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MTS’ Report on Gene Therapy 
Part 2: The Gene Therapy Ecosystem 

This is an abbreviated version of MTS’ Report: 
Gene Therapy – Near-term Revolution of Continued Evolution – Part 2 

 
 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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MTS’ Report on Gene Therapy 
Full Report Divided into Three Parts 

Global Proprietary Data 

Key valuation and performance data from MTS' 
proprietary database of 145 global public and 
private Gene Therapy companies. We look at the 
late-stage pipeline of the Gene Therapy subsector 
and put this in context of the totality of the 
Biopharma pipeline. 

Part 1: Published Aug’17 

Gene Therapy Ecosystem 

Description of the Gene Therapy space, the 
various technologies, and current business 
models. We analyze the clinical, regulatory and 
manufacturing hurdles that could set apart the 
winners from the not-so-much winners in the 
space. 

Part 2: Published today 

Conclusions for the Future of the Gene 
Therapy Space 

We will provide key insights and potential 
actionables with goal of outlining a detailed 
roadmap to successfully navigating the coming 
era of Gene Therapy. 

Part 3: To be published Q4’17 
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Previously Published Strategic Advisory Analytics Reports 

MTS Securities, LLC., an affiliate of MTS Health Partners, L.P., (“MTS”) offers investment banking services to the healthcare industry. Our professionals 
distinguish themselves by providing experienced, attentive and independent counsel, and expertise in the context of long-term relationships. Our 
"Strategic Advisory Analytics" reports exemplify our value add strategic advisory services to clients across all healthcare industry sub-sectors. The reports 
are also distributed to institutional investors, providing a differentiated macro-perspective on key themes and therapeutic areas within Biopharma. 

To be added to the mailing list for Strategic Advisory Analytics reports, please email cinalli@mtspartners.com 
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Executive Summary 
Part 2 – The Gene Therapy Ecosystem 

Our Gene Therapy report is comprised of 3 parts: 

Part 1 - “Global Proprietary Data” was published in August 2017 and looked at key valuation and performance data from MTS' proprietary 
database of Gene Therapy companies. We also looked at the late-stage pipeline of the Gene Therapy subsector and put this into context of the 
totality of the Biopharma pipeline. 

Part 2 - “The Gene Therapy Ecosystem” describes the Gene Therapy space in detail, highlighting the various technologies and current business 
models, and dives deep into the unique sensitivities each approach faces in the near-term. 

Part 3 - “Conclusions for the Future of the Gene Therapy Space” (to be published December 2017), will provide key insights and potential 
actionables with goal of outlining a detailed roadmap for successfully navigating the coming era of Gene Therapy. 

 

In the same approach we took to our drug pricing work (link), the main goal of this Gene Therapy report is to act as a forum for 
continued debate on the subsector, meaning feedback from corporates and investors is welcome!!! 

Please email mehrotra@mtspartners.com 

 

http://www.mtspartners.com/news/strategic-analytics-publishes-report-on-drug-pricing-principled-drug-pricing-centered-on-innovation-and-choice-part-1-2/
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Executive Summary 
Part 2 – The Gene Therapy Ecosystem 

The Gene Therapy subsector has evolved into a diverse group of companies with complex and technologies, each confronting 
significantly different clinical, regulatory, and manufacturing hurdles, as well as business models  

Major scientific breakthroughs during the last several decades have driven the development of a complex and heterogeneous set of technologies 
that can be broadly classified as Gene Therapy. Many of these could easily be described as standalone technologies (or at least discreet subsets of 
Gene Therapy), such as RNAi, CAR-T, TCR, CRISPR, etc.  

Concomitantly, the term "Gene Therapy" captures an incredibly wide set of approaches in current day biopharma.  Adding to this complexity, the 
underlying business models of pure-play Gene Therapy companies also show a disparate range, from platform technology developers to single asset 
plays, to companies attempting a fast route to a “FIPCO-like” model.  

MTS’ method to demystifying the opportunities and treats in the Gene Therapy space… 

The commonality of all companies within the Gene Therapy subsector is the use of genetic material (DNA and RNA) to treat disease, from monogenic 
disorders to multi-factorial diseases such as cancer. 

 Our central approach to demystifing the totality of the Gene Therapy space has been to assign each company to one of four groups, which we call 
“approaches” - (1) Gene transfer, (2) Gene disruption, (3) Gene-modified cell therapy and (4) Gene editing. 

 

 

 

Gene transfer 
 
  

Vector delivered 
genes 

 
 

Gene disruption 
 
 

Nucleotide 
technology 

 
 

 Gene-modified 
cell therapy 

 
Cell therapy / 

CARs 

Gene editing 
 
 

CRISPR / 
Homologous 

Recombination 
 
 



9 

Executive Summary 
Part 2 – The Gene Therapy Ecosystem 

To briefly recap, Part 1 of our Gene Therapy report “Global Proprietary Data” provided key valuation and performance stats 
from MTS' proprietary database of 145 global Gene Therapy companies.  

Gene Therapy companies now represent 20% and 29% by number and market cap, respectively, of precommercial public biotech companies 

The mean valuation of public Gene Therapy companies ($500mm) now significantly exceeds mAbs ($380mm) and small molecule ($290mm) 
companies  

Within the pre-commercial space, gene therapies are now the #2 modality in clinical development 

We analyzed the subsector and divided it into 4 core approaches  

 

N
um

be
r 

of
 C

an
di

da
te

s 
in

  c
lin

ic
al

 d
ev

el
op

m
en

t 

543

285

148
129

75

0

100

200

300

400

500

600

Small molecules Gene therapies Other mAbs Cell therapies
Source: EvaluatePharma as of 11/10/2017; MTS analysis (selected from candidates from precommercial public companies) 



10 

Executive Summary 
Part 2 – The Gene Therapy Ecosystem 

Since we published Part 1 in August, the performance of the Gene Therapy subsector has been notable and driven by a plethora 
of significant news flow  

8/28 - The $11.9bn Gilead buyout of Gene-modified cell therapy company Kite Pharma - the largest M&A for a precommercial biotech in history 

8/30 - The approval of Novartis’ CAR-T product Kymriah - the first FDA approved Gene-modified cell therapy 

9/20 - Alnylam’s successful pivotal trial for Patisiran - the first RNAi drug candidate likely to win FDA approval 

10/13 – Unanimous recommendation for Spark’s Luxturna by an FDA advisory committee 

10/18 – The approval of Gilead/Kite’s CAR-T product Yescarta 

Our Gene therapy index is now trading +60% YTD (compared to +31% for the BTK and +18% for the DJIA) and valuations for 
pure-play Gene Therapy companies are approaching all-time highs  
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Executive Summary 
Part 2 – The Gene Therapy Ecosystem 

Slide #16 

Slide #27 

Today we are publishing Part 2 - “The Gene Therapy Ecosystem,” where we describe the Gene Therapy space in detail, 
highlighting the various technologies and current business models, diving deeper into the unique sensitivities each approach 
faces in the near-term 

The Top Take homes from Part 2 are: 

1. Each Gene Therapy Approach Faces a Unique Set of Hurdles  (Slide 16) 

Given the diversity of technologies within the Gene Therapy subsector, it is not 
surprising that companies are confronting different clinical, regulatory, manufacturing 
and commercial hurdles. Companies developing Gene transfer (rAAV, Lentiviral, etc.; 
see slides #21-30) and Gene-modified cell therapy technologies (CAR, TCR, etc.; see 
slides #41-53) must address significant challenges around manufacturing. Gene 
disruption companies (RNAi, ASO, miRNA, etc.; see slides #32-40) are in need of new 
delivery technologies to expand the number of addressable indications and increase 
market opportunity. Given the very early-stage of the Gene editing technologies (ZFN, 
CRISPR, AAV-directed Homologous Recombination, etc.; see slides #55-62), companies 
in this space are facing more fundamental hurdles around safety and efficacy. 

2. Payload and Delivery Technology are Critical Components of all Gene transfer 
Therapeutics (Slide 27) 

Gene transfer therapeutics are designed to permanently replace defective genes within 
the DNA of cells, restoring cellular function and potentially eliminating disease. This 
approach is most often used for the treatment of monogenic diseases, where a single 
disease causing gene has been identified. An example of a Gene transfer therapeutic is 
Spark’s Luxturna for the treatment of inherited retinal disorders. Each Gene transfer 
therapy contains two components - (1) a payload and (2) a delivery technology – both 
of which are critical to therapeutic potential (see slide #23).  The payload replaces the 
defective gene with a functional gene and the delivery technology facilitates the 
targeting of the payload to a specific organ/tissue/cell type. Subtle changes in the 
payload or delivery technology can have a profound impact on the activity of the 
therapy. 
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Executive Summary 
Part 2 – The Gene Therapy Ecosystem 

Slide #28 

Slide #39 

3. Delivery Technologies for Gene transfer are Principally Viral but Newer Non-viral 
Approaches may Potentially Offer Advantages.  (Slide 28) 

There are two major classes of Gene transfer delivery technologies: (1) viral and (2) 
non-viral (see slide #28). Examples of viral delivery technologies include retrovirus, 
recombinant adeno-associated viruses (rAAV), and lentiviruses, which permanently 
deliver a payload to cells. Each one of these viral technologies has distinct features 
which make them more applicable for some applications but not others. A major 
drawback of viral delivery technologies is the complex manufacturing that currently 
does not support efficient scale up at reasonable costs and at high reproducibility. This 
manufacturing hurdle is addressed with a newer non-viral technology known as 
transposons. Although easier to produce in large quantities at much lower costs, this 
technology will need to match the organ/tissue targeting specificity and safety profile 
of viral approaches before it becomes a more mainstream delivery technology for Gene 
transfer approaches. 

4. Whilst  there is a Plethora of Methods for Delivering Gene disruption 
Therapeutics, Current Technologies are Still Inadequate to Target Many Tissue 
and Organ Systems. (Slide 39) 

Gene disruption therapeutics are designed to alter the production of an gene within 
the DNA of cells in a non-permanent fashion. This approach is used for the treatment 
of monogenic and polygenic diseases. An example of a Gene disruption therapeutic is 
Biogen’s Spinraza for Spinal Muscular Atrophy. All Gene disruption technologies 
require a payload (either a double-stranded or single-stranded oligonucleotide) and a 
delivery technology (or less commonly are administered “naked”).  Delivery 
technologies for Gene disruption therapeutics include antibodies, aptamers, 
cholesterol, synthetic nanoparticles and, in theory, viral and non-viral vectors (see slide 
#38). Each delivery method has its advantages and disadvantages, however none are 
currently sufficient to efficiently delivery therapy to specific tissues and organ systems, 
with the exception of the liver. Therefore most applications using Gene disruption 
therapies must rely on local delivery methods, which limits the universe of addressable 
indications and impacts market opportunity. When properly targeted to the 
organ/tissue of interest, like in the case of Biogen’s Spinraza, these therapies can be 
extremely effective.  
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Executive Summary 
Part 2 – The Gene Therapy Ecosystem 

Slide #35 

Slide #45 

5. Gene disruption Approaches Employ One of Three Core Technologies. (Slide 35) 

The three core technologies that make up the Gene disruption approach are RNA 
Interference (RNAi), Antisense Interference (ASO) and MicroRNA Modulation (see slide 
#35 for a summary). RNAi uses short double-stranded DNA molecules 
(oligonucleotides) to turn off genes, thereby reducing protein production. In contrast, 
ASO are single-stranded oligonucleotides designed to inhibit or enhance the 
production of genes/proteins. Finally, MicroRNA Modulation are short single-stranded 
oligonucleotides that regulate protein production by inhibiting or enhancing the 
activity of native small RNAs that are made in the nucleus of all cells. Each one of the 
technologies have distinct features which make them more applicable for some 
indications but not others. To date, only ASO therapeutics have been approved by the 
FDA but this may change in 2018 when Alnylam’s RNAi Patisiran is expected to seek 
marketing authorization. 

6. With Two Newly Approved Gene-modified cell therapies on the Market, All Eyes 
are Now Focused on the Commercial Viability of these Costly therapies. (Slide 45) 

Two of the first Gene Therapies to hit the market (uniQure’s Glybera and GSK’s 
Strimvelis) were flat out commercial failures. Potential reasons for lackluster sales 
include less than compelling efficacy data for Glybera and the fact Strimvelis is 
administered in only one clinic worldwide. Whatever the case may be, companies must 
eventually demonstrate that Gene Therapies can be commercially viable medicines. 
Recently approved Gene-modified gene therapy offerings from Novartis and 
Gilead/Kite (Kymriah and Yescarta, respectively; see slide #45 for an explanation of the 
technology) for the treatment of leukemia are highly efficacious and will be made 
widely available. The question is, will these be the first Gene Therapies to return 
meaningful revenue? The answer may lie in whether these companies can innovate 
around product manufacturing so that there is a significant reduction in the current 
cost of goods. 
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Executive Summary 
Part 2 – The Gene Therapy Ecosystem 

Slide #43 7. Nowhere is Manufacturing Innovation Needed More Than in the Production of 
Gene-modified cell therapies. (Slide 44) 

Gene-modified cell therapy is really a hybrid Gene Therapy approach, meaning it is part 
Gene transfer and part Cell therapy (see slide #44). It is designed to add a functional 
gene within the DNA of a specific cell type (T cell, stem cell, etc.). The cell type must be 
removed from the body and a functional gene within the payload is added via a viral or 
non-viral delivery technology (see section on Gene transfer slides #20-29). Examples of 
these therapies are Chimeric Antigen Receptor T cells (CAR) and TCR T cells (TCR), 
which are used to treat various forms of cancer. Unlike all other Gene Therapy 
approaches, Gene-modified cell therapies are personalized for each patient, adding 
significant complexity to manufacturing and distribution. Currently most companies 
developing these therapies are not set up with efficient process development. 
Implementation of these measures are critical because Gene-modified cell therapies 
require not only the manufacture of delivery technologies (vectors) but also cells. The 
most significant manufacturing challenge surrounds the efficient scale up for 
commercialization while ensuring product fidelity. The key here may lie in automation, 
which has the potential to cut manufacturing time and costs, and reduce batch-to-
batch variability. Another potential solution to this current manufacturing hurdle is the 
development of a non-personalized technology, which has the potential to have an on-
demand product and significantly reduce production costs (see slide #52). 
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Executive Summary 
Part 2 – The Gene Therapy Ecosystem 

Slide #58 8. While Gene editing may One Day be the Holy Grail of Gene Therapy, There are 
Many Outstanding Questions Around the Safety and Ease of Use of this New Gene 
Therapy Approach. (Slide 58) 

Gene editing therapeutics are designed to repair, delete, or add a DNA sequence within 
a gene, resulting in a permanent change in the genetic make up of the target 
cell/tissue/organ (see slide #58). This approach will have most utility in the treatment of 
monogenic diseases, where a single disease causing gene has been identified. Like 
Gene transfer and Gene modified cell therapies, all Gene editing therapeutics are 
composed of a payload and delivery technology. Although the delivery technologies 
are similar to those used by Gene transfer therapies (see slide #28), the payloads 
contain genes spelling out a class of proteins called nucleases (see slide #58). Each of 
the four core Gene editing technologies employ a unique nuclease but all perform the 
same function – they cut DNA in a very efficient manner in order to repair, delete, or 
add a DNA sequence within an gene. It is this cutting activity of nucleases which 
presents a potential safety concern, as DNA cuts at off target sites can potentially cause 
mutations and lead to diseases such as cancer. Until we have a much larger clinical 
safety database for Gene editing technologies, it is hard to know whether the potential 
off target activity of nucleases is really a legitimate concern. Nevertheless there are 
companies developing nuclease-free Gene editing technologies with the goal of 
potentially providing a safer approach (see slide #61). However before the technologies 
become more mainstream they will need to demonstrate that they are as efficient in 
editing genes as the nuclease-dependent approaches.  
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High Level Comparison of the Four Gene Therapy Approaches 

Source: MTS Analysis 

Gene transfer Gene disruption Gene-modified 
cell therapy 

Gene editing 

Status of  
Approach 

Marketed (1) Marketed (3) Marketed (3) Development 

Major 
Gating Factor(s) 

Delivery, Manufacturing, 
Commercial model 

Delivery Manufacturing, 
Commercial model 

Efficacy, Delivery,  
Safety 

Manufacturing 
Complexity 

Moderate Minimal High Moderate 

COGs 
 

High Low High High 

Commercial Model TBD; 
Pay-for-Performance? 

Standard TBD; 
Pay-for-Performance? 

TBD 

Potential for Mutagenesis 
 

Low Not applicable Low  Unknown 

Delivery Method Nanoparticle, Non-viral,  
Viral 

Naked, Nanoparticle,  
Non-viral, Viral 

Non-viral,  
Viral 

Nanoparticle, Non-viral,  
Viral 

Potential for 
one-time treatment? 

Yes No  Yes Yes 

Payload Transgene Oligonucleotide Gene-modified  
cell type 

Engineered Nuclease OR 
Oligonucleotide + Nuclease 

Cell/tissue Specificity Payload, 
Delivery-dependent 

Delivery-dependent Cell-dependent Delivery-dependent 

Continuous 
Production of 
Payload Necessary? 

Yes Yes Yes No 



Intro to MTS’ Gene Therapy 
Report 

2. 
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Four Distinct Approaches of Gene Therapy  

Source: EvaluatePharma as of 11/10/2017, Analysis of MTS’ Proprietary Pure-Play Gene Therapy Database 

Gene Therapy Approaches MTS defines Gene Therapy as the use 
of genetic material (DNA and RNA) to 
treat a broad range of diseases, from 
monogenic disorders to complex 
disease such as cancer 

Using this definition, we created a proprietary 
pure-play Gene Therapy database, which 
includes 47 public and 98 private companies 

We have divided companies within our 
database into one of the following four Gene 
Therapy approaches based on lead candidate 
mechanism of action:  

(1) Gene transfer 

(2) Gene disruption 

(3) Gene-modified cell therapy  

(4) Gene editing 

Marketed or Mid – Late Stage Development Preclinical 

Gene transfer 
 
  

Vector delivered 
genes 

 
 

Avexis’ AVXS-101 
Spark’s Luxturna 

uniQure’s Glybera 

Gene disruption 
 
 

“Nucleotide 
technology” 

 
 

Alnylam’s Patisiran 
Biogen’s Spinraza 
Sarepta’s Exondys  

 Gene-modified 
cell therapy 

 
Cell therapy / 

CAR 
 
 

bluebird’s LentiGlo 
Gilead’s Yescarta 

NVS’ Kymriah 

Gene editing 
 
 

CRISPR / 
Homologous 

Recombination 
 

CRISPR Tx 
Editas 
Intellia 

Sangamo 
 

16 # Public 
Companies 

2 4 1 3 

16 11 4 

39 21 31 7 # Private 
Companies 

1 3 3 0 # Approved 
Drugs 
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Gene-modified cell 
therapy 

– Adding a functional gene 
to a cell therapy 

– Common cell types 
targeted include T cells, 
NK cells and HSCs 

– Monogenic + Polygenic 
diseases 

– One-time and multiple 
treatments 

– Change occurs at level of 
DNA 

Gene editing 

– Repairing or deleting a 
DNA sequence of an 
endogenous gene using 
CRISPR 

– Monogenic disease 
– One-time treatment 
– Genetic modification 

occurs at level of DNA 

Four Distinct Approaches of Gene Therapy  
Relatively Little Expertise “Crosstalk” Between Approaches 

Source: MTS Analysis 

Each gene therapy approach 
is unique and highly 
specialized, being an expert 
in one approach does not 
transfer over to the other 
approaches 

DNA 

RNA 

Protein 

Gene transfer 

– Replacing a defective 
endogenous gene with a 
functional copy using 
vectors 

– Monogenic + Polygenic 
disease 

– One-time and multiple 
treatments 

– Genetic modification 
occurs at level of DNA 

Gene disruption 

– Inhibiting the expression 
of an endogenous gene 
using nucleotides 

– Monogenic + Polygenic 
disease 

– Multiple treatments 
– Genetic modification 

occurs at level of RNA 



     Gene transfer Technologies 3. 
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Select Public Gene Transfer Companies 
Replacing a defective endogenous gene with a functional copy 

Company Mkt Cap  
($mm) 

Product/ 
Lead Candidate 

Phase  Therapeutic 
Area 

Indication  Vector / Transgene(s) 

AveXis $3,363  AVXS-101 Phase III Musculoskeletal Spinal muscular atrophy  rAAV9 / SMN transgene 
Spark Therapeutics 3,056 Luxturna Filed Ophthalmology Leber's congenital amaurosis  rAAV2 / RPE65 transgene 
REGENXBIO 890 RGX-501 Phase II Hepatic & biliary Hemophilia B rAAV8 / LDLR gene 
Abeona Therapeutics 803 EB-101 Phase II Dermatology Epidermolysis bullosa  Nonviral plasmid / COL7A1 gene  
Audentes Therapeutics 716 AT132 Pre-clinical Musculoskeletal X-linked Myotubular Myopathy rAAV8 / MTM1 gene 
ZIOPHARM Oncology 679 Ad-RTS-hIL-12 Phase I Cancer Glioblastoma multiforme Adeno / IL-12 gene 
Voyager Therapeutics 612 VY-AADC01 Phase I Neurology Parkinson's disease rAAV2 / aminoacid decarboxylase gene 
Nightstar 601 NSR-RPGR Phase II Ophthalmology Retinitis pigmentosa rAAV2 / codon optimized RPGR gene 
uniQure 472 Glybera Marketed Metabolic Familial lipoprotein lipase deficiency rAAV1/ LPL gene 
Oxford BioMedica 353 OXB-102 Phase II Neurology Parkinson's disease rLV /  tyrosine hydroxylase & cyclohydrolase, and 

aminoacid decarboxylase genes 
Tocagen 220 Toca 511 Phase II/III Cancer Glioblastoma multiforme Retroviral / cytosine deaminase 
Vascular Biogenics 161 VB-111 Phase III Cancer Glioblastoma multiforme Adeno 5 / PPE-1-3x proprietary promoter 
Adverum Biotechnologies 141 ADVM-043 Pre-clinical Respiratory AAT congenital deficiency  rAAVrh10 / alpha-1 antitrypsin gene 
GenSight Biologics 141 GS010 Phase III Ophthalmology Leber's hereditary optic neuropathy  rAAV2 / ND4 gene 
Lysogene 103 LYS-SAF302 Phase II Neurology Sanfilippo syndrome  rAAV10 /  N-sulfoglucosamine sulfohydrolase gene 
Applied Genetic 
Technologies 

67 AAV-CNGB3 Phase II Ophthalmology General eye disorders  rAAV / CNGB3 gene 

Cell with non-functioning  
gene Functional gene Cell functioning normally 

Nucleus 

Source: EvaluatePharma as of 11/10/2017, MTS analysis 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Select Private Gene Transfer Companies (1/2) 

Company Product/ 
Lead Candidate 

Phase  Indication  Vector / Transgene(s) 

4D Molecular Therapeutics 4D-710 Pre-clinical Cystic fibrosis  rAAV / CFTR 
AAVP Biosystems RGD-AAVP-TNF Pre-clinical Solid tumour indications rAAV / Tumor Necrosis Factor 
Advantagene ProstAtak Phase III Prostate cancer Adenovirus / Thymidine kinase 
Agilis Biotherapeutics AGIL-AADC Phase II Other neurological indications rAAV / Aromatic L-amino acid decarboxylase  
American Gene Technologies Phenylketonuria Program Pre-clinical Phenylketonuria Lentivirus / Not disclosed 
Apic Bio APB-101 Pre-clinical Alpha-1 antitrypsin congenital deficiency Dual function AAV / M-AAT 
ArtGen Neovasculgen Pre-clinical Peripheral vascular disease  Not disclosed / VEGF 
Ascend Biopharmaceuticals ASN-002 Phase II Basal cell carcinoma Adenovirus Type 5 / Interferon-gamma 
Asklepios BioPharmaceutical Biostrophin Phase I Duchenne muscular dystrophy rAAV2 / Mini dystrophin 
AVROBIO AVR-RD-01 Phase I Fabry disease Lentivirus / α-galactosidase A  
BEAT BioTherapeutics BB-R12 Pre-clinical Congestive heart failure rAAV / Ribonucleotide Reductase 
BrainVectis Neurodegenerative Gene Therapy Pre-clinical Alzheimer's disease rAAV / CYP46A1 
Circuit Therapeutics Neuropathic Pain Research Project Pre-clinical Pain, neuropathic rAAV / Not disclosed 
Cold Genesys CG0070 Phase II Bladder cancer Adenovirus / GM-CSF 
Digna Biotech AMT-021 Phase I Porphyria rAAV5 / PBGD 
enGene GEMS Insulin Pre-clinical Diabetes, type II Plasmid / insulin 
Expression Therapeutics Factor VIII Gene Therapy Pre-clinical Haemophilia A rAAV / Factor VIII 
Eyevensys EYS606 Phase II Uveitis Plasmid / Soluble Tumor Necrosis Factor alpha 
Freeline Therapeutics Haemophilia B Gene Therapy Phase II Haemophilia B rAAV / Factor IX 
Genprex Oncoprex Phase II Non-small cell lung cancer Plasmid / TUSC2 
Hemera Biosciences HMR59 Phase I Age-related macular degeneration AAV2 / sCD59 
Horama HORA-RPE65 Phase II General eye disorders AAV / RPE65 
Juventas Therapeutics JVS-100 Phase II Congestive heart failure Plasmid / SDF-1 
MeiraGTx AAV-RPE65 Phase II Leber's congenital amaurosis rAAV / RPE65 
Memgen ISF35 Phase II Melanoma Adenovirus / membrane-bound CD154 
Milo Biotechnology AAV1-Follistatin Phase II Becker muscular dystrophy rAAV1 / Follistatin 
Moderna Therapeutics mRNA-1647 Pre-clinical General viral indications Not disclosed 
MultiVir Adenoviral p53 Phase I Colorectal cancer Adenovirus / p53 
ORCA Therapeutics ORCA-010 Pre-clinical Prostate cancer Adenovirus / Not disclosed 
OrienGene Biotechnology OrienX010 Phase I Solid tumour indications HSV / GM-CSF 
Phico Therapeutics PT1.3 Pre-clinical Pseudomonas infections NDV / SASPs 

Source: EvaluatePharma as of 11/10/2017, MTS analysis 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Select Private Gene Transfer Companies (2/2) 

Company Product/ 
Lead Candidate 

Phase  Indication  Vector / Transgene(s) 

Prevail Therapeutics AAV9 Program Pre-clinical Parkinson's disease rAAV9 / Not disclosed 
Renova Therapeutics RT-100 Phase II Congestive heart failure Adenovirus Type 5 / AC6 
Replimune RP1 Phase II General cancer indications HSV / Fusogenic glycoprotein 
SillaJen Biotherapeutics Pexa-Vec Phase III Hepatoma, liver cancer Vaccina virus / GM-CSF 
Solid Biosciences SGT-001 Pre-clinical Duchenne muscular dystrophy rAAV / Mini Dystrophin 
Venn Therapeutics AdVCA0848 Pre-clinical Melanoma Adenovirus Type 5 / Diguanylate cyclase 
Vivet Therapeutics VTX-801 Pre-clinical Wilson's disease rAAV / mini-ATP7B copper transporter 
XyloCor Therapeutics XC001 Pre-clinical Angina pectoris Adenovirus / VEGF 

Source: EvaluatePharma as of 11/10/2017, MTS analysis 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Core Components of a Gene transfer Therapeutic 

Source: MTS analysis 

Gene transfer 

Replacing a defective endogenous 
gene with a functional copy; 
genetic modification of cells occurs 
in the body; modification results in 
permanent change to patient’s 
DNA  

Two Core Components 

Payload: Gene Controls AND Gene 

Delivery: Vector 

Gene Controls 

DNA sequences that regulate the production of 
the gene 

AND 

Gene 

DNA sequence coding for the production of a 
protein 

Payload Delivery 

Vector 

Unit that is required to delivery the payload to 
cells 

Nanoparticle, Non-viral, Viral vectors are used for 
Gene transfer therapeutics 
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Key Consideration #1: Payload Constructs Matters 

Source: MTS analysis 

Despite some success with 
the Gene transfer approach in 
clinical trials, reproducibility 
and stability of therapeutic 
gene expression from within 
viral and non-viral constructs 
remains a challenge 

Problems of variability and silencing of therapeutic gene expression from viral and non-
viral constructs in the clinic may be masked by several phenomena 

Selective survival of genetically modified cells 

Selective growth advantage of modified cells 

 

Gene controls (shown on the next slide) can be employed to at least reduce position 
effects and potentially provide more reproducible results 

Promoters are the most important gene controls because they control the amount and location of 
therapeutic gene expression 

Elements that impact chromatin boundaries, chromatin remodeling and transcriptional activation, such 
as insulators, have the potential to mitigate variation in therapeutic gene expression but also increase 
the likelihood of insertional mutagenesis 
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Key Consideration #1: Payload Construction Matters 

Source: MTS analysis 

Function Why is this important? 

G
en

et
ic

 
M

at
er

ia
l Therapeutic gene Portion of the Payload that 

produces a protein 
Main component of the Gene transfer approach aka "the therapeutic"  

G
en

e 
C

on
tr

ol
s Promoter 

 
 

Payload Production Controls the amount and location of therapeutic production  

Intron 
 
 

Payload Production Controls the amount of therapeutic production 

Poly(A) signal 
 
 

Payload Production Ensures the correct therapeutic is produced 

Insulator 
 
 

Payload Regulation Prevents interaction of Payload with adjacent DNA sequences to reduce 
variability in Payload production 

IRES 
 
 

Payload Regulation Ensures the correct therapeutic is produced 

WRPE 
 
 

Payload Regulation Ensures the correct therapeutic is produced 

miR target sequence 
 
 

Payload Regulation Ensures the correct amount of the therapeutic gene is produced 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Key Consideration #2: Delivery Methods are not Equivalent 

Source: MTS analysis 

The ideal delivery method 
should provide robust 
expression of the payload in 
the target tissue of interest 
without eliciting an immune 
response 

There are two major classes of Gene transfer delivery methods 

Viral (recombinant viruses – retroviruses and lentiviruses) 

Non-viral (transposons, plasmid DNA, and naked DNA/RNA complexes) 

 

Choosing the appropriate delivery method for a Gene transfer therapeutic is dependent 
on several important criteria 

Which cell/tissue types are being targeted  

The choice of systemic versus local delivery 

The use of tissue-specific or constitutively active gene controls 

The safety profile associated with the delivered payload 
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Key Consideration #2: Delivery Methods are not Equivalent 
High level comparison of select viral vs non-viral approaches 

Source: MTS analysis 

Merits Considerations 

V
ir

al
 

Retrovirus 
 

– High transfer efficiency of payload to dividing cells 
– Extensive safety profile 
– Limited immunogenicity 

– Low probability of insertional mutagenesis 
– Unable to transfer payload to non-dividing cells 
– Potential payload silencing 
– No cell/tissue specificity 
– Intensive and expensive biosafety procedures 

 

rAAV 
 

– Cell/tissue specificity (see slide #64) 
– Robust and stable payload production 
– Extensive safety profile 

– Not suitable for rapidly dividing cells 
– Complex manufacturing (see slide #29) 
– Immunogenicity (see slide #28) 
– Limited payload size (see slide #28) 
– Intensive and expensive biosafety procedures 
– Delayed onset of protein production 

 

Lentivirus 
 

– High transfer efficiency of payload to dividing and non-
dividing cells 

– Robust and stable payload production 
– Limited immunogenicity 

 

– Complex manufacturing 
– Intensive and expensive biosafety testing 
– Low probability of insertional mutagenesis 

N
on

-v
ir

al
 

Transposons – Low cost 
– Ease of manufacturing 
– Straightforward biosafety procedures 
– Robust payload production 
– Ability to accommodate large payloads 

 

– Unknown probability of insertional mutagenesis 
– Low transfer efficiency of payload 
– Transfer causes high rates of cell death 
– Paucity of long-term safety data 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Features of Gene transfer Delivery Methods 
Viral vs Non-viral Approaches 

Source: MTS analysis 

Viral Non-viral 

Delivery Vector 
Features 

Retro Virus Adenovirus rAAV Lentivirus Transposons DNA Plasmids 

Maximum Payload 
Size 

7-7.5kb ~30kb <5kb 7-7.5kb Unlimited Unlimited 

Immunogenicity Unlikely Yes Yes Unlikely No No 

Safety 
Considerations 

Potential 
insertional 
mutagenesis 

Potential 
insertional 
mutagenesis 

Potential 
inflammatory 
responses 

Potential 
insertional 
mutagenesis 

Potential 
inflammatory 
responses 

Potential 
inflammatory 
responses 

Genome Integration Yes Yes No Yes No Very poor 

Duration of 
Expression 

+ + +++ +++ +++ + 

Ease of Scale Up for 
Commercial 
Applications 

+++ ++ + + +++ +++ 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Current Options for Manufacturing rAAV Vectors 
Balancing Safety with Scalability  

Source: MTS analysis 

Triple transfection 
(Adherent) 

Triple transfection 
(Suspension) 

Baculovirus Herpes Virus Adenovirus 

Advantages Quick to produce virus 
in small scale 
Helper virus free AAV 

Quick to produce virus 
in small scale 
Helper virus free AAV 

Efficient larger scale 
production 
Safety of insect cells 

Efficient larger scale 
production 
No stable producer cell line 
required 
 

Efficient larger scale 
production 
 

Challenges Poor scalability Modest scalability Instability of viral 
product 

Required two HSV helper 
viruses 

Requires new stable 
producer cell line for each 
project 
 

Efficiency of DNA 
Delivery 
 

 ++ +  +++  +++ +++ 

Scalability 
 

- + +++ +++ +++ 

Safety Concerns 
 

- - - Contaminating helper virus Contaminating helper virus 

Cell line 
 
 

Adherent HEK293  
cells 

Suspension HEK293 
cells 

Suspension Sf9 insect 
cells 

Suspension BHK 
cells 

Suspension HeLa S3  
cells 

Production System CellFactory, roller, 
CellCube 
 

Wave reactor 
(Liter capacity) 

200 liter stirred tank 
reactor 

10 liter Wave  
reactor 

250 liter stirred tank  
reactor 

Scalability 

Safety 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 



    Gene disruption Technologies 4. 
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Select Public Gene Disruption Companies 
Disrupting the expression of an endogenous gene 

Source: EvaluatePharma as of 11/10/2017, MTS analysis 

Company Mkt Cap 
($mm) 

Product/ 
Lead Candidate 

Phase  Therapeutic  
Area 

Indication  MoA / Target 

Alnylam $11,280  Patisiran Phase III Miscellaneous Amyloidosis  RNAi / Transthyretin gene 
Ionis 7,251 Kynamro Marketed Cardiovascular Hyperlipidaemia ASO / Apolipoprotein B-100 gene 
Sarepta 3,085 Exondys 51 Marketed Musculoskeletal Duchenne muscular dystrophy  ASO / Dystrophin gene 
Akcea 1,190 Volanesoren Filed Cardiovascular Familial Chylomicronemia Syndrome ASO / ApoC-III gene 
WAVE Life Sciences 637 HTTP SNP-1 Program Pre-clinical Neurology Huntington's disease  RNAi / HTT (SNP)-1 gene 
Arbutus 330 ARB-1467 Phase II Infections Hepatitis B treatment ASO / Hepatitis B genes 
Idera 295 IMO-2125 Phase I/II Cancer Hyperlipidaemia  CpG Oligonucleotide / TLR9 agonist  
Arrowhead 273 ARO-AAT Preclinical Miscellaneous Alpha-1 Antitrypsin Deficiency RNAi / mutant Alpha-1 Antitrypsin gene 
Silence Therapeutics 217 QPI-1002 Phase III Immunology Kidney transplantation  RNAi / p53 gene 
miRagen 179 MRG-106 Phase I Cancer Non-Hodgkin lymphoma  ASO / MicroRNA-155 gene 
Regulus Therapeutics 112 RG-012 Phase II Hepatic & biliary Alport syndrome ASO /microRNA-21 gene 
Dicerna 110 GalXC Platform Pre-clinical Hepatic & biliary General liver disorders  RNAi / mutant Alpha-1 antitrypsin gene 
ProQR 97 QR-010 Phase II Respiratory Cystic fibrosis RNAi / CFTR gene with F508del mutation 
Benitec Biopharma 34 BB-401 Phase II Cancer Head & neck cancers ASO / EGFR gene 
RXi Pharmaceuticals 13 RXI-109 Phase II Surgery Wound closure RNAi / Connective tissue GF gene 
Antisense 4 ATL1103 Phase II Hormone Acromegaly AS0 / Growth hormone receptor 

Cell with non-functioning  
gene 

Inhibiting/enhancing 
nucleotide sequence 

Cell with engineered 
activity 

Nucleus 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Select Private Gene disruption Companies 

Company Product/ 
Lead Candidate 

Phase  Indication  MOA / Target 

AccuRNA AccuRNA-NanoCarrier Program Pre-clinical Not disclosed Not disclosed 
Amylon Therapeutics AT-010 Pre-clinical Katwijk’s disease ASO / Beta-amyloid 
Andes Biotechnologies Andes-1537 Phase I Solid tumour indications ASO / mitochondrial RNA 
Aparna Biosciences ABS-393 Pre-clinical Solid tumour indications RNAi / VEGF 
Arcturus Therapeutics LUNAR-OTC Pre-clinical Urea cycle disorders mRNA / OTC 
Biomics Biotechnologies RNAi Liver Project Pre-clinical Hepatoma, liver cancer RNAi / Not disclosed 
BONAC BNC-1021 Pre-clinical Pulmonary fibrosis, idiopathic RNAi / TGF-beta 
Exicure XCUR17 Pre-clinical Psoriasis ASO / IL-17 receptor 
InteRNA Technologies Tumour Vessel Targeting Program Pre-clinical Renal cell carcinoma (RCC) miRNA / Not disclosed 
Isarna Therapeutics ISTH0036 Phase I Glaucoma ASO / TGF-beta 
LifeSplice Pharma LSP-GR1 Pre-clinical Amyotrophic lateral sclerosis (ALS) ASO / GluA1 
MiNA Therapeutics MTL-CEBPA Phase I Hepatoma, liver cancer ASO / CEBP alpha 
nLife Therapeutics Rare Diseases Project Pre-clinical Other neurological indications ASO or siRNA / Not disclosed 
OliPass DMD Research Program Pre-clinical Duchenne muscular dystrophy ASO / Not disclosed 
OLIX Pharmaceuticals OLX301 Pre-clinical Dry age-related macular degeneration (AMD) RNAi / Not disclosed 
Oncotelic Trabedersen Phase II/III Pancreatic cancer ASO / TGF-beta 
OrphageniX Spinal Muscular Atrophy Project Pre-clinical Spinal muscular atrophy ASO / SMA 
Silenseed si-PT-LODER Pre-clinical Prostate cancer RNAi / BMI1 & NETO2 
Sirnaomics STP900 Pre-clinical Human papillomavirus (HPV) infections RNAi / Not disclosed 
sterna biologicals SB012 Phase II Ulcerative colitis RNAi / GATA-3 
Translate Bio SHP637 Pre-clinical Cystic fibrosis (CF) mRNA / Not disclosed 

Source: EvaluatePharma as of 11/10/2017, MTS analysis 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Core Components of a Gene disruption Therapeutic 

Source: MTS analysis 

Gene disruption 

Disrupting the expression of a 
gene; modification of cells occurs in 
the body and does not result in 
permanent change in a patient’s 
DNA 

Two Core Components 

Payload: Oligonucleotide 

Delivery: Vector OR Naked 

Oligonucleotide 

Short DNA or RNA sequence complementary to 
the DNA or RNA sequence of the target gene 

Payload Delivery 

Vector 

Unit that is required to delivery the payload to 
cells 

Antibodies, Aptamers, Nanoparticles, Viral vectors 
and Non-viral vectors are used for Gene 
disruption therapeutics 

OR 

Naked 
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There are Three Principle Gene Disruption Technologies 

Source: MTS analysis 

RNA 
Interference  

Antisense 
Interference 

MicroRNA 
Modulation 

Payload Short double-stranded nucleic acid 
sequences 

Short single-stranded nucleic acid 
sequences 

Short single-stranded nucleic acid 
sequences 

Delivery 
method 

Naked 
Nanoparticle 
Viral 
 
 

Naked 
Nanoparticle 

Naked 
Nanoparticle 
Viral 

Mechanism  
of Action 

Inhibition of  
protein production 

Inhibition OR enhancement of protein 
production 

Inhibition OR enhancement of  
protein or miRNA production 

Select Pure-Play 
Companies 

Alnylam 
Arbutus 
Arrowhead 
Benitec 
 

Dicerna 
Rxi 
Silence 
Wave 
 
 

Akcea 
Antisense 
Idera 

Ionis 
ProQR 
Sarepta 

miRagen 
Regulus 

2 3 1 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Technology #1 – RNA Interference (RNAi) Technology 

Source: MTS analysis 

This technology uses short 
double-stranded DNA 
molecules (oligonucleotides) 
to turn off gene expression, 
thereby reducing the 
production of proteins 

RNAi is in development for a 
wide range of indications, 
from cancers to infectious 
disease  

Rationale for RNAi therapy 

Altered protein production leads to disease manifestation 

RNAi is delivered to the patient systemically or locally to specific tissues/organs (i.e. eye, skin) 

RNAi enters into cells of the diseased tissue or organ 

RNAi shuts down production of specific proteins that cause disease or disease symptoms 
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Technology #2 – Antisense (ASO) Technology 

This technology uses a single-
stranded RNA molecule that 
is complementary to a 
messenger RNA (mRNA) 
designed to inhibit or 
enhance the translation of the 
mRNA into protein 

Antisense is can be used to 
treat a wide range of 
indications 

Rationale for ASO therapy 

Altered protein production leads to disease manifestation 

ASO is delivered to the patient systemically or locally to specific tissues/organs (i.e. eye, skin) 

ASO enters into cells of the diseased tissue or organ 

ASO turns off OR enhances production of specific proteins 

Source: MTS analysis 
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Technology #3 – MicroRNA Modulation Technology 

Source: Regulon’s website 

microRNAs are short single-
stranded RNA molecules that 
regulate protein production 
and play a vital role in 
influencing the pathways 
responsible for many disease 
processes 

microRNAs can be 
modulated by either 
decreasing the activity 
(inhibitors aka anti-miRs) or 
increasing the levels (mimics 
aka pro-miRs) of expressed 
microRNAs.  

Rationale for MicroRNA Modulation therapy 

Altered miRNA production leads to disease manifestation 

microRNA modulators are delivered to the patient systemically or locally to specific tissues/organs (i.e. 
eye, skin, eye) 

microRNA modulators enter into cells of the diseased tissue or organ 

microRNA modulators turn off OR enhances production of specific proteins 
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Source: MTS analysis 

Key Consideration: Delivery of Gene disruption Therapies 

Merits Considerations 

Naked  – Ease of manufacturing 
– Stable in body 
– Likely non-immunogenic 

– Poor cell penetration 
– Low specificity 

Antibodies – Highly target-specific 
Monoclonals or antibody fragments applicable 

– Costly to produce  
– Repeated treatments necessary  
– Potential for immunogenicity 

Aptamer – Highly target-specific 
– Ease of large scale manufacturing 
– Stable in body 

– Large size relative to therapeutic 
– Repeated treatments necessary  
– Modification needed for enhanced circulation and 

pharmacodynamics 
– Costly to manufacture 

 

Cholesterol – Clinically-validated delivery method 
– Non-immunogenic 
– Inexpensive 

– Potential for liver toxicity 
– Requires large doses 
– Limited use beyond liver indications 

Synthetic  
nanoparticles 

– Target-specific 
– Ease of large scale manufacturing 
– Multiple APIs per particle 

– Costly to produce  
– Repeated treatments necessary  
– Complicated chemistry 

Viral vectors – Tissue specificity 
– Durable production in the body 
– Potential for single treatment 

– Potential for immunogenicity 
– Potential for insertional mutagenesis 
– Costly to produce 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Select Public Gene-modified cell therapy (GMCT) Companies 
Introducing a gene with de novo (new) activity 

Source: EvaluatePharma as of 11/10/2017, MTS analysis 

Company Mkt Cap 
(mm$) 

Product/ 
Lead Candidate 

Phase  Therapeutic  
Area 

Indication  Transgene / Cell type 

Novartis $190,764  Kymriah Approved Cancer Leukaemia, acute lymphocytic  CAR-19  / T cells 
Gilead 99,319 Yescarta Approved Cancer Diffuse large B-cell lymphoma CAR-19  / T cells 
bluebird bio 6,455 LentiGlobin Phase III Blood Thalassaemia Single codon variant of Beta-globin /HSCs 
Juno Therapeutics 5,169 JCAR017 Phase I Cancer Leukaemia, acute lymphocytic  CAR-19  / T cells 
Cellectis 1,204 UCART19 (off-the-shelf) Phase I Cancer Leukaemia, chronic lymphocytic CAR-19  / T cells 
Adaptimmune 739 NY-ESO SPEAR Phase II Cancer Multiple myeloma TCR-NY-ESO-1 / T cells 
Celyad 579 NKR-2 Phase I Cancer Leukaemia, acute myeloid CAR-NKG2D / T cells 
Iovance/Lion Biotechnologies 547 LN-144 Phase II Cancer Melanoma  T cells 
NantKwest 374 aNK Phase II Cancer Neuroendocrine tumour NK cells 
Medigene 331 WT-1/PRAME Phase II Cancer Leukaemia, acute myeloid WT-1 / Dendritic cells 
Bellicum Pharmaceuticals 329 BPX-601 Phase I Cancer Pancreatic cancer PSCA / T cells 
MolMed 225 CAR-CD44v6 Pre-clinical Cancer Solid tumour indications CAR-CD44 / T cells 
Rocket Pharma 70 Not disclosed Phase I Blood Fanconi Anemia Transgene not disclosed /HSCs 

Cell functioning  
normally 

Gene with 
engineered activity 

Cell with engineered 
activity 

Nucleus 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Select Private GMCT Companies 

Company Product/ 
Lead Candidate 

Phase  Indication  Transgene(s) / Cell type 

Adicet Bio Universal CAR-T Pre-clinical General cancer indications Not disclosed 
apceth Biopharma Apceth Regeneration Program Pre-clinical GVHD Not disclosed / MSCs 
Aurora Biopharma AU105 Phase II Glioblastoma multiforme CAR HER2 & CMV / T cells 
Autolus AUTO2 Phase I/II Multiple myeloma CAR BLyS/BAFF/TACI/BCMA / T cells 
BioNTech CAR-T cell therapy Pre-clinical Ovarian cancer Not disclosed 
Cell Medica CMD-501 Pre-clinical Solid tumour indications CAR & IL-15 / NK cells 
Chimeric Therapeutics CLEC14a Targeted Cell Therapy Pre-clinical Solid tumour indications CAR-CLEC14a / T cells 
Errant Gene Therapeutics Thalagen Phase I Thalassaemia Beta-globin / HSCs 
eTheRNA immunotherapies TriMix Melanoma program Phase II Melanoma Not disclosed / Dendritic cells 
Eureka Therapeutics ET1402 Phase I Multiple myeloma CAR-AFP / T cells 
Formula Pharmaceuticals CIK.CAR.CD19 Phase II Leukaemia, acute lymphocytic CAR-19 / Cytokine Induced Killer cells (NK, CD3+) 
Gadeta TEG-002 Pre-clinical Solid tumour indications CD277 / T cells 
GammaDelta Therapeutics Gamma Delta T Cell Program Pre-clinical Solid tumour indications Not disclosed / Gamma Delta T Cells  
Genenta Science Cancer Gene Therapy Program Pre-clinical Multiple myeloma Interferon alpha / HSCs 
Généthon HSC Gene Therapy Phase II Wiskott-Aldrich syndrome Not disclosed / HSCs 
HaemaLogiX KMA.CAR-T Cell Program Pre-clinical Multiple myeloma CAR-KMA / T cells 
Holostem  Epidermolysis Bullosa Project Phase I Epidermolysis bullosa LAMB3 / Keratinocytes 
iCell Gene Therapeutics Compound CAR-T Phase I Multiple myeloma CAR-BCMA & CS1 / T cells 
Immatics biotechnologies IMA201 Phase I Non-small cell lung cancer Not disclosed / T cells 
Immusoft MPS I Cell Therapy Pre-clinical Hurler's syndrome (MPS I or MPS I) IDUA / B cells 
Leucid Bio T1E28z Phase I Head & neck cancers CAR-ErbB (T1E) / T cells 
Mustang Therapeutics CD123 CAR-T Phase I Leukaemia, acute myeloid  CAR-CD123 / T cells 
Nohla Therapeutics NLA-105 Pre-clinical General cancer indications Not disclosed / HSCs 
Noile-Immune Biotech NIB-101 Pre-clinical Solid tumour indications Cytokines & Chemokines / T cells 
Orchard Therapeutics OTL-101 Phase II ADA-SCID Adenosine deaminase / HSCs 
Poseida Therapeutics P-BCMA-101 Phase I Multiple myeloma CAR-BCMA / T cells 
Rubius Therapeutics Red-Cell Therapeutic Pre-clinical Phenylketonuria Not disclosed / RBCs 
Tactiva Therapeutics CD4/CD8 TCR-T cell Pre-clinical General cancer indications TCR-NY-ESO-1 / T cells 
TC BioPharm ImmuniCAR CD33 Pre-clinical Leukaemia, acute myeloid CAR-CD33 / Gamma delta T cells 
TCR2 Therapeutics TC-210 Pre-clinical Ovarian cancer Mesothelin / TRuC-T cells 
Tmunity Therapeutics T Cells Research Project Pre-clinical General cancer indications Not disclosed / CAR-T and TCR-T cells 

Source: EvaluatePharma as of 11/10/2017, MTS analysis 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Core Components of a GMCT Therapeutic 

Source: MTS analysis 

Gene-modified cell therapy 

Transfer of a functional gene into a 
cell-based therapy; genetic 
modification occurs outside the 
body; modification results in a 
permanent change in the patient’s 
DNA 

Three Core Components 

Payload: Gene Controls AND Gene 

Delivery: Vector + Cell 

Gene Controls 

DNA sequences that regulate the production of 
the gene 

AND 

Gene 

DNA sequence coding for the production of a 
protein 

Payload Delivery 

Vector 

Unit that is required to delivery the payload to 
cells 

Nanoparticle, Non-viral, Viral vectors are used for 
Gene transfer therapeutics 

Cell type 

Tissue-specific cells removed from the 
patient which will be genetically 
modified 

Common cell types used include T cells, 
NK cells and HSCs 

AND 
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Chimeric 
Antigen  
Receptor 

T cell  
Receptor 

Listeria- 
based 

Tumor  
Infiltrating 
Lymphocyte 

Natural  
Killer  

Hematopoietic 
Stem Cell 

Payload 
 
 

CAR TCR Tumor  
antigens 

Cytokines CAR Protein coding  
genes 

Delivery Method 
 
 

Non-viral 
Viral 

Non-viral 
Viral 

Bacteria Non-viral 
Viral 

Non-viral 
Viral 

Non-viral 
Viral 

Cell Type 
 
 

T cells T cells Dendritic cells T cells NK cells Stem cells 

Therapeutic 
Area 
 

Oncology Oncology 
 

Oncology 
 

Oncology 
 

Oncology 
 

Hematology 

Select Pure-Play 
Companies 

bluebird 
Cellectis 
Celyad 
Juno 
Molmed 
ZioPharm 

Adaptimmune 
Bellicum 
bluebird 
Juno 
Medigene 
ZioPharm 

Aduro 
Advaxis 

Iovance/Lion NantKwest Bellicum 
bluebird 

There are Six Principle GMCT Technologies 

Source: MTS analysis 

6 1 2 3 4 5 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Technology #1 – CAR-T cell Technology  
Cellular immunotherapy for liquid tumors 

Source: bluebird’s website 

Chimeric antigen receptors 
(CARs) are fusion constructs 
composed of the variable 
binding region domain of the 
a monoclonal antibody 
(tumor binding domain) with 
the activation domain 
(signaling domain) of the T 
cell receptor, with additional 
costimulatory domains  

CAR therapy is in 
development to treat cancer, 
specifically liquid tumors 
including lymphomas and 
leukemias 

Rationale for CAR-T cell therapy 

The immune system fails to recognize and kill tumor cells 

Scientists engineer T cells to express a CAR that recognizes a specific tumor antigen DCs present tumor 
antigens and activate T cells 

CAR-T cells recognize and kill tumor cells  

3 

3 

3 
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Technology #1 - Comparison of Select CAR-T Programs 
Gene-modified cell technology  

Source: Company Presentations and filings, MTS analysis 

Company 
 

Lead Product Antigen Off-the- 
Shelf 

Payload 
Delivery 

Phase/ 
Indication 

Originator Co-Stim 
Domain 

On/Off 
Switch 

Vein-to-Vein 
Time  

Novartis CTL019 CD19 No Lentivirus Approved: Ped. ALL                
Ph. II: DLBCL             
Ph. II: CLL                 
Ph. I: MM 

UPenn 4-1BB/CD3z No 29 days;  
goal = 22 days 
with increased 
automation 

Gilead/Kite KTE-C19 CD19 No Retrovirus Approved: r/r DLBCL 
Ph. II: MCL 
Ph. I/II: iNHL           
Ph. I/II: ALL             
Ph. I/II: CLL          

NCI CD28 No 17 days; 
collaboration with 
GE on automation 

Juno/Celgene JCAR17 CD19 No Lentivirus Ph. I/II: ALL             
Ph. I : NHL 

Hutchinson 4-1BB Yes (Off) 21 days 

ZioPharm CD19 Non-Viral 
CAR-T Program 

CD19 No Transposon Ph. I: NHL ALL MDACC CD28/4-1BB Yes (On) POC in one patient 
14 days; goal = 2 
days 

Cellectis/Servier/ 
Pfizer 

UCART19 CD19 Yes   
(-CD52, -TCRa) 

Lentivirus Ph. I: ALL Pasteur 4-1BB/CD3z No N/A 

Bellicum BPX-601 PSCA No Retrovirus Ph. I: Pancreatic Baylor MyD88 + CD40 Yes (On) Not disclosed 

bluebird/  
Celgene 

bb2121 BCMA No Lentivirus Ph. I: MM                  
Ph. I: Glioma, GBM     

Baylor 4-1BB/CD3z No Not disclosed 

Ziopharm Non-Viral CAR-T 
Program 

CD33 No Lentivirus Pre-clinical: AML MDACC CD28/4-1BB Not 
disclosed 

Not disclosed 

Merck KGaA Not disclosed Not disclosed No Transposon Pre-clinical MDACC CD28/4-1BB Not 
disclosed 

Not disclosed 

Molmed CAR-CD44v6 CD44 No Not 
disclosed 

Pre-clinical San Raffaele CD28/CD3z No Not disclosed 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Technology #2 – T Cell Receptor (TCR) Technology 
Cellular immunotherapy for solid tumors 

Source: Adaptimmune’s website 

T Cell Receptor (TCRs) are 
constructs composed of the 
alpha and beta chain of the 
TCR engineered to target and 
bind specific cancer peptides 
presented on the surface of 
tumor cells 

TCR therapy is in 
development to treat cancer, 
specifically solid tumors 

Rationale for TCR-T cell therapy 

The immune system fails to recognize and kill tumor cells 

Scientists engineer T cells to express a TCR that recognizes a specific cancer peptide-HLA  on the 
surface the  

TCR-T cells recognize and kill tumor cells  
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Technology #3 – Lysteria-based Technology 

Source: Aduro’s website 

This technology uses a live 
attenuated Lysteria 
monocytogenes engineered to 
express tumor antigens to 
target dendritic cells (DC) 
and induce targeted immune 
responses 

Listeria-based therapies are 
used to treat solid tumors 

Rationale for Listeria-based therapy 

The immune system fails to recognize and kill tumor cells 

Scientists engineer Listeria to express tumor antigens and target DC cells 

DCs present tumor antigens and activate T cells 

Tumor specific T cells recognize and kill tumor cells  
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Technology #4 – TIL Technology 

Source: Iovance’s website 

This technology uses a 
patient’s own tumor 
infiltrating lymphocytes 
(TILs) to attack and kill 
tumor cells 

TIL-based therapies are used 
to treat solid tumors 

Rationale for TIL therapy 

The immune system fails to recognize and kill tumor cells 

TIL cells are isolated from the patient’s own tumor following surgical resection 

TILs are expanded to billions in number by simulating them ex vivo away from tumor’s immune-
suppressing environment 

TIL are then infused back into the patient following a treatment to remove all suppressive influences 
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Technology #5 – NK Cell Technology 

Source: NantKwest’s website 

This technology uses NK cells 
have the innate ability to 
rapidly seek and destroy 
abnormal cells, such as 
cancer or virally-infected 
cells, without prior exposure 
or activation by other support 
molecules 

NK cells are used to treat a 
broad range of cancers 

Rationale for NK cell therapy 

The immune system fails to recognize and kill tumor cells 

NK cells are administered to the patient and become activated when they encounter cancer cell stress 
ligands 

NK attach to the tumor cell and deposit cell-killing granules into the cytoplasm of the tumor cell 

Cancer cells are killed due to cell membrane digestion and other cell death-causing processes 



51 

Technology #6 – Genetically-modified HSC Technology 
Gene therapy for blood stem cell disorders 

Source: bluebird’s website 

HSC therapy involves 
genetically modifying a 
patient’s own hematopoietic 
stem cells (CD34+) by adding 
a functional copy of the gene 
of interest 

HSC therapy is in 
development to treat a 
ranged of blood disorders, 
including sickle cell disease 
(SCD) 

Rationale for HSC therapy 

Patient’s carry a mutant gene that prevents the proper production of blood cells 

Patient’s HSCs are removed from the body 

A functional gene is transfer into the HSCs outside the body 

Genetically-modified HSCs carrying functional gene are infused into patient 
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Key Consideration: Personalized or Off-the-Shelf Therapy? 

Source: MTS analysis 

Personalized (Autologous): 

Cell material for personalized 
therapies is from the patient’s own 
body 

Off-the-Shelf (Allogeneic): 

Cell material for off-the-shelf 
therapies is derived from another 
human being 

 

Personalized Off-the-Shelf 

On-demand sales Reliable sales  

Irregular production costs and schedules Stable production costs and schedules 

Favors regionalized production facilities Enables centralized biobanking and production facilities 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Considerations for CAR, TCR, TIL and NK Therapy 
Obstacles that still need to be addressed before full potential realized 

Source: MTS analysis 

Considerations Obstacle Potential Solutions 

C
li

n
ic

al
 

Immunosuppressive tumor 
microenvironment 

– Treg and MDSC immunosuppression 
 

– Immunosuppression by direct Tumor-
therapeutic cell interaction 

– Cytokine-secreting CARs and TCRs designed to 
counteract the immunosuppression 

– Combination therapy with checkpoint inhibitors; 
engineering of PD-1 deficient CARS and TCRS 

Toxicities – Anaphylaxis 
– Lymphodepletion 

 
– Cytokine Release Syndrome 
– On-target, off-tumor activity 

– Intense monitoring and supportive care 
– Development of lymphodepletion-free 

protocols; improved cytokine therapy 
– Tocilizumab; IL-6 receptor antagonists 
– Tandem CARs; safety switch / suicide gene-

expressing CARs and TCRs 

C
om

m
er

ci
al

 

Production – Lack of automation 
– Manufacturing time 
– No “off the shelf” product 

– Improved bioreactors 
– Continued investment in universal CARs and 

TCRs 

Market Opportunity – Used as last line therapy – Improved supportive care and effective AE 
solution 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 



    Gene editing Technologies 6. 
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Select Public Gene Editing Companies 
Repairing the DNA sequence of an endogenous gene 

Source: EvaluatePharma as of 11/10/2017, MTS analysis 

Company Mkt Cap 
($mm) 

Product/ 
Lead Candidate 

Phase Therapeutic  
Area 

Indication MoA/Target 

Sangamo BioSciences $1,400 SB-FIX Phase I/II Blood Hemophilia B ZFN / Factor IX gene 
Intellia Therapeutics 1,102 CRISPR-Cas9 Program Preclinical Miscellaneous ATTR Amyloidosis CRISPR / TTR gene 
Editas Medicine 1,064 EDIT-101 Preclinical Sensory Organs LCA Type 10 CRISPR / CEP290 gene 
CRISPR Therapeutics 776 CTX001 Preclinical Blood B-thalassemia CRISPR / BCL11A enhancer 

Cell with a gene containing a 
mis-functioning region 

Functionally active 
region of gene 

Cell with gene  
functioning normally 

 

Nucleus 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Select Private Gene editing Companies 

Company Product/ 
Lead Candidate 

Phase  Indication  MOA / Target 

Agenovir HPV Research Project Pre-clinical Human papillomavirus (HPV) infections CRISPR / Not disclosed 
Batu Biologics Immittam Pre-clinical Solid tumour indications CRISPR / PD-1 
Exonics Therapeutics DMD Project Pre-clinical Duchenne muscular dystrophy CRISPR / Dystrophin 
Homology  Not disclosed Pre-clinical Inborn errors of metabolism Nuclease-free / Not disclosed 
LogicBio Not disclosed Pre-clinical Pediatric genetic disorders Nuclease-free / Not disclosed 
Precision Biosciences Baxalta-Precision Oncology Project Pre-clinical General cancer indications Homing nuclease / Not disclosed 
Universal Cells Adaptimmune-Universal Cells TCR Pre-clinical General cancer indications Nuclease-free / Not disclosed 

Source: EvaluatePharma as of 11/10/2017, MTS analysis 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Core Components of a Gene editing Therapeutic 

Source: MTS analysis 

Gene editing 

Repairing or deleting a DNA 
sequence in an endogenous gene; 
genetic modification occurs inside 
the body; modification results in 
permanent change in patient’s DNA 

Two Core Components 

Payload: Engineered Nuclease OR Nuclease + Oligonucleotide 

Delivery: Vector 

Engineered Nuclease 

Protein administered to target and cut the DNA 
sequence of a gene of interest 

Oligonucleotide 

Short nucleic acid 
sequence that targets a 
nuclease to a specific 
gene of interest 

OR 

Nuclease 

Protein administered to 
cut the gene sequence 

Payload Delivery 

Vector 

Unit that is required to delivery the payload to 
cells 

Non-viral and viral vectors are used for Gene 
editing therapeutics 



58 

Three Main Therapeutics Strategies for Gene editing 
Disease biology will dictate the strategy used 

Source: Cellectis’ website, MTS analysis 

Gene Inactivation 

Inactivation is used to prevent the production 
of a protein. This approach can be used to 
treat persistent viral infections by inactivating 
viral genes. 

Gene Correction 

Correction is used to replace an existing 
defective protein with a functional one. For 
example, this strategy could correct CFTR in 
cystic fibrosis. 

Gene Insertion 

Insertion is used to add a new protein. This 
strategy could overcome a genetic defect like 
hemophilia where not enough functional 
protein is made 
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Select Gene Editing Technologies 

Source: MTS analysis 

ZFN – Sequence-specific restriction enzymes generated by fusing a zinc finger DNA-binding domain to a DNA-cleavage domain (FokI) 
– Zinc finger domains can be engineered to target specific DNA sequences and this enables zinc-finger nucleases to target unique 

sequences within the genome 
 

TALEN – Sequence-specific restriction enzymes generated by fusing a transcription activator-like effector (TALE) domain to a DNA-
cleavage domain (FokI) 

– Modification of the TALE domain confers sequence specificity 
 

Meganuclease – Sequence-specific restriction enzymes that contain the DNA cleavage domain within the DNA binding domain 
– MegTALs are hybrid gene editing tools consisting of meganuclease and TALE domain 

 

CRISPR – CRISPR (pronounced “crisper”) stands for Clustered Regularly Interspaced Short Palindromic Repeats, which are  naturally 
occurring sequences found in bacteria 

– CRISPR “spacer” sequences are transcribed into short RNA sequences (“CRISPR RNAs” or “crRNAs” or "gRNAs") capable of 
guiding the system to matching sequences of DNA. When the target DNA is found, Cas9 – one of the enzymes produced by the 
CRISPR system – binds to the DNA and cuts it 
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High Level Comparison of Select Gene Editing Technologies 

Source: MTS analysis 

ZFN TALEN Meganuclease CRISPR 
Ease of 
Engineering 
 

+ ++ + +++ 

Ease of 
Delivery In vivo 
 

+++ + +++ ++ 

Payload 
 
 

Engineered 
Nuclease 

Engineered 
Nuclease 

Engineered 
Nuclease 

Nuclease + 
Oligonucleotide 

Target  
Recognition 
 

Protein-DNA 
binding 

Protein-DNA 
binding 

Protein-DNA 
binding 

Protein-RNA-DNA 
binding 

Recognition  
site 
 

9-18 DNA base pairs 14-20 DNA base pairs >18 DNA base pairs 22 DNA base pairs 

Delivery 
method 
 

Non-viral 
Viral 

Non-viral 
Viral 

Non-viral 
Viral 

Non-viral 
Viral 

Select   
Companies 
 
 

Sangamo Cellectis bluebird bio 
Precision Biosciences 

CRISPR TX 
Editas 
Intellia 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Nuclease-Free Gene editing Technology 
Next-Gen Approach 

Source: MTS analysis 

Nuclease-free gene editing is 
a novel technology which 
exploits the natural ability of 
cells to repair DNA sequences 
through a process known as 
homologous recombination 

This technology requires the single-stranded vector genome of rAAV, which when 
modified is able to pair with homologous DNA sequences within the target gene of 
interest 

Nuclease-free technology can be used for all three therapeutic editing strategies  

Gene inactivation 

Gene correction 

Gene insertion 

Gene Insertion Gene Correction Gene Inactivation 
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High Level Merits and Considerations 

Source: MTS analysis 

Merits Considerations 

ZFN/ 
TALEN/ 
Meganucleases 

– High specificity for target DNA sequence 
– High efficiency of editing 
– Clinical POC established 

– Long-ish lead times for protein engineering 
– Cumbersome manufacturing 
– Delivery of payload 
– Potential mutagenesis 

CRISPR 
 

– Simplicity 
– Multiplex capability 
– High efficiency of editing 

 

– Intellectual property disputes 
– Cumbersome manufacturing 
– Delivery of payload 
– Potential mutagenesis 

Next-Gen Editing 
 

– No nuclease = no double strand breaks = less potential 
for mutagenesis 

– Simple delivery 

– Questions surrounding efficiency of editing 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 



Appendix 
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Viruses Effectively Delivery Therapeutic Payloads to Cells 

Source: MTS analysis 

Ideal viral vectors for Gene 
transfer exhibit high 
reproducibility of virus 
production and 
efficiently/selectively target 
cells in the tissue of interest 

All viruses attack their hosts and introduce their genetic material into the host cell as part 
of their replication cycle 

The viral genetic material contains basic instructions of how to produce more copies of the virus, 
hijacking the body's normal production machinery to serve the needs of the virus 

Some types of viruses insert their genes in the host’s genome, meaning they can be 
engineered to stably introduce genetic materials into cells 

Gene transfer employing viruses remove the viral genes from the virus and replace them with a 
therapeutic payload 
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Tissue / Cell Specificity for Select rAAVs 

Source: MTS analysis 

Tissue rAAV1 rAAV2 rAAV4 rAAV5 rAAV6 rAAV7 rAAV8 rAAV9 

CNS X X X X X X 

Heart X X X 

Kidney X 

Liver X X X 

Lung X X X X 

Pancreas X 

Photoreceptors X X X 

Retinal cells X X X X X 

Skeletal 
Muscle cells 

X X X X X 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Primary Indication rAAV Product Company Phase Payload 

AAT deficiency AAVrh10 ADVM-043 Adverum Phase I AAT  
Achromatopsia  (blindness) AAV2 

AAV2 
CNGA3-ACHM 
CNGB3-ACHM 

AGTC 
AGTC 

Phase I 
Phase I 

CNGA3  
CNGB3 

BMDSIBM AAV1 rAAV1.CMV. huFollistatin344 NCH Phase I Follistatin  
CHM (eye disease) AAV2 

AAV2 
SPK-CHM 
NSR AAV-REP1 

Spark Therapeutics 
Nightstar 

Phase I/II 
Phase I/II 

REP-1 
REP-1 

DMD rAAVrh74 rAAVrh74.MCK. micro-Dystrophin NICHD Phase I MicroDMD  
Dysferlin deficiency rAAVrh74 rAAVrh74.MHCK7.DYSF.DV NCH Phase I Dysferlin 
AADC deficiency AAV2 AAV-hAADC NIH Phase I AADC  
MPSIIIA (Sanfilippo A syndrome) scAAV9 

AAV10 
ABO-102 
SAF-301 

Abeona Therapeutics 
Lysogene 

Phase I/II 
Phase I/II 

SGSH  
SGSH and SUMF1  

GERT to correct blood ammonia  AAV8 DTX301 Ultragenix Phase I OTC  
Hemophilia A AAV8 

AAV2/6 
BMN-270 
SB-525 

Biomarin 
Sangamo 

Phase I/II 
Phase I/II 

FVIII 
FVIII  

Hemophilia B AAVrh10 
AAV8 
AAV5 
AAV2/6 
AAV2/8 

DTX101 
SPK-9001 (SPK-FIX) 
AMT-060 
SB-FIX 
scAAV2/8-LP1-hFIXco 

Ultragenix 
Spark Therapeutics/Pfizer 
uniQure 
Sangamo 
St. Jude’s Hospital/UCL 

Phase I/II 
Phase I/II 
Phase I/II 
Phase I 
Phase I 

FIX  
FIX19 variant 
FIX 
FIX 
FIX  

LCA (eye disease) AAV2 
AAV2/5 

Luxturna (voretigene neparvovec) 
A001 

Spark Therapeutics 
MieraGTx  

Filed 
Phase I/II 

RPE65 
RPE65 

LGMD2D Muscular Dystrophy scAAVrh74 LGMD2D NCH Phase I/II α-Sarcoglycan 
LHON (eye disease) scAAV2 

AAV2 
scAAV2-P1ND4 
GS010 

National Eye Institute 
Gensight 

Phase I 
Phase III 

G11778A mutation  
ND4  

LPL deficiency AAV1 Glybera (alipogene tiparvovec) uniQure Approved (EMA) LPL 
Metachromatic leukodystrophy AAVrh.10 Intracerebral gene therapy INSERM Phase I/II ARSA 
Rheumatoid Arthritis AAV5 ART-102 Arthrogen Phase I hIFN-b 
Spinal Muscular Atrophy scAAV9 AVXS-101 AveXis Phase III SMN  
XLRS (eye disease) AAV2 XLRS gene therapy Biogen/AGTC Phase I/II XLRS  

rAAV Gene transfer Programs in the Clinic 
Sorted by Indication 

Source: Clinicaltrials.gov; EvaluatePharma 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Manufacturing Capabilities of Select Companies 

Source: MTS analysis 

Company Infrastructure cGMP Compliant Producer Cell Type Viral Vector 

Abeona Facility under construction Will be Not disclosed rAAV 

Adverum No - Baculovirus rAAV 

AGTC Facility under construction Will be Baculovirus rAAV 

Audentes Yes Yes Adherent HEK293 rAAV 

Avexis Facility under construction Will be Adherent HEK293 rAAV 

Gensight No - Adherent HEK293 rAAV 

Oxford Biomedica Yes Yes Adherent HEK293 Lentivirus 

Regenxbio Yes Yes Adherent HEK293 rAAV 

Sangamo No - Not disclosed rAAV 

Spark Yes Yes HEK293 rAAV 

uniQure Yes Yes Baculovirus rAAV 

Voyager No - Baculovirus rAAV 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 
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Select CDMO/CROs with Gene and Cell Therapy Capacity 

Source: MTS analysis 

Company Ticker Location GMP Capabilities Products 

ABL - US Yes Manufacturing Adenovirus, rAAV, Lentivirus 

Absorption Systems - US Yes Analytics Potency assays 

BioReliance - US Yes Analytics, manufacturing Adenovirus, rAAV, Lentivirus 

Brammer Bio / Florida 
Biologics 

- US, Yes Analytics, manufacturing Adenovirus, rAAV, Lentivirus 

Charles River CRL US, EU Yes Analytics rAAV 

Cobra Biologics - US, EU Yes Analytics, manufacturing Adenovirus, rAAV, Lentivirus 

FujiFilm Diosynth - US, EU Yes Manufacturing Adenovirus, rAAV, Lentivirus 

LentiGen - US Yes Analytics, manufacturing Adenovirus, rAAV, Lentivirus 

Lonza LONN US Yes Analytics, manufacturing Adenovirus, rAAV, Lentivirus 

Paragon - EU Yes Analytics, manufacturing Adenovirus, rAAV 

Progenitor Cell Therapy - US Yes Manufacturing Cell therapies 

Quality Assistance - EU Yes Analytics, manufacturing Adenovirus, rAAV, Lentivirus, Cell therapies 

SAFC - US, EU Yes Analytics, manufacturing Adenovirus, rAAV, Lentivirus 

Please contact Ravi Mehrotra for the full report 
mehrotra@mtspartners.com 



Introduction to MTS 
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MTS Health Partners Overview 

Life Sciences 

Pharmaceuticals 

Specialty Pharma 

Generics 

 

Biotechnology 

Orphan / Rare Disease 

Medical Devices / Diagnostics 

Investment  Banking 

Privately owned, independent firm, founded in 1999 

Aligned strategic and financial advisory services to  
healthcare companies of all sizes, from global corporations 
to venture-backed businesses  

Extensive experience across a broad range of client and 
transaction types 

– Public and private; for-profit and not-for-profit 

– Mergers and acquisitions, restructurings, private placements, IPOs, 
structured debt financings and general strategic advice 

Partners averaging 20 years of healthcare experience 

Offices in New York, San Francisco, São Paolo and Tokyo 

Healthcare Services 

Managed Care 

Hospitals/Outsourced Services 

PBMs & Pharmacy Services 

Dialysis 

Post-Acute Facilities  
(SNF, IRF, LTACH) 

 

Home Healthcare/Hospice 

Healthcare Technology 

Clinical Laboratories 

Healthcare Distribution/Supply 

Pharma Services 
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Advantages of a Partnership with MTS Advisory Team 
Bulge Bracket Capabilities with a Boutique Approach 

Aligned 
 

Economics –  
compensation model  
that transcends annual 
Wall Street  
bonus cycle 

Culture – private equity 
mentality allows for 
investor-focused 
perspective 

“Success” – defined 
through achievement  
of client goals rather 
than mere transaction 
execution 

Independent 
 

Stability of franchise 
and execution in 
turbulent banking 
environment 

Unencumbered by 
balance sheet conflicts 
or commoditized 
financing solutions 

Advisory team solely 
focused on meeting 
client objectives 
without impact from 
other parts of the 
organization 

Attentive 
 

Boutique environment 
– ensures personal 
commitment and focus 

Team of over 40 
professionals, larger 
than many bulge-
bracket healthcare 
teams 

Staffed, resourced 
similarly to bulge-
bracket banks 

Long-Term 
Partnership 

Long-term 
relationships rather 
than  
short-term transactions 

Translates to unbiased  
and objective 
evaluation and advice 

Experienced 
 

Senior personnel –  
decades of  
healthcare-focused 
banking experience 

Extensive strategic, 
operational, 
financial and capital 
markets expertise 

Creative solutions 
rather then the 
“standard” banker 
playbook 

Healthcare-
Focused 

Unparalleled network 
provides broadest 
reach of any healthcare 
advisor 

In-depth knowledge of 
healthcare industry, 
trends, transactions,  
decision-makers and 
their personalities 

Distinguished by experienced, attentive and independent 
counsel in the context of long-term relationships 
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Large Firm Scale with Boutique Focus 

     
12 9 29 

Peter Collum 
Partner 

Has worked on over $20 billion in M&A deal 
volume 

Director, Bank of America Healthcare 
Investment Banking from 2003-2009 

Prior to BofA, Technical Development 
Engineer at Hoffmann-La Roche  

Andrew Weisenfeld 
Managing Partner 

Has worked on approximately $50 billion in 
M&A deal volume across a range of 
advisory transactions 

Managing Director/ Co-Head of BofA Life 
Sciences Investment Banking 

Prior to BofA, Managing Director and Head 
of Healthcare M&A at JPMorgan 

David Low 
Partner 

Previously, a partner in Lazard’s Life Sciences 
Group, which he joined in 2002 

Long career in advising on M&A and equity 
financing strategies for life sciences 
companies globally 

Worked at Lehman Brothers from 1987-
1996 and JPMorgan from 1996 through July 
2002 

Ravi Mehrotra 
Partner 

Has nearly two decades of healthcare equity 
research experience 

Previously, at Credit Suisse for 11 years and 
most recently held the title Global Head of 
Biotechnology Equity Research 

Worked at Cowen 1999-2004 as European 
head of Biotechnology and Deutsche bank 
1997-1999 

Mark Epstein 
Managing Partner 

Completed over 100 private financings for 
clients raising over $5 billion in private 
capital 

Managing Director / Co-Head Bank of 
America Private Equity Placements 

Prior to BofA, VP and co-head of Direct 
Private Equity Placements at Merrill Lynch 

Sooin Kwon 
Partner 

Has worked on over $20 billion in equity 
and M&A deal volume 

Director, BofA Healthcare Equity Capital 
Markets 

Prior to BofA, Equity Research at Merlin 
Biomed Asset Management and UBS 

Worked in Consulting: market research and 
forecasting 

Andrew Fineberg 
Partner 

Prior to MTS, Andrew led the Financing 
Group at Torreya Partners, LLC, a boutique 
investment bank 

Prior to Torreya Partners, Andrew worked at 
Cowen and Company, a global investment 
bank as Vice President in the Private 
Placement Group 

Senior Life Sciences Team 

              Partners/Senior Advisors       Directors / Vice Presidents             Associates / Analysts 

Entire MTS Team Solely Focused on the Global Healthcare Industry 



Legal Notice 

Securities related transactions are provided exclusively by our affiliate, MTS Securities, LLC, a broker-dealer registered with the SEC and a member of 
FINRA and SIPC.  Our affiliate, MTS Health Investors, LLC, an SEC registered investment adviser, provides investment advisory services to private 
equity investors.  This presentation has been prepared exclusively for the benefit and internal use of the receipt to whom it is addressed.  This 
document may not be copied, reproduced or transmitted in whole or in part in any form, or by any means, whether electronic or otherwise, without 
first receiving written permission from MTS Health Partners, L.P. and/or its affiliated companies (collectively, "MTS").  The information contained 
herein has been obtained from sources believed to be reliable, but the accuracy and completeness of the information are not guaranteed.  All 
products, names, logos and brand references are the property of their respective owners.  All third-party company, product, and brand references 
used in this document are for identification purposes only.  Use of these names, logos and brand references does not imply endorsement by MTS.  
The information in this document is not intended to constitute a recommendation upon which to base an investment decision.  Neither MTS nor any 
of its associated persons are affiliated with the companies referenced in this publication. 



At your side. On your side. 
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