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Forward Looking Safe Harbor Statement

This presentation contains forward-looking statements within the meaning of the Private

Securities Litigation Reform Act of 1995. These statements are often, but not always, made

through the use of words or phrases such as ñanticipatesò,expectsò,plansò,believesò,

ñintendsò,and similar words or phrases. Such statements involve risks and uncertainties

that could cause Mustang Bioôsactual results to differ materially from the anticipated

results and expectations expressed in these forward-looking statements. These statements

are only predictions based on current information and expectations and involve a number

of risks and uncertainties. Actual events or results may differ materially from those

projected in any such statements due to various factors, including the risks and

uncertainties inherent in clinical trials, drug development, and commercialization. You are

cautioned not to place undue reliance on these forward-looking statements, which speak

only as of the date hereof. All forward-looking statements are qualified in their entirety by

this cautionary statement and Mustang Bio undertakes no obligation to update these

statements, except as required by law.
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Building a Fully Integrated Gene & Cell Therapy Company
First 3 INDs for multicenter Mustang-sponsored trials expected in 2019
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ÁTransformational ex vivo lentiviral gene therapy for XSCID licensed from St. Jude

ςPromising results in 2 ongoing clinical trials led by St. Jude & NIH

Á6 CAR-Ts from COH & FHCRC ςall potentially first in class

ςAll programs in Ph. 1 trials; 1st Mustang IND to start enrolling 4Q2019

ÁPh. 1 oncolytic virus to enhance CAR-T activity in glioblastoma

ÁCRISPR/Cas9 technology licensed from Harvard

Á27,000 sq ft cell processing & translational research
facility

ÁTeam with impressive industry experience
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St. Jude = St. Jude Childrenôs Research HospitalOV = Oncolytic virus

COH = City of Hope National Medical Center Nationwide= Nationwide Childrenôs Hospital

FHCRC = Fred Hutchinson Cancer Research Center

Robust Pipeline of Gene & Cell Therapies Addressing Rare Conditions

Phase 1/2 XSCID < 2 years old (St. Jude IND) Pivotal Phase 2 XSCID < 2 years old (Mustang IND)

Phase 1/2 XSCID > 2 years old (NIH IND)
Pivotal Phase 2 XSCID > 2 

years old (Mustang IND)

Phase 1 AML, BPDCN Pivotal Phase 1/2 AML, BPDCN & high-risk myelodysplastic syndrome

Ph 1 MM Pivotal Phase 1/2 Multiple myeloma (MM)

Phase 1 Non-Hodgkin lymphoma (NHL)
Pivotal Phase 1/2 NHL & chronic lymphocytic 

leukemia

Phase 1 Glioblastoma multiforme (GBM)

Phase 1/2  GBM; combination of 

IL13RŬ2 CAR-T + C134 oncolytic virus

Phase 1 GBM & Metastatic HER+ cancer to brain
Phase 1/2  Metastatic HER2+ 

cancer to brain

Phase 1 Prostate & pancreatic cancer
Phase 1/2  Prostate & 

pancreatic cancer
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Phase 1 GBM at the University of 

Alabama at Birmingham (UAB)



Χмл ƭƛŎŜƴǎƛƴƎ ŘŜŀƭǎΥ

ÅNeurocrine paid $115M upfront + $50M equity to Voyager in January 2019 for 4 programs ςƛƴŎƭǳŘƛƴƎ tŀǊƪƛƴǎƻƴΩǎ ǇƘŀǎŜ н ǇǊƻƎǊŀƳ
ÅJ&J paid $100M upfront to MeiraGTx in January 2019 for inherited retinal disease gene therapy programs
ÅBMS paid $100M upfront + $32M in equity to uniQure in April 2015 for multiple C-V programs
ÅNovartis paid $105M upfront to Spark in January 2018 for ex-US rights to Luxturna
ÅAveXis paid $80M upfront to REGENXBIO in January 2019 to expand SMA deal
Å!ōō±ƛŜ ǇŀƛŘ Ϸсфa ǳǇŦǊƻƴǘ ǘƻ ±ƻȅŀƎŜǊ ƛƴ CŜōǊǳŀǊȅ нлму ŦƻǊ !!± ƎŜƴŜ ǘƘŜǊŀǇȅ ŦƻǊ !ƭȊƘŜƛƳŜǊΩǎ
Å!ōō±ƛŜ ǇŀƛŘ Ϸсрa ǳǇŦǊƻƴǘ ǘƻ ±ƻȅŀƎŜǊ ƛƴ CŜōǊǳŀǊȅ нлмф ŦƻǊ !!± ƎŜƴŜ ǘƘŜǊŀǇȅ ŦƻǊ tŀǊƪƛƴǎƻƴΩǎ ϧ ƻǘƘŜǊ ƳƛǎŦƻƭŘŜŘ ŀƭǇƘŀ-synuclein diseases
ÅSarepta paid $60M upfront to Myonexus in May 2018 for 5 programs & $30M upfront to Lacerta in Aug. 2018 for 3 programs
Å!ȄƻǾŀƴǘ ǇŀƛŘ Ϸолa ǳǇŦǊƻƴǘ ǘƻ hȄŦƻǊŘ .ƛƻaŜŘƛŎŀ ƛƴ WǳƴŜ нлму ŦƻǊ tŀǊƪƛƴǎƻƴΩǎ ŘƛǎŜŀǎŜ ƎŜƴŜ ǘƘŜǊŀǇȅ ǇǊƻƎǊŀƳ
ÅBiogen paid $20M upfront to UPenn + an undisclosed amount to REGENXBIO in May 2016 for multiple programs

Χф ŀŎǉǳƛǎƛǘƛƻƴǎΥ

ÅAstellas/Quethera in August 2018 for $109M (upfront + MS)
ÅAmicus/Celenex in September 2018 for $100M + $352M in MS
ÅPfizer/Vivet in March 2019 for $51M for option to acquire + $636M in MS
ÅPTC/Agilis in July 2018 for $50M + $150M stock + $745M in MS

Gene Therapy Space Has Emerged as One of the Most Attractive Investment Opportunities in Biotech

о ŀǇǇǊƻǾŀƭǎΧ
Company Gene Therapy Indication Approval

Orchard Strimvelis (murine retroviral vector) ADA-SCID 2017 (EU)

Spark Luxturna (AAV) BiallelicRPE65mutation-associated retinal dystrophy 2018 (US)

Bluebird ZYNTEGLO (lentiviral vector) Transfusion-dependent̡ -thalassemia 2019 (EU) Conditional mktgauth

ÅNovartis/AveXis in April 2018 for $8.7B 
ÅRoche/Spark in February 2019 for $4.3B
ÅBiogen/Nightstar in March 2019 for $800M
ÅPfizer/Bamboo in August 2016 for $150M + $495M in MS
ÅUltragenyx/Dimension in October 2017 for $151M

Company Name (Ticker) Market Cap (7/30/2019) Company Name (Ticker) Market Cap (7/30/2019)

Biomarin (BMRN) $15.0B Adverum (ADVM) $0.9B

Sarepta (SRPT) $11.1B Voyager (VYGR) $0.8B

Bluebird Bio (BLUE) $7.3B Krystal Biotech(KRYS) $0.8B

Ultragenyx (RARE) $3.5B Rocket (RCKT) $0.6B

uniQure (QURE) $2.3B AVROBIO (AVRO) $0.6B

Audentes (BOLD) $1.8B Solid Biosciences (SLDB) $0.2B

REGENXBIO (RGNX) $1.7B Axovant Sciences (AXGT) $0.2B

Orchard Therapeutics (ORTX) $1.2B Abeona (ABEO) $0.1B

MeiraGTx (MGTX) $0.9B
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X-Linked Severe Combined Immunodeficiency (XSCID): Profound deficiency 
of T, B & NK Cell Immunity Due to Mutations in the IL2RG Gene1

ÁIL2RGcodes for common gamma chain (gc) ςcritical for 
interleukin (IL) signal transduction & immune cell development

ÁMost patients (almost all males) are diagnosed at 3 ς6 months & 
present with

ςDiarrhea, protein-losing enteropathy, failure to thrive

ςRecurrent infections:  Oral/diaper candidiasis, severe bacterial 
infections, opportunistic organisms such asPneumocystis

ςAbsent tonsils and lymph nodes

ÁDeath by age 1 if untreated

ÁStandard of care is immune reconstitution via allogeneic 
hematopoietic stem cell transplant (HSCT)
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1. Fischer A et al. Nat Rev Dis Primers. 2015 (Oct 29);1:15061.



XSCID Is the Most Common Form of Combined Immunodeficiency1
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ÁUS estimated incidence of 
~1:225,000 live births

Á~20 new cases per year

ÁRest of world incidence is similar to US
~1:225,000 live births

Á~55new cases per year in high/mid-income ex-US markets

Newly-diagnosed infants

άReservoirέ(patients with XSCID who have been previously treated with allogeneic HSCT and who 
therefore might be eligible for gene therapynow or in the future)

Á¦{ Ғ плл ǇŀǘƛŜƴǘǎÁHigh/mid-income ex-¦{ ƳŀǊƪŜǘǎ Ғ срлpatients

ÁAll 50 states, Puerto Rico & D.C. have established newborn screening programs

ÁTRECscreening test uses the same dried blood samples already collected fromnewborns

ςTREC test is an assay that detects the number of T-cell Receptor Gene Excision Circles, or TRECs, that are
produced during normal T-cell maturation, but that are absent or severely reduced ininfants with SCID

ςTest is very sensitive; false positive rate well below 1%

Newborn Screening for SCID2,3

1. Third-party analysis based on NBS data, medical literature, registry data and KOL interviews. Addressable ex-US markets include Canada and mid to high income countries in Europe, Asia, Latin America and the Middle East.
2. https://primaryimmune.org/idf-advocacy-center/idf-scid-newborn-screening-campaign.
3. http://www.scid.net/the-scid-homepage/newborn-screening-where-it-began.



Collaboration with St. Jude Around XSCID Gene Therapy Leverages the 
Talent of Our Team As Well As the Capacity of Our Cell Processing Facility
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ÁEx vivo ƭŜƴǘƛǾƛǊŀƭ ǘǊŀƴǎŘǳŎǘƛƻƴ ƻŦ ǇŀǘƛŜƴǘǎΩ ƻǿƴ 
hematopoietic stem cells with a normal copy of the 
mutated gene

ÁProcess is analogous to the manufacturing process 
for our CAR-Ts

ÁVector encodes normal ╢c receptor chain

ςProduced from a proprietary stable lentivirus 
producer cell line at St. Jude Vector Facility1

ςStrong preclinical efficacy & safety:
no activation of LMO2 oncogene2

1. S. Zhou et al. Blood. 2010;116:900-908.
2. RE Throm et al. Blood.2009;113:5104-10.

1. Bone marrow 
harvest or apheresis

2. Lentiviral vector 
transduction

Cryopreservation

4. Busulfan

5. Cell infusion
3. -160o C

MB-107
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Clinical Course of XSCID Patients Treated with HSCT

1.    Hacein-Bey-Abina S. NEJM.2014;371:1407-1417.
2.    Heimall J. Expert Rev Clin Immunol.2017;13:1029ς1040.
3.    Pai S-Y. NEJM.2014;371:434-446.
4.    Haddad E. Blood. 2018;132:1737-1749.
5.    Amatuni GS. Pediatrics. 2019;143(2): doi: 10.1542/peds.2018-2300.

Source:ASGCT presentation by MJ Cowan, May 2018.
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Only approved treatmentoption is allogeneic hematopoietic stem cell transplant

ÁWithout treatment, all patients die from infections ςusually 
before age 1

ÁWith severe infections at time of HSCT, mortality is ~50%1

ÁOnly 15% of patients have a matched sibling donor (MSD) 

ÁAbsent MSD, survival is lower & complications are higher;  
Quality of life is poor due to late morbidities2

ς 20% experience acute graft-vs-host disease; 15% chronic

ς T-cell immunity decreases over time in up to 20%, leading to 
infections & diarrhea

ς 20% require 2nd HSCT due to poor T-cell reconstitution3

ς Only 1/3 have sufficient B-cell reconstitution at 2 - 5 years4

ς Up to 70% require lifelong intravenous immunoglobulin4,5



Impressive Results from Multicenter St. Jude Trial Reported in  
April 2019 New England Journal of Medicine

Study demonstrates first successful use of a lentiviral vector following targeted low-exposure 
busulfan as a primary treatment for newly diagnosed infants with X-SCID
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Source:  Mamcarz E et al. N Engl J Med. 2019;380:1525-1534.



Broad Immune Reconstitution with Excellent Safety Profile

Á8 untreated babies with X-{/L5 ǿŜǊŜ ŜƴǊƻƭƭŜŘ ŀǘ {ǘΦ WǳŘŜ ϧ ¦/{C .ŜƴƛƻŦŦ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ

ςEx-vivo transfer of normal IL2RGƎŜƴŜ Ǿƛŀ ƭŜƴǘƛǾƛǊŀƭ ό[±ύ ǾŜŎǘƻǊ ƛƴǘƻ ǇŀǘƛŜƴǘǎΩ ōƻƴŜ ƳŀǊǊƻǿ ǎǘŜƳ ŎŜƭƭǎ

ςAll patients first treated with low-dose of busulfan as conditioning regimen

ÁAll patients had multilineage immune reconstitution

ÁPrevious infections cleared and functional T cells developed in all 8 infants

ςIgM levels normalized in 7 patients, and 4 were able to discontinue IVIG

ς3 patients had a response to vaccines

ÅExcellent safety profile & no evidence of leukemia

ςNo transfusions were required following busulfan treatment

ςVector insertion site analysis of all 7 cases analyzed shows polyclonal patterns without clonal dominance
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Source:  Mamcarz E et al. N Engl J Med. 2019;380:1525-1534.


