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Protocol Synopsis

Title Phase I/ll Clinical Trial of T Cell Suicide Gene Therapy Following Haploidentical
Stem Cell Transplantation
Objectives 1. Generation of genetically modified (GM) donor T cells with a retroviral vector
encoding a suicide gene/selection marker fusion gene
2. Administration of GM donor T cells to facilitate immune reconstitution following
haploidentical HSCT
3. Evaluation of T cell engraftment kinetics and stability
4. Elimination of GM-T cells using Ganciclovir in the event of GVHD
5. Longitudinal evaluation of clinical effect in terms of immune reconstitution,
leukaemic relapse, and survival
Design Non-randomised open label Phase I/l clinical study of HSVTK transduced donor T
lymphocyte infusions in the haploidentical setting.
Inclusion 1. Patients with primary immunodeficiencies, haematological malignancies or
Criteria metabolic disorders at GOSH (children of both sexes, aged 0 to 16 years)
undergoing haploidentical transplant
2. Both patient and donor must give informed consent in writing.
3. The donor must be willing, able and available for donation of T cells by
collection of whole blood or leukapheresis.
4. The patient should be free of serious intercurrent illness.
Exclusion 1. Donor unfit or unavailable
Criteria 2. Donor positive for Hepatitis B or C, or HTLV-1, or HIV
3. Patient receiving Ganciclovir, Aciclovir, Cidofovir a result of active CMV,
adenovirus, varicella zoster or herpes simplex infection infection
4. GVHD > grade Il before infusion of GM- T cells (see 6.6)
5. Serious intercurrent illness
Dose/ GM-T cells will be given at 1 month intervals, providing that there is no significant
Regimen GVHD
Trial e DOSE1 <5x10* cells/kg
Medication e DOSE2 <5x10° cells/kg
Treatment The transduced T cells are administered intravenously over 5-10 minutes (entire
duration contents to be administered)
Number We aim to treat 5-10 patients
patients
Efficacy 1. Detection of GM-T cells (flow cytometry, quantitative PCR for HSVTK if
Assessments transduced cells <1% on cytometry)
2. Absolute CD4 count (Flow cytometry)
3. T cell repertoire analysis (TCR spectratype) and thymic output (TRECS)
4. T cell mitogen responses (PHA)
5. Production of endogenous antibody (IgM) ans tetanus specific vaccination
responses (if reconstituted and vaccinated at d +170)
6. Minumal residual disease (by PCR in the case of malignancy and where a
marker is routinely available)
7. Donor chimerism
Safety 1. Evaluation of Adverse reactions (AR/SSAR/SUSAR) and Serious Adverse
Assessments Events (SAE)

2. Replication Competent Retrovirus Testing RCR (Blood, Bone marrow)
3. Routine monitoting to include FBC, U+Es, LFTs

Trial duration

Children undergoing HSCT routinely undergo regular monitoring into adult hood. For
the majority of patients the period of followup will be 2 years post administration of
the transduced T cells

End of Study

The end of the study is defined as the last patient’s last scheduled visit according to
the protocol, which will be the 12 month followup of the last patient entered into the
trial.
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1. LAY SUMMARY

Bone marrow or blood stem cell transplantation is used to treat a wide range of life-threatening
conditions. T lymphocytes carried in the graft have powerful beneficial effects and play a vital role in
the eradication of leukaemia and in fighting infection, but can also damage healthy tissues and cause
graft-versus-host disease (GVHD).

To safeguard against GVHD, we propose modifying T cells to encode a ‘switch’ so that they can be
eliminated if problems arise.

Children receiving half-matched (haploidentical) transplants from a parent are most likely to benefit
from this strategy. At present these patients receive blood stem cells from a parent, but the T cells are
removed because the risk of serious GVHD is unacceptable. This means that they are much more
likely to suffer from life threatening infections or experience a relapse of leukaemia. We want to use
gene therapy to produce “safe” T cells which can be used to strengthen the transplant and prevent
these serious complications.
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2. OBJECTIVES OF THE STUDY

1. Transduction of donor T cells with a retroviral vector encoding a suicide gene/selection
marker fusion gene

2. Administration of genetically modified (GM) donor T cells to facilitate immune reconstitution

following haploidentical HSCT

3. Evaluation of T cell engraftment kinetics and stability

4. Elimination of GM-T cells using Ganciclovir in the event of GVHD

5. Longitudinal evaluation of clinical effect in terms of immune reconstitution, leukaemic relapse,

and survival.
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3. ROLE OF T CELLS IN HSCT
Allogeneic haematopoietic stem cell transplantation (HSCT) is used to treat a range of haematological

malignancies as well as primary immunodeficiencies, and certain metabolic disorders(1).
Approximately one third of candidates being considered for HSCT have a suitable HLA matched
sibling donor. Although matched unrelated volunteer donors are now available for upto 75% of
Northern Europeans, full matches are much more difficult to achieve for patients from other ethnic
backgrounds. Haploidentical parental and sibling donors are available for most patients, but major
immunological disparities between the donor and recipient may give rise to significant graft versus
host disease (GVHD). This is a T cell mediated phenomenon and is a major cause of morbidity and

mortality, limiting the wider application of HSCT.

3.1. GVHD following allogeneic HSCT
3.1.1 Definition

Acute GVHD usually arises within 2 months of allogeneic HSCT and is graded on the basis of skin,
liver and gastrointestinal involvement (See 6.5 for grading system). There are usually characteristic
histologically identifiable changes, including mononuclear infiltrates, architectural disruption and cell
death (2). Despite pharmacological immunosuppression to protect against GVHD, moderate to severe
GVHD has been reported in 25-60% of matched related transplants, and 45-70% of matched
unrelated HSCT (3).

GVHD is termed as chronic 100 days after transplantation, and may present with a variety
manifestations, involving virtually any organ system. Common complications include lichenoid
changes of the skin and mucous membranes, autoimmune phenomena, haematological cytopaenia

and cellular and humoral immunodeficiency (4).

3.1.2 Pathogenesis

The pathogenesis of GVHD is complex but the central role of donor T cells is well established (2).
Pre-transplant conditioning procedures initiate inflammatory processes leading to cytokine release
and up-regulation of adhesion molecules and MHC class Il molecules in the recipient. This enhances
the allo-activation of donor helper T cells, leading to the recruitment of cytotoxic T cells, natural killer
cells, and mononuclear cells. Cytokines such as IL-1 and TNFao mediate pathogenesis by inducing
cellular damage and further inflammation. Donor T cells may be directly activated by host derived
antigen presenting cells (APCs) or donor derived APCs that cross-present host antigens. APCs
provide crucial co-stimulatory signals leading to T cell cytokine production. Th; cytokines (Interferon-y
and IL-2) are important mediators of acute GVHD, whereas under certain circumstances Th,

cytokines (such as IL-4) may suppress GVHD (5).

3.1.3 Risk factors for GVHD

Risk factors for GVHD include Human Leukocyte Antigen (HLA) disparity, increasing age, viral
infections, reduced immunosuppression and the nature of the primary condition. HLA compatibility
strongly influences both the likelihood of sustained engraftment and the risk of developing GVHD. As

HLA-matched family donors are often not available, mismatched family donors and matched
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unrelated volunteer donors are increasingly being considered, and present an increased likelihood of

GVHD (6). It has been calculated that the risk of acute GVHD using a fully HLA-matched unrelated
donor equates to a one antigen mismatched related donor, and a one antigen mismatched unrelated
donor equates to a two antigen mismatched related donor (2). Female donors are occasionally
sensitized to Y-antigen minor histocompatibility antigens and in some studies have been associated
with a higher relative risk of subsequent GVHD. Older patients may present an increased risk of acute
GVHD and this may reflect a reduced potential for effective thymic education of T cells and a greater
likelihood of pathogen colonization. Donor and recipient seropositivity to Cytomegalavirus (CMV),
Herpes Simplex Virus (HSV) or Epstein Barr Virus (EBV) has been linked to increased GVHD, though
the mechanisms involved are not entirely clear (Ferrara et al, 1997). There may be an increased risk
of GVHD following peripheral blood stem cell therapy (PBSCT) compared to BMT, although the issue
remains controversial (7). Meta-analyses have suggested that the relative risk of acute GVHD is 1.13
and chronic GVHD is 1.5 for PBSCT compared to BMT, and this may reflect the increased number of

T cells carried in mobilised peripheral blood harvests (8).

3.2 Management of GVHD

A number of immunosuppressive agents are used for prophylaxis against T cell mediated adverse
effects, including Methotrexate, Cyclosporin, Tacrolimus and Mycophenylate Mofetil. Steroids are
widely used both as prophylaxis and treatment of GVHD having potent anti-inflammatory and
immunosuppressive effects. Depletion of T cells from the donor graft is the most effective way to
reduce GVHD, but is also associated with a number of adverse effects, and is discussed in detail
below. The likelihood of GVHD can be reduced if the intensity of the conditioning regimen is reduced,
for example by using non-myeloblative transplants. Less toxic preparative regimens are associated
with reduced tissue damage and cytokine release, and residual host T cells counter donor T cell

mediated effects (9).

In general the treatment of GVHD is centred on the use of immunosuppressive agents, such as
Prednisolone and Cyclosporin. Most mild cases of acute GVHD respond well to a course of
Prednisolone, in association with adequate serum concentrations of Cyclosporin. High dose
Prednisolone may be required for more severe cases, and occasionally treatment with Anti-
Thymocyte Globulin (ATG) is used. The use of such agents to control GVHD is associated with
infective complications, delayed reconstitution and prolonged periods of immunodeficiency (2). More
recently, the use of the monoclonal antibodies Infliximab and Dacluzimab, directed against TNFo. and

CD25 respectively, have been used with some success in steroid refractory GvHD (10;11).

3.3 Depletion of donor T cells from allogeneic grafts

The most effective strategy to prevent GVHD is the depletion of donor T cells (12). This can be
achieved through the in vivo use of monoclonal antibodies such as CAMPATH-1H. Alternatively, the
graft can be largely depleted of T cells if HSC are selected using CD34 based magnetic bead
selection systems (13). Patients transplanted with unmodified whole marrow typically receive around
10" T cells/kg. GVHD is unlikely if the inoculum has less than 5x10* CD3" cells/kg (14) and is more

likely to be encountered above 5x10° CD3" cells/kg (15). Direct comparisons between studies
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reporting varying rates of GVHD are difficult because of differences in methodology,

immunosuppressive regimens, and the underlying conditions being treated. For example, in HLA
identical sibling transplantation the incidence of grade II-1V acute GVHD has recently been reported at
between 4 and 11% following TCD transplantation (16). The International Bone Marrow Registry
(IBMTR) reported data from leukaemia patients undergoing related or unrelated or HLA mismatched
transplants and found GVHD rates of around 35% for TCD, and 57% for T cell replete grafts (17).
Others have reported that the incidence of GVHD in the HLA mismatched setting, using TCD grafts
combined with post transplant immunosuppression of around 16% (18) and, in one series, there were
no cases of significant GVHD (19). The incidence of hepatic and pulmonary dysfunction (independent
of GVHD) following TCD transplantation is also reduced compared to T cell replete transplantation,

and this may be a reflection of the deleterious effects of medications used for preventing GVHD (20).

Despite the advantages of TCD in preventing GVHD, organ dysfunction, and transplant related
mortality, this does not necessarily translate into improved long term. Limitations associated with TCD
include graft failure, delayed immune reconstitution and increased frequency of infective

complications including EBV-associated lymphoproliferative disease and relapse of malignancy.

3.3.1 Graft failure following T cell depletion

Graft failure may be an immediate, immune mediated rejection phenomenon or may occur following
partial engraftment within the first two weeks of transplantation. Delayed graft failure can arise after
several months and may be associated with donor-recipient sex disparity, older age, viral infection
and absence of immunosuppression (21). Graft failure using non-TCD allogeneic HSCT was
historically less than 5% in leukaemia patients (22;23). One large retrospective analysis in 1991
estimated that in HLA-identical transplants in leukaemic patients there may be a nine fold increased
risk of graft failure for TCD compared to T cell replete transplantation between HLA identical siblings
(24). In another report, approximately 30% of patients transplanted with T cell depleted mismatched
marrow from a related donor suffered graft failure (25). Graft failure most likely arises because
residual host lymphocytes are able to eliminate populations of donor cells. Donor T cells would
usually protect the graft by removing any host lymphoid cells that may have survived the conditioning
procedure, and this effect is lost in T cell depleted grafts. Approaches aimed at preventing graft failure
include the use of more intensive conditioning or pre-transplant immunosuppression, larger doses of

donor stem cells and less rigorous T cell depletion (2).

3.3.2. Delayed immune reconstitution

Transplantation is followed by a period of immunodeficiency often complicated by life threatening
infections. Recovery of lymphoid cells following allogeneic HSCT is usually sequential, with NK cells
emerging within 3 weeks, followed by B cells (3-6months) and T cells (3-12months) (1). Regeneration
of the T cell pool is known to occur via both thymic and non-thymic pathways. Studies in mouse
models have indicated that in recipients without a thymus, the T cell pool can regenerate exclusively
from peripheral expansion of memory phenotype donor T cells (26). The CD8 compartment usually
expands preferentially and the CD4:CD8 ratio may be inverted for many months after transplantation.
Recovery in TCD grafts is delayed in comparison to unmanipulated grafts (27), and the repertoire

limited (28) and functionally impaired (29). The impaired reconstitution of cellular immunity in the post
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transplant period results in an increased risk of viral infections and associated complications. For

example, the relative risk of Epstein Barr Virus (EBV) associated lymphoproliferative disease (LPD) is
estimated to be up to seven times greater in recipients of HLA identical T cell depleted grafts
compared to unmodified transplants (30;31). The observation that infusions of donor lymphocytes can
induce remission in some patients with EBV- LPD underlines the importance of a rapid recovery of T
cell immunity (32). Similarly, virus specific T cells can be generated ex-vivo and used to prevent or

treat infections such as EBV and CMV in the post transplant period (33;34).

3.3.3 Relapse of leukaemia

Patients who have undergone HSCT for malignancy may suffer relapse of the primary condition.
There is a 5 fold increased risk of relapse after TCD transplantation for Chronic myeloid leukaemia
(CML) compared to non-TCD transplantation (35); (36), although this is less pronounced in the
unrelated donor setting (37). In one landmark study, 2,254 patients receiving HLA-identical sibling
transplants for Acute myeloid leukaemic (AML), Acute Lymphoblastic Leukaemia (ALL) and CML
were grouped on the basis of T cell depleted and non-depleted transplantation after comparable anti-
leukaemia therapies (38). Patients developing acute and then chronic GVHD had the lowest rates of

relapse, whereas those with T cell depleted grafts were most likely to relapse.

3.4 Donor lymphocyte infusions

The pre-emptive infusion of donor T cells in the early post transplant period to support anti-tumour
effects has been hampered by a high incidence of GVHD but later donor lymphocyte infusions (DLI),
following relapse, have been more successful. A number of malignancies are susceptible to GVL
effects of donor lymphocytes. Most notably, DLI can achieve durable remission in patients with
chronic myeloid leukaemia (CML) who relapse into chronic phase disease after allogeneic HSCT (39-
42). Other susceptible haematological malignancies with similarly indolent kinetics have been
successfully treated using DLI, including Chronic Lymphocytic Leukaemia (CLL) and low grade
lymphomas (9). Acute myeloid leukaemia (AML) (43), Multiple Myeloma (44), Hodgkins Disease and
intermediate grade lymphomas are less susceptible but do respond to DLI (45). Anti-tumour
responses have also been demonstrated in patients with renal cell carcinoma (46) and some breast
cancer patients (47) following allogeneic HSCT. DLI therapy has not generally been successful in

more aggressive conditions such as high-grade lymphomas or ALL (48).

Following studies in canine models, DLI has also been advocated to convert stable mixed chimaerism
following HSCT into full donor chimaerism (49). Recently, the use of DLI following non-myeloablative
procedures was found to be of benefit for relapse of malignancy or persisting disease with acceptable
levels of toxicity (50). The major factor limiting the wider application of DLI is the development of
GVHD, in particular in the HLA mismatched setting. The use of DLI is associated with the
development of GVHD in 55-60% of chronic phase CML patients. In general, most responding
patients who achieve sustained remission develop some degree of GVHD. However, GVHD may
become severe (grades llI-1V) in around 13% and is estimated to cause fatal complications in
approximately 5% of subjects receiving DLI (51;52). Furthermore, DLI may precipitate pancytopaenia

in the host, and, although this is unusual, transient aplasia may develop in up to 5% of patients (53).
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DLI is generally not considered in the haploidentical setting because the risks of intractable GVHD are

unacceptable. Strategies to control the adverse effects of donor lymphocytes, whilst allowing

beneficial effects, would allow the use of donor T cells in the haploidentical setting
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4. T CELL SUICIDE GENE THERAPY
One approach, which has been recently deployed as a means of selectively targeting T cells involved

in GVHD, relies on the genetic modification of donor T cells to encode a suicide gene mechanism.
Suicide gene therapies rely on the conversion of a non-toxic prodrug into an active toxic form by a
gene-encoded enzyme system. This was first shown to be feasible as an anti-cancer strategy in 1986
in experiments which demonstrated that the genetic transfer of Herpes simplex thymidine kinase
(HSVTK) to tumour cells conferred selective chemosensitivity to Ganciclovir (GCV) (54). The system
has been used to control GVHD following HSCT in clinical trials using donor T cells transduced with a

retroviral vector to carry the HSVTK gene (55).

The ideal requirements for T cell suicide gene therapy and proposed mechanisms for delivering such

criteria have been reviewed, and are summarised in the Table below (56)

Requirement

Rationale

Mechanism

Stable integration of suicide
gene into host cell genome

Maintain expression of
suicide gene in daughter
cells following T cell division

Retroviral Vectors

High proportion of cells
expressing the suicide gene

Ideally all the infused cells
should carry the suicide gene
to ensure elimination of
clones causing GVHD

Inclusion of selectable markers
for the enrichment of
transduced cells

Stable expression over time
of a functional suicide gene

Retain susceptibility to
prodrug

T cell tropic constructs which
are resistant to silencing;
Elimination of splice variants

Absence of replication
competent vectors

Reduce risk of insertional
mutagenesis

Use of replication incompetent
virus

Retention of a complete
functional T cell repertoire

Preservation of T cell
function

Minimise ex-vivo activation and
manipulation

4.1. The HSVTK/GCV suicide gene system

The prodrugs GCV and Aciclovir (ACV) are anti-viral agents that are widely used for the treatment of
Cytomegalovirus (CMV) and Herpes Simplex virus infections. They are poor substrates for
mammalian nucleoside kinases but are efficiently phosphorylated to the monophosphate form by
Herpes Virus derived thymidine kinases. Further phosphorylation by cellular kinases results in the
production of toxic triphosphate derivatives that become incorporated into host cell DNA, leading to
the death of actively dividing cells (57). Binding of ACV-triphosphate leads to termination of DNA
elongation, whereas GCV-triphosphate causes base pair mismatches and DNA fragmentation.
Activated forms of both drugs inhibit cellular DNA polymerases and block DNA synthesis. The
HSVTK/GCV suicide gene system has been widely studied in a variety of tumour systems, including

central nervous system gliomas, prostate tumours and neuroblastomas (58).

4.2. Retroviral vectors

Recombinant viral vectors that have been rendered replication defective can be modified to encode
genes of interest and retroviral systems are of particular interest for gene delivery to haematopoietic
cells as the transgene is stably integrated into the target cell genome. This is essential for suicide
gene transfer to cell systems with a rapid turnover, because as daughter cells are produced they each

encode a copy of the transgene.
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The wild type retrovirus genome comprises a 7-11kb of linear, single stranded RNA that has a 5’cap
and 3’poly A structure. Three genes, gag (group specific antigen), pol (RNA dependent DNA
polymerase) and env (envelope), are flanked by short repeat (R) sequences and unique elements
that include reverse transcription enhancers and promoter sequences (termed U5 and U3). The
genome is encased in an icosahedral protein shell along with viral enzymes (protease, reverse
transcriptase, and integrase) and a matrix protein. The viral envelope comprises a spherical lipid
bilayer studded with glycoproteins derived from the infected virus-producing cell. The envelope
glycoproteins mediate adhesion to cell surface receptors, leading to fusion with the cellular
membrane. Following entry into the target cell, the viral genome is reverse transcribed from RNA to
DNA using the reverse transcriptase enzyme carried by the virus. Long terminal repeat (LTR) regions
are generated through the transposition and duplication of unique region sequences U3 and U5. As
the cell divides the nuclear membrane disrupts and the proviral DNA integrates into the host cell

genome.

Retroviral vectors reaching clinical evaluation to date have been derived from the Moloney Murine
Leukaemia Virus (MoMLV). A number of cis-acting sequences must be retained within retroviral
vector constructs including the 5’ un-translated leader region containing a packaging signal and the
outer regions of the LTRs, which are important for integration events. The primer binding site and
repeat sequences, required for reverse transcription, are also retained but other regions of the viral
genome can be excised and replaced by genes of interest of up to a maximum of 9kb in size.
Promoter sequences in the U3 region of the 5LTR can be used to drive transcription of the
transgene, or alternatively an internal promoter can be included. Modifications of such regions and
the primer binding site leader sequence have led to the generation of a variety of retroviral vectors
with increased tropism and sustained transgene expression in T cells. The missing retroviral structural
proteins are provided in specially constructed packaging cell lines that have been genetically modified
to produce gag, pol and env components. The vector proposed for use in this study is was
constructed by Fehse et al and incorporates a fusion protein combining HSVTK (splice site corrected)
and truncated CD34 (59) (described in section 5.1) as a bi-functional pro-drug activating and cell

selection system.

Truncated CD34 (tCD34), is an alternative splice variant of CD34 (a cell surface glycophosphoprotein
expressed on HSC and small vessel endothelia) which has a truncated cytoplasmic tail of just 16
amino acids and lacks protein kinase C signaling domains (60). Fehse et al. (2000) have previously
investigated the feasibility of using tCD34 to select retrovirally transduced T cells(61). They found that
cells engineered to express tCD34 could be readily enriched using magnetic beads conjugated to an
anti-CD34 antibody. The system has a major advantage in terms of both commercial and regulatory
considerations. Approved reagents and equipment suitable for the separation of cells based on CD34
expression are well established and are regularly used in the clinical setting for the selection of CD34"
HSC.
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4.3. PG13 packaging cell line

The PG13 is derived from the murine fibroblast line NIH 3T3 and provides the Murine Leukaemia
Virus (MLV) derived gag-pol components and the Gibbon Ape Leukaemia Virus (GALV) env cassette
in a split packaging system (62). The GALV envelope binds the sodium-dependent phosphate
symporter Pit-1 which is expressed at higher levels than Pit-2 (the amphotropic receptor) on
haematopoietic cells. GALV pseudotyped viruses do not infect murine cells and thus are unlikely to
lead to auto-infection of the packing cell line or multiple integration events which may otherwise lead
to recombination events with replicative components of the viral genome. Although there is a finite
risk of generating replication-competent retroviruses (RCR) from this cell line, this phenomenon has
never been reported. Screening of cells and vector stocks during production and after CD34+ cell
transduction will ensure that the clinical product is free from RCR and patients will be screened at

regular intervals after infusion of transduced cells.

The PG13 line has been used to produce vector for clinical use for trials of SCID-X1, ADA
deficiency and CGD in the UK. It has also been approved by regulatory authorities in the USA
for vector production. The clinical grade retroviral supernatant used for this study has been
prepared from a fully tested PG13 derived MCB, under GMP conditions, at Kings College
London (KCL).

4.4 Procedures for the transduction of T cells

Primary T cell transduction with retroviral vectors requires pre-stimulation of the cells sufficient to
cause cell division. The T cell mitogen PHA was used in early studies to induce primary T cell
proliferation and enhance retroviral infection (63;64). More recently anti-CD3 antibody alone (65-69)
or in combination with anti-CD28 antibody (70-74) has proven very effective. In addition a wide range
of supplemental Interleukin (IL-2), with concentrations ranging between 25 and 1000u/ml, have been
used. In our studies, primary T cells can be efficiently transduced following 48-72 hours activation
with anti-CD3 (OKT3) and anti-CD28 antibodies, in combination 30iu/ml of IL-2 (75).

The ex-vivo activation, transduction and selection (in particular extended selective culture for
antibiotic resistance) has been demonstrated to influence the repertoire and immunophenotype
distribution of T cells (76). Some investigators have reported a profound reversal of the CD4/CD8
subset ratio after stimulation with anti-CD3 and IL-2 (77) and skewing of the T cell receptor V3
repertoire. In contrast, activation with a combination of anti-CD3 and anti-CD28 monoclonal

antibodies appears to preserve the existing T cell receptor VB repertoire (78).

GALYV pseudotyped virus particles transduce T cells at high efficiency when used in combination with
retronectin (79). This is the active CH-296 carboxy-terminal chymotryptic moiety of fibronectin and
contains binding sites for integrins VLA-4 and VLA-5 (present on T cells) and a heparin-binding
domain, which interacts with cell surface proteoglycans. A number of in vitro studies have
documented enhanced retroviral transduction efficiency with the use of Retronectin. Clinical grade
Retronectin is available and in clinical studies Retronectin (RN) coated gas permeable bags have
been used to transduce HSC for the corrective gene therapy of X-linked severe combined
immunodeficiency (SCID-X1) and ADA deficiency.
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4.5 Animal studies

Animal models have been used to support the principle of T cell suicide gene therapy in vivo and to
evaluate protocols for the timing of T cell infusions and GCV administration following HSCT. A
transgenic mouse model in which a truncated, but functional, HSVTK gene is expressed in mature T
cells has been invaluable in ‘proof of principle’ studies (80). Infusions of transgenic T cells into
irradiated MHC mismatched allogeneic mice following bone marrow grafting induced GVHD. A 7 day
course of Ganciclovir treatment at the time of the T cell infusion was sufficient to prevent GVHD
without impairing haematological reconstitution. When chronic GVHD did develop in a small number
of animals it was responsive to further treatment with Ganciclovir. The GCV treated mice maintained a
pool of functional donor T cells that were tolerant to recipient alloantigens but responsive to third party

alloantigens.

The ability of donor T cells to facilitate engraftment and cause GVHD can be dissociated by
manipulating survival of allo-activated transgenic T cells through temporal variation of Ganciclovir
administration (81). Optimal outcomes were achieved by treatment with GCV on days 3-16 post-
infusion and reduced levels of GVHD were complimented by increased numbers of T cells in
subsequent weeks. It appears that most alloreactive donor T cells divide before non-alloreactive cells
and it is possible, at least in murine systems, to selectively eliminate the most harmful T cell fractions
through the timely administration of GCV (82). Similar observations have been reported by Kornblau
et al using retrovirally transduced murine T cells encoding HSVTK in an allograft model of GVHD, with
optimal survival in groups receiving GCV between days 7-13 post transplant (83). Experiments in a
murine transplant model of acute lymphoblastic leukaemia have also shown that donor HSVTK
modified T cells can eradicate leukaemic cells without causing GVHD if the timing of GCV

administration and dose of T cell incoculum are optimal (84).

A canine model of allogeneic bone marrow transplantation has been used to investigate the ability of
retrovirally transduced and ex-vivo expanded cytotoxic T cells (CTLs) to enhance engraftment in the
haploidentical transplantation setting (85). Donor-derived, recipient specific, CTLs were generated by
establishing a one-way mixed lymphocyte cultures with cells from Dog Leukocyte Antigen (DLA)
haploidentical littermates. Murine retroviral vectors encoding eGFP or rat nerve growth factor receptor
and Neo" gene, were pseudotyped with the GALV envelope and used to transduce the CTL
populations. Twelve DLA-haploidentical recipients received transplants of unmodified donor marrow
and CTLs (transduced or non transduced) after preparative total body irradiation (TBI) and in the
absence of any immunosuppression. The infusion of CTLs prevented graft rejection and there was no
statistical difference in engraftment between dogs receiving genetically modified and non-modified
CTLs, and similar levels of GVHD were observed in both groups. Similarly, HSVTK transduced canine

T cells have shown to retain allo-reactivity and were susceptible to GCV mediated elimination (86).

4.6 Human Clinical Trials of T cell suicide gene therapy
The first trial of HSVTK transduced T cells in humans was in patients with HIV infection. Genetically
modified autologous T cells specific for the HIV—-gag protein were administered to HIV infected

patients without any acute toxic complications (87). A retroviral vector based on the MLV and
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encoding a HSVTK/Hygromycin phosphotransferase fusion protein was used to transduce the cells

but it was later demonstrated that host cytotoxic T cell responses against the fusion protein resulted in

immune mediated clearance in 5/6 patients.

In 1997, Bonini et al. reported the results from a pilot study involving 8 patients who had relapsed
after allogeneic HSCT for malignancy or had developed post transplant Epstein Barr virus driven
lymphoproliferative disease (EBV-LPD) (88). A retroviral vector (SFCMM-2) encoding an
HSVTK/Neo" fusion protein and the cell surface marker, ALNGFR (truncated low affinity nerve growth
factor receptor), was used to transduce donor T cells. The group co-cultured donor peripheral blood
mononuclear cells (PBMC), activated with the mitogen phytohaemagglutinin (PHA), with an irradiated
amphotropic packaging cell line. Transduced cells were selected by immunomagnetic bead selection
using monoclonal antibodies to ALNGFR. Between 105/kg and 4x107/kg GM-T cells were given as
part of a dose escalating protocol (the threshold for causing GVHD is usually above 5x105/kg (89).
The percentage of circulating GM-T cells ranged between 0.0001% and 13.4%, and cells were
detectable over 20 months later. There were three complete responses and two partial responses
following the treatment. Three cases of acute GVHD were reported and 2/3 responded to a course of
GCV, with elimination of GM-T cells from the circulation. The third patient had extended multisystem
chronic GVHD, which did not respond to GCV therapy.

Ciceri et al (90) subsequently extended this experience in a phase I-1l, multicentre, non-randomised
trial of haploidentical stem-cell transplantation, and infused donor lymphocytes expressing the
herpes-simplex thymidine kinase suicide gene after transplantation. The primary study endpoint was
immune reconstitution defined as circulating CD3" count of 100 cells per uL on more for two
consecutive observations. 50 patients (median age 51 years, range 17-66) received haploidentical
stem-cell transplants for high-risk leukaemia. 28 patients received HSVTK-cells starting 28 days after
transplantation; 22 patients obtained immune reconstitution at median 75 days (range 34-127) from
transplantation and 23 days (13-42) from infusion. Ten patients developed acute GVHD (grade I-1V)
and one developed chronic GVHD, which wascontrolled by induction of the suicide gene. Overall
survival at 3 years was 49% (95% CI 25-73) for 19 patients who were in remission from primary
leukaemia at the time of stem-cell transplantation. No acute or chronic adverse events were related to
the gene-transfer procedure. Infusion of HSVTK cells was considered effective in accelerating
immune reconstitution, while controlling GVHD and protecting patients from late mortality after

haploidentical stem-cell transplantation.

A second group that has published results from pilot studies of T cell suicide gene therapy used
amphotropic virus supernatant-based gene transfer protocols (91). PBMC were activated with anti-
CD3 antibody and high concentrations of IL-2 (1000iu/ml). Transduced cells were selected on the
basis of Neo" gene co-expression and the transduction procedure required 12 days of ex-vivo
manipulation. Using the G1TkSvNa vector, the transduction efficiency before G418 selection, as
measured by quantitative PCR for Neo” was around 8%. After selection 87% of cells were sensitive to
GCV. Twelve patients with haematological malignancies underwent HLA-identical sibling BMT and
received infusions of between 2x10° and 2x10° GM-T cells/kg at the time of transplantation. Of three
patients who developed acute GVHD, two responded to GCV therapy and one required additional

treatment with steroids. One case of chronic GVHD also responded to GCV therapy. Resolution of
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GVHD was associated with a rapid reduction in the number of circulating GM-T cells. Although there

were no acute toxic side effects, three patients subsequently developed EBV-LPD. These subjects
were considered to be at high risk for developing EBV-LPD, on the basis of their age, the intensive
conditioning received, and the use of immunosuppressive agents. Overall, 4/12 patients were alive at
the time of publication (29-34 months post BMT), and circulating GM-T cells were detectable for over

800 days in some patients.

There have been limited reports from other groups undertaking clinical trials of T cell suicide gene
therapy. Burt et al. reported results from nine patients with relapsed haematological malignancies
after HSCT (92). One patient with cutaneous T cell lymphoma developed GVHD, which responded to
GCV therapy. The overall incidence of GVHD following T cell infusions was much lower than would
have been expected with non-transduced cell infusions and thus strategy of GCV mediated T cell

elimination was not fully tested.

4.7 Immune response to HSVTK

Immune responses against a fusion construct of HSVTK and hygromycin have been reported (Riddell
1996) and responses against the Neo" gene product was suspected in five of the patients treated by
Bonini et al.(93). This component was deleted in later vector constructs. Berger et al demonstrated
cell mediated responses against various HSVTK epitopes leading to clearance of gene modified T
cells in vivo (94). The majority of patients in this study will be profoundly immunosuppressed and are

unlikely to mount strong responses in the early post transplant period.

4.8 Ganciclovir Resistance

Partial resistance to GCV elimination was observed in initial clinical trials (95;96). PCR and southern
blot analysis has detected the presence of an alternative splice variant of HSVTK in T cells recovered
from a number of patients. Cells carrying this truncated, non functional, form of HSVTK accounted for
around 10% of the T cell population and were present as an increasing proportion following the GCV
elimination of the cells encoding full-length HSVTK (97). It was reported that cryptic splice donor and
acceptor sites within the HSVTK open reading frame were responsible for the generation of a
truncated, non-functional, splice variant form of the HSVTK in GCV resistant cells. The 227bp deletion
was detected in cell lines (9-15%) and primary cells (upto 10%) transduced with the SFCMM3 vector
(coding HSVTK and ALNGFR, and packaged using the GP+envAM12 amphotropic line) or the
G1TkScNa vector (encoding HSVTK and the neomycin resistance selection gene and packaged
using the PA317 line). It is postulated that alternative splicing events within the packaging cell line led

to the production of retroviral particles encoding the truncated HSVTK form.

The construct developed for our study has been modified to eliminate the cryptic splice sites
(and is termed splice corrected HSVTK or sScCHSVTK).

4.9 Functional potential of transduced T cells
Lower than expected rates of GVHD and infective complications observed in initial trials have raised

questions about the functional capacity of infused lymphocytes, and in particular their ability to
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mediate GVL and protect against viral infections. It has been proposed that the process of pre-

activation, exposure to retrovirus and selection of transduced T cells may influence subsequent
immune function. The nature of the mitogenic activation appears to be crucial. The use of anti-CD3
antibodies and IL-2, followed by G418 selection has been shown in vitro to impair anti-EBV potential
(98;99) and this has been borne out in one clinical study where a number of subjects developed EBV
related LPD (100). The addition of costimulation via anti-CD28 prevented culture related loss of EBV
reactive T cells, probably by inducing anti-apoptotic effects and prevention of activation induced cell
death caused by anti-CD3/IL-2 stimulation. The EBV reactive pool of T cells can also be better
preserved if the period of ex-vivo culture is kept to a minimum by using early immuno-magnetic based
selection for a co-expressed cell surface marker rather than using longer chemotherapy-selection
based selection protocols.

The impact of the initial activation stimulus is highlighted by CFSE tracking experiments
demonstrating how effectively cells are activated with anti-CD3/anti-CD28/30iu IL-2 (101). T cells
complete the first cycle of cell division between 48 and 72 hours, and by the end of the procedure, six
days later, cells have usually undergone over seven divisions. Phenotype analysis at this stage
shows that over 90% of cells express CD3 and a small number (2-3%) of natural killer cells of the
CD16+CD56" phenotype are seen. The CD4:CD8 ratio is usually reduced by the end of the
transduction procedure and as expected, the cells are highly activated with most expressing the
CD25 (IL-2 receptor-a) surface molecule. A majority of cells are of the memory phenotype
(CD45RO+CD27+).

Analysis of the T cell receptor complementarity determining region-3 (CDR3) size analysis
has been used to investigate the T cell repertoire before and after retroviral transduction. Reverse
transcriptase-polymerase chain reaction (RT-PCR) of RNA extracted from T cells allows
determination of the hypervariable VB chain CDR3 transcript length. Clonal expansion or deletion of T
cells can be detected through distortions of the usually Gaussian-like distribution generated for each
of the 24 Vf subfamilies. Skewing of the CD4 and CD8 V3 repertoire has also been noted in protocols
that used a combination of anti-CD3 antibody and IL-2 to preactivate T cells for retroviral mediated
gene transfer (102). The changes were not related to the process of retroviral transduction itself, but
rather to the activation procedure and length of ex-vivo culture. Using a combination of anti-
CD3/CD28/30iu IL-2, activated cells retain a Gaussian distribution and alterations in the T cell V
repertoire are not readily seen (103).

Studies in a rat model have suggested that the potential of activated and cultured T cells to
mediate GVHD is reduced, in particular if they are manipulated for more than 6 days. Weijtens et al.
investigated the potential of retrovirally transduced, ALNGFR-selected, rat T cells to mediate GVHD in
MHC mismatched transplantation (104). T cells activated with Con A, transduced and magnetically
selected within 5 days retained the ability to cause GVHD but cells cultured for longer than six days
had a reduced capacity to induce GVHD. Similarly, Kornblau et al. showed that murine T cells
activated using ConA and retrovirally transduced were prone to exhaustion if cultured for an extended
period (105). We propose the early selection of transduced cells using magnetic beads conjugated to
antibodies against the cells surface marker protein tCD34 (which is fused to the HSVTK suicide gene)
and resting of the cells in culture before re-infusion. This allows rapid selection and enrichment of
transduced cells and minimise the loss of functionality that has been associated with
extended culture periods.
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SUMMARY OF PREVIOUS CLINICAL TRIALS AND LIMITATIONS ENCOUNTERED

1. Clinical trials have established the feasibility of manipulating donor T cells ex vivo for the
purposes of retroviral transduction with a suicide gene
Administration of GM-T cells can treat relapsed leukaemia after HSCT
The elimination of GM-T cells encoding HSVTK using GCV has been demonstrated.
A small fraction of GM-T cells encoded a non-active splice variant of HSVTK that was
resistant to GCV

5. The pre-activation of T cells for retroviral transduction with PHA or OKT3 impaired their
subsequent function in vivo

6. In some patients, immune responses were generated against the GM-T cells

RATIONALE FOR THE NEW CLINICAL TRIAL

1. We plan to use an improved retroviral vector for stable, long term gene expression in T cells
of a scHSVTK/MACD34 fusion protein
Use of a splice corrected HSVTK gene reduce the risk of GCV resistant variants
Selection based on the truncated CD34 surface marker allows the use of existing clinical
grade CliniMACs cell selection systems and is highly effective

4. Acitivation of T cells with a combination of beads conjugated to anti-CD3 and CD28
antibodies is a more physiological stimulus and allows greater preservation of T cell
repertoire and functionality

5. All procedures to be performed in closed bag systems and using media free from non-human
serum.

6. We propose the elective use of programmed GM-T cell infusions after haploidentical
transplantation in children to boost immune reconstitution. These procedures are better

tolerated in children compared to adults.
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5. PROCEDURE FOR THE PREPARATION OF GM-T CELLS

5.1 Construction of retroviral vector

The retroviral vector backbone combines promotor elements from MPSV and a 5’ untranslated region
of MESV termed leader 71 (106). The vector encodes a suicide/selection fusion protein comprising
splice corrected HSVTK and truncated human CD34. It has been shown to highly efficacious for the
transduction, selection and GCV mediated elimination of human T cells. A schematic map of the
plasmid and the sequence of the construct are shown in Appendix 1. A similar vector has recently
been approved for use in a study of WT1 specific T cell receptor transfer in man (EudraCT: 2006-
004950-25; IMP: pMP71-WT1 TCR alpha-2A-beta-Cys1).

5.2. Production of GALV pseudotyped virus

The production of clinical grade virus supernatant to GMP standards was carried out at Kings College
London (KCL). A master cell bank comprising the PG13 packaging cell to pseudotype GALV
enveloped virus at a titres >10°/ml has been established. The virus supernatant and the master cell

bank undergoes comprehensive testing for RCR and microbiological contamination by Biorelance.

5.3. T cell Transduction

PBMC will be prepared by centrifugation of 300-500ml of whole blood or leucapheresis product
obtained from the donor. The cells will be resuspended at 10%ml in X-Vivo 10 supplemented with 10%
human AB serum and 100 iu/ml of recombinant human IL-2 (all of these reagents are available as
clinical grade materials). T cell activation will be carried out in clinical grade approved gas-permeable
closed bag systems (available from Miltenyi Biotec) using clinical grade (Dynal) microbeads
conjugated with anti-CD3 and anti-CD28 antibodies for 48 hours. The cells will then be counted and
resuspended at 10%/ml. Virus loading is performed by centrifugation of 50ml of viral supernatant in the
retronectin coated bag. 50 ml samples will be transferred to bags that have been previously coated
with Retronectin and pre-loaded with virus. The activated T cells will be exposed to viral supernatant

for 48 hours and then washed and resuspended in X-Vivo 10 (see Appendix 3 for sample protocol).

5.4. Efficiency of CD34 selection

Transduced T cells will be selected using the CliniMACs systems according to the manufacturers’
guidelines. This system is fully approved for human and is routinely deployed at our institute. Cells will
be coated with Miltenyi microbeads, conjugated to anti-CD34 antibody for 60 minutes in a closed bag
system. After washing, transduced cells will be magnetically selected and resuspended in X-VIVO 10.
Viable cells will be counted by trypan blue exclusion. An aliquot of cells will be stained with PE-
conjugated anti-CD34 antibody to assess the efficiency of the selection. If <90% of the selected

population express CD34, the sample will be subjected to a second round of selection.

5.5. Molecular analysis of transduced cells
Transduced cells will be retained for analysis of sites of retroviral intergration and serial samples
stored as indiacated on the monitoring schedule in Appendix 5. Integration site analysis will be

performed on batches of cells using LAM-PCR and high throughput sequencing.

Page 24 of 62 EudraCT:2005-001925-27



Suicide Gene Therapy 06-M1-04 Protocol Version 8 Dated:17/11/2011
5.6. Function of suicide gene

Suicide gene function in transduced T cells plated in triplicates using a 96 well plate will be assessed
by exposure to a gradient of Ganciclovir concentrations (0-100uM) over a 3 day period. The assay is
well established in our laboratory and uses spectrophotometric analysis to quantify cell viability based
on mitochondrial function. Survival of T cells transduced with HSVTK should be <20% at
concentrations of GCV 10uM using the MTT assay, and no viable cells should be detected on trypan

blue staining.

5.7 IMP Accountability and Traceability
HSVTK Transduced T cells will be manufactured in the GMP gene therapy loboratory, Great Ormond
Street Hospital for Children.

Accountability of the IMP at site will be responsibility of the Pl or delegate. Accountability logs will be

maintained at site to document shipment, receipt, storage, administration and destruction of all IMPs.

The site will ensure that there is a system in place to ensure traceability of the IMP to the patient.
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6. HSVTK TRANSDUCED DONOR T LYMPHOCYTE INFUSIONS FOLLOWING HAPLO-
IDENTICAL TRANSPLANTAION

6.1. Rationale

Almost all children and many adults have at least one haploidentical relative who may serve as a
donor T cell depletion, the likelihood of infective complications and relapse of malignancy remain
major obstacles. In Europe, longitudinal studies have calculated that the 3 year survival following HLA
mismatched HSCT for primary immunodeficiencies is approximately 54% for SCID and 42% for non-
SCID disorders (107). Survival at 18 months following haploidentical HSCT for childhood
haematological disorders is currently estimated to be around 44% (range 27-71%) (108). Outcomes
following haploidentical procedures in adult subjects are even poorer, often with less than 30% event
free survival (Aversa 1998). Donor lymphocyte infusions in the haploidentical setting has been
associated with GVHD and significant morbidity. Thus genetic modification of haploidentical
donor T cells with a suicide gene mechanism would allow them to be safely given after
transplantation to boost immune reconstitution and reduce the risk of serious infections,

disease relapse or graft failure.

6.2. Statement of Aims
To demonstrate that HSVTK GM-T cells safely improve cellular immune reconstitution in
children after haplo-identical HSCT

6.3 Patient population

We aim to treat 5-10 children in this study.

All patients with primary immunodeficiencies (including severe combined immunodeficiency, reticular
dysgenesis, combined immunodeficiency, Wiskott-Aldrich, CD40L deficiency, Chronic granulomatous
disease, Leukocyte Adhesion deficiency, Reticluar dysgenesis), Bone marrow failure syndromes
(including Fanconi anaemia, Dyskeratosis congenita, Diamond Blackfan, Schwachman, Kostmann,
Aplastic aneamia) metabolic diseases (Mucopolysaccharidoses, Osteopetrosis,
Adrenoleukodystrophy, Metachromic leukodystrophy, Gauchers disease) and haematological
malignancies (Acute and chronic myloid leukaemias, Acute lymphoblastic leukaemias and

mylodysplastic syndromes) undergoing haplo identical transplant will be eligible.

6.3.1 Inclusion criteria (as for HSCT)

1. Patients with primary immunodeficiencies or haematological malignancies at GOSH (children
of both sexes aged zero to 16 years) undergoing haplo identical transplant
Both patient (or parent/guardian) and donor must give informed consent in writing.
The donor must be willing, able and available for donation of cells by collection of whole
blood or leucapheresis.

4. The patient should be free of serious intercurrent illness.
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6.3.2 Exclusion criteria

Donor unfit or unavailable
Donor positive for Hepatitis B or C, or HTLV-1, or HIV

3. Patient receiving Ganciclovir, Aciclovir, Cidofovir a result of active CMV, adenovirus, varicella
zoster or herpes simplex infection infection

4. GVHD > grade Il before infusion of GM- T cells (see 6.6)

Serious intercurrent illness

6.4. Conditioning regimes

Conditioning will be tailored to each individual patient based on the underlying condition. The majority
of patients will receive a combination of the following agents.

Primary Immunodeficiencies/Metabolic diseases

Busulphan 14mg/kg (3.5mg/kg x 4)

Treosulphan 36-42mg/m?®

Melphalan 150mg/m2

Fludarabine 150mg/m2 (3Omg/m2 x 5)

Cyclophosphamide 200mg/kg (50mg/kg x 4)

ATG 20mg/kg (5mg/kg x 4)

Haematological diseases/leukaemia
Busulphan 14mg/kg (3.5mg/kg x 4)
Treosulphan 36-42mg/m?®

Fludarabine 125mg/m? (25mg/m? day -13 to -9)
Melphalan 150mg/m?

TBI 1440cGy (180 cGy x 2# day -8 to -5)
Cyclophosphamide 120mg/kg (60mg/kg day -3 to -2)
ATG 20mg/kg (5mg/kg day -5 to -1)

6.5 Harvest of donor T cells
Harvest of donor lymphocytes will performed by the transplant team and will follow standard operating

procedures for such collections

6.6.1 Time of GM-T cell infusion

Providing that there is no significant GVHD (grade Il or greater) infusions will start at D+1 (D O -7 allowed) post
haploidentical transplantation. The second dose will be given at least four to six weeks later after the first dose in
the absence of GVHD (grade Il or greater). If serotherapy has been used, it may be up to six week before the

anti T cell effects have lapsed and thus infusion of the first dose will be delayed until day 40-47.

The minimum time interval between patients treated with gene modified cells will be four weeks
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6.6.2 DOSE SCHEDULE AND ADMINISTRATION OF GM-T CELLS
GM-T cells will be given at a 1 month interval, providing that there is no significant GVHD

e DOSE1 <5x10* cells/kg
e DOSE?2 <5x10° cells/kg

Baseline observations will be recorded, including blood pressure before infusion of GM-T cells and then at 15
minute intervals until administration is completed.

The cells will be transduced fresh and then cryopreserved for doses 1 and 2. The cryopreserved GM-T cells
stored in bags will be sequentially thawed on the ward in a water bath. The cells will be infused over 5-10
minutes through a large vein peripherally or centrally through a Hickman line. In the event of any adverse
reactions, chlorpheniramine and hydrocortisone will be given, as well as oxygen and salbutamol in the event of

respiratory distress.

The second dose will be given one month after the first if the CD4 count remains <200 cells/ul (the level below
which opportunistic infections are likely). Cells will only be given in the absence of GVHD (grade 2 or greater).
The criteria for dose escalation is derived from other studies in the haploidentical setting using gene modified or

allo-depleted cells in children.

Observations will continue at regular intervals for a minimum of 2 hours following infusion of the IMP. This is

routine practice after blood and cell products.

Dosing will be limited to two infusions of gene modified T cells. Further doses will not be given if the CD4 count

remains below 200 after the second infusion.

6.7 Treatment of subsequent CMV infection

Whole blood PCR will be performed as part of a routine program of monitoring for CMV, In the event of rising
CMV viral loads on two consecutive occasions treatment will be initiated with Foscarnet. If the viral load
continues to rise, Ganciclovir therapy will be initiated. This is likely to lead to the elimination of GM-T cells. Once

CMV infection has been controlled, further infusions of GM-T cells may be indicated.

6.8 GvHD

GVHD will be scored according to the following criteria (Seattle)

STAGE SKIN RASH BILIRUBIN DIARRHOEA

I <25% 25-40 mmol/L 0.5-1.0L/day

Il 25-50% 40-74 1-1.5

1 Generalised 75-200 >1.5

v Erythroderma, >200 As above with pain or
vesicles, exfoliation ileus

Individual patients will not receive the second dose if GVHD of grade Il or greater has developed

The trial will be stopped in the event of GVHD that is not controlled with GCV therapy on the following basis.
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No of patients on | 4 5 6 7 8 9 10
trial

No of patients | 1 1 2 2 2 3 3
presenting  with

GVHD after GCV

In previous clinical studies 1 of 3 patients treated with GCV had resistant GVHD, and with the improvements we

have incorporated we anticipate much lower rates of refractory GVHD.

6.8.1 GVHD prophylaxis
Cyclosporin A (CsA) 3mg/kg starting day —1. Cyclosporin should have been discontinued at the time of infusion
of GM-T cells. If not then the CyA dose will be tapered over 4 weeks (as long as GvHD does not develop) to

improve T cell activity

6.8.2 Treatment of GVHD

In the event of grade Il or Ill aGvHD patients will be given intravenous ganciclovir 5mg/kg b.d. If the condition
progresses within 48 hrs or fails to improve within 7 days then 2mg/kg/day of methyl prednisolone will be given.
In the event of grade IV GVHD a combination of Ganciclovir and methyl-prednisolone will be given. Further
immunosuppression including additional prednisolone, CyA, Sirolimus, MMF, Tacrolimus, Methotrexate may be

added at the discretion of the attending physician.

6.9 Clinical care
Great Ormond Street hospital for children has 9 in patient beds dedicated to children undergoing HSCT. In
addition, there are over 30 beds for patients with primary immunodeficiencies, haematological disorders and

malignancy. Day to day clinical management will be provided by the BMT medical and nursing teams

6.10 Laboratory follow-up
6.10.1 Routine monitoring
This will be performed as indicated in Appendix 5. This will include:
i. Measurement of full blood count, electrolyte profile, liver function tests, C-reactive protein.
ii. Surveillance for CMV,EBV and Adenovirus using quantitative PCR
iii. Analysis of donor chimaerism using PCR detection of polymorphic micro-satellite markers in sex
matched transplants and FISH detection of X or Y chromosomes in sex mismatched procedures
iv. Quantification of tumour cell burden (Minimal residual disease, MRD) using PCR or cytogenetic
analsysis
V. Analysis of T cell receptor repertoire and diversity

Vi. Analysis of anti—viral T cell immunity

6.10.2 Tracking T cells

Blood will be collected (10-20ml, maximum 1ml/kg) before and after each infusion of GM-T cells, and at monthly
intervals thereafter

Flow cytometry will be used to identify CD3'CD34" GM-T cells, and such cells will be further characterised for

memory or effector phenotypes based on the expression of CD45R0O, CD27 and CCRY7.
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Quantitative PCR based analysis will be used to detect GM-T cells if the frequency of cells detected by flow

cytometry is <1%.
If patients undergo tissue biopsy as part of their clinical management, samples will be analysed by immuno-

staining for the presence of CD3'CD34" T cell infiltration.

6.11.0utcome measures
The_endpoint of the study will be 12 months after administration of the final dose of gene modified cells.
Laboratory studies outlined in section 6 will be used to establish the following specific measures of outcome:

1. Percentage of donor cell engraftment (chimaerism studies)

2. Kinetics of T cell reconstitution (CD4+ cells >300/mm?®, CD3+ cells>500/mm3), mitogen responses and
antigen specific immune recovery. Kinetics of B cell recovery as indicated by endogenous
immunoglobulin production (IgM)

Virus specific T cell immunity as measured by tetramer specific T cells and ELISPOT analysis
T cell repertoire (by spectratype and Vp repertoire analysis)

Incidence of GvHD following GM-T cell infusion

Efficacy of Ganciclovir in treating GvHD

Frequency, severity and duration of infective complications

Disease activity (MRD)

© ® N o g &> w

Survival at 12 months post transplant

A positive result for this study would be demonstrated if patients achieve stable full donor chimerism, reconstitute
T cell immunity (CD4>300) and clear viral reactivations and do not suffer relapse of malignacy. In addition,
successful exploitation of the suicide gene mechanism will be determined by successful control of GVHD with

the prodrug Ganciclovir.

6.12. Withdrawal/Replecement of individual subjects

A patient can withdraw or be withdrawn from protocol treatment in the study at any time from enrolment until the
transduced T cells have been administered. Subjects who wish to discontinue from the study at any time are free
to do so. However the reasons for discontinuation should be documented by the investigator if possible. Patients
who withdraw from the study after administration of the transduced T cells will be encouraged to have follow-up
investigations so that the consequences of the administration can be documented and analysed. Any patient

withdrawn prior to administration of transduced T cells will be replaced in the study.

6.13. Off study criteria

A patient will be considered off study under the following circumstances:

1. The patient is withdrawn from the study prior to administration of transduced T cells
2. The patients/parent/guardian withdraws consent for study procedures and data collection.
3. The patient is lost to follow-up.

6.14 Follow-up of withdrawn subjects
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Patients withdrawn from the study prior to administration of transduced T cells and patients for whom consent

has been withdrawn for the study, will resume normal clinical care. Efficacy and safety assessments will not be

carried out from the point of withdrawal and data will not be recorded in the Case report forms (CRFs).

Premature termination of the study
Termination of the study will occur under the following circumstances:

a) Expiry or exhaustion of vector stocks
b) Overall stopping of trial after consultation with Gene Therapy Advisory Committee (GTAC) and the
Medicines and Healthcare products Regulatory Agency (MHRA) (i.e. due to SUSARS occurring on trial).

6.15. Statistical considerations

A maximum of 10 patients will be enrolled into the trial and all evaluable patients will be included in any
analyses. Formal statistical analyses is not possible in this small cohort of diverse patients, therefore data
analyses will be descriptive in nature.
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7. SAFETY

7.1 Risk to the donor

7.1.1 Leukaphaesis/Blood donation

Collection of lymphocyte by leukapharesis requires the insertion of two large bore cannulas. A local anaesthetic
will be applied to minimise discomfort. There is a small risk of localized bruising at the site of cannulation. The
volume of sample collected will be around 250ml on two consecutive days. Collection of blood (300-500ml) may

cause localized bruising.

7.2 Risks to the recipient

7.2.1 Risks of insertional mutagenesis

In humans, there have been over 40 clinical trials involving retroviral gene delivery involving hundreds of
subjects without reports of adverse insertional events (109). Following retroviral gene therapy for SCID-X1
leukaemic changes in five infants who had received autologous HSC transduced to express the IL-2 common-y
chain. In most cases, retroviral insertion close to the LIM domain only-2 (LMOZ2) gene, a known T cell oncogene,
is thought to have induced uncontrollable proliferation of HSC derived lymphoid progenitor cells (110-113). It is
at present unclear whether in these subjects the adverse impact of the insertional localisation was compounded
by signals mediated by the common-y chain transgene(114-116). Furthermore, in this group of profoundly
immunodeficient patients, abnormal T cell clones may have escaped immune surveillance within an environment

supportive to rapid expansion.

A murine model has recently been employed to investigate insertional mutagenesis following the retroviral
transduction of HSC. The combinational effect of insertional activation of proto-oncogenes and other signalling
genes was confirmed and an association with high copy number established (117). In both human and animal
studies, retroviral insertional mutagenesis has only been observed in studies involving the modification of HSCs.
Importantly, there have no reported cases of insertional mutagenesis in patients followed-up over an extended
period following treatment with retrovirally transduced mature lymphocytes. Children treated for Adenosine
deaminase deficiency with infusions of gene modified T cells have been shown to have detectable numbers of
circulating T cells over a decade after undergoing gene therapy (118). Long-term persistence of GM-T cells has
also been reported in previous trials of T cell suicide gene therapy (119) with no reports of leukaemic
transformation of the manipulated cell populations. It should be emphasised that the use of vectors encoding a
suicide gene confers an inherent safety mechanism and provides important protection against the uncontrolled

proliferation of cells with leukaemic potential.

7.2.2 Risks of using a truncated CD34 selection marker
There is a possibility that tCD34 has potential to alter signalling in T cells or direct tissue homing. However, in
murine models there is no evidence that tCD34 expression of T cells alters function or influences homing

patterns.

7.2.3 Germline transmission of vector sequences

T cells are manipulated and transduced ex vivo, and extensively washed prior to re-infusion. No viral particles
should be present in the T cell inoculum given to patients. The risk of gene transfer to other tissues, including
gonads, is considered to be negligible and has not been seen in other clinical retroviral vector based studies.
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7.2.4 Quality control of harvest and transduction process

Manipulation of cells ex vivo is potentially associated with contamination. However, all manipulations will be
undertaken in a dedicated clinical gene therapy laboratory which has been built at the Institute of Child Health
and Great Ormond Street Hospital NHS Trust and which has been used for our gene therapy studies on X-SCID
and ADA deficiency. All manipulations will follow clinically acceptable guidelines. To minimise contamination,
procedures are conducted within closed culture bag systems and cells are selected using the clinically approved

Miltenyi Biotech Clinimacs system. Cells will be tested for microbial contamination prior to re-infusion.

7.2.5 Handling of transduced cells

The reports from clinical gene transfer studies and our own experience shows that the infusion of cultured and
gene altered autologous blood progenitors is not associated with any significant reactions. There have been
some cases of moderate allergic reactions including temporary drops in blood pressure and trouble breathing
that may have been a result of trace amounts of substances (particularly the bovine serum components) present
in the culture medium. In this study, the medium used to culture T cells is free of animal serum. (X-VIVO10/ 10%
human AB serum). Extensive washing of cells before infusion will further reduce the risk of reactions to
components in the culture medium. However, infusion of any type of blood cell product can be associated with
reactions resulting from clumping of these cells or other immediate reactions related to sticking of these cells to
blood vessels in the lungs. Reactions are treated by stopping the infusion and providing oxygen, antihistamines,
steroids and medications or fluids to increase blood pressure. One of the important safety features of this gene
therapy protocol is that T cells will be cultured in a sealed bag culture system. Gram stains and routine cultures
will be performed on cell samples the day before infusion and on the day of infusion. If microorganisms are

detected, the procedure will be immediately terminated.

7.2.6 Lack of GM-T cell efficacy
Poor clinical responses following the administration of GM-T cells may indicate sub-optimal efficacy of the GM-T
cells. This may be suspected under the following circumstances:-
i. Increase in tumour burden despite GM-T cell infusions under the dose escalation program
ii. Reduction in the percentage of donor cell engraftment on two consecutive occasions despite the dose
escalation program
ii.  An increase in viral load on three consecutive occasions for CMV, EBV or Adenovirus as detected on
PCR based surveillance following the infusion of GM-T cells and despite the administration of antiviral

agents (other than Ganciclovir).

Infusion of a non-modified DLI will be offered to patients in whom the efficacy of GM-T cells is considered to be

sub-optimal and who have not suffered from GVHD>grade II.

7.2.7 Failure of HSVTK/GCV system
In the event of GVHD > grade Il, GCV will be administered and actively dividing T cells should be eliminated with
an improvement in clinical condition. Non-improvement in the severity of GVHD may represent a failure of the

HSVTK/GCV system. A sample of GM-T cells will be collected from the patient and tested in vitro against a
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gradient of Ganciclovir concentrations. The patient will be treated with additional immunosuppressants at the

discretion of the attending physician to control GVHD.

7.2.8 Unexpected events or outcomes
If GM-T cells are suspected of causing complications or toxicity that can not be attributed to any other cause,

GCV therapy will be initiated. All such events will be immediately reported as detailed in chapter 8.

7.3. Public Health Considerations
T cells are transduced ex vivo in a closed culture system. The vector does not contain replication competent
viruses, and will not be shed from transduced cells. The potential for transmission of vector sequences to other

persons is therefore extremely small.

7.4. Good Clinical practice & and ethical issues

Good Clinical Practice

The study will be conducted in accordance with the UK legislation on clinical trials, International Conference on
Harmonisation (ICH) for Good Clinical Practice (GCP) E6(R1) and the appropriate regulatory requirement(s).
Essential clinical documents will be maintained to demonstrate the validity of the study and the integrity of the
data collected. A Trial Master File (TMF) will be established at the beginning of the study, maintained for the

duration of the study and retained according to the appropriate regulations.

Ethical Considerations

The study will be conducted in accordance with ethical principles founded in the World Medical Association
Declaration of Helsinki, Ethical Principles for Medical Research Involving Human Subjects (found at
http://www.wma.net/e/). The independent ethics committee GTAC will review all appropriate study
documentation in order to safeguard the rights, safety and well-being of the patients. The protocol, Investigator’'s
Brochure(s), informed consent, written information given to the patients, safety updates, annual progress reports,

and any revisions to these documents will be provided to GTAC by the investigator.

7.5. Safety monitoring

We have not set up an Independent Monitoring Committee, however the safety aspects of the trial are monitored
closely by the Chief Investigator and various trial staff, ans are ducsussed at monthly Trial Meetings. Urgent
Matters (i,e, SAEs are discussed immediately in an appropriate forum and later the entire team is updated at

these regular meetings.
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8 RECORDING AND REPORTING OF ADVERSE EVENTS

8.1 Definitions

Adverse Event (AE)

This is defined as any untoward medical occurrence in the patient administered an IMP that does not necessarily

have a causal relationship with this treatment.
Adverse Reaction (AR)

This is defined as any untoward and unintended response in a subject to an IMP, which is related to any dose

administered to that subject.
Serious Adverse Event (SAE)

A serious adverse event is defined as any untoward medical occurrence in the patient administered an IMP,
which does not necessarily have a causal relationship with this treatment, and that at any dose:

« Results in death

« s life threatening

« Results in persistent or significant or disability/incapacity

« Requires in-patient hospitalisation or prolongs existing hospitalisation

« Results in a congenital abnormality or birth defect

« Medically significant (i.e. any event which the investigator considers significant but which is not covered by

the above.)

Suspected Serious Adverse Reaction (SSAR)

This is defined as an adverse reaction that is classed in nature as serious and which is_consistent with the

information about the IMP in question as set out in the Investigators brochure.

Suspected Unexpected Serious Adverse Reaction (SUSAR)

The definition of a SUSAR is a serious adverse drug reaction, the nature or severity of which is not consistent
with the applicable product information (Investigators brochure) or which adds significant information on the

specificity or severity of an expected event.

8.2 Causality assessment

When recording and reporting adverse events the relationship of that event to the medicinal product should be

determined according to the following classification.

Not Related: the adverse event is not reasonably related to the medicinal product /

intervention - or another cause can itself explain the occurrence of the event

Unlikely Related: the adverse event is doubtfully related to the medicinal product / intervention but

can't be fully ruled out.
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Possibly Related: the adverse event is reasonably related to the medicinal product / intervention,

but the event could have been due to another, equally likely cause

Probably Related: the adverse event is reasonably related to the medicinal product / intervention,
and the event is more likely explained by the medicinal product / intervention

than by any other cause

Definitely Related: the adverse event is clearly related to the medicinal product / intervention and
there is no other cause to explain the event or a re-challenge (if feasible) is

positive

Events assessed as possibly, probably or definitely related to the cell therapy are considered adverse

reactions (ARSs).

8.3 Expectedness evaluation

The expectedness of an SAE/SSAR will be determined with reference to the Investigators Brochure. The event
will be considered unexpected if it is not listed in the IB or if it adds significant information on the specificity or
severity of an expected event. Sometimes, unexpected adverse drug reactions and unexpected serious adverse
events become ‘expected’ during the trial, in which case the protocol will be amended and such events would not
need reporting. The Sponsor and Chief Investigator and Data Monitoring Committee, will determine whether any
events become ‘expected’ during the course of the trial and apply for MHRA and Ethics Committee approval for

a substantial amendment.

8.4 Recording adverse events
At each scheduled visit, adverse events that might have occurred since the previous visit or assessment will be

elicited from the patient/parent/guardian.

The investigators will maintain a record of all adverse events/occurrences in patients participating in the
clinical trial. This record will be noted in the patient’s medical notes.

Adverse events that have a causal relationship to the IMP (ARs) and SAEs will be recorded on the AE reporting
section of the CRF. Occasions may arise where an independent medical expert opinion is required. For example
when assess ‘relatededness’ of the IMP to and event which may influence the outcome of the clinical trial. In
such an event an independent clinician will the review the data and make decision. Two paediatricians are
named below who have agreed to act in such a capacity:

Dr Robert Wynn, Consultant Paediatric Haematologist, Director Bone Marrow Transplant Unit
Royal Manchester Children's Hospital

Oxford Road

Manchester

M13 9WL

0161 701 8417

Professor Irene Roberts
Professor of Paediatric Haematology
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Department of Haematology, Division of Investigative Sciences Hammersmith and St Mary's Faculty of
Medicine Imperial College of Science, Technology and Medicine Hammersmith Hospital Du Cane Road
London W12 ONN
Tel: 0208 383 2163/4017

8.5 Reporting serious adverse events (SAE)

Events defined as serious will be reported in as much detail as possible to the sponsor (GOSH R&D office)

within 24-48 hours of the investigator observing or learning of the event, unless a longer timeframe has been

specified below (see front cover for sponsor contact details).

This notification will be recorded on the sponsors SAE report form and faxed within the reporting timelines.

The Investigator may be asked by the sponsor to provide follow-up information which should be reported on

Sponsor follow-up form.

Serious adverse events ‘related’ to the protocol treatment will be followed up until resolved or considered stable
(see section 11.2 Causality assessment). Follow-up will take place during hospital visits or by telephone should

the patient’s period of treatment/follow-up at GOSH terminate.

8.6 Expedited reporting of SUSAR

SAE reported to the sponsor that is evaluated by the Investigator as related to the IMP and unexpected will be
reported to the regulatory authorities (MHRA) and the ethics committee (GTAC) by the sponsor within the

expedited reporting timelines:

Fatal or life threatening SUSARS:
not later than 7 days after the sponsor has information that the case fulfills the criteria for a fatal or life

threatening SUSAR, and any follow up information within a further 8 days.
All other SUSARs:

not later than 15 days after the sponsor for pharmacovigilance has information that the case fulfills the criteria
for a SUSAR.

8.7 Annual safety report

Within 60 days of the anniversary of the clinical trial authorisation (CTA) date an annual safety report will be sent
to MHRA with copy to GTAC.

8.8 Expected adverse events

The following SAE’s are considered related to haploidentical transplantation
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1. Death from complications of the disease process

2. Hospitalisation from complications of the disease

3. Prolonged hospitalisation from complications of the disease

The following adverse events are expected after haploidentical stem cell transplantation

© © N o g > w D

10.
11.

12.
13.

Cytopaenias (either autoimmune, drug-induced or due to hypoplastic graft) with resultant need for
transfusion, risk of bleeding and infection

Infections (bacterial, fungal and viral)

Idiopathic pneumonitis

Veno-occlusive disease of the liver

Thrombotic thrombocytopaenic purpura

Seizures related to hypertension/ electrolyte imbalance/drugs

Haemorrhagic cystitis

Exacerbation of pre-existing enteropathy/pneumatosis intestinalis

Toxicities related to drugs given independent of the study including derangement of electrolytes,
renal and liver function, hypertension

Rejection/secondary graft failure

Acute and chronic graft-versus-host disease occurring prior to or more than 8 weeks after infusion of
transduced CTL

Mixed chimerism

Relapse of malignancy

The following AEs are considered expected reactions that could occur following administration of gene

modified T cells:

A w D PE

Lymphoproliferation due to insertional mutagenesis (SSAE)

Chills/fevers/rigors at time of infusion

Graft versus host disease

Cytopenia

Time-lines for reporting expected SAE/Rs to the sponsor:

All expected SAE/SSARs (except those identified as critical to the safety evaluation of the study, see below) will

be reported to the sponsor using the sponsor SAE form within 30 working days of the investigator becoming

aware of the event.

Medically important events considered critical to the safety evaluation of the study:

Abnormal transgene related lymphoproliferation (i.e. in the absence of viral reactivation) is considered critical to

the safety evaluation of the study and will be reported immediately (within 24-48hrs) to the sponsor using the
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sponsors SAE form. Such events will be reported to the regulatory authorities (MHRA) and the ethics committee

(GTAC) by the sponsor within the expedited reporting timelines stated.
Patients undergoing HSCT are monitored long term, often for life. As a minimum there will be annual monitoring,

and any emergence of lymphoproliferative disease will be reported to the sponsor, GTAC and MHRA in the

same way as during the study.
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9. ADMINISTRATIVE ASPECTS

9.1 Data Handling, Record Keeping, Sample Storage

CRF completion: Selected data will be recorded on study specific case report forms (CRF’s). The CRFs will be

completed in black ink only, by personnel authorised to enter or change data on the CRF.Corrections can be
made by striking out errors, with a single stroke, and not using correction fluid or obscuring the original entry. The
correct entry must be entered by the side and initialled and dated by the person authorised to make the
correction.Clinical and Research laboratory results will be held electronically in the GOSH pathology system. The

CRF will document when the patient samples have been taken and when tests have been carried out.

9.2 Sample storage

A record of retained body fluids / tissue samples will be completed every time a sample is stored. This includes
the patient trial identification number initials, date sample was stored, and storage location as well as the date

the sample was moved or destroyed.

Samples (Cells, DNA & RNA) will be stored pre cell therapy and at regular intervals post cell therapy, and kept
indefinitely at the bone marrow laboratory GOSH (or alternative approved location). Should it be required,
samples will be disposed of in the appropriate manner according to local GOSH procedures, this will be detailed

in the parent/guardian information sheet and consent obtained.

9.3 Record retention

Essential documents will be retained for a minimum of 25 years after completion of the trial. These documents

will be retained for longer if required by the applicable regulatory requirements or the sponsor.

Records related to traceability of the IMP at site along with the patient identification code list will be retained at

site for atleast 30 years from the expiry date of the HSVTK transduced cells.

The sponsor (or Cl if delegated) will retain a copy of the final clinical trial Protocol and Investigator Brochure
along with the traceability records for the trial for atleast 30 years from the expiry date of the HSVTK transduced

cells.

9.4 Patient confidentiality
In order to maintain patient privacy, all CRFs, IMP accountability records, study reports and communications will

identify the patient by the assigned unique patient trial number, initials and date of birth.
Direct access to the patient’s original medical records for verification of data gathered on the CRFs and to audit

the data collection process will be permitted for trial-related monitoring & audits by the sponsor, REC review, and

regulatory inspection(s).
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9.5 Monitoring & Audit

The trial will be monitored and audited by the trial sponsor (GOSH) according to their Standard Operating

Procedures.

9.6 Amendments to study documents

Amendments are changes made to the research after a favourable opinion by the independent ethics committee

and regulatory authority has been given.

A ‘substantial amendment’ is defined as an amendment to the terms of the ethics committee or Clinical trial
authorisation (CTA) application, or to the protocol or any other supporting documentation, that is likely to affect to

a significant degree:

e the safety or physical or mental integrity of the subjects of the trial;
e the scientific value of the trial;
¢ the conduct or management of the trial; or

¢ the quality or safety of any intervention used in the trial.

All substantial amendments will be firstly reviewed by the sponsor and then notified to GTAC and the MHRA.

Approval (where applicable) will be obtained prior to implementation of any changes.

Non-substantial amendments will not be notified to GTAC and the MHRA, but will be recorded.

9.7 Definition of end of study & end of study report

The sponsor will notify GTAC and the MHRA of the end of the study within a period of 90 days.

The end of the study is defined as the last patient’s last scheduled visit according to the protocol, which

will be the 12 month followup of the last patient entered into the trial.

In case the study is ended prematurely, the sponsor will notify GTAC and the MHRA within 15 days, including

the reasons for the premature termination.

Within one year after the end of the study, the investigator/sponsor will submit a final study report with the results

of the study, including any publications/abstracts of the study, to GTAC and the MHRA.

9.8 Insurance & indemnity

Cover for negligent harm will be provided by the Great Ormond Street Hospital for Children NHS Trust through
the Clinical Negligent Scheme for Trusts (CNST). No-fault compensation insurance cover for any non-negligent

harm will be provided by University College London (UCL).
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9.9. Dissemination of results

Results of this study will be disseminated by publication, oral presentation at scientific meetings, and by direct

communication with regulatory agencies.
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APPENDIX 1: MSCV-HSVTK/CD34 VECTOR

The critical raw material is a retroviral vector called MSCV-HSVTKCD34. There is no recommended International
Nonproprietary Name (INN). The MSCV retroviral vector incorporates long terminal repeat (LTR) sequences
from MPSV and a leader sequence from MESV. The vector is pseudotyped with the GALV envelope.

MSCV: Murine stem cell virus

MESV: Murine embryonic stem cell virus

MPSV: Myeloproliferative sarcoma virus

tCD34: Truncated CD34

SCHSVTK: Splice corrected Herpes simplex thymidine kinase
GALV: Gibbon ape leukaemia virus

The full sequence is provided.

MESV
Leader 71

tCD34/scHSVTK fusion

MPSV MPSV

1 AGCTTAACAC GAGCCATAGA TAGAATAAAA GATTTTATTT AGICTCCAGA AAAAGGGGGG
61 AATGAAAGAC CCCACCTGTA GGTTTGGCAA GCTAGCTTAA GTAACGCCAT TTTGCAAGGC
121 ATGGAAAATA CATAACTGAG AATAGAGAAG TTCAGATCAA GGTTAGGAAC AGAGAGACAG
181 CAGAATATGG GCCAAACAGG ATATCTGIGG TAAGCAGTTC CTGOCCCGGC TCAGGGCCAA
241 GAACAGTTGG AACAGCAGAA TATGGGCCAA ACAGGATATC TGTGGTAAGC AGITCCTGCC
301 COGGCTCAGG GOCAAGAACA GATGGTCCCC AGATGOGGTC COGCCCTCAG CAGTTTCTAG
361 AGAACCATCA GATGTTTCCA GGGTGOCCCA AGGACCTGAA ATGACCCTGT GCOCTTATTTG
421 AACTAACCAA TCAGTTCGCT TCTCGCTTCT GITCGCGOGC TTCTGCTCCOC CGAGCTCAAT
481 AAAAGAGCCC ACAACCCCTC ACTCGGCGCG CCAGTCCTCC GATAGACTGC GTCGCCCGEG
541 GTACCCGIGT TCTCAATAAA CCCTCTTGCA GITTGCATCC GACTCGIGGT CTCGCTGITC
601 CTTGGGAGGEG TCTCCTCTGA GTGATTGACT GCCCACCTCG GGGGTCTTTC ATTCTCGAGC
661 AGCTTGGCGT AATCATGGIC ATAGCTGITT CCTGTGTGAA ATTGITATCC GCTCACAATT
721 CCACACAACA TACGAGCCGG AAGCATAAAG TGTAAAGCCT GGGGTGCCTA ATGAGTGAGC
781 TAACTCACAT TAATTGOGIT GCGCTCACTG CCCGCTTTCC AGTCGGGAAA CCTGTCGTGC
841 CAGCTGCATT AATGAATCGG CCAACGCGCG GGGAGAGGECG GITTGCGTAT TGGGCGCTCT
901 TCCGCTTCCT CGCTCACTGA CTCGCTGCGC TCGGTCGTTC GGCTGCGGOG AGOGGTATCA
961 GCTCACTCAA AGGOGGTAAT ACGGTTATCC ACAGAATCAG GGGATAACGC AGGAAAGAAC
1021 ATGTGAGCAA AAGGCCAGCA AAAGGCCAGG AACCGTAAAA AGGCCGCGTT GCTGGOGTTT
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1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401

TTCCATAGGC
CGAAACCCGA
TCTCCTGITC
GIGGCGCTTT
AAGCTGGEECT
TATCGICTTG
AACAGGATTA
AACTACGECT
TTCGGAAAAA
TTTTTTGITT
ATCTTTTCTA
ATGAGATTAT
TCAATCTAAA
GCACCTATCT
TAGATAACTA
GACCCACGCT
CGCAGAAGTG
GCTAGAGTAA
ATCGTGGTGT
AGGCGAGITA
ATCGITGICA
AATTCTCTTA
AAGTCATTCT

TCCGCCCCeC
CAGGACTATA
CGACCCTGCC
CTCAATGCTC
GTGTGCACGA
AGTCCAACCC
GCAGAGCGAG
ACACTAGAAG
GAGITGGTAG
GCAAGCAGCA
CGGGGTCTGA
CAAAAAGGAT
GTATATATGA
CAGCGATCTG
CGATACGGGA
CACCGeCTCC
GTCCTGCAAC
GTAGITCGCC
CACGCTCGTC
CATGATCCCC
GAAGTAAGTT
CTGTCATGCC
GAGAATAGTG

TGACGAGCAT
AAGATACCAG
GCTTACCGGA
ACGCTGTAGG
ACCCCCCGIT
GGTAAGACAC
GTATGTAGGC
GACAGTATTT
CTCTTGATCC
GATTACGCGC
CGCTCAGTGG
CTTCACCTAG
GTAAACTTGG
TCTATTTCGT
GGGCTTACCA
AGATTTATCA
TTTATCCGCC
AGITAATAGT
GITTGGTATG
CATGITGIGC
GGCCGCAGTG
ATCCGTAAGA
TATGCGGCGA

CACAAAAATC
GCGITTCCCC
TACCTGICCG
TATCTCAGIT
CAGCCCGACC
GACTTATCGC
GGTGCTACAG
GGTATCTGCG
GGCAAACAAA
AGAAAAAAAG
AACGAAAACT
ATCCTTTTAA
TCTGACAGIT
TCATCCATAG
TCTGGCCCCA
GCAATAAACC
TCCATCCAGT
TTGCGCAACG
GCTTCATTCA
AAAAAAGCGG
TTATCACTCA
TCCTTTTCTG
CCGAGITGCT

GACGCTCAAG
CTGGAAGCTC
CCTTTCTCCC
CGGTGTAGGT
GCTGCGCCTT
CACTGGCAGC
AGITCTTGAA
CTCTGCTGAA
CCACCGCTGG
GATCTCAAGA
CACGTTAAGG
ATTAAAAATG
ACCAATGCTT
TTGCCTGACT
GTGCTGCAAT
AGCCAGCCGG
CTATTAATTG
TTGITGCCAT
GCTCCGGTTC
TTAGCTCCTT
TGGITATGGC
TGACTGGTGA
CTTGCCCGEC

TCAGAGGTGG
CCTCGTGCGC
TTCGGGAAGC
CGITCGCTCC
ATCCGGTAAC
AGCCACTGGT
GTGGTGGECCT
GCCAGITACC
TAGCGGTGGT
AGATCCTTTG
GATTTTGGTC
AAGTTTTAAA
AATCAGTGAG
CCCCGTICGTG
GATACCGCGA
AAGGGCCGAG
TTGCCGGGAA
TGCTGCTGEC
CCAACGATCA
CGGICCTCCG
AGCACTGCAT
GTACTCAACC
GTCAATACGG
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2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361

GATAATACCG
GGGCGAAAAC
GCACCCAACT
GGAAGGCAAA
CTCTTCCTTT
ATATTTGAAT
GTGCCACCTG
ATCACGAGGC
TCTGACACAT
GACAAGCCCG
AGTCACGTAG
TGCGGTGIGA
CATTCAGGECT
AGCTGGCGAA
AGTCACGACG
TTGCAAGGCA
GAGAGACAGC
CAGGGCCAAG
GITCCTGCCC
AGITTCTAGA
CCTTATTTGA
GAGCTCAATA
TCGCCCGEGET
CGCTGATCCT
TTGGAGGTTC
AGGTAACCTG
CATCTAATGT
CCGCGGAAGA
CCTCGEEEEC
TGGAGCTCCG
CTTCCCaeeC
TGTCTGCTGC
AAATTAGCTC
CCATGCCGCG
GTCTTGACAA
TTTCTACAAA
TGCACCCTGT
AATTCACATC
CACAGACCTC
CAACCTTGAA
GCCTTGCAAC
AGGCAGAAAT
AGCAAAATAA
GAGITGCTGTG
TCCTTGCCCA
AAATTTCCAG
TCCTAGATTT
TTGCACTGGT
TGAATCGCCG
ACCCCTGCCA
ACCGACGTAC
AGAAAATGCC
CCACCACGCA
CGATGACTTA
AACACCCCCT
CCCAGATAAC
GGGGGGAGEC
ATCCCATCGC
CCCAAGCCGT
TGTTGEEGEEC
GCGAGCGGECT
ATACGGTGCG
GGACGGECCGT
TCGGGGACAC
TGTATAACGT
TCTTTATCCT
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CGCCACATAG
TCTCAAGGAT
GATCTTCAGC
ATGCCGCAAA
TTCAATATTA
GTATTTAGAA
ACGTCTAAGA
CCTTTCGICT
GCAGCTCCCG
TCAGGECGCG
CGATAGITAC
AATACCGCAC
GCGCAACTGT
AGGGGGATGT
TTGTAAAACG
TGGAAAATAC
AGAATATGGG
AACAGTTGGA
CGGCTCAGEG
GAACCATCAG
ACTAACCAAT
AAAGAGCCCA
ACCCGTATTC
TGGGAGSGTC
CACCGAGATT
GCCAGCGGTC
TTGCGCCTGC
ACTGACGAGT
CCGITTTGIG
CCACTGTICCG
CCGTCTGAAT
AGCATCGITC
GACAAAGITA
GGGCTGGACC
CAACGGTACT
TGTATCCTAC
GTCTCAACAT
TACCTCTGIG
TGTAATCAGC
GCCTAGCCTG
ATCTCCCACT
CAAATGITCA
GACCTCCAGC
TGGGGAGGAG
GTCTGAGGTG
CAAACTCCAA
CACTGAGCAA
CACCTCGGGA
CAGCTGGAGC
TCAACACGCG
GGCGTTGCEC
CACGCTACTG
ACTGCTGGTIG
CTGGCAGGTG
CGACCAGGGT
AATGGCCATG
TGGGAGITCA
CGCCCTCCTG
GCTGECGITC
CCTTCCGGAG
TGACCTGGCT
GTATCTGCAG
GCCGCCCCAG
GTTATTTACC
GTTTGCCTGG
GGATTACGAC

CAGAACTTTA
CTTACCGCTG
ATCTTTTACT
AAAGGGAATA
TTGAAGCATT
AAATAAACAA
AACCATTATT
TCAAGCTGCC
GAGACGGTCA
TCAGCGEGTG
TATGCOGGCAT
AGATGCGTAA
TGGGAAGGEEC
GCTGCAAGGC
ACGGCCAGTG
ATAACTGAGA
CCAAACAGGA
ACAGCAGAAT
CCAAGAACAG
ATGTTTCCAG
CAGITCCCTT
CAACCCCTCA
CCAATAAAGC
TCCTCAGATT
TGGAGACCCC
GITTCGIGTC
GTCTGTACTA
TCGTATTCCC
GCCCATTCTG
AGGGGTACGT
TTTTGCTTTC
TGIGITGICT
AGTAATAGTC
GCGCTTTGCT
GCTACCCCAG
CAAGAAACTA
GGCAATGAGG
ATAACCTCAG
ACAGIGITCA
TCACCTGGAA
AAACCCTATA
GGCATCAGAG
TGTGCGGAGT
CAGCCTGATG
AGGCCTCAGT
CTTATGAAAA
GATGITGCAA
GCCCTGECTGG
CCCACAGGAG
TCTGCGITCG
CCTCGCCGEC
CGGGITTATA
GCCCTGEGTT
CTGGGEEECTT
GAGATATCGG
CCTTATGCCG
CATGCCCCGC
TGCTACCCGG
GTGGCCCTCA
GACAGACACA
ATGCTGGECCG
GGCGECGEEET
GGTGCCGAGC
CTGITTCGEG
GCCTTGGACG
CAATCGCCCG

AAAGTGCTCA
TTGAGATCCA
TTCACCAGCG
AGGGCGACAC
TATCAGGGTIT
ATAGGGGITC
ATCATGACAT
TCGCGCGITT
CAGCTTGTCT
TTGECGEGTG
CAGAGCAGAT
GGAGAAAATA
GATCGGTGCG
GATTAAGITG
AATTAGTACT
ATAGAGAAGT
TATCTGIGGT
ATGGGCCAAA
ATGGTCCCCA
GGTGCCCCAA
CTCCCTTCTG
CTCGECGECEC
CTCTTGCTGT
GATTGACTGC
TGCCCAGGGA
TGTCTCTGTC
GITGGCTAAC
GGCCGCAGCC
TATCAGITAA
GCCTTTGITG
GGITTTACGC
CTGICTGACT
CCTCTCTCCA
TGCTGAGITT
AGTTACCTAC
CAACACCTAG
CCACAACAAA
TTTATGGAAA
CCACCCCAGC
ATGITTCAGA
CATCATCTTC
AAGTGAAATT
TTAAGAAGGA
CTGATGCTGG
GTCTACTGCT
AGCACCAATC
GCCACCAGAG
CTGICTTGSG
AAAGGCTGGA
ACCAGGCTGC
AGCAAGAAGC
TAGACGGTCC
CGCGCGACGA
CCGAGACAAT
CCGEEGACGC
TGACCGACGC
CCCCGEECeCT
CCGCGCGATA
TCCCGCCGAC
TCGACCGCCT
CGATTCGCCG
CGTGGTGGGA
CCCAGAGCAA
CCCCCGAGTT
TCTTGGCCAA
CCGECTECCG

TCATTGGAAA
GITCGATGTA
TTTCTGEGTG
GGAAATGITG
ATTGTCTCAT
CGCGCACATT
TAACCTATAA
CGGTGATGAC
GTAAGCGGAT
TCGGGECGCA
TGTACTGAGA
CCGCATCAGG
GGCCTCTTCG
GGTAACGCCA
CTAGCTTAAG
TCAGATCAAG
AAGCAGITCC
CAGGATATCT
GATGCGGTCC
GGACCTGAAA
TTCGCGCGCT
CAGTCCTCCG
TTGCATCCGA
CCACCTCGGG
CCACCGACCC
TTTGTGCGTG
TAGATCTGTA
CCTGGGAGAC
CCTACCCGAG
GGGGACGAGA
CGAAACCGCG
GIGITTCTGT
AGCTCACTTA
GCTGCCTTCT
CCAGGGAACA
TACCCTTGGA
CATCACAGAA
CACAAACTCT
CAACGITTCA
CCTTTCAACC
TCCTATCCTA
GACTCAGGGEC
CAGGGGAGAG
GGCCCAGGTA
GGTCTTGECC
TGACCTGAAA
CTATTCCCAA
CATCACTGGC
ACTAGAACCA
GCGITCTCGC
CACGGAAGTC
TCACGGGATG
TATCGICTAC
CGCGAACATC
GGCGGTGGTA
CGTTCTGGECT
CACCCTCATC
CCTTATGGGEC
CTTGCCCGEC
GGCCAAACGC
CGTTTACGGG
GGATTGGGGA
CGCGGGECCCA
GCTGECCCCC
ACGCCTCCGT
GGACGCCCTG

Dated:17/11/2011

ACGTTCTTCG
ACCCACTCGT
AGCAAAAACA
AATACTCATA
GAGCGGATAC
TCCCCGAAAA
AAATAGGECGT
GGTGAAAACC
GCCGGGAGCA
GCCATGACCC
GTGCACCATA
CGCCATTCGC
CTATTACGCC
GGGITTTCCC
TAACGCCATT
GTTAGGAACA
TGCCCCGECT
GTGGTAAGCA
CGCCCTCAGC
TGACCCTGIG
TCTGCTCCCC
ATAGACTGCG
ATCGTGGACT
GGTCTTTCAT
CCCCGCCEEG
TTTGTGCCGG
TCTGECGGTC
GTCCCAGCGG
TCGGACTTTT
GACAGAGACA
CCGCGCGTCT
ATTTGICTGA
CAGGECGECCG
GGGITCATGA
TTTTCAAATG
AGTACCAGCC
ACGACAGTCA
TCTGTCCAGT
ACTCCAGAGA
ACTAGCACTA
AGTGACATCA
ATCTGCCTGG
GGECCTGECCC
TGCTCCCTGC
AACAGAACAG
AAGCTGGGGA
AAGACCCTGA
TATTTCCTGA
ATGGCTTCGT
GGCCATAGCA
CGCCTGGAGC
GGGAAAACCA
GTACCCGAGC
TACACCACAC
ATGACAAGCG
CCTCATGTCG
TTCGACCGCC
AGCATGACCC
ACAAACATCG
CAGCGCCCCG
CTGCTTGCCA
CAGCTTTCGG
CGACCCCATA
AACGGCGACC
CCCATGCACG
CTGCAACTTA
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6421 CCTCCGGGAT GGTCCAGACC CACGTCACCA COCCAGGCTC CATACCGACG ATCTGCOGACC
6481 TGGECGCGCAC GTTTGCCCGG GAGATGGGGG AGGCTAACTA GTA

APPENDIX 2: BIORELIANCE TESTSING OF MCB AND CLINICAL BATCH

Summary of investigations undertaken. Further details are supplied in the IMPD and full specifications

are available on request.

Tests performed on MCB

Control criteria

Method

Result

Vector titre > 10° ip/ml

Flow cytometry for CD34
on tranduced HT1080
cells

Range 1-3x10°/ml-

Sterility

Direct Incoulation

No growth of bacteria or fungi

Species identity

PCR for species specific
isoenzymes

Sample DNA has to be negative for
human, simian, hamster and rat
sequences and positive for sequences.

Mycoplasma

PCR,Fluorochrome,
cultivation

Negative

Detection Inapparent viruses

In-Vivo Assay in suckling
mice, adult mice, guinea

pigs

None of the Vviruses tested for

detectable.

MAP test Inoculation of mice and | None of 16 viruses tested detected.
LCMYV challenge
Test for bovine viruses via | Cellular Assay No CPE, hemadsorption or

coculture with BT cells

hemagglutination is detectable.
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Test for porcine viruses via
coculture with PPK cells

Cellular Assay

No CPE,

hemadsorption or
hemagglutination detectable.

Test for adventitious viruses via
coculture with Vero, MRC and
other lines

Cellular Assay

No CPE,

hemadsorption or
hemagglutination detectable.

Test for replication competent
retroviruses (RCR)

PG4 S+L-Assay

No CPE is detectable.

Test for bovine Polyomavirus
(BPYV)

gPCR

No BPyV sequences are detectable

Recovery of cells after thawing

Microscopy

Cell proliferation detectable

Testing on Clinical Batch

Test for replication | EOP cells

competent
retroviruses (RCR)

PG4 S+L- Assay

No CPE is detectable.
The positive, inhibition
and negative controls
have to show the
validity of the assay.

Pending: Vector will
not be released unless
specification met

Vector
supernatant

Titre of the
produced

supernatant

FACS analysis

> 10°  infectious
particles/ml detectable.
The positive and
negative controls have
to show the validity of
the assay.

10°

Vector
supernatant

Transgene
functionality

MTT assay

Survival of T cells
transduced with
HSVTK should be
<20% at concentrations
of GCV at 10uM using
the MTT assay, and no
viable cells detected on

trypan blue staining

Transgene functional.

Vector
supernatant

Sterility of the cells

BacTec

No microbial
detectable

growth

No microbial
detected.

growth
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Vector

Test for replication PG4 S+L- Assay |No CPE is detectable. | Pending: Vector will
competent supernatant The positive, inhibition | not be released unless
retroviruses (RCR) and negative controls | specification met
have to show the
validity of the assay.
Endotoxin Vector Chromogenic < 5 EU / ml. The|Pass
supernatant | kinetic LAL test| positive, inhibition and
(Ph. Eur.) negative controls have
to show the validity of
the assay.
Test for | Vector Ph. Eur. No mycoplasma is|Pass
mycoplasma  via | Supernatant detectable by coculture
indicator cell in solid and liquid

culture and culture
method

media as well as by
fluorescence staining of
indicator cells. The
positive, inhibition and
negative controls have
to show the validity of
the assay.
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APPENDIX 3: T CELL TRANSDUCTION DATA

Dated:17/11/2011

Day 1 1. 1.Ficoll 250ml blood Cell count 240x10
2. Resuspend at 1.2x10%ml in 2 bags Viability 100%
3. Culture medium:
a. 200ml X-VIVO 10
b. 2ml L-glutamine stock
c. 10ml human serum
d. 20ul IL-2 (1X106 stock)
e. 2ml CD3/CD28 beads (108 beads/ml)
4. Coat 8 bags with Retronectin (250ul RN
1mg/ml +10ml PBS per bag)
Day 3 1. Thaw 200ml vector
2. Remove RN from 4 bags and add 50ml vector
3. Spin 4 bags at 22°C, 1000g, 40 min
4. Transfer 50ml cell suspension to each bag
Day 4 1. Thaw 200ml vector Cell count 210x10°
2. Remove RN from 4 bags and add 50ml vector | Viability 100%
3. Spin 4 bags at 22°C,1000g, 40 min
4. Volume reduce cell suspension to 50ml and
transfer to newly coated bags
5. IL2 added to final concentration 100u/ml
Day 6 1. IL2 added to final concentration 100u/ml
Day 7 1. Assess CD34 expression by flow cytometry Transduction efficiency
2. Remove CD3/CD28 beads using Magsep 8%
3. Restovernight in X-Vivo 10, 5% AB serum,
IL2 100u/ml Total cells: 778x10°
Day 8 1. CliniMacs selection of CD34+ cells
2. Restovernight in X-Vivo 10, 5% AB serum,
IL2 100u/ml
Day 9 1. Flow cytometry for CD34 purity CD34+ transduced T
2. Phenotype analysis cells: 18x10°
3. Samples for spectratyping Purification:99%
4. |Initiate GCV elimination assay
5. Cryopreserve.
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1. Sample transduction efficiency and purity of selection

T cells were analysed for CD34 expression after transduction (left panel) and then purified by CliniMacs
selection (right panel). After selection 99% of T cells (R1) expressed CD34.

354

256

715

192
7]

477

Counts

238

T
103 104

T T -
2 3 [ 102
1o 10 FL 2 Log

10=
CD34 PE Log

2. T cell phenotype after transduction

T cell phenotype before manipulation (left panel) and after transduction and selection (right panel, gated on
CD34" T cells). The proportion of naive CD4" CD45RA" cells is maintained after transduction.
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3. T cell repertoire analysis
Samples of CD4 and CD8 T cells were separated using magnetic beads before and after transduction, and the T
cell receptor VP CDRS3 region analysed. The data shows preservation of a Gaussian distribution in across the V3

families, indicating an intact T cell
repertoire.
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4. T cell alloreactivity and abrogation of alloreactivity after transduction

The alloreactive potential of non transduced (NT) and transduced (CD34+) T cells was assessed in a five
day mixed lymphocyte reaction (MLR) against irradiated allogeneic stimulator cells. The proliferation response
was measured by uptake of 3H thymidine. The response were abrogated by GCV
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5.T cell elimination after exposure to GCV
Susceptibility of the CD34+ selection T cell fraction to GCV was compared against the CD34- non

transduced fraction in a spectrophotometric assay (MTT).

Effects of Ganciclovir on the proliferation of primary
CD34+ and CD34-T cells
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APPENDIX 4: STANDARD TEMPLATE FOR HSCT

HSCT with scHSVTK Gene modified T cell infusion(s)

PAT NAME: HOSP NO: DOB:

WT (kg): HT (cm): SA (m?):

ABO: CMV: EBV:

DONOR NAME: HOSP OR DOB:
ANRC NO:

RELATIONSHIP: WT (kg): SEX:

ABO: CMV: EBV:

Blood products
e All blood products to be irradiated

e All patients on IVIG with CMV negative donor should receive CMV negative products. If donor and/or
recipient are CMV positive unscreened products may be used

e RBCS group: (Consider transfusion if Hb < 8.0 g/dl)

e Plts and plasma group: (Consider transfusion if Plt count < 20 x 10/

Infection monitoring

e Weekly CMV, EBV & Adenovirus blood PCR.
Weekly urine DEAFF for CMV

Twice weekly NPA for respiratory viruses

Weekly stool for virus screen and bacterial culture
Weekly blood culture
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TEMPLATE OF INVESTIGATIONS PRIOR TO HSVTK/CD34 T CELL THERAPY

PATIENT NAME: ..., HOSP NO:

INVESTIGATIONS

DATE DONE

COMMENT

Haematology

Full blood count

Coagulation studies

Blood group

Bone marrow lab

Engraftment studies

Biochemistry

U&E'S/LFT’s

Virology

CMV PCR, HIV 1&2 PCR, HSV PCR, EBV PCR,
HBsAg, Hep C PCR, Adenovirus PCR

all by PCR in Virology

Microbiology

Clinical Immunology

LSS, PHA, IgG, IgA, IgM, IgE

Molecular Immunology

Immune reconstitution studies, TRECs/T and B
spectratyping (pre therapy values)

5 mils EDTA to Molecular

Immunology

PREGNACY TEST (if child bearing age)
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APPENDIX 5 MONITORING SCHEDULE

Timepoint (in days)
RELATIVE TO DAY OF HSC TRANSPLANTATION

-7 or +14 | +28 | +42 | +56 | +70 | +84 | +98 | +112 | +140 | +180 | +270 | +360
preconditioning

FBC + U+Es + LFTs X X X
PHA*
IgG IgA IgM ** X X X X
TCR spectratype * X X X X X
TRECS * X X X
Detection of Modified T cells X X X X X X X X

e Flow cytometry for CD3+CD34+ T cells

e Quantitative PCR for HSVTK if transduced cells

<1% on cytometry
Sample stored for integration analysis X X X
Engraftment studies X X X X X X X
Sample stored for RCR testing
X X X

SCLN X X X X

LSS - lymphocyte subsets, PHA - phytohaemagglutinin stimulation, g —immunoglobulin, TCR - T cell receptor,

RCR - replication competent retrovirus, TREC - TCR excision circles, PCR - polymerase chain reaction,

* Assay can only be performed if the lymphocyte count > 0.5 x 10%/L

** Pre-cell therapy assay should be carried out only if not already done at diagnosis

SCLN - save cellsin liquid nitrogen
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