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Which are the trial phases

ePhase I: small number of patients (20-80) fpr pharmacovigilance,
pharmacokinetics, pharmacodynamics

ePhase II: performed on larger groups (20-300) and designed to assess clinical
efficacy of the therapy; as well as to continue Phase | assessments

ePhase Ill: randomized controlled trials on large patient groups (300-3000 or
more depending upon the condition) and are aimed at being the definitive
assessment of the efficacy of the new therapy, in comparison with current

'Gold Standard' treatment.

ePhase IV: involve the post-launch safety surveillance and ongoing technical
support of a drug.



Clinical trials — 2016 update
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Trials/continent

Geographical Distribution of Gene Therapy Clinical Trials @

(by Continent) WY

Multi-country 4.3% (n=102)
America 65.1% (n=1533)
Europe 23.3% (n=548)
Asia 5.6% (n=133)
Australasia 1.4% (n=34)
Africa 0.3% (n=46)

Geographical Distribution of Gene Therapy Clinical Trials @
(by Continent) ey

The Journal of Gene Medicine, © 2016 John Wiley and Sons LI America 65.3% (n=1166)
Europe 28.4% (n=507)
Asia 3.8% (n=68)
Australasia 1.7% (n=31)
Africa 0.1% (n=1)
Multi-country 0.7% (n=13)
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Trals/country

Geographical Distribution of Gene Therapy Clinical Trials
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(by Country)

Multi-country 4.3% (n=102)
USA 63.9% (n=1506)

UK 9% (n=213)

Germany 3.8% (n=89)
China 2.3% (n=55)

France 2.2% (n=52)
Switzerland 2.1% (n=50)
Japan 1.7% (n=41)
Netherlands 1.5% (n=35) )
Australia 1.4% (n=32)

Canada 1.1% (n=25)

Other countries 6.6% (n=156)
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1e Therapy Clinical Trials

3yrs ago
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WILEY

(by Country)

USA 64% (n=1143)

UK 11.3% (n=201)
Germany 4.5% (n=81)
Switzerland 2.8% (n=50)
France 2.7% (n=45)
Netherlands 1.6% (n=29)
Australia 0.1% (n=29)
Belgium 1.4% (n=25)
China 1.3% (n=23)
Canada 1.2% (n=22)
Other countries 7.6% (n=136)
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Gene therapy trial phases

Phases of Gene Therapy Clinical Trials

The Journal of Gene Medicine, © 2007 John Wiley and Sons Lid

Phases of Gene Therapy Clinical Trials
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The Journal of Gene Medicine, © 2010 John Wiley and Sons Lid

Phase | 62% (n=775)
Phase I/Il 20% (n=255)
Phase Il 15% (n=190)
Phase II/lll 1% (n=13)
Phase lll 2% (n=27)
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Phase | 60.5% (n=995)
Phase I/1l 18.7% (n=308)
Phase Il 16.2% (n=267)
Phase 11/1ll 0.8% (n=13)
Phase Ill 3.5% (n=57)
Phase IV 0.1% (n=2)
Single subject 0.1% (n=2)
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Phases of Gene Therapy Clinical Trials @

WILEY

Phase | 57.6% (n=1357)
Phase I/Il 20.3% (n=479)
Phase Il 17.1% (n=403)
Phase II/IIl 1% (n=23)
Phase Ill 3.7% (n=87)
Phase IV 0.1% (n=2)
Single subject 0.2% (n=5)

The Journal of Gene Medicine, © 2016 John Wiley and Sons Lid www.wiley.co.uk/genmed/clinical



Which diseases with gene therapy

Indications Addressed by Gene Therapy Clinical Trials l';\%/;"
e
ezt Indications Addressed by Gene Therapy Clinical Trials @/)
@® Vascular diseases 9% (n=113) WILEY
@® Monogeneic diseases 8.4% (n=106)
@ Infectious diseases 6.4% (n=81)
@® Otherdi 3.7% (n=47 .
® Ge:m:el:::4 . ((n"=5o)) Cancer diseases 64.4% (n=1517)
@ Healthy volunteers 1.7% (n=21) Monogenic diseases 10% (n=235)
Infectious diseases 7.6% (n=179)
Cardiovascular diseases 7.5% (n=177)
The Journal of Gene Medicine, © 2007 John Wiley and Sons Lid www.wiley.co.uk/genmed/clinical Neurological diseases ] = 80/0 (n=43 )
Ocular diseases 1.8% (n=34)
Inlammatory diseases 0.6% (n=14)
Other diseases 2.3% (n=54)
- Gene marking 2.1% (n=50)
Indications Addressed by Gene Therapy Clinical Trials (W)
4 RY \i\ Healthy volunteers 2.2% (n=53)
Cancer diseases 64.5% (n=1060)
@® Cardiovascular diseases 8.7% (n=143)
. @ Monogenic diseases 8.2% (n=134) The Journal of Gene Medicine, © 2016 John Wiley and Sons Lid www.wiley.co.uk/genmed/clinical
@ Infectious diseases 8% (n=131)
‘ @ Neurological diseases 1.8% (n=30)
@ Ocular diseases 1.1% (n=18)
@ Other diseases 2.4% (n=40)
® Gene marking 3% (n=50)
@ Healthy volunteers 2.3% (n=38)

The Journal of Gene Medicine, © 2010 John Wiley and Sons Lid www.wiley.co.uk/genmed/clinical



Why such diseases

Killing diseases(:::)

Known gene

Accessibility of the hit tissue
Gene expression not crucial
Clinically reversible state



Which genes in gene therapy

Gene Types Transferred in Gene Therapy Clinical Trials (&//.

WILEY

Cytokine 27% (n=335)

Antigen 16% (n=203)

Tumor supressor 11% (n=141)
Svicide 7.8% (n=98)

Deficiency 5.8% (n=73)

Drug resistance 4.4% (n=56)
Receptor 3.7% (n=47)
Replication inhibitor 3.6% (n=45)
Others 18% (n=223)

Unknown 3.1% (n=39)

The Journal of Gene Medicine, © 2007 John Wiley and Sons Lid www.wiley.co.uk/genmed/clinical

ransferred in Gene Therapy Clinical Trials @

WILEY

Antigen 19.8% (n=467)
Cytokine 15.8% (n=372)
Receptor 10.1% (n=237)
Deficiency 8.1% (n=192)

Tumor supressor 7.4% (n=175)
Suicide 7.2% (n=169)

Growth factor 7.1% (n=167)
Replication inhibitor 3.9% (n=92)
Oncolytic virus 3% (n=71)

Other categories 14.2% (n=334)
Unknown 3.4% (n=80)

The Journal of Gene Medicine, © 2016 John Wiley and Sons Lid www.wiley.co.uk/genmed/clinical



Publications vs clinical trials in gene therapy
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Which vectors for the genes

Vectors Used in Gene Therapy Clinical Trials f:@;'

Adenovirus 26% (n=322)

Retrovirus 23% (n=293)
Naked/Plasmid DNA 18% (n=230)
Lipofection 7.9% (n=99)

Vaccinia virus 7% (n=88)

Poxvirus 6.8% (n=85)
Adeno-associated virus 3.7% (n=46)
Herpes simplex virus 3.4% (n=43)
RNA transfer 1.3% (n=16)

Others 2.4% (n=31)

Unknown 2.9% (n=! -

Vectors Used in Gene Tharapy Clinical Trials @
The Journal of Gene Medicine, © 2007 John Wiley and Sons Lid www.wiley.

WILEY

Adenovirus 21.7% (n=526)
Retrovirus 18.3% (n=444)
Naked/Plasmid DNA 17.4% (n=422)
Vaccinia virus 7% (n=170)
Adeno-associated virus 6.7% (n=162)
Lentivirus 5.6% (n=135)

Lipofection 4.7% (n=115)

Poxvirus 4.2% (n=103)

Herpes simplex virus 3.5% (n=86)
Other vectors 7.7% (n=188)
Unknown 3.1% (n=76)

The Journal of Gene Medicine, © 2016 John Wiley and Sons Lid www.wiley.co.uk/genmed/clinical
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rials 1n Italy (registered 2013)

. . virus/host
Trial ID Title :
disease/transgene phase cell lab closed
|T 0001 Treatment of Patients with Severe Combined Immunodeficiency Due to Adenosine Deaminase (ADA) Deficiency by Autologous Transplantation of Genetically bOI’dignon
[ i T @l ADA/ADA 1/11 retro PBL |milan 1995
|T 0002 Gene Transfer into Peripheral Blood Lymphocytes for In Vivo Immunomodulation of Donor Anti-Tumor Immunity in Patients Affected by Recurrent Disease After TK/graft versus hOSt bOI’dignon
11-0002 |ai0geneic BmT disease I/l retro PBL |milan 1995
|T 0003 Gene Transfer into Peripheral Blood Lymphocytes for In Vitro Immunosection and In Vivo Immunomodulation of Donor Anti-Tumor Immunity in Patients Affected TK/graft versus hOSt bOI’dignon
2= VY lby EBV-induced LPD Following Allogeneic BMT disease |/” retro PBL milan 1995
) o ) ) ) _ _ cascinelli
|T—OOO4 IActive Immunization of Metastatic Melanoma Patients with Interleukin-4 Transfected, Allogeneic Melanoma Cells. A Phase 1?1l Study .
— IL4/melanoma I/1 retro milan 1995
|T-0005 |Gene Therapy for metastatic melanoma retro/tum Ca_SCIne”I
— IL2/melanoma I/l or cell milan open
naked
IT-0006 |Gene Therapy in Patients with Lymphoma and Leukemia DNA/musc
?/leukemia, limphoma I le cell fazio rome [open
) o ) ) ' : ) retro/tum |parminani
|T—OOO7 /Active Immunization of Metastatic Melanoma Patients with Interleukin- 4 Transduced, Allogeneic Melanoma Cells. A Phase I? Il Study )
— IL4/melanoma I/ or cell milan 1997,
|T—0008 Correction of ADA-SCID by stem cell gene therapy combined with nonmyeloblative conditionining ADA/ADA | aiuti mi|an Open
IT-0009 |Gene therapy in patients with melanoma m?IO
— IL4/melanoma I aviano open
IT-0010|Active immunization of metastatic melanoma patients with IL-2 or IL-4 gene transfected, allogeneic melanoma cells |L2/me|an0ma | be||| mi|an 1997
|T 0011 IA phase I-1l study of active vaccination with autologous T-lymphocytes transduced with HSV-TK and MAGE-A3 in patients with metastatic melanoma and retro/auto parmiani
e S MAEEAE TK/melanoma I/l logous milan open
naked
IT-0012 [A Phase I Study to Evaluate the Safety/Tolerability and Inmunogenicity of V-930 in Patients with Cancers Expressing HER-2 and/or CEA HER CEA/CO'rectal cancer, DNA/tU mo parmiani
lung cancer I/l r cell milan open
|T-0013 |Pilot study of transfer of the FHIT gene into bronchial non-small cell lung cancers pa_rmlanl
— Non-small cell lung cancer |l Ad/ FHIT |milan 2002
|T 0014 /A phase I/l study of active vaccination with autologous T-lymphocytes transduced with HSV-TK and MAGE-A3 in patients with metastatic melanoma and retro/auto russo
| ppresion af MAGEAS TK/melanoma I/l logous milan open
) o , i HIV-1 RevM10 retro/auto |lazzarin
|T—0015 Study of the safety and efficacy of hematopoietic stem cells transduced with RevM 10polAS (RevM10polAS HSCIP) as therapy for HIV-1 infected persons .
— HIV-1 polAS/HIV I/l logous milan 2003
n ) retro/CD3 |roncarolo
|T-0016|ADA Gene Transfer Into Hematopoietic Stem/Progenitor Cells for the Treatment of ADA-SCID .
— ADA/ADA I/l 4 milan open
phase Il study: infusion of donor lymphocytes transduced with the suicide gene gene HSV-TK after transplantation of allogenic T-depleted stem cells from a .
m haploidentical donor in patients with haematological malignancies TK/Leukemla 1] HSV open
Arysulfate
IT-0019 |Phase I/1l study of hematopoietic stem cell gene therapy with Lentiviral Vectors for the treatment of Metachromatic Leukodystrophy A/Metachromatic
Leukodystrophy I/l lenti/- biffi milan |open
IT-0020|Phase 1/11 study of hematopoietic stem cell gene therapy with Lentiviral Vectors for the treatment of Wiskott Aldrich Syndrome /WAS gene |/|| aiuti milan open
|T 0021 ITKOO8 Randomized Phase Il Trial of Haploidentical HCT With or Without an Add Back Strategy of HSV-Tk Donor Lymphocytes in Patients With High Risk Acute Ciceri
| E— leukemia/tyrosinase 11} HSV milan open
|T 0022 Phase Ib Study to Assess the Safety and Immunogenicity of a Novel HCV Vaccine, Based on the Sequential Injection of Ad6NSmut and MVA-NSmut, Given in Ad'ankara brunEttO
L~ U £ < |ICombination With PEG-Interferon Alfa Plus Ribavirin for Re-treatment of Chronic Hepatitis C HCV/Nsmut | Vaccine pisa open
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DNA as a drug, ideally...pros

long term

treatment of the cause
specificity

no side effects



Potential risks of gene therapy

Insertional mutagenesis leading to cancer

Recombination of disabled vector resulting in
environmental pollution by infectious recombinant
Virus

Toxic shock caused by viraemia
Transfer of non-viral exogenous material

Contamination with other deleterious viruses or
organisms

Physiological effects of over-expression
Germ-line transduction?



