cells/kg), experienced a cumulative incidence of relapse or progression of 19%, as
compared with 71% reported for patients who had received cell doses less than median (p=0.007)
(Figure 15B).

EMA/CHMP/589978/2016 Page 49/101



Figure 14: Relationship between cumulative cell dose of MM-TK cells and occurrence of
relapse or progression
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The relationships between cumulative dose of MM-TK cells (median, 1.1x1@(§@4) and occurrence of
relapse were assessed for the 20 patients in CR at HSCT. Compared wi e five patients who
relapsed after HSCT, the 15 patients who did not relapse had receiv little greater dose (median,
1.3x107/kg versus 1.0x107/kg; p=0.29) (Figure 16A) and more fr ntly a dose higher than
1.0x107/kg (11 of 15 patients (73%) versus 2 of 5 patients (40%)). The relapse incidence in patients
who had received doses above the median was two-third lo han in those who had received doses
below the median (15% versus 43%; p=0.21) (Figure 1@

Similar relationships between dose and relapse wer@oted for the 10 cases in relapse at HSCT.
Compared with the eight patients who relapsed af@ HSCT, the two patients who did not relapse had
received a greater dose (median, 3.1x107/kg \(éj s 0.7x107/kg; p=0.06; figure 16C). Thus, the
relapse incidence in patients who had rec doses above the median resulted two-thirds lower than
in those who had received doses below&@ median (33% versus 100%; p=0.13; figure 16D).
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Figure 16: Relationships between cumulative dose of MM-TK cells and occurrence of relapse
on study according to the disease status at HSCT
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While patient numbers are limited, the da ggest that a higher dose of MM-TK cells is associated
with a reduced relapse rate, both in thKQtients with CR at time of HSCT (N=20), as those without CR

(n=10). \Q
Infectious events R Q(b

.

Over a median observatio e of 3.8 months (range, 0.1 to 13.4) (which was computed from the
HSCT to the date of r @ on of the last infection recorded), a total of 249 infectious AEs were
reported for 47 pati& For five patients (TK2-7-19-49-56) no infections were registered. Overall, the
median number per patient of infectious AEs was 5 (range, 1 to 20; 95% ClI, 4 to 6), with a median
duration per event of 11 days (range, 1 to 84).

The Applicant provided results showing that the median number per patient and per month of
infectious AEs was 1.5 (95% CI, 1.2 to 1.8) and, in comparison with non-immune-reconstituted
patients (n=24), it was significantly reduced in immune-reconstituted patients (n=23) and in patients
who developed GvHD (n=11), remaining in these patients as low as in immune-reconstituted patients
who did not develop GvHD (n=12)

Regarding the relation between GvHD and infectious events, it is acknowledged that there does not
appear to be a correlation between the presence or absence of GvHD and the median number of
infectious events per patient.

The Applicant also described the occurrence of viral infections that accounted for 45% (112 of 249) of
all infectious AEs and occurred in 36 patients (median per patient, 3; range, 1 to 7), with a median
duration per event of 15 days (range, 1 to 84). The median time to developing viral infections in
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relation to HSCT was 69 days (range, 3 to 237). Among patients treated with MM-TK cells, 58 events
occurred in 21 immune-reconstituted patients and 19 in five non-immune-reconstituted patients,
whereas 10 events developed in six untreated patients. Compared with non-immune-reconstituted
patients, there was a trend in reductions in frequency and length of these events, as well as duration
of foscavir and/or ganciclovir treatment in immune-reconstituted patients (data not shown). Also a
total of 12 (5%) Epstein-Barr virus (EBV) infections were recorded in 10 patients (median, 1; median
duration, 17 days). Among patients treated with MM-TK cells, eight EBV infections occurred in seven
patients with IR and four in three patients without IR, while no event developed in untreated patients.
Among patients who achieved immune reconstitution, both frequency and duration of viral infections
were not different between patients who developed GvHD (n=11; median humber: 4; median duration,
15 days) and patients who did not suffer GvHD (n=12; median number, 3; median duration, 18 days).

Additional analyses showed that the median number per patient and per month of infectious adverse
events (AEs) among patients treated with MM-TK cells was lower in those who reached IR (n=23) than
in those who did not reach IR (n=7) (Figure 17).

Figure 17: Incidence rates of infectious AEs according to IR in patients&ted with MM-TK
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This reduction in the infectio @s was associated to a substantial reduction of the 1-year NRM, which
was 17% for the 23 patie \Cﬂth IR and 71% for the 7 patients without IR (see Figure 16), with five
non-immune-reconstitu atients rapidly dying 3 to 10 months after HSCT, without evidence of prior
occurrence of reIaps@*progression.
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Figure 18: Early NRM according to IR in patients treated with MM-TK cells (n=30)
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Ancillary analyses 5\\(\

Univariate logistic regression analysis for IR @9

Achievement of IR in treated patients was not influenced by K,sex, performance status, diagnosis,
time from diagnosis to HSCT, donor/patient sex and NK-al ctivity combination and disease status

at HSCT.
\O

Table 8: Univariate logistic regression analys@r immune reconstitution

XX
Qmmuue reconstituiion
Variable XQ
dds ratio 95% C1 p value

Patient age &'é‘

> median versus < median \ 1 1.45 0.26 to 8.01 0.66
Patient gender Q

male versus female ,.\ 0.58 01010 332 (.54
Kamofsky perfom:la:lce status 6\

= O versus < 2.606 0.35 10 2049 0.33
Diagnosis &

AML versus other dia 25 0.69 01210378 0.67
Time from diagnosis to HSCT

= 12 versus < 12 months 1.92 0.30 o 12.05 0.48
Donor/patient sex combination

female/male versus other combinations 0.24 0.03t02.12 0.17
Donor/patient NEK alloreactivity

Ves Varsis no 2.40 0361w 1594 0.35
Disease statns at HSCT

renussion versus relapse 1.33 0.20 10 849 0.76

Furthermore, there was no difference in both proportion of IR and time to IR recorded according to
patient age, gender, performance status, diagnosis, time from diagnosis to transplantation,
donor/patient sex combination and disease status at transplantation.

Persistence of efficacy and/or tolerance effects

Recently, MM-TK cells with preserved sensitivity to GCV have been found to persist for up to 14 years
in 14 long-term survivor patients. MM-TK cells were detected also in patients who were successfully
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treated with GCV for GvHD, thus confirming the GCV selectivity only for proliferating MM-TK cells
(Oliveira et al, 2013).

Notably, in all analyzed patients, MM-TK cells could be retrieved from all memory T-cell subsets, which
proved equally sensitive to GCV even at these long-term follow-up.

Comparison with historical control data — combined TKOO7 and TKOO0O8 patient population vs
EBMT registry patients

Combined TKOO7 and TKOO08 patient population

As this has already been addressed for the most part earlier in this report, a brief summary is provided
here. For the MM-TK group, this comprised of 30 patients from the phase 1/11 trial TKOO7 and 15
patients in the experimental arm of the ongoing phase Il trial TKOO8 of whom clinical data were
available. The TKOO7 trial included patients with various types of high-risk hematologic malignancies,
while TKOOS8 trial encompassed patients with acute myeloid leukaemia (AML) or acute lymphoblastic
leukaemia (ALL) in first complete remission (CR1), second CR (CR2) or third CR (CR3) or with
advanced or primary refractory disease (Relapse), or with secondary AML (sA@ CR1.

The MM-TK treatment plan has also been described earlier in this report. K\%

EBMT registry patients s&

Inclusion criteria for the pair-matched analysis encompassed hapl@entical transplants performed from
2000 to 2013 in adult patients diagnosed with AML/ALL/sAML'Q}compIete remission or relapse at
transplantation. Eligibility criteria were verified and confirm n the EBMT Registry for 853 patients
with consolidated follow-up and carefully monitored dat cluding 400 cases (47%) who had received
a T-cell depleted HSCT without any add-back strategy and 453 (53%) a T-cell replete HSCT followed
by cyclophosphamide and immunosuppression wi cineurin inhibitors and mycophenolate. The
applied strategy to select the control group froc};he EBMT registry is agreed.

The matching strategy 60

®)

To equate the distribution of baseling racteristics between the MM-TK and control group and to
reduce bias in treatment effect estimation, a pair-matched analysis was performed.

This analysis, in which pairs -TK and control subjects sharing similar baseline characteristics
were formed, used the folg g

parameters as pair matching factors:
= patient age (plus s 3 years)

= diagnosis (AML, ALL and sAML)

= disease status at HSCT (CR1, CR2, CR3 or relapse)

« time from diagnosis to HSCT (plus or minus 3 months)

The planned ratio of MM-TK patients to control patients was one to four.

The selection of these four matching factors was based on their well-recognized prognostic relevance in
the transplant field for acute leukaemia, with younger patients having better prognosis than older
patients, where AML cases have better outcomes than ALL and sAML cases, patients with CR1 at
transplant have a better prognosis than others and patients with a short time from diagnosis have
better outcomes than those with a long time from diagnosis (Cornelissen, 2012).

Outcomes and methodology

Efficacy outcome measures of this pair-matched analysis were OS, LFS, NRM and relapse incidence
(RI). Cumulative incidence rates of chronic graft-versus-host disease (cGVHD) were also analysed (see

EMA/CHMP/589978/2016 Page 54/101



safety section for results). OS was defined as time to death from all causes. LFS was defined as time to
death or first occurrence of disease relapse (or progression for patients not in CR at HSCT), whichever
occurred first. In leukaemia, the term LFS is equivalent to disease (or progression)-free survival
(DFS/PFS). NRM was defined as death without evidence of prior relapse (or progression).

Rates at points in time with corresponding 95% confidence intervals (Cl) for LFS and OS were
estimated by the product-limit method of Kaplan-Meier. Cumulative incidence functions were used to
estimate rates at points in time with 95% CI for NRM, Rl and cGVHD. Comparisons between curves
were performed using log-rank test for survival data and Gray test for cumulative incidence curves.
Competing risks were death for RI, relapse for NRM, relapse or death for cGvHD. In the first part of the
analysis, baseline characteristics of the four groups (PT-Cy, TCD < 2005, TCD > 2005 and TK) were
compared using the chi-square statistic test for categorical data and the Kruskal-Wallis test for
continuous variables. Pairwise comparisons between the MM-TK group and control group were
stratified using a mixed effects Cox model. All tests were two-sided with type | error rate fixed at 0.05.
Statistical analyses were performed with IBM SPSS statistics version 22 and R 3.1.0 (R Development
Core Team, Vienna, Austria) software packages. b

%)

Matched pairs %)

Overall, 37 TK-treated patients (23 from TKOO7 trial and 14 from TKO Qal) matched with 140
controls (71 from PT-Cy cohort and 69 from TCD cohort transplante ween 2005 and 2013). The
choice of the Applicant to focus on the results from patients who erwent a transplantation with a
TCD graft after 2005 or to whom post-transplant cyclophosphaiide was applied is considered
acceptable. Specifically regarding the matching, 33 TK pati were matched with four control
patients, two TK patients with three control patients a e TK patient with two control patients. For
three TK patients, there was no identified matching %‘ner in the control group. See table 26 for
baseline characteristics of the MM-TK treated and&:ontrol patient population.
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Table 9: Baseline characteristics of the MM-TK treated and the control patient population

Pair-matched analysis Co?;r:igst;up T(}f] g;ﬂ;l}p
Year of HSCT
Median 2011 2007
(Range) (00-13) (02 -13)
Duration of follow-up
Median in months 16.9 43.2
(Range) (1.5 -97.3) (3.6 - 120)
Patient age
Median in years 43 43
(Range) (18 - 71) (20 - 68)
Time from diagnosis to HSCT
Median in months 7.4 7.9
(Range) (2.5 - 54.7) (2.2 - 52.9)
AML 102 73% 27 73%
Diagnosis ALL 18 13% 5 13%
SAML 20 14% 5 13%
CR1 64 46% 16 43%
CR2 36 26% [ 10 27%
Status at HSCT CR3 5 1% (\ 1 3%
Relapse 38 27"@" 10 | 27%
Patient gender Male /2 - L 6%
9 Female 68 | .Xd®% | 20 | 54%
Male 73 52% 25 70%
Donor gender Female 26\  48% 11 30%
Missing e - 1 -
No Oros 76% 32 | 89%
Female D —» Male P Yes I 33 24% 4 11%
Missing A 2 - 1 -
D-/ P- AN 16 12% 6 18%
D+ / P- O\ 11 8% - -
CMV D / P serostatus | D-/ P+ A\ 15 11% 4 12%
D+ / P+ (@) 88 68% 24 70%
missing BEQ 10 - 3 -
Busulfan, Cyclophosphahwide +/- AraC 19 14% - -
Busulfan, Fludarabina\ 3 2% - -
Thiotepa, Busulfap\™idarabine 22 16% - -
Cyclophospf:%rgr?:’Fludarabine 11 8% 1 3%
L . Fludarabine halan +/- Treosulfan 18 13% - -
Conditioning regimen FludarabineNMelphalan, Thiotepa - - 16 43%
Fludaram®, Treosulfan +/- Thiotepa, TBI - - 15 | 40%
Fluda@the, Thiotepa, TBI 5 14%
Flyddeabine (o Cyclophosphamide), TBI 51 36% - -
S chemotherapy or TBI 16 11% - -
céB&ne marrow 41 29% - -
Source of stem cel@ Y Peripheral blood 94 67% 37 100%
Both 5 4% - -
No 65 46% 2 5%
In vivo T-cell depletion | Antithymocyte globulin 68 49% 35 95%
Campath 7 5% - -
In the control group, there were 11 early deaths (8%) within the first 3 weeks after HSCT, due to veno-
occlusive disease (n=2), infection (n=5), interstitial pneumonia (n=1), GvHD (n=1) and early relapse
(n=2).

Importantly, baseline characteristics of the patients in the control group and the MM-TK-treated
patients selected for the matched-pair analyses appear similar. Imbalances in baseline characteristics
that were not included in the matching strategy are present (median year of transplant, gender
mismatch, stem cell source, conditioning regimen and the type of in vivo T-cell depletion), which is not
unexpected for this type of pair-matched cross study comparison.

Importantly, the here presented control patient population has not been matched to the MM-TK
population for events occurring early after HSCT that have resulted in loss of eligibility for MM-TK
administration. These events can be for instance early relapse, early death or graft failure. In study
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TKOO7, 22 out of 52 (42.3%) enrolled and transplanted patients did not receive TK treatment due to:
early death (n=12) occurring up to 55 days after HSCT, graft failure/rejection (n=7) and prolonged
administration of ganciclovir or immunosuppressive therapy (n=3).

For better matching the control with the MM-TK groups for early post-transplant events, a 21-day
post-transplant ‘landmark’ analysis was provided. In this analysis patients were not only matched for
the main prognostic baseline characteristics (as in the matched-pair analysis), but were also matched,
to some extent, for early post-transplant events that would have prohibited the patients who
underwent a haplo-HSCT to receive MM-TK cells. Patients who either died or relapsed before day 21
were excluded from both populations. The excluded patients were 13 (11 for death and 2 for relapse)
in the control group and one (for relapse) in the TK group. There were 4 cases experiencing early graft
failure (lack of myeloid engraftment) in the control group, but these had already been excluded
because they died before day 21. Upon request the Applicant clarified that the matching of the MM-TK
patient-control was maintained, which was also evident from the provided baseline characteristics of
the populations in the landmark analysis.

In an alternative analysis aiming to decrease the uncertainty regarding the ad e matching of
patients for early post HSCT events, MM-TK and control patients who were @3 and relapse-free were
matched at the 21 day post HSCT time point. The same matching param s were used as for the
initial matched-pair analysis. In this analysis 139 control patients (70;\"@*5" replete and 69 T-cell
depleted grafts) were matched with 36 TK-treated patients. In addition, in order to minimize bias due
to differences in the timing of MM-TK infusion, 3 further ‘sensiti it@were performed in by excluding
patients who had died or relapsed before 4, 6 and 8 weeks %@vtransplant.

Q
&)
O\

Results

Matched-pair analysis at time of HSCT

Overall survival (OS) at 1-year was significant
control group (p=0.01). The survival rates

proved in the MM-TK-group compared with the
49% and 37% for MM-TK- and control group,
respectively. The NRM at 1-year was als roved upon treatment with MM-TK, with 43% for the
control group and 22% for the MM-T oup (p=0.014). A difference in favour of the TK-group could
also be observed for the 1-year incidence of cGvHD with 25% for the control group vs 6% for the TK-
group (p=0.04). The LFS and,t were not different between the groups (see also Table 27),
because NRM and relapse a@mpeting risk events and relapse events occur later than NRM events.

Together the data suggeé t the benefit seen in OS is mainly driven by a reduction in the NRM.

A further analysis o RM data in the matched pair comparison revealed that in the control group
34 of 140 (24%) patients died due to infection and 8 of 140 (6%) succumbed due to GvHD. In the MM-
TK population, 4 (11%) patients died because of infection and no patient died due to GvHD. This
suggests that the reduction in NRM mortality in the MM-TK population is caused both by a reduction in
death due to infection and due to GvHD.

To explore the impact of MM-TK cells given after relapse (DLI setting, was allowed in TKOO7, but not in
TKOO08) on OS, the 8 patients who subsequently received MM-TK as DLI, were excluded from the MM-
TK group of the pair-matched analysis. The remaining 29 MM-TK patients showed a significantly
improved OS compared with the 140 control patients (stratified HR=0.46; 95% CI, 0.23 to 0.93;
p=0.03; 1l-year, 49% vs. 37%), with no further deaths observed in the TK group after 1 year (with a
three-year median follow-up time). In this analysis the matching between the groups was not
maintained as the matched-pair counter parts of the excluded MM-TK patients were not removed from
the control population. Despite this omission, it indeed appears that influence of the MM-TK
administered as DLI to some patients on the survival curve/results is limited.

‘Landmark’ analysis
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The data from this analysis show that the MM-TK treated patients benefited in terms of 1-year OS
(40% vs 51% (p=0.03)) and 1-year NRM (42% vs 23% (p=0.04)), for control vs MM-TK treated
patients, respectively. Also the difference in favour of the MM-TK-group for the 1-year incidence of
cGVHD could be observed (28% vs 7% p=0.04) (Table 28). Again no difference was observed in LFS
and the chance for relapse seemed higher in the MM-TK-treated patients as compared to the control
patients (p>0.05). These data are similar as in the initial matched pair analyses.

The used cut-off of 21 days for early post-transplant events prohibiting the administration of MM-TK
cells was chosen based on the TKOO7 trial where patients were to receive the first MM-TK
administration at the moment of myeloid engraftment. This was anticipated to occur before 21 days
following HSCT. However, for MM-TK patients the time frame between HSCT and first MM-TK infusion
varied depending on the timing of myeloid engraftment and/or need for ganciclovir therapy to treat
active CMV infection. In the TKOO7 trial, MM-TK treated patients received their first infusion of MM-TK
cells at a median of 43 days from the date of HSCT ranging from 16 days to 75 days post-HSCT (such
data are not provided for the TKOO8 patients). In an attempt to address this uncertainty, the Applicant
has provided an additional analysis by adjusting the calculation of the survival ti@. For the control
patients, the calculation of survival time started at day 21 post HSCT (i.e. simil@p to the landmark
analysis), thus assuming that these patients would have received MM-TK a{ s time point (if they had
been in an MM-TK trial). For the MM-TK patients the calculation start Qhe actual day of first MM-TK
infusion. In this analysis an improvement was seen in OS (stratified ($045; 1-year rate, 47% vs.
40%) and in NRM (p=0.012; 1-year rate, 26% vs. 42%) for the T@roup compared with the control
group. However, in a further Cox regression analysis that incl@&d the MM-TK infusion as a time-
dependent covariate, the 95% CI of the hazard ratio for OS 9; 95% CI, 0.32-1.09; stratified
p=0.09) and NRM (0.48; 95% CI, 0.19-1.17; p=0.11) in 1. This analysis can be seen as a form
of sensitivity analysis on the landmark approach. Ho Aer, the start of calculation of survival time
(relative to HSCT) is different between the treatmqé

conservative approach or not. (},

rms, and it is thus not clear if this is a

Matched—pair at 21 days post HSCT 60

In order to address the uncertainty r %ng the impact of early post-transplant events, patients were
control and MM-TK patients were tChed at day 21 post HSCT. This analysis showed an absolute
increase of 17% in 1-year OS,r. or the MM-TK group compared with the control group (51% vs
34%; p=0.007) and a bene i@ 1-year NRM (20% vs 46%; p=0.003) and chronic GvHD incidence
(6% vs 23%; p=0.02) fo &—TK treated patients (Table 29). As noted before, no benefit is observed
in LFS and the chance elapse seemed higher in the MM-TK-treated patients as compared to the
control patients, but idshould be kept in mind that relapse and NRM are competing risks.

The applicant performed a matched-pair analyses with MM-TK treated patients. Of the 45 MM-TK
treated subjects, 37 patients (23 from TKOO7 trial and 14 from TKOOS8 trial) were matched to 140
controls (71 from PT-Cy cohort and 69 from TCD cohort transplanted between 2005 and 2013).
Efficacy outcome measures of this pair-matched analysis were overall survival (OS), leukaemia-free
survival (LFS), non-relapse mortality (NRM) and relapse incidence (RI). Cumulative incidence rates of
chronic graft-versus-host disease (cGVHD) were also analysed. The details of this comparison, such as
the strategy for the matched-pair analyses, the patient characteristics and outcomes will be discussed
at the end of the discussion of clinical efficacy section.
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Table 10: Summary of the overall outcomes at 1-year of the pair-matched analysis between
TK-treated patients and EBMT control patients

Relapse Non-relapse | Leukemia-free Overall Chronic

Pair-matched analysis incidence mortality survival survival GVHD
(RI) (NRM) (LFS) (0S)

Controls (n=140) 2205 43% 35% 37% 25%
(95% CI) (15-31) (34-52) (25-44) (28-46) (17-33)
TK (n=37) 41% 22%0 37 %0 49% 6%
(95% CI) (23-57) (14-31) (20-54) (32-67) (1-19)
p-value (stratified) 0.30 0.014 0.19 0.01 0.04
Hazard ratio (HR) 1.47 0.34 0.71 0.48 0.15
(95% CI) (0.71-3.04) | (0.14-0.81) (0.42-1.19) (0.26-0.86) | (0.05- 0.91)

P<0.05 was considered significant.

Table 11: Summary of the overall outcomes at 1-year based on a condi Qal landmark
analysis performed 21 days after HSCT

This analysis reported in table 28 exclude

“%?

roup and one patient in the TK group were excluded for this

eligibility criterion for treatment with
relapse). Thirteen patients in the

landmark analyses.

Upon request the Applicant
at week 3 after HSCT. Th|

weeks) post—transpl@@t

Pair-matched analysis Relapse Non-relapse | Leu \ua -free Overall
Landmark analysis at 21 days after incidence mortality vival survival
HSCT (RI) (NRM) \{'\, (LFS) (0S)
i
Controls (n=127) 21% 42%p K 37% 40%p
(95% CI) (14-30) 3?6@ (27-47) (30-50)
TK (n=36) 39% \ 3°lo 38% 51%
(95% CI) (22-56) < (15-33) (21-55) (33-69)
p-value (stratified) 0.28_ % 0.04 0.35 0.03
U'

|ents who died or relapsed before day 21, as was an
K cells (next to the absence of e.g. graft failure or early

@lded an additional pair-matched analysis where patients were matched

s done to better match the patients populations for early (within 3

nts that could have prohibited the administration of MM-TK (such as death,

relapse, non-myeloid engraftment, CMV infection requiring GCV treatment). At this 3 week time point

patients had to be alive and relapse free. The results of this new comparison are shown in table 29.
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Table 12: Summary of the overall outcomes at 1-year based on a matched-pair analysis
performed 21 days after HSCT

New pair-matched analvsis Eelapse | Leukemia-free | Non-relapse | Overall .

- . C S Chronic
l-vear outcomes incidence survival mortality survival GvHD
Alive and relapse free at 11 days (BEI= (LES) (INEMD (05)

Controls (n=139) 1% 33% 46% 34% 13%
(95% CI) (14-29) (24-43) (36-33) (25-44) | (15-32)
TK (n=36) 41%4 3% 20% 51% %%
(95% CI) (22-56) (21-36) (8-36) (33-69) (1-193
p-value” 0.06 012 0.003 0.007 0.02
*RI and NREM are competing risk evenis (i.e., when one competing event occurs, patienis are ne longer at risk for the
other event, with those with shorter survival being less likely to develop relapse) and NEM evenits tend to occur earlier
than relapse events. “Cox fest p-value stratified on match group for LES and 05 and Gray test p-value for RI, NRM and
chronic GvHD

The new pair-matched analysis showed an absolute increase of 17% in one-ye rate for the TK
group compared with the control group (51% vs 34%; p=0.007), which is K than seen in previous
‘landmark’ analysis (51% vs 40%, p=0.03). O\

transplant events, the Applicant was requested using 4, 6 and 8 s post HSCT as cut off. For these
analysis, patients who had died or relapsed before these time &nts were excluded. These analyses
revealed similar significant improvements in OS, NRM and ic GvHD in favour of TK-treated
subjects as compared to control patients as seen with t %a ysis using the 3 week cut off value. Also
IQ/ival did not appear to change substantially,

To address the uncertainty regarding the appropriateness of the 3 W;@as cut off for early post-

the difference in relapse incidence and leukaemia free&
because NRM and relapse are competing risk eve% d relapse events occur later than NRM events.

S

As rescue treatment for disease relapse &Qogression, eight patients were rechallenged with an
additional 16 infusions of MM-TK cellﬁq uding six patients who had subsequent HSCT, four
unmanipulated lymphocytes and fO\r emotherapies. In contrast, 9 patients with disease
relapse/progression were not r ed with MM-TK cells, but received subsequent T-replete HSCT
(n=2), unmanipulated lymp %es (n=4) and/or chemotherapy (n=4). All patients whose disease
relapsed or progressed di fter a median post-relapse/progression survival time (computed from
date of relapse or plggéion to death) of 123 days (95% CI, 55 to 209). Compared to nine patients
who were not retreatéd, eight patients who were rechallenged with MM-TK cells had significantly
improved post-relapse/progression survival rates (HR=0.19; 95% CI, 0.05 to 0.72; p=0.01) Figure
19).

Use of the MM-TK cells as DLI
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Figure 19: Survival time after disease relapse or progression according to retreatment with
MM-TK cells

Survival after disease relapse or progression
by retreatment with MM-TK cells

100
= Patients retreated with MM.TK cells (n=8)

=0 = Patients not retreated (n=9)
=
=
= 60
L
= =
; m p=0.01
-
a

20

0
1] 1 2 3

Time (years) b
Although the results are suggestive for a favourable effect of MM-TK treatm s DLI upon relapse or
progressive disease, no fair comparison between the 8 retreated and the ﬁnot retreated can be made,
as this is not a comparison between randomized groups. Therefore, s@mn bias could be present.

Moreover, the objective of DLI is to re-induce remission in patien 0 have a relapse post-
transplant. This is out of the scope of the current application ning that these data should be

considered as supportive. (\Q’
O

The following table summarises the efficacy resul@m the TKOO7 study in which most of the MM-TK
treated patients were treated (n=30 out of 45@4— K treated patients with clinical data available). This
d

summary should be read in conjunction wi iscussion on clinical efficacy as well as the
benefit/risk assessment (see later sectio

Table 13: Summary of efficac;&f@&rial TKOO7

Summary of main study(ies)

R
Title: A phase I-11 study: infu§ion of donor lymphocytes transduced with the suicide gene HSV-TK,
after transplantation of a::l-\ eic T-depleted stem cells from a haploidentical donor in patients with

hematological malignan
N

Study identifier %*?KOO?

Design Open-label, non-randomized, multicenter, international phase 1/11 study
Duration of main phase: 11 years and 3 months
Duration of enrolment: 70 months

Hypothesis Investigate the clinical activity in terms of IR, control of GVHD after

ganciclovir use and evaluation of GvL effect of an add back strategy with the
MM-TK cells given after T-cell depleted HSCT (positively selected CD34+ cells
plus a fixed dose of CD3+ cells of 1x10%/kg).
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Treatments groups MM-TK The treatment phase lasted approximately
four months starting 21 to 49 days after
HSCT. The initial dose of MM-TK cells was
given in absence of IR and/or GvHD. The
treatment plan consisted of up to 4 monthly
1V infusions given at the following doses:

- first dose: 1x10° or 1x107 cells/kg

- second dose: 1x10’ cells/kg

- third dose: 1x10° cells/kg plus interleukin-2
(1x10° 1U/m2 subcutaneously for five days)

- fourth dose: 1x107 cells/kg plus interleukin-
2 (1x10° 1U/m2 subcutaneously for five days).
Long-term follow-up was related to patient
outcome.

Endpoints and Immune IR Number (%) of patients reaching CD3+ =
definitions reconstitution 100/uL (and/or CD4+ a@or CD8+ cell count
(Prim.) > 50/pL). _

Disease Free DFS/PF | Percentage of pati without disease
Survival/Progressi | S relapse/progres{ﬁce HSCT at 1-5 years.
on Free Survival X
Overall survival oS Percentag}?‘ﬁaﬁents alive (at 1-5-10 years).
(Sec.) e
Non-relapse NRM Numl@\(%) of patients died without previous
mortality (Sec.) dj relapse-progression (at 1 year and at

J(Byyears).
Infectious events - NMedian number of infectious adverse events
(Sec.) (\O per patients in ITT within observation time

2 (median 3.8 months).
Data cut-off

December 2013 \J
XN

Results and Analysis

O

Analysis
description

Primar Mlysis
Aw

Analysis population

description

En@ﬁ patients / Intent tot treat (ITT)= all patients receiving HSCT /
& ed population = number of patients treated with MM-TK cells.**

Descriptive statisti

and time point
N
s\

]
“Treatment group

MM-TK

and estimate

variability Number of (n=57) / n=52 / n=30"*
subjects
IR 23/52 (44%) / 23/30 (77%)
21%° / 30%°
DFS/PFS
17%* / 27%*
0S 17% (ITT)***
NRM 26/52 (50%)% * / 9/30 (30%)°® *
Infectious events | \jedian # infections: 5 (range 1-20; median duration
per event: 11 days (range 1-84) (ITT)
Median # of viral infections: 3 (range 1-7; median
duration per event is 15 days (range 1-84) (ITT)
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$at 1 year * at 5 years; *** at 10 years; HSV-K, Herpes Simplex Thymidine Kinase; IR, immune
reconstitution; GvHD, graft versus host disease; GvL, graft versus leukaemia; HSCT, haematopoietic
stem cell transplantations; NRM, non-relapse mortality; OS, overall survival; ITT, intention to treat;
DLI, donor lymphocyte infusion.

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

Table 31 lists the main baseline patient and disease characteristics for the 52 patients enrolled in the
TKOO7 study and of the 17 patients randomized in the experimental arm A of the phase 11l TKO0OS8
study.

Table 14: Patient and disease characteristics in patients enrolled in the phase 1/11 TKOO7

trial and those enrolled in the experimental arm of the phase 111 TKOOS8 trial

Mot available

30(58)

x(\ 1 {5)

N

Diagmoses 5
AML 26 (50) 0 13 (76)
Secondary AML 10 mb .
MDSRAEBRAEB-T T I@
HDVINHL & -
ALL 6} 4(24)
CML \ 12) -
Biphenotipic leukenua / (b 1 {2} -
Comgplete renmssion at HSCT KNS 15 (88)
F1:!.r ‘\C)\ 16 10
Second 6 11 5
Third 4 -
21 {40) 212

L TREOO7 TEOOE
Variable =52 (%) =17 (%)
Patient age

Median in years 49 37

Range 17 - 66 1% - 65 b

35%_ 752 percentile 35-57 29-53 (%)

= 60 vears 12 (23) 3 (18) %)
Gender \

Male 2X{42) 11 (65)

Female 30 (38) 6 (35) \"Q
Kamofsky performance stahis 0

100 3T(TL) 16 (94) @

a0 3(6) - K

&0 515 1{(8) Q)

Th 3{6) -

Mot available 1 {2} ,{\Q
Time from diagnosis to HSCT \Y

Median in moaths 10.6

= 12 moaiths 2X{42) 6 [35)
< 12 momths OH'.I (59)

Relapsed progressive tli‘,@ SCT
\

The median time to first infusion in TKOO8 was 28 days (95% ClI, 25 to 30) after HSCT and the median
interval time between the first and the subsequent cell doses administered was 32 days (95% CI, 30 to
40). In all, 11 of 15 treated patients (73%) achieved IR. This % of patients achieving IR is similar as
observed in TKOO7, i.e. 77%. The median time to attain IR in TKOO8 was 26 days (95% ClI, 14 to 34)
after last infusion of MM-TK cells, which is similar as observed in TKOO7.

Clinical studies in special populations

Age 65-74
(Older subjects
number /total
number)

Age 75-84
(Older subjects
number /total
number)

Age 85+
(Older subjects
number /total
number)

Controlled Trials

Non Controlled
Trials

EMA/CHMP/589978/2016

Page 63/101




Supportive study(ies)

In addition to TKOO7, a phase 11l study, TKOOS8, is currently ongoing (start in February 2010; 170
patients planned; as per cut-off date of December 2013 a total of 27 patients were enrolled, in March
2016 a total of 50 have been randomly assigned). The primary objective of TKOOS8 is to compare the
efficacy in terms of disease/progression-free survival of an add back strategy with the use of MM-TK
cells after T-cell depleted HSCT (consisting of positively selected CD34+ cells plus a fixed dose of
CD3+ cells of 1x10%/kg) versus either T-cell depleted HSCT or T-cell replete (unmanipulated) HSCT
followed by high-dose cyclophosphamide.

PHASE 111 TKOO8 STUDY: PRELIMINARY RESULTS

Preliminary efficacy and safety data are provided for the first 17 patients consecutively randomized in
the experimental arm A.

During treatment phase, a total of 31 infusions of MM-TK cells were given to 15 patients, with five
patients (33%) having one infusion, five patients (33%) two infusions, four patients (27%) three
infusions and one (7%) four infusions, which was the maximum number of inf s planned by study
protocol. The median number of MM-TK cell doses per patient was two (95%¢(eJ; 1 to 3; range, 1 to 4),
while the median cumulative cell dose was 2.4x10°/kg (range, 1 to 3.9).0

N\

N
2.5.3. Discussion on clinical efficacy @0
X

Design and conduct of clinical studies QQ)

The application for Zalmoxis was initially based on th s@ arm, phase I/11 study TKOO7 with the
primary objective of immune reconstitution (IR) defimed as CD3+ cells 2100 per pL by MM-TK
treatment. The randomised controlled phase 111 st@y TKOO8 with disease free survival
(DFS)/progression free survival (PFS) as prim ndpoint, is ongoing. The overall purpose of MM-TK
treatment is IR leading to a lower NRM an@wer relapse incidence (RI), resulting in improved OS.
The study population concern adult pat'@ with haematological malignancies at high risk of relapse
who had received a haematopoietic cell transplantation (HSCT) from a HLA mismatched
(haploidentical) donor for 2 or 3 I‘a&\and who were in good clinical condition at the time of MM-TK

administration. In TKO08 the&@e

leukaemia (AML), second L or acute lymphoblastic leukaemia (ALL).

t population was restricted to subjects with acute myeloid

haematological mali cies was to assess the clinical activity in terms of IR, control of GVHD after
GCV use and evaluation of GvL effect of an add back strategy with genetically manipulated T-cells after
T-cell depleted haploidentical HSCT. The genetically manipulated T-cells, or MM-TK cells, are

The aim of study TKO;g@hich is a phase I/11, single arm study in patients with high risk

retrovirally transduced to express HSV-TK, a suicide gene, which would enable termination of the graft
versus-host-disease that may arise upon administration of MM-TK cells. In total 57 patients were
enrolled in TKOO7 of whom 52 patients transplanted. Eventually, 30 patients were treated with MM-TK
cells post-HSCT in TKOO?.

The Applicant has not performed dose response studies specifically, although TKOO7 contained a dose-
response component with two doses transplanted, i.e. 1x10° cells/kg or 1x107 cells/kg IV. The
Applicant did perform exposure-response analysis.

The clinical benefit of MM-TK cells after haploidentical HSCT was to be further established by
comparing patient-level data from the TKOO7 and TKOOS8 trials with patient-level data of historical
controls of the EBMT registry.

EMA/CHMP/589978/2016 Page 64/101



Based on the defined inclusion and exclusion criteria, the studied patient population concerns adult
patients with haematological malignancies at high risk of relapse who had received a HSCT from a HLA
mismatched (haploidentical) donor for 2 or 3 loci and who were in good clinical condition at the time of
MM-TK administration. The criteria for the designation of a “high-risk” haematological patient may vary
in time, in particular considering evolving treatment modalities and scientific considerations. However,
only patients with high risk haematological disease are to be selected as a candidate for haploidentical
HSCT, therefore, no specific criteria to define the “high-risk” patient are required.

The following doses were applied in TKOO7: 1% dose: 1x10° or 1x107 cells/kg; 2" dose: 1x107 cells/kg;
3™ dose: 1x10° cells/kg plus interleukin-2 (IL-2) (1 x 10°® 1U/m? subcutaneously for 5 days); 4" dose:
1x107 cells/kg plus I1L-2 (1 x 10°® 1U/m? subcutaneously for 5 days). The recombinant interleukin-2 at
dosage of 1x10° 1U/m? subcutaneously administered for five days was planned in the TKOO7 study in
combination with the third and the fourth dose of MM-TK cells infusions to increase the differentiation
and proliferation of T-cells and anti-tumour effects. Notably, the impact of adding IL-2 after the first
two infusions of MM-TK cells was deemed negligible and, therefore, IL-2 was not included in the
treatment plan of the phase Il trial TKOO8. b

In TKOO8 the same schedule was used, though the planned cell dose was 19& cells/kg, without the
use of IL-2. O

The endpoints fit the objectives and the overall aim of the studies. | s&ence of a standard cut-off for
IR after T-cell depleted transplantation, IR was empirically define(@l K007 as a CD3+ cell count
>100/uL (and/or CD4+ and/or CD8+ >=50/uL). According to CTC AEs criteria, these values roughly
correspond to the upper limit that defines the grade 4 lym ytopenia (below 200/uL for lymphocyte
count decreased or below 50/uL for CD4 count decreas nd delimits the initial period of life-
threatening immunodeficiency immediately after T-cémepleted HSCT.

The optimal dose of MM-TK cells cannot be cle y%tablished based on the data in study TKOO7, but
even so the recommended dose in TKOO8 is$ cells/kg of MM-TK. According to the Applicant, the
selection of 1.0x10°/kg to be used in the 111 study was also based on the relationship between
the anti-leukaemia effect and the cuml{Q/e dose of MM-TK cells administered in TKOO7.

In total 57 patients have been enr, (gin the TKOO7 study, which is a much larger number that the 18
subjects needed for the Simon n. This can be explained by the fact that only patients who had
received at least one infusior@ M-TK cells were evaluable for the primary endpoint. Thus of 57
patients included in TKOQ \) patients were evaluable for IR with 7 evaluable patients in stage 1, 11
evaluable patients ir@& 2 as required by the Simon design and 12 evaluable patients as required in
the equivalence part of the study. Therefore, no surplus of patients were analysed for the primary
outcome and the increased recruitment is unlikely to refer to opportunistically increasing the size of
the trial to obtain statistical significance.

Statistical methods used for continuous, categorical and time-to-event outcomes are considered
standard and acceptable. Secondary HSCT was not considered an event, but given the aim of the
study, this is considered acceptable.

Considering the absence of an internal control in the study, a comparison with historical controls was
needed. To this end, the Applicant formally approached the EBMT society to request the use of their
patient database for composing an appropriate control group.

Several protocol deviations have been noted. From the information provided it is understood that these
protocol deviations were mainly caused by decisions of the treating physicians and in one case by the
use of a non-protocol laboratory method to determine the number of CD3+ cells. It is difficult to
ascertain the impact of these deviations on the study conduct and results, though considering the
explanations provided, it is assumed to be limited.
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There were no significant differences in baseline risk factors between patients who received MM-TK
cells and patients who did not, except for the number of patients with progressive/relapsed disease at
HSCT. The patient subgroups, including the number of the patients involved per subgroup, can be
agreed. However, the subgroups consist of a (very) limited number of patients and the various
subgroups are not all necessarily relevant to establish the efficacy and safety of the MM-TK as
adjunctive treatment in haploidentical HSCT of adult patients with high-risk haematological
malignancies.

Efficacy data and additional analyses

Overall, 23 of 30 MM-TK treated patients (77%; 95% CI, 59 to 88) reached the protocol-defined IR.
This percentage of IR seems to indicate the feasibility of the treatment in particular considering the
fact that a median of 1 infusion was required to establish IR with a median cumulative dose of 1x10’
MM-TK cells/kg. It is, furthermore, reassuring that baseline characteristics were equally distributed
between MM-TK treated patients that reached IR and those that did not. Also there was no difference
in starting dose (1x10%/kg or 1x107 cells/kg), cumulative cell dose (median, 1.3x10°/kg versus 1.0x10’
cells/kg), number of infusions (median, one for both) or fresh vs frozen MM—TK&S between the IR

(n=23) vs the non-IR patient group (n=7), respectively. ~\@

According to the Applicant, only three patients (TK3-11-52) received ird and the fourth MM-TK
infusion and only one patient (TK11) received IL-2, which was assoc's&

three patients who received the third and the fourth MM-TK dose @gn

additional patients received two non-protocol-mandated IL-2 ses. The impact of adding IL-2 after
the first two infusions of MM-TK cells was deemed negligibl@d, therefore, IL-2 was not included in

with toxicity. None of the
ed immune reconstitution. Two

the treatment plan of the phase 11l trial TKOOS8. O

GvHD is an expected complication/adverse event fo@ving allogeneic HSCT and/or infusion of
allogeneic T-cells. To enable termination of the that may arise upon administration of T-cells, the
MM-TK cells were genetically manipulated by oviral transduction to express the Herpes Simplex
Thymidine Kinase (HSV-TK) suicide gene. could be considered as the main possible additional
benefit of MM-TK in comparison to non etically modified T-cell grafts that are used as an adjunctive
treatment upon relapse in the pos —aneneic transplant setting in high risk patients. Indeed, the
GvHD that occurred upon MM-TK&\inistration all resolved after activation of the suicide gene upon
administration of ganciclovir '8% patients.

The adjunctive treatmen @ct of the MM-TK cells given after T-cell depleted haploidentical HSCT was
determined by relati MM-TK results with historical EBMT control data. These were derived from
patients undergoing haploidentical transplantations performed according to the two most commonly
used modalities of GvHD prevention: T-cell depleted transplant without any add-back strategy (TCD
cohort) and T-cell replete (unmanipulated) transplant followed by post-graft infusion of
cyclophosphamide and immune suppression with a calcineurin inhibitor and mycophenolate (PT-Cy
cohort). Both options are also included in the control arm of the ongoing phase 111 trial TKOO0S8.

In total 47 patients have been treated with MM-TK cells (n=30 in TKOO7 and n=17 in TKOO8) of whom
of 45 patients clinical data were available (n=30 in TKOO7 and n=15 in TKO08). Of these subjects, 37
MM-TK-treated patients (23 from TKOO7 trial and 14 from TKOOS8 trial) were matched with 140 controls
from the EBMT database (71 from PT-Cy cohort and 69 from TCD cohort transplanted between 2005
and 2013). The 4 matching parameters used, i.e. age, diagnosis, disease status at transplant and
interval between diagnosis and transplant, can be considered appropriate as these are the major
prognostic parameters for survival.

The results from this matched-pair analyses showed that the MM-TK-treated patients seem to benefit
in terms of 1 year OS (i.e. 49% for MM-TK vs 37% for control, p=0.01) and 1-year NRM (i.e. 22% for
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MM-TK vs 43% for control, p=0.014), but that there is no advantage in 1-year LFS (i.e. 37% for MM-
TK vs 35% for control) and the chance for relapse (i.e. 41% for MM-TK vs 22% for control).

However, and more importantly, in this matched-pair analyses patients are not matched for (early)
post-HSCT events such as early death, relapse of non-myeloid engraftment. Therefore a landmark
analysis was performed on the matched pair population. Patients who either died, relapsed or
experiencing early graft failure (lack of myeloid engraftment) before day 21 were excluded from the
matched-pair populations. This resulted in a population of 36 MM-TK patients and 127 control patients.
The matching of the major prognostic baseline parameters between MM-TK and control patients was
maintained upon this additional selection step.

The data from this landmark analysis show that the MM-TK treated patients that had survived the first
3 weeks post-transplant benefited in terms of 1 year OS (40% vs 51% (p=0.03)) and 1-year NRM
(42% vs 23% (p=0.04)), for control vs MM-TK treated patients, respectively. Also here there was no
significant difference regarding LFS and the chance for relapse.

In an alternative analysis aiming to decrease the uncertainty regarding the adeqgate matching of
patients for early post HSCT events, MM-TK and control patients who were %nd relapse-free were

*

matched at the 21 day post HSCT time point. The same matching parame ere used as for the
initial matched-pair analysis. In this analysis 139 control patients (70 J, replete and 69 T-cell
depleted grafts) were matched with 36 TK-treated patients. The dat m this analysis showed an

absolute increase of 17% in 1-year OS rate for the MM-TK group o@npared with the control group
(51% vs 34%; p=0.007) and a benefit in 1-year NRM (20% vV, %; p=0.003) for MM-TK treated
patients. Again, also here no significant difference regardin was observed while chance for
relapse seemed higher in the MM-TK-treated patients a pared to the control patients. Notably,
relapse and NRM are competing risks. O

In order to minimize bias due to differences in gﬁ&i\ming of MM-TK infusion, 3 further ‘sensitivity’ were
performed in which were excluded patients @ ad died or relapsed before 4, 6 and 8 weeks after
transplant. These analyses revealed similaé nificant improvements in OS, NRM and chronic GvHD in

favour of MM-TK-treated subjects as ¢ red to control patients as seen with the analysis using the 3
week time point. Also the diﬁereng@elapse incidence and leukaemia free survival did not appear to
change substantially. (b

The role of MM-TK cells to
temporal association bet

@stened) IR cannot formally be established. However, considering the

the administration of MM-TK and occurrence of IR, it is likely that MM-TK
has contributed. Ev gh the results are suggestive of IR being an early surrogate marker for
efficacy in the small umcontrolled TKOO7 study in terms of OS, infections and reduced NRM, this is not
based on a comparison between randomised groups and thus firm conclusions cannot be drawn.

The effect of IR on relapse cannot be adequately analysed, because, as brought forward by the
Applicant, NRM and relapse are competing risk events, and patients without IR tended to die before
relapse could occur. However, the currently available data do not support any claim that MM-TK
administration provides protection against relapse of the underlying haematological disease. This is
contrast to the anti-leukemic effect reported for DLI administered upon relapse in the post-allogeneic
transplant setting.

Data from an adequately controlled trial are lacking, and all data on the efficacy of MM-TK treatment
comes from a cross study comparison using a historical control group. Thus all efficacy data are
associated with the uncertainties inherent to cross study comparisons. The main uncertainties
associated with the current comparison pertain to the low number of patients, the unknown impact of
potential differences in baseline characteristics not included in the matching strategy (e.g. median year
of transplant, stem cell source, conditioning regimen) and the inherent uncertainty with cross study
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comparison. Albeit that it should be acknowledged that the Applicant has done their best to reduce the
uncertainties associated with this comparison, and that the use of the EBMT database for obtaining
control patients and the matching strategy severely reduced the uncertainties of the requested cross
study comparison, and that all the pair-matched, landmark and sensitivity analyses performed, while
aiming to reduce uncertainties, did not change the observed differences in OS and NRM.

In addition, the mechanism behind the reduction in NRM has not been fully explained, though it
appears to be caused by a reduction in death due to infection and to GvHD. Also the long-term efficacy
remains uncertain as data are very limited. However this may be accepted as NRM is the main driver of
the effect of MM-TK on OS, and NRM generally occurs within the first year post transplant.

Furthermore, it is noted that the current results do not fully support the proposed aim of the MM-TK
treatment, i.e. there is a positive effect on NRM reduction, but the RI is not lowered, because NRM and
relapse are competing risk events and relapse events occur later than NRM events. However, the data
indicate that despite the lack of a clear anti-leukemic effect, the reduction in NRM on its own is able to
result in an improved survival.

O
Although the supportive data from TKOO7 on MM-TK treatment as DLI upon r @se or progressive
disease are suggestive for a favourable effect, no true comparison betwee{\% 8 retreated and the 9
not retreated can be made, as this is not a comparison between rand gbd groups. Therefore,
selection bias could be present. 0

Additional efficacy data needed in the context of a Condit'Q@ MA

As comparative, randomised data were considered necessa e ongoing TKOO8 trial will allow
provision of comprehensive data in order to confirm thegefficacy and safety of Zalmoxis as an
adjunctive treatment in haploidentical haematopoietj }tem—cell transplantation of adult patients with
high-risk haematological malignancies. Thisis ar mized phase 111 trial of haploidentical HCT with
or without an add back strategy of HSV-Tk do ymphocytes in patients with high risk acute

leukaemia. 60

The primary study objective of TKOO8 t{@is disease-free survival (DFS), defined as the time from
randomization to relapse or death fr any cause. This endpoint will allow to capture the protective
effects of Zalmoxis treatment on ical outcome, including non-relapse mortality (NRM) that is largely
driven by infection-related ant @HD—related mortality, as well as relapse. The sample size of TKO0O8
trial (n=170 patients, 127 i perimental arm and 43 in control arm) was calculated based on the
primary study objecti ﬁh aims to demonstrate the superiority of Zalmoxis treatment after
haploidentical trans;&tion versus the two most used haploidentical transplant platforms (T-cell
depleted or T-cell replete).

It is noted that, given the findings of the pair-matched analyses, it may be questioned whether DFS
best captures the benefit of the treatment. However, a change in the protocol (e.g. by changing the
primary endpoint from DFS to OS) was thought not to facilitate a holistic assessment of data.
Importantly, as OS is considered to be an important outcome measure. It is reassuring that, based on
the clinical and statistical assumptions, the sample size provided by the Applicant, could be sufficient
to also capture a statistical significant difference in this endpoint.

Furthermore a non-interventional safety and efficacy study TKO11 will investigate effectiveness in real
clinical practice by collecting data about the disease status and outcome of all patients treated with
Zalmoxis using the EBMT registry.
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2.5.4. Conclusions on the clinical efficacy

The clinical benefit of MM-TK treatment is demonstrated through extensive analyses from TKO0O7 and
preliminary data from TKOO8 studies. The current data indicate that the benefit of treatment in terms
of OS with Zalmoxis encompasses a reduction in NRM not of anti-leukemic effect.

The CAT considers the following measures necessary to further confirm the benefit-risk of Zalmoxis in
the context of a conditional MA:

In order to confirm the efficacy and safety of Zalmoxis as an adjunctive treatment in haploidentical
haematopoietic stem-cell transplantation of adult patients with high-risk haematological malignancies,
the MAH should submit the results of study TKO08, a randomized phase 111 trial of haploidentical HCT
with or without an add back strategy of HSV-TK donor lymphocytes in patients with high risk acute
leukaemia. A final clinical study report will be submitted March 2021, within 12 months of the end of
data collection. Six monthly-updates (with particular regards to the patient recruitment status) will be
submitted within the PSUR.

Regarding the feasibility of TKOO08, it appears that the plan of the Applicant to i Qde more centres has
succeeded as 25 new centres have already confirmed their participation in@)& This brings the
number of centres to 40. Considering the increase in the number of parti@ ting centers, the
completion of the study within a reasonable time frame and the sub ion of final study report by
March 2021 seem feasible. This provides sufficient reassurance o feasibility to provide
confirmatory data, i.e. comparative results from the TKO0O8 phaﬁe | trial. Importantly, based on the
calculation provided by the Applicant, it seems that the sa ize seems sufficient to also capture a
statistical significant difference in OS. OQ

Furthermore, the CAT considers the following meas &ecessary:

A non-Interventional PASS (study TKO11) is im & as a condition to the marketing authorisation in
order to investigate the safety and the effecti ess of Zalmoxis in real clinical practice as well as long-
term safety and efficacy. In the context of {this study, the MAH should collect data about the disease
status and outcome of all patients tre 1§ ith Zalmoxis using the EBMT reqgistry.

An updated protocol of the TKO1 ill Be submitted for review as early as possible but no later than 6
months after the granting of . Yearly reports on the data from the TKO11 should be submitted
within the annual renewal Gje conditional marketing authorisation.

The CHMP endorse th%@!l’ conclusion on clinical efficacy as described above.
2.6. Clinical safety

The safety assessment MM-TK cells was mainly based on clinical and laboratory evaluations from the
phase I/11 TKOO7 study (only 30 MM-TK-treated patients). The safety database is considered very
limited.

In TKOO7 the collection of safety data was study-phase specific with only infectious adverse events
(AEs) collected from the screening phase until the first infusion of MM-TK cells in order to define the
safety during the peri-HSCT phase. All AEs regardless their relationship with MM-TK cells were
collected during the treatment phase (which includes both the infusions of up to four monthly infusions
starting from 21 to 49 days after HSCT and the 6 months of the follow up phases). Only AEs possibly
related to MM-TK cells were afterwards collected. The AEs were graded according to National Cancer
Institute Common Toxicity Criteria version 3.0 (NCI-CTC v. 3.0).

After each infusion of MM-TK cells, patients were monitored for IR and occurrence of GvHD. After
achieving IR, patients were monitored monthly for five months for immunological parameters
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(including immunophenotyping, gene-marking and functional studies), for GvHD, laboratory
parameters, and safety aspects, including replication-competent retroviruses (RCR).

The monitoring for GVHD was performed through physical and clinical examinations (e.g. skin rash,
intensity and number of stools of diarrhoea) and laboratory parameters (e.g. bilirubin and hepatic
enzyme levels). Acute and chronic GvHD were graded according to published guidelines (Przepiorka et
al, 1995; Glucksberg et al, 1974; Filipovich et al, 2005). The approach as used by the Applicant to
monitor for GvHD is acceptable. It is noted that diagnosing GvHD based on the documented endpoints
alone may be not straightforward, and other possible causes for isolated abnormalities should be
considered and excluded, prior to diagnosis of GvHD. When in doubt, histologic examination is
generally recommended. It is also noted that the Glucksberg et al. (1974) and Przepiorka et al.
(1995), describe different grading systems for GvHD. However, the clinical impact of these differences
is considered limited, as it is assumed that patients with (suspect) GvHD are treated by experienced
physicians.

According to the Applicant, the RCR search was carried out on genomic DNA from 5x10° patient’s
rb‘[h EMEA guideline
(Guideline on follow-up of patients administered with gene therapy medicim: @oducts -
EMEA/CHMP/GTWP/60436/2007), following this time schedule: at baselir@ i.e. immediately before 1st
MM-TK infusion), at 3 months, at 6 months, at 1 year after 1st MM-T sion and yearly for at least 5

peripheral blood lymphocytes, using molecular tests (Q-PCR env), in complianc@

years. It was planned that if the samples collected during the first‘ﬁ)r were always negative, the
subsequent yearly samples were taken, but not analysed; in caf one or more positive samples, the
culture test was performed for confirmation. QQ)

O
In TKOO7 study, during the treatment phase 30 pati@\sreceived a total of 49 infusions of MM-TK cells,
with 17 patients (57%) receiving one infusion, Q{)'Qtients (33%) two infusions and 3 patients (10%)
up to four infusions, which was the maximu @mber of infusions planned. The median number of
MM-TK infusions was one (95% CI, 1 to 2@ the median cumulative cell dose administered was
1.1x107 cells/kg (95% CI, 0.8 to 1.3). ﬁﬁermore, in this study 17 patients (57%) received fresh MM-
TK cells and 13 subjects (43%) w reQministered cryopreserved MM-TK cells and 12 patients started
with 1x10%/kg and 18 patients Wi&
HSCT (range, 16 to 75) and t
MM-TK cells was 30 days i
number of infusions ¢

Patient exposure

x107/kg. The first infusion was given at a median of 43 days after

edian interval time between the first and the subsequent infusions of
e, 27 to 39). Patients given cryopreserved cells received a lower
ed with those given fresh cells.

In the TKOO7 study pretocol it is stated that in case of relapse, treatment could be started (as DLI)
with a dose different from the first dose scheduled in the protocol, i.e. 1x107/kg instead of 1x105/kg.

In the follow-up phase, upon disease relapse or progression on study, 8 previously treated patients
received an additional 16 infusions of MM-TK cells given as DLI. In detail, four patients had one
infusion, one patient had two infusions, two patients had three infusions and one patient had four
infusions. Since MM-TK administration in the setting of treatment of relapse (as DLI) was allowed, the
maximal number of infusions of MM-TK with the purpose of IR, i.e. 4, could be and was exceeded. Also
the planned dose of 1x107/kg was exceeded for 5 patients (TK1, TK8, TK3, TK16, TK20) receiving MM-
TK as DLI.

Regarding the ongoing phase Il study TK0O08, during treatment phase, a total of 31 infusions of MM-TK
cells were given to 15 patients, with five patients (33%) having one infusion, five patients (33%) two
infusions, four patients (27%) three infusions and one (7%) four infusions, which was the maximum
number of infusions planned by study protocol. The median number of MM-TK cell infusions per patient
was two (95% ClI, 1 to 3; range, 1 to 4), while the median cumulative cell dose was 2.4x107/kg
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(range, 1 to 3.9). The median time to first infusion was 28 days (95% ClI, 25 to 30) after HSCT and the
median interval time between the first and the subsequent cell doses administered was 32 days (95%
Cl, 30 to 40). The option to use MM-TK upon relapse as in TKOO7 was not allowed in TKOOS8.

Adverse events

Secondary endpoints evaluating the safety of MM-TK included in the TKOO7 study that are discussed
here are:

- Incidence of acute and chronic GvHD, diagnosed and graded according to published guidelines
(Glucksberg, 1974 and Przepiorka, 1995 for acute disease; Filipovich, 2005 for chronic
disease);

- Response to GCV used to activate the HSV-TK suicide gene;

- Acute and long-term toxicity related to MM-TK cells, with adverse events (AEs) graded
according to National Cancer Institute Common Toxicity Criteria (NCI-CTC version 3.0);

- Vital signs, RCR test and monitoring of GvHD according to standard cri@.

Other (secondary) endpoints related to both efficacy and safety (non—relap%\%ortality, infectious
events) are discussed in the efficacy section. \Q

Analyses of AEs of the study TKOO7 included all AEs (coded accor%(o MedDRA) occurred in safety
population (n=52), which concerned all patients who received a{l st one haploidentical HSCT.

Common AEs QQ)

Overall, 603 AEs were reported and classified by seveh@;rade as mild (8.6 %), moderate (23.9%),
severe (34.5%), life-threatening (14.3%), no applic@le grade (18.6%) and missing information
(0.2%). Only 24 AEs (3.9%) were considered rela to MM-TK cells and occurred in 11 of 30 treated
patients (36.7%). According to the Applicant ﬁpst of the related AEs promptly resolved upon
intervention. The AEs listed in this study i e the AEs noted from the time of study enrolment.
Thus, including the period before HSCT, @j well before first infusion of MM-TK. In addition, also all AEs
seen in patients not receiving MM'RKQZZZ) are incorporated in this listing.

The most common adverse e\(e@ecorded in the study TKOO7 were infectious events. Viral infections
accounted for 45% (112 of. of all infectious AEs and developed in 36 patients. A total of 87
cytomegalovirus (CMV) r @ vations were reported in 32 high-risk seropositive patients and a total of
12 Epstein-Barr viru ) infections were recorded in 10 patients. For treatment of CMV reactivation
(val)ganciclovir is generally used. MM-TK cells are also sensitive to GCV. Present treatment of CMV is
an exclusion criterion for MM-TK treatment, and MM-TK infusion must be performed 24 hrs after
discontinuation of GCV according to the study protocol. In three patients a delay of MM-TK
administration was recorded because of infection (CMV/EBV) requiring GCV treatment.

According to protocol, IL-2 should be administered at the 3™ and 4™ dose. As it is known that IL-2 can
have severe side effects, this could have affected the safety profile. However, the use of IL-2 in this
study was limited. In the TKOO7 trial, only three patients (TK3-11-52) received the 3" and the 4" MM-
TK dose and only one patient (TK11) received IL-2, which was associated with grade 2 pancytopenia,
grade 2 skin mass in the inoculum area and grade 1 nephropathy toxic at the third infusion, with the
fourth IL-2 infusion being dose reduced by 50%. Two additional patients received two non-protocol-
mandated IL-2 courses. Patient TK21 received an IL-2 course concomitantly with the second infusion of
MM-TK cells following the physician’s decision in order to intensify the graft versus leukaemia effect.
Patient TK1 received an IL-2 course concomitantly with the fourth infusion of MM-TK given as donor
lymphocyte infusion (DLI) for treating disease relapse. Both patients did not experience IL-2 related

EMA/CHMP/589978/2016 Page 71/101



adverse events. As IL-2 is not included in the treatment plan of the phase Il1 trial TKO08, further
discussion on IL-2 is not deemed necessary.

The data indicate that apart from GvHD (discussed below), the MM-TK-related events appear not to be
very specific as only 24 (4%) of the AEs were considered MM-TK related and occurred in 11 of the 30
(36.7%) treated patients (table 33). Notably, all AEs related to treatment were those that were
(temporarily) associated with GvHD. This suggests in the opinion of the investigators, that GvHD is the
main, or even, the only risk of MM-TK.
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Table 15: Adverse events related to the MM-TK classified by Preferred Term and as worst
grade per patient

Preferred term | Grade 1 Grade 2 Grade 3 Grade 4 NA Total number
of patients
No. % No. % No. % No. %. No. % No. %
Acute GvHD 1 3.3 7 23.3 1 3.3 1 3.3 0 0.0 10 33.3
Pyrexia 1 3.3 0 0.0 0 0.0 1 3.3 0 0.0 2 6.7
Febrile 0 0.0 0 0.0 1* 3.3 0 0.0 0 0.0 1 3.3
neutropenia
Intestinal 1* 3.3 0 0.0 0 0.0 0 0.0 0 0.0 1 3.3
haemorrhage
Hepatic failure | O 0.0 0 0.0 1* 3.3 0 0.0 0 a>00 1 3.3
)
i o
Chronic GvHD 0 0.0 0 0.0 0 0.0 0 0.0 ‘K\ 3.3 1 3.3
i \
Bronchitis 0 0.0 1 3.3 0 0.0 0 0 0.0 1 3.3
D
Haemoglobin 0 0.0 1* 3.3 0 0.0 0 (2&:0 0 0.0 1 3.3
decreased K
<
Platelet count 0 0.0 0 0.0 0 0.0 N 3.3 0 0.0 1 3.3
decreased \O
PTLD 0 0.0 0 0.0 1* Q}as 0 0.0 0 0.0 1 3.3
Ne

GvHD O

The most common adverse event eI@ to MM-TK cells was represented by GvHD. Among 30 treated
patients, acute GvHD occurred in(b‘patients (33%) with a median time to onset of 90 days (range, 20
to 162) after HSCT and 32 d ange, 8 to 91) after the last infusion of MM-TK cells.

GVHD is an expected com \tion/adverse event following allogeneic HSCT and/or infusion of
allogeneic T-cells. Aﬁ\ HD developed in 6 of 30 patients (20%) who initially received MM-TK cells
during the treatment phase at a median of 94 days from HSTC, 48 days from first infusion of MM-TK
cells and 17 days from immune reconstitution. Additionally, acute GvHD occurred in 4 of 8 patients
(50%) who had received subsequent infusions of MM-TK cells given as DLI for treating disease relapse
or progression at a median time of 21 days after last HSCT and 32 days after first infusion of MM-TK
cells. None of these four patients had previously experienced MM-TK-related GvHD and none of other
four retreated patients developed de novo GvHD.

The frequency of GvHD in TKOO7 is higher following MM-TK administered as DLI (4/8) as compared to
the setting of MM-TK administration with the aim of IR (6/30), although it should be noted that the
number of patients receiving MM-TK as DLI is very low. For the use of MM-TK as DLI, a higher cell
dose/kg than planned was administered in 5/8 patients. This higher cell dose might, in part, explain
the higher incidence of GVHD, as it is known that the risk for GVHD increases with increasing number
of infused lymphocytes (as is also the case for MM-TK (see below)). Even so, the observed incidence of
20% for GvHD in TKOO7 during the treatment phase appears relatively low when compared to in the
initially provided historical controls using DLI, where frequencies vary between 35% (Ciceri et al.,
2008, Krishnamurthy et al., 2013) to 47% (Liga et al., 2013). However, interpreting this difference is
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hampered by factors that influence the risk of developing GvHD, such as differences in the intensity of
the conditioning regimens, the timing of DLI after allo-HSCT, the degree of HLA mismatch, the T-cell
dose and subsets and the level of chimerism at time of DLI (Yun et al., 2013).

Safety data on GvHD from matched-pair analyses of MM-TK-group vs EBMT registry control population.

aGvHD

The percentage of patients developing Grade 2-4 GvHD seemed higher in the MM-TK treated group as
compared to the control group, i.e. 35% vs 21%, respectively. When regarding Grade 3-4 aGvHD,
there was no difference between the groups, 8% vs 9%, respectively. For both parameters, the
differences were not statistically significant. Even so, when correlating the development of aGvHD with
clinical outcome parameters, the data showed a positive effect of developing acute GvHD in MM-TK
patients versus control patients on NRM, OS and LFS. This implies that the development of acute GvHD
upon MM-TK is associated with an anti-leukaemia effect. However, relevance of these results is limited
as the aGvHD patient numbers involved are low (n=29 in the control group and n=13 in the MM-TK-
group), the patients that are at risk developing aGvHD upon MM-TK treatment ¢ ot be identified
upfront and the anti-leukaemic effect (as measured in Rl and LFS) was not’o ved in the overall

patient comparison. O\\

cGVHD "
SN

Chronic GvHD was graded according to the revised Seattle criteridbn the matched-pair, a difference in
favour of the MM-TK-group could be observed for the 1-year i ence of cGvHD with 28% for the
control group vs 7% for the MM-TK-group (p=0.04). These a can be considered of interest. The
mechanism behind this difference is not completely ur@%od. An analysis on potential baseline
characteristics that may have affected the incider}ggf VvHD did not identify a baseline parameters

that could explain the observed difference in cGv cidence.

Treatment of GvHD 0(?)\'

For treating (acute)GvHD, the suicide g as activated by administering ganciclovir that is able to
selectively eliminate the HSV-TK gen 'ﬁa ly-modified cells. In TKOO7, for treating MM-TK-related
GvHD, four patients received gan \@Q

patients it was needed to add, dard immunosuppressive treatment, but the acute GvHD was fully
controlled in all the ten tre t@\Jatients by ganciclovir/valganciclovir alone (n=3) or in combination
with corticosteroids (CS) ) or in combination with corticosteroids and mycophenolate mofetil
(n=1) or in combinati ith corticosteroids, mycophenolate mofetil and cyclosporine (n=1). One

intravenously and six patients valganciclovir orally. In seven

patient with grade 1 not require treatment (see table 34).

According to the Applicant patients received 25-50% of the CS dose normally recommended for grade
2 to 4 acute GVHD. In 3 patients CS was given before GCV treatment, at/after onset of GVHD, which is
not according to protocol. As in these 3 patients an effect of GCV treatment on LNGFR+ cells is seen
(see table 34), and CS treatment was approximately 0.5 mg/kg/day, it is likely that GCV treatment
indeed contributed to the resolution of GvHD.
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Table 16: List of patients with GvHD related to MM-TK cells and timing of treatments

Pat GvHD Ganciclovir Corticosteroids Mycophenolate
Gr Days | Out Days Days Days
come
TK5 2 22 CR 15 N 56 -
TK8 4 53 CR 14 @k) 53 15
-
TK16 | 2 7 CR 14 Q 12 -
Q
TK20 2 44 CR 49 % 4
Y
TK25 2 10 CR 16 22
AN
TK38 3 12 CR -
S
TK43 2 12 CR \() 10 - -
TK44 ch 107 CR Q&) 15 - 123
TK47 2 10 CR 4 c’)\' 18 56 -
aa>
TK50 2 21 CR 0 16 - -
¢

M Topical (eye drops), ch=chronic
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According to the Applicant, all acute GvHD events fully resolved after a median duration of 12 days
(range, 7 to 64). Only one patient (3%) developed extensive chronic GvHD that occurred 159 days and
129 days after HSCT and last infusion, respectively, and fully resolved after 107 days. In these 10
ganciclovir-treated patients who suffered grade 2 to 4 acute or chronic GvHD, absolute LNGFR+
counts, as enumerated by flow cytometric analysis or by PCR, significantly decreased during ganciclovir
treatment, either at 4 days after onset of GCV treatment and/or post GCV treatment (see table 35).
The reduction in MM-TK cells following GCV treatment indicates that the transgene is active, and GCV
exposure does induce the suicide of thymidine kinase positive cells. What is also noted is that GCV
does not kill all MM-TK cells upon treatment. Importantly, the majority of the patients receiving GCV
treatment for GvHD also received additional medication.

Table 17: Reduction of LNGFR+ and MM-TK+ cells in GvHD patients treated with GCV

Pat. GVHD GCV LNGFR™ (cells/uL) MM-TK* (%) GVvHD
Nr. out
TK* Gr Dur. Dur. Pre 4th | Post Pre 4th Post

come
cells/kg (days) Gev | day | eev | eov | day Gé
(days) @
Pa
TK5 1.1x107 | 2 22 15 36 10 |7 6 0.6\\‘ 0.3 CR
Qo
TK38 | 1.3x107 | 3 12 15 99 48 | 6 4.8 0.1 | 0.9 CR
N
N4
TK43 | 0.1x107 | 2 12 10 311 30 4,1@7 98 | 1.6 CR
e\
TK47 | 1.3x107 | 2 10 18 221 34 25.8 9.3 | 4.3 CR
N
TK50 | 1.3x107 | 2 21 16 335 15\43 37.6 9.4 | 45 CR
TK44 | 0.1x107 | chr 107 15 12 (@ 0 1 1 1 CR
TK8 10x10° | 4 53 14 (5’3)\' 181 | 24 30 7.6 | 6.8 CR
\\v
TK16 | 2.2x107 | 2 7 14 c>90 23 111 3.2 0.6 | 2.6 CR
L
TK20 | 2.4x107 | 2 44 4{Q\ 414 | 166 | 62 16.2 6.1 | 0.2 CR
]
TK25 | 0.4x107 | 2 10 ,4\1@ 22 13 | 27 4 0.5 | 0.8 CR
AN

.

O

The data as provided by the Applicant on circulating LNGFR+ cells suggest that a high engraftment of
MM-TK cells predisposes for developing GvHD. This observation, together with the fact that there was

Circulating LNGFR+

no significant difference in CD3+ cells observed in patients with or without GvHD, indicates that, in
general, GvHD is caused by the MM-TK cells and not by the T-cells originating from the HSC graft.
However, it should be noted that conclusion is based on observations in only 11 patients with GvHD
and 12 patients without GvHD, who all achieved IR.

Preliminary results on GvHD in TKOO8

Among 15 treated patients, acute GvHD developed in 8 patients (53%) with a median time to onset of
115 days (range, 15 to 181) after HSCT and 31 days (range, 10 to 89) after last infusion of MM-TK
cells. Severity of acute GvHD was grade 1 in two cases (13%), grade 2 in five (33%) and grade 3 in
one (7%). All acute GvHD events fully resolved after a median duration of 17 days (95% ClI, 7 to 29;
range, 6 to 29). There were no grade 4 events or GvHD-related deaths or long-term complications.
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Cumulative incidence rates of grade 2 to 4 acute GvHD related to MM-TK cells was 20% (+11%) at
100 days and 46% (£15%) at 1 year (Figure 18).

Figure 2: TKO08: Cumulative incidence of grade 2 to 4 acute GvHD related to MM-TK cells

Cumulative incidence of grade 2 to 4 acute GvHD
Experimental arm of TK008 study (treated, n=15)
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Considering these data, the frequency of GvHD appears higher in TKO@han seen in TKOO7. Possible
explanations for this difference may be 1) the higher cell dose tha‘i&és administered per kg per
patients in TKOO8 as compared to TKOO7 and/or 2) the differeano position of the MM-TK cell

0,0

suspension between the 2 studies (be referred to the qualit tion for details). It is not clear to what
extent these aspects contributed to the incidence of GvH hermore, no grade 4 GvHD was
observed and GvHD was apparently treatable as all ca: esolved.

For treating MM-TK-related GvHD, patients receiv anciclovir intravenously or valganciclovir orally.
Two patients with grade 1 acute GvHD did no ive any treatment. All signs and symptoms of grade
2 to 4 acute GVHD fully resolved after a m&d@n treatment duration of ganciclovir or valganciclovir of
14 days (95% ClI, 9 to 34) (table 36). O

Table 18: TKOOS8: List of patien§ch GVHD related to MM-TK cells and response to
ganciclovir

FaN
. é}\‘ GVHD G;f nciclovir

i No. of AN treatment GVHD

Pat. Nr. infusions Q)TKJ' Days after | Days after - Duration Duration outcome
&c Is/'kg HSCT infusion Grade (days) (days)

TK7A 2 2.4x10' 117 30 1 20 - CR
TK10A 3 3.6x10° 153 19 2 29 34 CR
TK11A 2 2.2x10° 113 55 2 7 14 CR
TK1ZA 1 1.3x10° 37 33 3 9 9 CR
TK13A 4 3.6x10' 153 13 2 14 15 CR
TK14A 1 1.0x10’ 15 10 2 6 10 CR
TK15A 2 2.6x10' 181 89 1 21 =N CR
TK17A 1 1.4x10’ 73 37 2 21 15 CR

Serious adverse events and deaths
SAEs

In study TKOOQO7, a total of 118 SAEs were registered in 46 of 52 (88%) subjects included in the safety
population. Among these, 88 (75%) occurred in 27/30 (90%) patients who were treated with MM-TK
cells. Only two SAEs (acute GvHD in 2 patients) were considered related to MM-TK cells. SAEs very
common in frequency were represented by cytomegalovirus infection (42%), leukaemia recurrent

EMA/CHMP/589978/2016 Page 77/101



(21%) and pneumonia (12%). This pattern of most common SAEs is not unexpected considering the
population and the treatments at hand.

Deaths

Among the 52 patients in the TKOO7 safety population, 43 (83%) died during the TKOO7 study.
Twenty-two deaths (73%) occurred among the 30 patients treated with MM-TK cells and 21 (95%)
among the 22 patients who were untreated with MM-TK cells. The main causes of death reported by
investigators were infection (32.6%), multi-organ failure (21.0%), leukaemia recurrent (16.3%),
disease progression (9.3%), acute respiratory distress syndrome (7.0%), acute myocardial infarction,
cerebral haemorrhage, encephalitis by cytomegalovirus, hepatic failure, transplant failure and unknown
cause (2.3% for each cause). In TKO08, among the 17 patients who were randomly assigned to arm A,
three died without previous occurrence of disease relapse or progression: one patient (TK4A) who did
not receive MM-TK cells died of sepsis, one of cerebral haemorrhage (TK7A) and one (TK12A) of multi-
organ failure. The Applicant classified these deaths as not related to MM-TK cells. It is noted that two
cases of cerebral haemorrhage were reported (1 in TKOO7 and 1 in TKO08). Upon_discussion of these
cases, it is agreed with the Applicant that these cerebral haemorrhage events @k

to MM-TK administration. ~\@

N

Importantly, the high frequency of death on study (in TKOO7 and TKO Qn be seen to support the
statement that MM-TK is intended for a life-threatening condition fo@h ch there is an unmet medical
need.

ely to be unrelated

In study TKOO7 there was a high rate of graft failure/rejecti@%). In the TKOO8 study no case was
reported until now. There is no convincing explanation forQIq ifference. It may, in part be due to
chance, however also the higher proportion of poor-p sis cases enrolled in TKOO7 than TKOO8

could have played a role. O
Vital signs, physical findings and other observ@ns related to safety

No clinically significant modifications of vit@'gns or physical findings related to MM-TK cells were
reported except for pyrexia experience{@ two patients (TK8 and TK16) during the study. Of one of
these patients pyrexia was mild in se@nty, but life-threatening in the second one. In both patients the
fever lasted 5 days and occurred aa.\dnd 9 days after last DLI, respectively. Both patients were
successfully treated.

Laboratory findings

N\
SO

No clinically signific odifications related to MM-TK cells were reported in the laboratory
examinations. Only one patient had concomitant febrile neutropenia, haemoglobin decrease and
platelet count decrease considered related to MM-TK.

RCR: The RCR search on genomic DNA from PBMCs was carried out before and after each MM-TK
infusion, and at 3, 6 and 12 months after first infusion. All tested samples were negative.

Safety in special populations
No studies were performed in special populations.

No discrimination was made regarding the age of the patients, which is acceptable as only 2 patients
were > 65years, i.e. (TK35 (66y) en TK37 (65y)), and considering the overall small size of the study.

Immunological events

This aspect was not discussed by the Applicant. In principle, there is no specific cause for concern for
potential immunological events related to the MM-TK cells as these cells are from the HSC donor.
However, two transgenes are inserted and expressed, i.e. the HSV-TK and ALNGFR. In principle these

EMA/CHMP/589978/2016 Page 78/101



may activate the immune system. However, the patients are (severely) immune suppressed at the
time of MM-TK infusion, making this a theoretical concern during the period of immune-suppression.
This should be included in the RMP as missing information.

Safety related to drug-drug interactions and other interactions

No information/discussion was provided by the Applicant on this aspect. Possible interaction with
antiviral therapy has been discussed above.

Discontinuation due to AES

Six patients (20%) experienced a total of eight AEs that led to a dose modification of MM-TK cells. Five
patients (TK11-38-47-52-54) had a delay of MM-TK infusions (two of first infusion and four of the
subsequent infusions), while one patient (TK18) required a higher dose (3x107/kg) because of
concomitant CMV and EBV infections. From the information provided by the Applicant it is understood
that these modifications were not due to AES related to MM-TK, but due to treatment of CMV infection
with GCV, graft rejection, lymphoid chimerism or AEs caused by IL-2.

Of the 52 patients included in the study patients, 22 did not receive MM-TK @o early death (n=12),
graft failure/rejection (n=7), prolonged administration of ganciclovir or imQ suppressive therapy

after HSCT (n=3).
D
O

2.6.1. Discussion on clinical safety \(b

Patients are exposed to MM-TK within the context of two @I trials, i.e. TKOO7 (completed) and
TKOO08 (ongoing), and the number of patients is Iimite&@ ormation on the safety is primarily based
on the 52 patients included in trial TKOO7 of whom ing the treatment phase 30 patients received a
total of 49 infusions of MM-TK cells. Twenty-two p@?ents did not receive MM-TK cells due to early
death (n=12), graft failure/rejection (n=7; 6 nts were retransplanted) and prolonged
administration of ganciclovir or immunosu sive therapy after HSCT (n=3). The median number of
MM-TK infusions was 1 (95% ClI, 1 to 2 the median cumulative cell dose administered was
1.1x107 cells/kg (95% ClI, 0.8 to 1.3 the follow-up phase, following disease relapse or progression
on study, 8 previously treated pa \ts received an additional 16 infusions of MM-TK cells as DLI.
Preliminary TKOO8 safety data\Qs VvHD only, have been provided for 15 patients in the experimental

arm (see section on Supp%&a studies).

Adverse events @

Overall, 603 AEs were'reported and classified by severity grade as mild (8.6%), moderate (23.9%),
severe (34.5%), life-threatening (14.3%), no applicable grade (18.6%) and missing information
(0.2%). The most common AEs recorded in the study TKOO7 were represented by infectious events,
including a total of 87 CMV reactivations. For treatment of CMV reactivation (val)ganciclovir (GCV) is
generally used, however also MM-TK cells are sensitive to GCV. Because of this, a 24hr wash-out
period was recommended. According to protocol, IL-2 should be administered at the 3 and 4" MM-TK
dose. As it is known that IL-2 can have severe side effects, this could have affected the safety profile.
However, the use of IL-2 in this study was limited. Indeed, of the 3 patients receiving a 3™ and 4"
dose, only one received concomitant 1l-2, which was associated with IL-2-related AEs. Two additional
patients received two non-protocol-mandated IL-2 courses, and these patients did not appear to
experience IL-2 related adverse events. As IL-2 is not included in the treatment plan of the phase 111
trial TKOO8, further discussion on IL-2 is not deemed necessary.

Only 24 AEs (3.9%) were considered related to MM-TK cells and occurred in 11 of 30 treated patients
(36.7%). All AEs related to treatment were those that were (temporarily) associated with GvHD. This
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suggests that in the opinion of the investigators, GvHD is the main, or even only, risk of MM-TK. Apart
from GvHD the profile of the other MM-TK-related AE (pyrexia, febrile neutropenia, hepatic failure,
bronchitis, decreased haemoglobin, post-transplant lymphoproliferative disorder) appears not to be
very specific. Most of the related AEs promptly resolved with appropriate medical intervention.

Graft versus host disease (GvHD) is an expected complication/adverse event following allogeneic HSCT
and/or infusion of allogeneic T-cells. In TKOO7, acute GvHD developed in 6 of 30 patients (20%) who
received MM-TK cells during the initial treatment phase at a median of 94 days from HSTC, 48 days
from first infusion of MM-TK cells and 17 days from immune reconstitution. Additionally, acute GvHD
occurred in 4 of 8 patients (50%) who had received subsequent infusions of MM-TK cells given as DLI
for treating disease relapse or progression at a median time of 21 days after last HSCT and 32 days
after first infusion of MM-TK cells. The observed incidence of 20% for GvHD during the treatment
phase appears relatively low when compared to historical controls using DLI, however, interpreting this
difference is hampered by donor- and treatment-related factors that influence the risk of developing
GvHD.

Patients who developed MM-TK-related GvHD (n=11, 10 acute GvHD and 1 chr, GvHD) exhibited at
the time of IR and at peak cell levels, more LNGFR+ cells than patients wh not develop GvHD
(n=12). This suggests that a higher engraftment/exposure to MM-TK cel rrelates to developing
GvHD. There were no significant differences in CD3+ cells in patientsyith or without GvHD, not at the
time of IR and not at time of the peak level of CD3+ cells. Togeth?is suggests that GvHD is caused
by MM-TK cells and not by the T-cells originating from the HSC{r . Cautionary note: this is based on
observations in a low number of patients. Q)

Ten patients suffering from grade 2 to 4 acute or chroni@-@ were treated with (val)ganciclovir to
activate the suicide gene in the MM-TK cells. As a re&S}\m all patients, the number of circulating
LNFGR+ cells (i.e. MM-TK cells) was reduced. (\

Despite the fact that the level of circulating -J'K cells seem to predispose for GvHD, and that
circulating cells were reduced upon treatrr@ in most of the patients, 7 of the 10 patients receiving
GCV for GVHD received additional imm @-suppressive therapy to control the GvHD, mostly
corticosteroids. According to the p@nt patients received 25-50% of the dose normally
recommended for grade 2 to 4 a% GvHD. Based on the provided data, it cannot be excluded that the
corticosteroids were given Eo @atients to prevent (further) development of GvHD. However, as GCV
treatment reduced the nu of LNGFR+ cells, it is not likely that the concomitant use of

corticosteroids meani& interfered with the resolution of MM-TK-induced GvHD by GCV.

A difference in favour‘ef the MM-TK-group could be observed for the 1-year incidence of chronic GvHD
(28% vs 7%, p=0.04). The Applicant suggested that control by the suicide system plays a role in the
reduced chronic GvHD incidence. However, it not evident that the same mechanism described above is
involved in all of the chronic GvHD cases. At the time of onset of chronic GvHD, T cells emanating from
the stem cell graft outnumber the circulating MM-TK cells, and thus it may be more likely that chronic
GVvHD is caused by these stem cell graft- derived T cells instead of by the MM-TK cells. Therefore, the
observed beneficial effect of MM-TK on cGvHD-incidence remains unexplained. The provided analysis
on potential baseline characteristics did not reveal an alternative explanation for the observed
difference in cGvHD incidence other than MM-TK treatment. As chronic GvHD is associated with late
(beyond 1 year post HSCT) non-relapse mortality (Boyiadzis 2014), this reduction in incidence might
not only consist of a reduction in morbidity but also in mortality. However as patients numbers beyond
1 year are low no meaningful conclusion can be drawn on this issue.

Dose modifications
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Six patients (20%) experienced a total of eight AEs that led to a dose modification (delay (n=5), and
higher dose (n=1)) of MM-TK cells. From the information it is understood that these modifications were
not due to AES related to MM-TK,

The occurrence of replication-competent retrovirus (RCR) was studied according to protocol. All,
patient samples were negative.

Additional safety data needed in the context of a conditional MA

In order to confirm the efficacy and safety of Zalmoxis as an adjunctive treatment in haploidentical
haematopoietic stem-cell transplantation of adult patients with high-risk haematological malignancies,
the MAH should submit the results of study TKO08, a randomized phase 111 trial of haploidentical HCT
with or without an add back strategy of HSV-Tk donor lymphocytes in patients with high risk acute
leukaemia.

The MAH will follow-up on the actual use and effectiveness of the product in clinical practice.

In addition, the MAH will follow-up on the risks of Graft versus Host Disease (le—@, Severe systemic
infection CMV and EBYV reactivation, Febrile neutropenia, Hepatic failure, Carci @Enicity, Genotoxicity,
Late complications (malignancies, autoimmunity), Immunological events (a?\' dy formation), Use in
paediatric patients, Use in pregnant women, Use in breast feeding wo se in patients with renal
impairment, Use in patients with hepatic impairment and Use in eIde@s

This data will be collected within through a non-Interventional P{S@Zstudy TKO11) in order to
investigate the safety and the effectiveness of Zalmoxis in r inical practice as well as long-term
safety and efficacy. In the context of this study, the MAH collect data about the disease status
and outcome of all patients treated with Zalmoxis using\& EBMT registry.

O

2.6.2. Conclusions on the clinical ty

The safety database for this product is v@mall, 30 patients receiving MM-TK in a completed trial,
and an additional 15 patients in an on trial with incomplete follow up and of whom only limited
information was provided. The res tﬁowed that the most common AE was infection and the most
common treatment-related AE cute GvHD. Overall, the aGvHD appeared to be treatable, with all
cases attributed to MM-TK r , d. Regarding the concomitant use of corticosteroids, it is not likely
that concomitant use of ¢ osteroids affects the activity of GCV regarding the resolution of MM-TK-
induced aGvHD. Yet, @dering that, though pointing in the right direction, only limited data are
available on the conﬁtant use of immunosuppressive agents, additional information on this subject

is awaited from the specific obligation (TKO08) in the context of a conditional MA.

Furthermore, based on the available information on the treatment of CMV infection, on the treatment
of GvHD and the pharmacodynamic interaction of GCV with the MM-TK cells, it is recommended that
the Applicant systematically reports by means of regular pharmacovigilance activities on the type and
the efficacy (response and duration) of the treatment of CMV reactivation. Finally, considering the
above, the safety data from the phase IlI trial would be highly welcomed. From the safety database all
the adverse reactions reported in clinical trials have been included in the Summary of Product
Characteristics.

The CAT considers the following measures necessary to further confirm the benefit-risk of Zalmoxis, in
the context of a conditional MA:

In order to confirm the efficacy and safety of Zalmoxis as an adjunctive treatment in haploidentical
haematopoietic stem-cell transplantation of adult patients with high-risk haematological malignancies,
the MAH should submit the results of study TKO08, a randomized phase 111 trial of haploidentical HCT
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with or without an add back strategy of HSV-Tk donor lymphocytes in patients with high risk acute
leukaemia.

The CAT considers the following measures necessary to address issues related to safety and the
effectiveness of the product:

Non Interventional safety and efficacy study (TK0O11): In order to investigate the safety and the
effectiveness of Zalmoxis in real clinical practice as well as long-term safety and effectiveness, the MAH
should conduct a study to collect data about the disease status and outcome of all patients treated with
Zalmoxis using the EBMT registry.

The CHMP endorse the CAT conclusion on clinical safety as described above.

2.7. Risk Management Plan

The CAT received the following PRAC Advice on the submitted Risk Management Plan (RMP):

The PRAC considered that the RMP version 1.0 (dated (22 February 2014) c be acceptable if the
Applicant implements the changes to the RMP as described in the PRAC‘@orsed PRAC Rapporteur
assessment report dated 10 July 2014. O

The CAT endorsed this advice. @5’0

The Applicant implemented all changes to the RMP as requestec&by the PRAC and the CAT.

The CAT endorsed the RMP version 6.1 (dated 22 June 20{@/% the following content:

O

Safety concerns O

Table 19: Summary of the safety concerng~

Important e Graft versu I@?{Disease (GvHD)
identified risks 6
e Sever s;@‘nic infection

. Cytb@%alovirus (CMV) and Epstein-Barr Virus (EBV) reactivation

*
. C@rile neutropenia

é\ Hepatic failure
%)

N e Concomitant administration of ganciclovir or valganciclovir
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Important

potential risks

Concomitant immunosuppressive therapy

Development of Replication Competent Retrovirus (RCR)
Carcinogenicity

Genotoxicity

Late complications (malignancies, autoimmunity)
Immunological events (antibody formation)
DMSO-related side effects

Donor site reaction local

Donor reaction systemic

Treatment failure (GvHD not treatable with GCV)

Missing
information

Use in paediatric patients

. @@6
>
&

Use in patients with renal impairmeng

Use in pregnant women

Use in breast feeding women

Use in patients with hepatic impwr@nt

&

Use in elderly patients

Pharmacovigilance plan

\O
O

Table 20: Ongoing and planned additional studies/activities in the Pharmacovigilance

Plan

A

Study / Objectives Safety@\c'érns addressed Status (planned Date for
activity or started) submission of
Type, title \Q interim or final
and (b reports
category (1- *J (planned or
3

) \.\0\ actual)
PIP trial Assess saf n | Usein paediatric patients from Deferred Date of
TKO009, paediatii é birth to less than 18 years completion,
interventional patie@ym December 2018,
clinical study, birth toess deferred
(category 3) than 18 years
PIP trial Assess safety in | Use in paediatric patients from Deferred Date of
TKO10, paediatric birth to less than 18 years completion,
interventional | patients from December 2022,
clinical study, birth to less deferred
(category 3) than 18 years
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Study / Objectives Safety concerns addressed Status (planned Date for
activity or started) submission of
Type, title interim or final
and reports
category (1- (planned or
3) actual)
Study TKOO8 Graft versus Host Disease Renewal pf the Every year

Phase 111 o
(category 2) . (GVvHD) conditional

randomised - . -

Severe systemic infection marketing

clinical trial: in
order to confirm
the efficacy and
safety of
Zalmoxis as an
adjunctive
treatment in
haploidentical
haematopoietic
stem-cell
transplantation
of adult patients
with high-risk
haematological
malignancies,
the MAH should
submit the
results of study
TKOO08, a
randomized
phase Il trial of
haploidentical
HCT with an add
back strategy of
HSV-Tk donor
lymphocytes in
patients with
high risk acute
leukaemia.

Cytomegalovirus (CMV) and
Epstein-Barr virus (EBV)
reactivation

Febrile neutropenia

Hepatic failure

Concomitant administration of
ganciclovir or valganciclovir
Concomitant
immunosuppressive therapy
Development of Replication
Competent Retrovirus (RCR)
Carcinogenicity

Genotoxicity

Late complications
(malignancies, autoimmunity)
Immunological events (antibody
formation)

DMSO-related side effects
Donor site reaction local

Donor reaction systemic
Treatment failure (GvHD not
treatable with GCV)

Use in paediatric patients,
Use in pregnant women

Use in breast feeding W&f@,
Use in patients with r@l
impairment,

Use in patients&p epatic
impairment

Use in elde@tients

&

(

authorisation

recruitment
(included in the
PSUR)

Report

®O
N
X
1

Periodic update on

Date of accrual end
Follow up: 1 year

Final Clinical Study

w9

v

Every 6 months

March 2019
March 2020

March 2021
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Study / Objectives Safety concerns addressed Status (planned Date for
activity or started) submission of
Type, title interim or final
and reports
category (1- (planned or

3) actual)

TKO11 PASS Non Graft versus host disease Updated study To be submitted

(category 1)

Interventional
PASS: In order
to investigate
the safety and
effectiveness in
real clinical
practice as well
as long-term
safety and
effectiveness in
all patients
treated with
Zalmoxis, the
MAH should
conduct and
submit the
results of study
TKO11 using the
EBMT registry
including the
patients treated
with Zalmoxis.
At least 30
patients for
each group
are expected,
to be

*
accrued p
year.

@Q)

N

O

(GvHD)

Severe systemic infection
Cytomegalovirus (CMV) and
Epstein-Barr virus (EBV)
reactivation

Febrile neutropenia

Hepatic failure

Concomitant administration of
ganciclovir or valganciclovir
Concomitant

immunosuppressive therapy
Development of Replication
Competent Retrovirus (RCR)
Carcinogenicity

Genotoxicity

Late complications

(malignancies, autoimmunity)
Immunological events (antibody
formation)

DMSO-related side effects

Donor site reaction local

Donor site reaction systemic
Treatment failure (GvHD not <
treatable with GCV) O
Use in paediatric patients Q 7
Use in pregnant women

Use in breast feeding WO}Q
Use in patients with r@l

impairment Q
8@ Repatic

Use in patients

impairment
Use in elde@tients

>

protocol

Registration in the
EU PAS Register

Start of data
collection

End of data
collection

Study progress

report 1* | %

\
Study pro
wy progre

report

N
B

Zétudy progress
) report 4*

gress

Final Clinical study
report

%)

O

[

no later than 6
months after the
granting of the
MA

2016

2017

2021

2018*

2019*

2020*

2021*

By Q4 2022

*Yearly evaluation of safety and effectiveness data (submission of data to be synchronised with the
annual renewal of the conditional marketing authorization)
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Risk minimisation measures

Table 21: Summary table of Risk Minimisation Measures

Safety concern

Routine risk minimisation measures

Additional risk
minimisation
measures

Graft versus Host
Disease (GvHD)

Listed as undesirable effect in section 4.8 of the
SmPC and section 4 of the PIL

Patient labelled prescription only medicinal product.
To be used under the supervision of health care
providers experienced in the treatment of HSCT
patients

Educational material

Severe systemic
infection

Listed as undesirable effect (“bronchitis”) in section
4.8 of the SmPC and section 4 of the PIL

Patient labelled prescription only medicinal product.
To be used under the supervision of health care
providers experienced in the treatment of HSCT
patients.

*

None

CMV and EBV
reactivation

N
Patient labelled prescription only medicinal p 0{5}&
To be used under the supervision of health g*e
providers experienced in the treatment of@T

patients.
o

None

Febrile neutropenia

Listed as undesirable effect in se@ﬁ of the
SmPC and section 4 of the PIL\O
ly medicinal product.
iIsion of health care
he treatment of HSCT

Patient labelled prescription
To be used under the su
providers experienceda

None

Hepatic failure

patients. ?\Q
A Listed as un@‘é’ble effect in section 4.8 of the
SmPC and s

n 4 of the PIL
X

led prescription only medicinal product.
d under the supervision of health care

To b&é
p ‘\ rs experienced in the treatment of HSCT
ghents.

Patient

*

None

Concomitant
administration of
ganciclovir or
valganciclovir

§

b A warning is placed in section 4.4 of the SmPC and
section 2 of the PIL:

Patients should not be administered if the following
conditions occurs:

a) infections requiring administration of ganciclovir
or valganciclovir at the time of infusion;

Patient labelled prescription only medicinal product.
To be used under the supervision of health care
providers experienced in the treatment of HSCT
patients.

Educational material
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Safety concern

Routine risk minimisation measures

Additional risk
minimisation
measures

Concomitant
immunosuppressive
therapy

A warning is placed in section 4.4 of the SmPC and
section 2 of the PIL:

Patients should not be administered if the following
conditions occurs:

€) ongoing systemic immunosuppressive therapy or
administration of granulocyte colony stimulating
factor (G-CSF) after haploidentical hematopoietic
stem-cell transplantation;

Patient labelled prescription only medicinal product.
To be used under the supervision of health care
providers experienced in the treatment of HSCT
patients.

Educational material

Development of
Replication
Competent Retrovirus
(RCR)

Patient labelled prescription only medicinal product.
To be used under the supervision of health care
providers experienced in the treatment of HSCT
patients.

N
O

$2)

Carcinogenicity Patient labelled prescription only medicinal ct. | None

To be used under the supervision of healv@e

providers experienced in the treatmentgof HSCT

patients. O‘Q)
Genotoxicity Patient labelled prescription onl &dicinal product. | None

To be used under the supervis of health care

providers experienced in th@eatment of HSCT

patients.

e

Late complications Patient labelled pr @’tion only medicinal product. | None
(malignancies, To be used under& supervision of health care
autoimmunity) providers expe, ced in the treatment of HSCT

patients. Q

\
Immunological Patient @IIed prescription only medicinal product. | None
events (antibody To be. d under the supervision of health care
formation) p \@érs experienced in the treatment of HSCT
nts.

DMSO-related side V Patient labelled prescription only medicinal product. | None
effects To be used under the supervision of health care

providers experienced in the treatment of HSCT

patients.
Donor site reaction Patient labelled prescription only medicinal product. | None
local To be used under the supervision of health care

providers experienced in the treatment of HSCT

patients.
Donor reaction Patient labelled prescription only medicinal product. | None

systemic To be used under the supervision of health care
providers experienced in the treatment of HSCT
patients.
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Safety concern

Routine risk minimisation measures

Additional risk
minimisation

measures
Treatment failure Patient labelled prescription only medicinal product. | None
(GVHD not treatable To be used under the supervision of health care
with GCV) providers experienced in the treatment of HSCT

patients.
Use in paediatric A warning is placed in section 4.2 of the SmPC and None

patients

section 2 of the PIL:

The safety and efficacy in children and adolescents
(less than 18 years) have not been established. No
data are available. Zalmoxis is therefore not
recommended for use in children and adolescent
below 18 years.

A text is placed in section 4.8 of the SmPC:

No specific paediatric group has been studied at
present. Only one 17-year-old male, affected by T‘\C
lymphoblastic lymphoma, was treated in the TK

trial with two infusions of Zalmoxis. No adver
reactions were reported for this patient. 0

Patient labelled prescription only medicinaMproduct.
To be used under the supervision of P@ h care
providers experienced in the treat of HSCT

patients.
O

Use in pregnant
women

Use of MM-TK is contraindic@d‘ in pregnant
women, SmPC 4.3.

A warning is place iogéction 4.6 of the SmPC and
section 2 of the P

There are nﬁ(a from the use of Zalmoxis in
pregnant n. Animal studies are insufficient
with re@t to reproductive toxicity. Zalmoxis is
not rﬁ; mended during pregnancy and in women

ofghildbearing potential not using contraception
@section 4.3).

atient labelled prescription only medicinal product.
To be used under the supervision of health care
providers experienced in the treatment of HSCT
patients.

None
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Safety concern

Routine risk minimisation measures

Additional risk
minimisation
measures

Use in breast feeding
women

Use of MM-TK is contraindicated in breastfeeding
women, SmPC 4.3.

A warning is placed in section 4.6 of the SmPC and
section 2 of the PIL:

There is insufficient information on the excretion of
Zalmoxis/metabolites in human milk. Zalmoxis
should not be used during breast-feeding (see
section 4.3).

Patient labelled prescription only medicinal product.
To be used under the supervision of health care
providers experienced in the treatment of HSCT
patients.

None

Use in patients with
renal impairment

Patient labelled prescription only medicinal product.

To be used under the supervision of health care ‘\

providers experienced in the treatment of HSCT O

patients. \\9

\
Use in patients with Patient labelled prescription only medicin duct. | None
hepatic impairment To be used under the supervision of health”care
providers experienced in the treatm @ HSCT
patients.
AN
Use in elderly A text is placed in section 4.8Wﬁe SmPC: None

patients

In the TKOO7 clinical stud@nly one 66-year-old

female was treated wi ne infusion of Zalmoxis.
The patient did no rience any adverse
reaction. No impli ns on the use of Zalmoxis in

patients of 65 {@ older have been established.

Patient IaN& prescription only medicinal product.
To be u nder the supervision of health care
o experienced in the treatment of HSCT

The CHMP endorse the PRAC and CAT advice on the RMP.

2.8. Pharmacovigilance

Pharmacovigilance system

The CAT considered that the pharmacovigilance system submitted by the applicant fulfils the
requirements of Article 8(3)(ia) of Directive 2001/83/EC.
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2.9. Product information

2.9.1. User consultation

The results of the user consultation with target patient groups 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 medicinal products for human use.

2.9.2. Additional monitoring

Pursuant to Article 23(1) of Regulation No (EU) 726/2004, Zalmoxis is included in the additional
monitoring list as a medicinal product authorised in the Union that contains a new active substance
which, on 1 January 2011, was not contained in any medicinal product authorised in the Union (Article
23(1)(a)); and medicinal product that is authorised pursuant to this Regulation, subject to the
conditions referred to in Article 14(7) and Article 9(4)(cb) of Regulation (EC) no /2004.(Article
23(1)(c)). .

1)) N &}%
Therefore the summary of product characteristics and the package Ieafle01 ludes a statement that
this medicinal product is subject to additional monitoring and that th'S\i allow quick identification of
new safety information. The statement is preceded by an inverte ilateral black triangle.

2
3. Benefit-Risk Balance QQ)
\®)
QO
Beneficial effects \
O

Benefits

The results from matched-pair analyses in atients treated with MM-TK cells (n=30 in TKOO7 and
n=17 in TKOO8) matched with 140 cont rom the EBMT database showed that the MM-TK-treated
patients seem to benefit in terms of iar OS (i.e. median 49% for MM-TK vs 37% for control,
p=0.01) and 1-year NRM (i.e. m QZ% for MM-TK vs median 43% for control, p=0.014), but that
there is no advantage in 1—yee\ (i.e. median 37% for MM-TK vs median 35% for control) and the
chance for relapse (i.e. m& 41% for MM-TK vs median 22% for control), because NRM and relapse

are competing risk even d relapse events occur later than NRM events.

The data from the lal ark analysis which excluded patients who either died, relapsed or experiencing
early graft failure (lack of myeloid engraftment) before day 21, show that the MM-TK treated patients
that had survived the first 3 weeks post-transplant benefited in terms of 1 year OS (40% vs 51%
(p=0.03)) and 1-year NRM (42% vs 23% (p=0.04)), for control vs MM-TK treated patients,
respectively. Also here there was no significant difference regarding LFS and the chance for relapse.

In an alternative analysis aiming to decrease the uncertainty regarding the adequate matching of
patients for early post HSCT events, MM-TK and control patients who were alive and relapse-free were
matched at the 21 day post HSCT time point. The same matching parameters were used as for the
initial matched-pair analysis. In this analysis 139 control patients (70 T-cell replete and 69 T-cell
depleted grafts) were matched with 36 TK-treated patients. The data from this analysis an absolute
increase of 17% in 1-year OS rate for the MM-TK group compared with the control group (51% vs
34%; p=0.007) and an a benefit in 1-year NRM (20% vs 46%; p=0.003) for MM-TK treated patients.
Again, also here no significant difference regarding LFS was observed while chance for relapse seemed
higher in the MM-TK-treated patients as compared to the control patients. Notably, relapse and NRM
are competing risks.
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In order to minimize bias due to differences in the timing of MM-TK infusion, 3 further ‘sensitivity’
analyses were performed in which patients were excluded who had died or relapsed before 4, 6 and 8
weeks after transplant. These analyses revealed similar significant improvements in OS, NRM and
chronic GvHD in favour of MM-TK-treated subjects as compared to control patients as seen with the
analysis using the 3 week time point. Also the difference in relapse incidence and leukaemia free
survival did not appear to change substantially.

Uncertainty in the knowledge about the beneficial effects

Data from an adequately controlled trial are lacking, and all data on the efficacy of MM-TK treatment
comes from a cross study comparison using a historical control group. Thus all efficacy data are
associated with the uncertainties inherent to cross study comparisons. The main uncertainties
associated with the current comparison pertain to the low number of patients, the unknown impact of
potential differences in baseline characteristics not included in the matching strategy (e.g. median year
of transplant, stem cell source, conditioning regimen) and the inherent uncertainty with cross study
comparison. The role of MM-TK cells to a (hastened) IR cannot formally be establjshed. However,
considering the temporal association between the administration of MM-TK an rrence of IR, it is
likely that MM-TK has contributed. Even though the results are suggestive eing an early
surrogate marker for efficacy in the small uncontrolled TKOO7 study in te of OS, infections and
reduced NRM, this is not based on a comparison between randomise @mps and thus firm conclusions

cannot be drawn. Results from the confirmatory study TKOO8 are ted to address the above
uncertainties (see Annex Il and RMP). K
The long-term efficacy remains uncertain as data are very limifed. However this may be accepted as

NRM is the main driver of the effect of MM-TK on OS, i M generally occurs within the first year
post transplant. Long term data will be provided thrgg the regular reporting from EBMT in study
TKO11 (see Annex Il and RMP). (\

X,
S
Unfavourable effects Ob

Risks

Of all 603 AEs reported in TKOO7, nIQ4 AEs (3.9%) were considered related to MM-TK cells and
occurred in 11 of 30 treated pati (36.7%). All the related AEs were reported to be associated with
GvHD and most promptly resg upon intervention. This suggests that GvHD can be regarded as the
the main, or even, the onl 1 of MM-TK. In TKOO7, among 30 treated patients, acute GvHD occurred
in 10 patients (33%). @Q-

valganciclovir in 6 patiarnts. In all the ten treated patients, acute GvHD was fully controlled by
GCV/valganciclovir alone (n=3) or in combination with corticosteroids (CS) (n=5) or in combination
with CS and mycophenolate mofetil (n=1) or in combination with CS, mycophenolate mofetil and
cyclosporine (n=1). One patient with grade 1 GvHD did not require treatment.

related GvHD, was treated with iv GCV in 4 patients and oral

Only 2 out of a total of 118 SAEs (acute GvHD in 2 patients) were considered related to MM-TK cells.
None of the deaths in both TKOO7 and TKOO08 studies were attributed to MM-TK treatment.

Six patients (20%) experienced a total of eight AEs that led to a dose modification of MM-TK cells. Five
patients had a delay of MM-TK infusions, while one patient (TK18) required a higher dose (3x107/Kg),
because of concomitant CMV and EBV infections.

The preliminary results from TKO08 showed that among 15 treated patients, acute GvHD developed in
eight patients (53%). The 6 patients experiencing grade 2 to 4 GvHD were treated with GCV alone
(n=2) or in combination with CS (n=4). All acute GvHD events fully resolved after a median duration
of 17 days (95% ClI, 7 to 29; range, 6 to 29) of which the grade 2 to 4 acute GVvHD (n=6) fully
resolved after a median treatment duration of ganciclovir or valganciclovir of 14 days (95% ClI, 9 to
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34). These data show that the incidence of GvHD appears higher in TKOO8 than in TKOO7. Regarding
the matched-pair analyses, the percentage of patients developing Grade 2-4 GvHD seemed higher in
the MM-TK treated group as compared to the control group, i.e. 35% vs 21%, respectively. When
regarding Grade 3-4 aGvHD, there was no difference between the groups, 8% vs 9%, respectively. For

both parameters, the differences were not statistically significant. When correlating the development of
aGvHD with clinical outcome parameters, the data showed a positive effect of developing acute GvHD
in MM-TK patients versus control patients on NRM, OS and LFS.

The 1-year incidence of chronic GvHD was lower in the MM-TK group when compared to controls, this
was observed across the matched-pair analyses (e.g. 23% vs 6%; p=0.02, matched-pair at day 21
post HSCT analysis).

Uncertainty in the knowledge about the unfavourable effects

The observed incidence of 20% for acute GvHD during the treatment phase in TKOO7 is relatively low
as compared to historical DLI controls (administered in relapse settings), that varied between 35%
(Ciceri et al., 2008; Krishnamurthy et al., 2013) and 47% (Liga et al., 2013). H@ver, the TKOO7
results are obtained with genetically modified lymphocytes and based on a li number of GvHD
(n=11)/non-GvHD (n=12) patients within the patient group achieving IR LJ’{%MM—TK (n=23).
Furthermore, variables should be taken into account that influence the #iSk’of developing GvHD, e.g.
the intensity of the conditioning regimens, the timing of DLI after all &3’ the degree of HLA
mismatch, the T-cell dose and subsets and the level of chimerism@ ime of DLI (Yun et al., 2013).
More information on the incidence of GvHD will be provided t gh the confirmatory trial and the

PASS study {\Q’

Regarding the matched-pair analysis, the relevance of\@ association between the occurrence of
aGvHD upon MM-TK treatment and clinical efficacy i@erms of OS, NRM and LFS is limited as the
aGVvHD patient numbers involved are low (n=2 i&e control group and n=13 in the TK-group), the
patients that are at risk developing aGvHD u E}(AM—TK treatment cannot be identified upfront and the
effect was not observed in the overall pati omparison. The frequency of GvHD is higher following
MM-TK administered as DLI (4/8) as c red to the setting of MM-TK administration with the aim of
IR (6/30), probably due to the adr\inQration of a higher cell dose/kg than planned in 5 of the 8
patients receiving DLI. (b

Long-term safety data will I@\)e provided through the PASS conducted and using the EBMT registry

where there will be an g'm© funity to follow-up on the risks of Graft versus Host Disease (GvHD),

severe systemic infecti MV and EBV reactivation, febrile neutropenia, hepatic failure,

carcinogenicity, genotexicity, late complications (malignancies, autoimmunity), Immunological events
(antibody formation). Information in special populations such as paediatric patients, pregnant women,
in patients with renal or hepatic impairment and in the elderly is currently lacking and will be provided

through registry data reported regularly (see RMP and Annex I1).
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Table 22: Effects Table for MM-TK.

Results shown that the overall outcomes at 1—-year based on a matched-pair analysis
performed 21 days after HSCT.

Short
Description

Effect

Favourable Effects

Unit

MM-

Treatment

Control

TK historical

matched-

pair
control

group
from

registry

Uncertainties/
Strength of evidence

Refere
nces

(O)S) Measured from % at 1 51 34 p=0.007; uncertainties See this
the date of year (33-69) (25-44) relate to 1) % ent overview
HSCT until bias relat the
death resulting limited %ber of
from any cause patien@ 6 MMTK vs
1 trols) , 2)
ligitations of the
Mdirect nature of the
ﬁ comparison, 3) impact
Q) of potential differences
(\Q in baseline
O characteristics not
\ included in the
O matching strategy, 4)
\(\ long-term efficacy is
0 not known
NRM Defined as any % at 1 @ 46 p=0.003; similar See this
death not year -36) (36-55) uncertainties as overview
preceded by KO described for OS
disease Q
relapse/progres (g
sion*
Chronic Diagnosed and, at 1 6 23 P=0.02; similar See this
GvHD graded year (1-19) (15-32) uncertainties as overview
according t@ described for OS
standar%
criteria a
computed from
the date of
HSCT for
patients
surviving at
least 100
days**
Unfavourable Effects
GvHD Diagnosed and % of total 33% GvHD is the only See this
graded number (10 out of 30 MM-TK  reported AE to be overview
according to of treated patients related to MM-TK; can
standard patients from TKOO7) be effectively abrogated
criteria ** exposed upon administration of
with data gancyclovir
available
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Effect

Short
Description

Unit Treatment

MM-TK

Control

historical
matched-
pair
control
group
from
registry

Uncertainties/
Strength of evidence

Refere
nces

Grade 2-4 Diagnosed and % of total 35% 21% See GvHD See this
acute graded number overview
GvHD according to of
standard patients
criteria ** exposed
with data
available
Grade 3-4 Diagnosed and % of total 8% 9% See GvHD See this
acute graded number overview
GvHD according to of é
standard patients . %6
criteria ** exposed K\
with data ©)
available \(\
Abbreviations: OS — overall survival; NRM — non-relapse mortality; &D — graft versus host disease;
AE — adverse event @’

Notes: é

* Disease relapse/progression was considered as competln n; patients alive without disease
relapse/progression were censored at last date known t w S
** Death without occurrence of cGvHD was considere petlng event.

(\
o

Importance of favourable and unfavom&ble effects

Benefit-risk balance

There is an unmet medical need for t -TK target population based on the overall grave prognosis
due to the underlying haematologme@ease when disease relapse or progression upon HSCT occurs,
with an approximate median oV, survival of 6 to 8 months and on the fact that haploidentical HSCT
is associated with prolonged j unodeficiency post-transplantation, in particular after extensive
treatment for underlying ignhancies, the use of T-cell depleted grafts and the use of
immunosuppressive@?’. It can take up to about 1-2 years for the complete regeneration of the T-
cell and B-cell compaxfments. During this time, patients are subject to opportunistic infections, which
in many cases are fatal. Thus, effective approaches to hasten IR following transplantation, such as MM-
TK aims for, are needed to improve outcome and prevent serious, life-threatening complications of
HSCT, such as infections.

In this respect, upon transplantation of MM-TK cells, 77% (23 out of 30 patients) of the treated
patients in the pivotal study, TKOO7, achieved IR. When this occurred, it was associated with increased
OS, fewer infectious events and reduced NRM. The results from the matched-pair analyses (matched at
time of HSCT or at day 21 post HSCT), and the landmark analyses at day 21 post HSCT, are indicative
of a considerable benefit of MM-TK treatment in terms of 1 year overall survival and non-relapse
mortality. The benefit seen in OS is driven by a reduction in the NRM. The data do not support any
claim that MM-TK administration provides protection against relapse of the underlying haematological
disease.

Concerning the safety, the pattern of the most common related (S)AEs is not unexpected considering
the population and the treatments at hand. Furthermore, none of the deaths have been attributed to
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MM-TK treatment. Importantly, the high frequency of death on study (in TKOO7 and TKO08) supports
the statement that MM-TK is intended for a life-threatening condition for which there is an unmet
medical need.

Furthermore, acute GvHD, being the most commonly reported related AE, was resolved in all cases,
and, based on the provided data, activation of the suicide gene by treatment with GCV has contributed
to the control of GvHD. It seems that MM-TK is also able to reduce the (chronic) GvHD incidence,
which may in part have contributed to the improved NRM, yet the mechanism behind the reduction in
cGVHD is not known.

Benefit-risk balance

Despite the remaining uncertainties on the precise magnitude of the benefit, the observed benefits of
MM-TK treatment are considered to outweigh the risks associated with the treatment. Therefore the
benefit risk of Zalmoxis as adjunctive treatment in haploidentical haematopoietic stem cell
transplantation of adult patients with high-risk haematological malignancies — is positive.

Furthermore, it is noted that the data available are not considered sufficiently @Qrehensive to grant
a full marketing authorization however they are of sufficient relevance in thK@ntext of a life-
threatening disease where an unmet medical need exists. Therefore, a ¢ itional approval is
supported subject to submission of comprehensive data within reasors@ timelines.

With respect to the application the Applicant argued that Zalmoxi!beets the following requirements:
- seriously debilitating diseases or life-threatening dis&s;

- orphan medicinal product. \()Q
This is endorsed by the CAT. O
Based on all the available evidence, a clinical fit is suggested, with an acceptable safety pattern.
Remaining uncertainties can only be resol Yy the ongoing confirmatory study. The Applicant has
provided sufficient reassurance on the f ility to complete the ongoing study within a reasonable
time frame.

Discussion on the benefit-risk \sessment

*

The CAT is of the opinion tha(} though comprehensive clinical data referring to the safety and efficacy
of the medicinal product@ not been supplied, the following requirements for a conditional
marketing are met:

° the risk-benefit balance of the medicinal product, as defined in Article 1(28a) of Directive
2001/83/EC, is positive;

The data from this analysis show that the MM-TK treated patients benefited in terms of 1-year OS
(40% vs 51%; p=0.03 and 34% vs 51%; p=0.007 for the landmark and matched-pair analysis
respectively) and 1-year NRM (42% vs 23% p=0.04 and 46% vs 20%; p=0.003, for the landmark and
matched-pair analysis respectively) when compared to the control population. These differences are
considered to be of clinical relevance for the target population and taken altogether with an acceptable
safety profile, indicate a positive Benefit /Risk balance.

. it is likely that the applicant will be in a position to provide the comprehensive clinical data;

It seems likely that the applicant can provide comprehensive clinical data from the TKOO8 study, since
it is currently ongoing and with the active participation of the EBMT, the number of participating study
centres was increased to 40. Considering the increase in the number of participating centers, the

completion of the study within a reasonable time frame and the submission of the final study report by
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March 2021 seem feasible.
. unmet medical needs will be fulfilled;

There is an unmet medical need for the MM-TK target population based on the overall grave prognosis
due to the underlying haematological disease when disease relapse or progression upon HSCT occurs,
with an approximate median overall survival of 6 to 8 months and on the fact that haploidentical HSCT
is associated with prolonged immunodeficiency post-transplantation, in particular after extensive
treatment for underlying malignancies, the use of T-cell depleted grafts and the use of
immunosuppressive drugs. It can take up to about 1-2 years for the complete regeneration of the T-
cell and B-cell compartments. During this time, patients are subject to opportunistic infections, which
in many cases are fatal. Thus, Zalmoxis has shown promising results as an effective approach to
hasten IR following transplantation, which is needed to improve outcome and prevent serious, life-
threatening complications of HSCT, such as infections.

° the benefit to public health of the immediate availability on the market of the medicinal
product concerned outweighs the risk inherent in the fact that additional data are*still required

In this context, taking into account the poor prognosis of these patients, th@\@%' of Zalmoxis as an
adjunctive treatment in haploidentical HSCT is established. Thus on the is of the above criteria
being met, a conditional approval can be supported. §Q

In this respect, as part of a conditional approval, additional datia@expected to be obtained from an
ongoing confirmatory TKOOS8 trial. In this study DFS was chg @as the primary endpoint; OS, which is
a secondary endpoint, is considered to be a more robust e measure for showing confirmation of
the effects seen in the historical comparison. In this co@d, based on the clinical and statistical
assumptions, the sample size is sufficient to also ca@re a statistical significant difference in OS. The
results from the phase Il trial TKO0O8 will be suj{" ed by March 2021.

In conclusion, as the clinical benefit of MM eatment is demonstrated and the safety profile
acceptable, a positive benefit-risk of Zal s, in the context of a conditional approval, is considered
established. The uncertainties relate he limited data and problems inherent to cross study
comparison with historical control \po in general and more specifically related to MM-TK cannot be
solved by additional analyses b quire data from the comparative study TKOO08 in the context of a
CMA. Given the current acoryalyate and in view of the additional participating study centres, sufficient
reassurance on the feas%@of completion of the TKOO08 trial within an acceptable time frame has
been provided.

The CHMP endorse the CAT conclusion on Benefit Risk balance as described above.

4. Recommendations

Similarity with authorised orphan medicinal products

The CHMP by consensus is of the opinion that Zalmoxis is not similar to Mozobil and Tepadina within
the meaning of Article 3 of Commission Regulation (EC) No. 847/200.

QOutcome

Based on the draft opinion adopted by the CAT and the review of data on quality, safety and efficacy,
the CHMP considers by majority decision that the risk-benefit balance of Zalmoxis as adjunctive
treatment in haploidentical haematopoietic stem cell transplantation of adult patients with high-risk
haematological malignancies is favourable and therefore recommends granting of the conditional
marketing authorisation subject to the following conditions:
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Conditions or restrictions regarding supply and use

Medicinal product subject to restricted medical prescription (see Annex |: Summary of Product
Characteristics, section 4.2).

Conditions and requirements of the Marketing Authorisation
(] Periodic Safety Update Reports

The requirements for submission of periodic safety update reports for this medicinal product are set
out in the list of Union reference dates (EURD list) provided for under Article 107c(7) of Directive
2001/83/EC and any subsequent updates published on the European medicines web-portal.

The marketing authorisation holder shall submit the first periodic safety update report for this product
within 6 months following authorisation.

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

The MAH shall perform the required pharmacovigilance activities and inter G.tjons detailed in the
agreed RMP presented in Module 1.8.2 of the Marketing Authorisation an y agreed subsequent

updates of the RMP. s&
O

An updated RMP should be submitted: (b
(0] At the request of the European Medicines Agency; Q)

(0] Whenever the risk management system is mo Q especially as the result of new
information being received that may lead t \slgnificant change to the benefit/risk profile or
as the result of an important (pharmacox@ﬁnce or risk minimisation) milestone being

reached. \,
O

° Additional risk minimisation m res

O

Prior to launch of Zalmoxis in each N@er State the Marketing Authorisation Holder (MAH) must
agree about the content and for f the educational materials for the Health Care Professionals
(HCPs), with the National Com,@&ent Authority.

The MAH shall ensure tha@each Member State where Zalmoxis is marketed, all HCPs who are
expected to prescribe ense, and administer Zalmoxis are provided with a guidance document
containing the follow key elements:

1. Relevant information about the safety concerns of Graft versus Host Disease (GvHD)

During and after treatment with Zalmoxis the physician must be aware of acute and chronic sign and
symptoms of GvHD at any time and ensure that either ganciclovir or valganciclovir is available at ward
for early treatment of GvHD.

If at any time during or after treatment with Zalmoxis an acute GvHD of grade equal to or greater than
2 or a chronic GvHD develop, the patient has to be treated with ganciclovir at a dose of 10 mg/kg/day
divided into 2 administrations intravenously, or valganciclovir 900 mg two times per day orally for 14
days.

In case of GvHD progression after 3 days of treatment with ganciclovir or valganciclovir alone, a
standard immunosuppressive therapy has to be added.

Zalmoxis should be administered after a 24-hour discontinuation period of ganciclovir or valganciclovir
and immunosuppressive therapy.
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2. Relevant information about the safety concern of Concomitant administration of
Ganciclovir and Valganciclovir

The treating physician must ensure that patients do not receive ganciclovir or valganciclovir within 24
hours prior to the administration of Zalmoxis. A longer interval might apply in case of renal failure.

3. Relevant information about the safety concern of Concomitant immunosuppressive
therapy

Patients should not be administered Zalmoxis in case of:
0 Onset of GVHD requiring systemic immunosuppressive therapy

0 Ongoing systemic immunosuppressive therapy or administration of granulocyte colony
stimulating factor (G-CSF) after haploidentical hematopoietic stem-cell transplantation

Patients could be treated with Zalmoxis 24 hours after the antiviral or immunosuppressive therapy
discontinuation.

Zalmoxis shall not be administered to patients with concurrent systemic imm;@&uppressive therapy
*

as the efficacy of Zalmoxis treatment in early immune reconstitution may duced.
Immunosuppressive therapy also affects immunocompetent cells as s fused with Zalmoxis. An
adequate wash-out period shall be applied prior to infusion of this medi€inal product.

4. Remarks on the importance of reporting ADRs and eanU(gge patients to be enrolled into
study TKO11 (linked with the EBMT registry) Q)

5. A Detailed step-by step description of Zalmoxis&inistration procedure, also focusing
on:

0 The room requirements for Zalmoxis a &tration
o Storage, transport and thawing of@noxis bag
0 Surveillance of Zalmoxis effica mmune reconstitution - IR)

To monitor IR, the quantification lyses of CD3+ cells should be performed weekly during the first

month after Zalmoxis administ . In absence of IR, an additional Zalmoxis dose has to be
administered with an interv§@ 0 days up to a maximum number of four doses. In case of IR

achievement, documente two consecutive CD3+ cell counts > 100/u|, Zalmoxis treatment has to

be stopped. @

Obligation to complete post-authorisation measures

Description Due date

Non Interventional PASS: In order to investigate the safety and effectiveness in Q4 2022
real clinical practice as well as long-term safety and effectiveness in all patients
treated with Zalmoxis, the MAH should conduct and submit the results of study
TKO11 using the EBMT registry including all patients treated with Zalmoxis.

Progress updates should be submitted yearly with the annual renewal.

The clinical study report should be submitted by Q4 2022.

The CHMP endorse the CAT conclusion on the obligation to conduct post-authorisation measures as
described above.

EMA/CHMP/589978/2016 Page 98/101



Specific Obligation to complete post-authorisation measures for the conditional marketing
authorisation

This being a conditional marketing authorisation and pursuant to Article 14(7) of Regulation (EC) No
726/2004, the MAH shall complete, within the stated timeframe, the following measures:

Description Due date

The MAH shall complete, within the stated timeframe, the below measures: March 2021

In order to confirm the efficacy and safety of Zalmoxis as an adjunctive
treatment in haploidentical haematopoietic stem-cell transplantation of adult
patients with high-risk haematological malignancies, the MAH should submit the
results of study TKO08, a randomized phase 111 trial of haploidentical HCT with
an add back strategy of HSV-Tk donor lymphocytes in patients with high risk
acute leukaemia.

The clinical study report should be submitted by March 2021. a}
In addition updates on recruitment should be submitted within the PSURs. , %Q
N\

o
S

The CHMP endorse the CAT conclusion on the specific obligationQ(QE)mplete post-authorisation

measures for the conditional marketing authorisation as desQ d above.

New Active Substance Status \O
O

Based on the CAT review of data on the qualitypr rties of the active substance, the CAT considers
that ‘Allogeneic T cells genetically modified w'ﬁﬁ retroviral vector encoding for a truncated form of the
human low affinity nerve growth factor re@ér (ALNGFR) and the herpes simplex I virus thymidine
kinase (HSV-TK Mut2)’ is qualified as a{@v active substance.

The CHMP endorse the CAT concl

-
.\0

@@

n%on the new active substance status claim.
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Divergent positions

The undersigned members of the CHMP did not agree with the CHMP’s positive opinion recommending
the granting of the conditional marketing authorisation of Zalmoxis indicated as adjunctive treatment
in haploidentical haematopoietic stem-cell transplantation of adult patients with high-risk
haematological malignancies.

The reasons for divergent opinion were the following:

Although the comparison with historical controls shows plausible and promising results, significant
uncertainties hamper a conclusion on the clinical benefit as there are critical issues that put the
reliability of the available data into question. These critical issues affect all the analyses conducted and
cannot be compensated by any additional analyses.

The inherent bias related to the limited number of patients treated with Zalmoxis during the clinical
development (studies TKOO7 + TKO08: n=45 patients; pair-matched analysis: n=36 patients) as well
as the limitations of the indirect nature of the comparison precludes from firmly ¢oncluding about the
benefit risk balance. @

)
The bias related to the criteria to receive or postpone the MM-TK treatme f&barly death, graft
failure/rejection, prolonged administration of ganciclovir or immunos sive therapy) cannot be
fully ruled out, even though all conducted analyses apparently show@ he same trend.

foy

The impact of potential differences in baseline characteristics nQincIuded in the matching strategy
(e.g. median year of transplant, stem cell source, conditioni gimen) is unknown. The Applicant has
analysed a set of potential baseline characteristics tha@%
this analysis did not reveal an alternative explanation he observed difference in cGvHD incidence
other than MM-TK treatment. However, this analyﬁaoes not allow ruling out the impact on other
variables. These promising results should be coi(i'r ed by the ongoing controlled phase 111 study

e affected the incidence of cGvHD and

before this product can be authorized, especi considering that alternative treatments have been
developed and are currently available. It t considered that the observed benefit clearly outweighs
the uncertainties. Therefore, it cannot Q
positive. \Q

4
6\0

oncluded that the benefit/risk balance of the product is

London, 23 June 2016

Joseph Emmerich (France)

Arantxa Sancho-Lopez (Spain)

Sol Ruiz (Co-opted member)
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