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ABSTRACT

The project titled, “RNAi Therapeutics Market (2" Edition), 2019-2030" provides an
extensive study of the rapidly growing market of RNAI Therapeutics and provides an
outlook of the growing pipeline of RNAI therapeutics. RNAI therapeutic market have
been one of the most actively evolving market, with its single drug “Onpattro” in
market. RNAI therapeutic market is still in its developing stage. It is the regulatory
mechanism that cells use to silence or inhibit gene expression through destruction of
specific MRNA molecules. RNAI enable the sequence specific knockdown of target
gene. This therapyis anticipated to emerge as viable alternative to conventional
treatment option for indications such as age-relatedmacular degeneration (AMD),
hepatitis C and various forms of cancer. The scope of this project primarily includes
various RNAI based drugs targeting several therapeutic areas such as oncology, genetic
disorders and infectious diseases. Several players, including RNAI therapeutic
developers, research institutes, contract manufacturing organizations, and government
organizations, are playing a critical role in the development and manufacturing of these

therapeutics.

During my on-job training, | worked on different modules of the project. These include
drafted an introduction on RNAI therapeutics, prepared pipeline of RNAI based drugs,
conducted clinical trialanalysis, gathered data related to collaborations and partnerships,
analyzed promotional strategies of marketed drug, collated data for patent analysis, VC
funding and service providers in RNAI therapeutic domain. Apart from this, |
contributed in four additional projects namely, Biopharma CMO, Medical Devices
CMO, Gene Therapy and Next Generation Contact Lenses and Visual
Prostheses,wherein | gathered information related to demand analysis, prepared logo

landscape and gathered contacts for primary research.



CHAPTER 1

COMPANY PROFILE

Roots Analysis

BUSINESS RESEARCH & CONSULTING

1.1 Company Overview

Roots Analysis Pvt. Ltd. is a business research and consulting firm, which specializes in
providing in-depth business research and consulting services for bio/pharmaceutical
industry. Focused on providing an informed and impartial view on key challenges
facing the industry, the research is primarily driven by an in-depth analysis covering the

following parameters [1]:

= Research and development

= Technology evolution

= Existing market landscape

= Future Commercial potential
= Regulatory concerns

= Regional growth drivers

= Risks and opportunities

The firmhas expertise in analyzing areas that have lacked quality research so far or
require more focused understanding within the broader industry. Apart from writing
reports on identified areas, the company also provide bespoke research / consulting

services dedicated to serve our clients in the best possible way.

The business reports highlight trends ranging from commercial success / potential,

technological developments and future outlook built around opportunities and threats.
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The companymajorly focus on areas spanning the following domains:
= Therapeutic segments

= Emerging technologies

= Medical devices

= Drug delivery

= Clinical trials

1.2 Research Methodology

The data presented in the reports has been gathered via secondary and primary research.
For all our projects, we conduct interviews with experts in the area (academia, industry,
medical practice and other associations) to solicit their opinions on emerging trends in
the market. This is primarily useful for us to draw out our own opinion on how the
market may evolve across different regions and technology segments. Wherever
possible, the available data has been checked for accuracy from multiple sources of

information.

The secondary sources of information include:
= Annual reports

= Investor presentations

= SEC filings

= Industry databases

= News releases from company websites

= Government policy documents

= Industry analysts’ views



CHAPTER 2

INTRODUCTION

2.1Chapter Overview

RNAI therapeutics is an emerging field of therapeutics and in just two decades it got its
name imprinted in all spheres of pharmaceutical industry. RNAI is naturally occurring
process in eukaryotic cells in which silencing of gene is done through knockdown of
specific MRNA molecules. Silencing of gene is due to degradation of RNA into short
RNA strands. Thus, based on this natural process of RNAI various big and small
pharma industries have built RNAI based therapeutics which will be further used to treat
several therapeutic areas such as oncology, genetic disorders and infectious diseases.
One of the major advantages of RNAI is that it enables the sequence specific
knockdown of a target gene. Indications such as age-related macular degeneration
(AMD), hepatitis C and various forms of cancer that are hard to address with the
available therapies are being considered as potential areas that are likely to benefit from
RNAI based therapeutics. [2]

This chapter provides an exhaustive view over discovery of RNAI, mechanism of
RNAI, types of RNAI molecules and their mode of action, application of RNAI and
merits and demerits of RNAI. The chapter provides the information about the basic
scientific information about the RNAI and how the concept of RNAI is further utilized

by various pharma players.

Despite various challenges, such as interference with cellular RNAi components, off-
target effects and ineffective delivery mechanisms for in vivo applications, this
technology still holds the potential to become a potent new therapeutic class. With some
drugs being tested in human trials while others in the preclinical development stage, the

industry has already witnessed several ups and downs in its brief history. Although,



there are challenges related to RNAI therapeutics, several stakeholders, including
service providers, are continuously investing in efforts to combat specific roadblocks.
2.2 Discovery of RNAI

Napoli and Jorgensen, they observed gene silencing in plants via RNAI in late 1980s
and early 1990s, was first performed on Petunia. The experiment was conducted with an
aim to evaluate whether chalcone synthase (CHS) was the rate-limiting enzyme in
anthocyanin biosynthesis pathway.Anthocyanins are responsible for the deep violet
colour in petunias. Attempting to enhance the colour of the flowers, the scientists
developed transgenic plants containing extra copies of the CHS gene. This unexpectedly
resulted in the formation of white flowers with decreased levels of both endogenous and
transgenic CHS as compared to the wild type. This led to the hypothesis that
introduction of the transgene co-suppressed the endogenous CHS gene.

Further this phenomenon of co-suppression, which is known as quelling in fungi was
performed by Romano and Macino in Neurospora Crassa in 1992 by introduction of

homologous RNA.

Major instance in history of RNAIi took place when RNAi mechanism was first
demonstrated in C.elegans in 1998 by Andrew Fire and Craig Mello, which fetch them
Nobel Prize in 2006. [3]

Thereafter may advancements take place in the field of RNAI, which aroused the
interest of various pharmaceutical industries to manipulate the RNAi mechanism for
drug development. Thus, leading to development of various drugs where Onpattro

forms the first marketed drug in the history of RNAI.



Document2 - Saved to\1172.16.1.2\5aesha

References Mailings Review  View  Help P search

T == (2T AaBbCel | AaBbCcl AaBbCc AaBbC(
=Bl 1= o TFigureH.. | TMormal | MNommal2  Tsource TNoSpac.. Heading 1

A A par A
¢ A'ivﬁv

I Paragraph I Styles

EU ad US
Phase Il clinical ~ marketing
trizls for ENAi 0 apmevalefr
trestment  (Ceamd§) ~— ONPATTRO™
Somz e a for wet agerelated

sstablished macular
Hamon emlained that 4 e we d ion halted

RISC  complex was of =wRNA i 2012 2018
responcible for mRNA whole animal
degradation; Tpgchl. and

8 hzarved cleav: 5
Fie ad Ml | i ﬁm:; - Start of
mucleots
Romano and Mg established  dsRNA ONPATTRO™
reported “Quelling” waz more potant than 2001 2003 cliical
of endogenous gene (D€ SENSE OF anfisense Phase I clinieal frials for O oLoPoment
in Newrorpora strand alone FIVAI trestment (Cand3)
Crassa by 1993 2000 for wet age-related macular
infroduction of Hannon defined fhe degenaration haltad
homalozme BN
mole of Dicer and
1995 1998 Qicar == well 2=
Sharp and Tuschl Lo e o
obsarved in vitro of Azoin
1950 1952 replication of RISC;
RNAi
Guo and Kemplses Tuschl, - deseribad
worked cn the RINAI m mammalian
worm, O elagamr,

Napols and Jorgensen to demanstrate Post

obzarved 22 Transcriptional
silencing in plants via zene silencing
RNAi (PTGS)

Figure 2.1 Timeline of RNAI development

2.3 Mechanism of RNAI

RNAI is a natural process of gene silencing in cell. The following molecules are
important components of RNAiI Mechanism.
Double Stranded RNA (dsRNA): it triggers the mechanism of RNAI and can be both
endogenous and exogenous, where endogenous is produced in the nucleus and
exogenous is introduced externally into cell.
MiRNA or siRNA: miRNA is =19-24 base pair long endogenous ssSRNA which is

formed from primary mRNA. They work by translational repression.



SIRNA is =25 nucleotides long exogenous dsRNA. It acts as guide RNA for mRNA
degradation.

Dicer and Drosha:

Dicer is RNase 11l endonuclease enzyme that shows specificity towards dsRNA and
cleaves it, leaving 3’ overhangs of two to three nucleotides and a 5’ phosphate. It
produces the fragments of 22 nucleotides; therefore, this enzyme is known to initiate the
process of RNAI by cleaving dsRNA into siRNA

Drosha is type Il RNase I1l endonuclease enzyme that initiates the process of miRNA
cleavage, with domain architecture. It contains three domains: highly conserved central
domain (cleavage activity), C- terminal containing two tandem RNaselll domains
(RI1Da and RI11Db) and dsRNA binding domain [4]

RNA Induced Silencing Complex (RISC):It is a multi-ribonucleoprotein complex that
incorporates one strand of small interfering RNA (siRNA) or micro RNA (miRNA).
RISC uses miRNA or siRNA as template for recognizing mRNA, thereby activating

RNase and cleaves it. [5]
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RNAI is an RNA-dependent, regulatory mechanism of gene silencing. The mechanism
of RNAIi comprises of a three-step process

Step 1: Processing of dsRNA

The endogenous source of dsRNA is miIRNA, formed from its precursor known as pri-
miRNA.There are two steps involved in the maturation of miIRNA. The first step
involves the formation of pre-miRNA (~70 bp precursor) by Drosha in the nucleus. The
second step involves cleavage of the pre-miRNA by Dicer in the cytoplasm to form
mature miRNAs (~21-25 bp long). For exogenous dsRNA it is cleaved into sSiRNA by
Dicer in cytoplasm.

Step 2: Assembly of RISC complex

The siRNA or miRNA molecules are recognized by the RISC complex. Ago, the most
basic proteins, are highly conserved members of the RISC. The Ago protein consists of
two homologous regions, the PAZ domain and the PIWI domain. According to the
structural analysis of Ago, it appears that the PAZ domain specifically recognizes the
unique structure of two 3’ nucleotides overhangs of siRNA while the PIWI domain is
the functional domain of the protein. This domain displays RNaseH-like activity
Activation of the RISC complex is an ATP dependent process as unwinding of the
siRNA duplex requires energy. Only the single stranded siRNA joins the active form of
the RISC. The loaded strand acts as a guide to identify and bind to the target mMRNAs
via Watson-Crick base pairing. The other strand is either discarded or cleaved during
the loading process. The strand that has a lower thermal stability of the base at the 5’
end is usually loaded onto the RISC.

Step 3: Slicing of MRNA

Integration of the siRNA into the active RISC complex enables it to identify and
hybridize to the target mMRNA. This ultimately leads to the degradation of mRNA into
smaller fragments. The almost perfect base pairing is sufficient for endonucleolytic
cleavage in the middle of target complementary region that occurs at ten nucleotides
upstream of the nucleotide paired with the 5’ end of the guide siRNA. The catalytic
activity of the RISC depends on the intact guiding strand present with it. Cellular

exonucleases degrade the cleaved transcripts. [6]

11
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Figure 2.3 Overview of RNAi mechanism

2.1Applications of RNAI

e FunctionalGenomics. The advantages of RNAI technology in functional genomics

is that it provides specificity and efficacy in silencing members of a single or
multiple gene families.However, since RNAI is a homology-dependent process a
carefully selection of a unique or conserved region of the target gene ensures that a
specific member of a multiple gene family can be silenced [7]

e Therapeutics: RNAI technology offers the promise of being able to treat diseases
that are characterised by abnormal gene functions. It targets a disease at post-
transcriptional level, thus is a highly selective technology. The most common
therapeutic areas that have captured the focus of both research institutions and
companies are neurogenerative disorders, oncology and viral diseases.

e Biotechnology: RNAI is not just limited to therapeutics; it is being used in the field of

biotechnology. RNAI has proven to be a powerful approach for silencing genes to

12



improve agronomic traits in crop plants. Th e approach has been used to target specific
plant genes for improved traits such as modified oil content in soybeans, increased
lysine content in corn, and reduced caffeine content in coffee and to provide resistance

to numerous viral diseases. [8]

2.4Advantages and Disadvantages of RNAI
ADVANTAGES [9]

Highly specific target disease specific allele

Highly potent in comparison to other oligonucleotide mechanisms
Efficient in gene knockdown as compared other nucleotide mechanisms
Stable and long-term silencing is achieved by ShRNA

RNA.I type screening and mutations can be identified easily

Can downregulate expression of any gene

DISADVANTAGES

Can compete with endogenous RNAs as dependent on miRNA processing

Exogenous dsRNA can induce innate immune response.

Microarray technology show that siRNA can show off-target silencing of large no. of
genes

Since it is gene suppressing technology therefore regulatory mechanism cannot be
identified

Improper target recognition can result in toxicity

13



CHAPTER 3

MARKET OVERVIEW

3.1Chapter Overview

The use of RNAI for therapeutic purposes can be traced back to late 1990s. Now RNAI
therapeutics is an emerging class of therapeutics in the pharmaceutical market with
several molecules being developed across several therapeutic areas. Although there is
only one approved molecule i.e. Onpattro, there are many RNAI based drugs that are in
its late clinical and preclinical phase. In coming years RNAI therapeutics will form an
integral part of pharmaceuticals industries targeting various therapeutics areas including

rare diseases.

3.2 Overall Market Landscape

RNAI Therapeutics have shown positive clinical results and potential to treat life
threatening diseases, such as cancer, autoimmune disorders and infectious diseases.
RNAI Therapeutic industry player have intruded various molecular domain of RNAI i.e.
SsiRNA, miRNA, shRNA, sshRNA and DNA. Various pharmaceuticals giants are
working on different molecules of RNAIi and thus developing their pre-clinical and
clinical pipeline. The therapeutic benefits of RNAI have outweighed the drawbacks
associated with the it that primarily comprise complex, time consuming and tedious
manufacturing processes. This domain has attracted several research institutes and
companies to invest time and money. In order to meet the growing demand of increased
number of clinical trials and improve the manufacturing processes, more and more
organizations are contributing to the space by setting-up capabilities to manufacture
cell-based therapies. In this project, we identified over several organizations, including
industry stakeholders and academic players that are actively involved in the production
of RNAI based therapeutics.

3.3Pipeline Building

14



Pipeline is a list of drugs or molecules that have been gathered from multiple
sources,such as public records and company websites (including investor
presentations).It governs the structure of the overall report and acts as the most
important aspect in the process of drafting the report insights. Hence, it must be robust,

exhaustive and finely structured, in order to produce accurate analysis.

In our study, we have found that different companies are developing RNAI products
using different types of RNAi modalities. Based on this, our pipeline has been
segmented into four subclasses i.e. SIRNA, miRNA, shRNA and sshRNA.
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Figure 3.2 Represents the pipeline of mMiRNA molecules
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Figure 3.3 Represents the pipeline of ShRNA molecules
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Figure 3.4 Represents the pipeline of sshRNA molecules

For building a pipeline, several parameters were selectedwith respect to the scope of the

project. RNAI therapeutics market is a drug-based project, hence all the industry, non-

industry players involved in development of RNAI based therapeutics were captured

along with some of the basic information about the drug developer. For example, the

founding year of the company, total number of employees in the company, and their

headquarters. Other key parameters that were captured in the project are listed below:

Drug name

Mechanism of Action

Phase of development
Indication

Therapeutic area

Target gene / molecule / organ
Delivery system / technology
Designation of drug

Route of administration

Trail ID

Phase wise distribution of indication for each drug
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Figure 3.5Provides information on the various parameters captured in the pipeline
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CHAPTER 4

TECHNOLOGY PLATFORM AND DELIVERY SYSTEM

4.1Chapter Overview

For a RNAI therapeutic platform to be effective, it requiresspecific, stable and potent
RNAI compounds and the ability to deliver these compounds to the target tissues.
Delivery of RNAi molecule into the host is most challenging task of RNAI
Therapeutics. Therefore, to overcome such roadblocks, different industry players have
come up with different technologies and delivery platforms to enhance the efficacy of
RNAI therapeutics. This chapter provides detailed information on various technology
platforms and delivery systems that are being developed or licensed by various

companies active in the RNAI therapeutic market.

4.2Database Building

Database is similar to the pipeline, the only difference is that it is a list of companies /
devices / technologies, whereas pipeline is a list of drugs / molecule, both have been
created from multiple sources such as public records, survey and company website
(including investor presentation)It governs the structure of the overall report and acts as
the most important aspect in the process of drafting the report insightsHence, it must be

robust, exhaustive and finely structured, in order to produce accurate analysis.
Here, for the purpose of collating data related to technology platforms and delivery

system, we have built the database of various technologies and delivery system which

have been developed and licensed by different companies.
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Figure 4.1Represents the database of RNAI delivery system and technology platforms

For building the database various parameters were taken into consideration with respect
to scope of the report. The information regarding various platforms and delivery system

was collated based on the various parameters listed below:

e Name of the technology
e Mode of action

e Molecules it can deliver
e Target organ/ cell

e Therapeutic area

e Route of administration

In addition to this, basic company information was also collated which includes type of

organization, year of establishment, headquarters and company size.

Thus, such collated data forms the ground for conducting intuitive analysis and report

building.
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CHAPTERS

CLINICAL TRIAL ANALYSIS

5.1Chapter Overview

A clinical trial is a type of research that is done to study a test or treatment given to
people. Clinical trials study how safe and helpful tests and treatments are. If found safe
and efficacious, they may receive approval from the regulatory agency and
subsequently enter the market. Clinical trials can evaluate many things, such as [10]

e New drugs not yet approved by the U.S. FDA (Food and Drug Administration)

e New uses of drugs already approved by the FDA

e New ways to give drugs, such as in pill form

e Use of alternative medicines, such as herbs and vitamins

e New tests to find and track disease

e Drugs or procedures that relieve symptoms

The chapter provides an elaborative analysis of clinical trials of the molecules enlisted
in the pipeline above. There are more than 100 molecules currently in trials and we have
done the analysis of these trials depending on various parameters.

Such analysis provides exhaustive view of the market in terms of clinical trials, thereby
giving an elaborative and analytical information of the molecules currently in different

phases of clinical studies.

5.2Data Collection

The data was gathered for the RNAiI molecules presented in the pipeline that are
currently in the clinical stages of development. The data was extracted from
www.clinicaltrails.gov, which is a repository of publicly funded clinical studies
occurring across the globe. This registry is run by United States National Library of
Medicine (NLM) at National Institute of Health (NIH). [11]

Therefore, all the available trials were extracted in order to perform exhaustive analysis.
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Figure 5.1 Represents the pipeline of RNAi molecules

For data collection, several keywords were used that will cover the overall scope of the

report. These were the uniquely formed keywords into order to extract most accurate

data from the www.clinicaltrails.gov. Below is the list of the keywords used during

collating data:

e SiRNA / short interference RNA; “siRNA” or “short interference RNA”

e miRNA / microRNA; “miRNA” or “microRNA”

e shRNA / short hairpin RNA; “shRNA” or “short hairpin RNA”

e sshRNA / synthetic short hairpin RNA; “sshRNA” or “ssynthetic short hairpin
RNA”

e RNAIi/RNA interference; “RNAi” or “RNA interference”

Trials obtained from each keyword was downloaded and all the trials were collated into

a single sheet where further analysis were done.

5.3 Data Analysis

The collated data was further utilized for performing analysis. Analysis are performed
in order to procure the detailed examination of the various parameters. For clinical trial
analysis, we have taken into consideration various parameters and on that basis, analysis

is performed. Therefore, these analyses are performed on following basis
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e Geography

e No. of trials

e No. of patients
e Year of trials
e Status of trials

e Phases of trials
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Figure 5.2Represents Analysis by trial status
The above donut graph presents the distribution of clinical trials on the basis of trial
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Figure 5.3 Represents analysis by phase of development

The above donut chart shows the phase wise split of the number of trials at a global

level.
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Figure 5.4Represents analysis by type of RNAi modality in North America

The above donut chart presents the distribution of clinical trials conducted in of North
America based on type of RNAIi modality. Similar analyses were performed for Europe,

Asia-Pacific and Rest of the world.
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Figure 5.5Represents analysis by type of RNAiI modality and phase of development in North America

The above bar chart shows the distribution of clinical trials conducted in North America
on the basis on type of RNAI modality and phase of development. Similar analysis is

performed for Europe, Asia-Pacific and Rest of the world.
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The above bar graph provides the phase wise distribution of different indications
targeted by RNAI Therapeutics. Through this bar split percentage of different
indications can be concluded in different phases.Similar analysis is performed for
Europe, Asia-Pacific and Rest of the world.

26



CHAPTER 6

PROMOTIONAL ANALYSIS

6.1Chapter Overview

Drug developers heavily rely on a number of broadcasting channels, such as direct to

consumer (DTC) advertisements, product websites and conferences, to promote their

drugs. The importance of such promotions is evident from the fact that the

pharmaceutical industry spent close to USD 6.1 billion in DTC advertisements in 2018.

[12]

The target individuals for these promotional campaigns are usually consumers

(patients), caretakers / caregivers and healthcare professionals (physicians).

e Promotional campaigns offer several advantages to drug developers, end users and
physicians, some of which are listed below:

e Better adoption of drug

e Increases interaction of patients with physicians

e Educate patients

e Drive patient compliance

This chapter provides the promotional instance of Onpattro which is the first marketed
RNAI Therapeutic drug and gives the brief overview on channels used for promotional

campaigns in this report.

6.2 Channels Used for Promotional Campaign

There are several channelsavailable for use by drug developers to promote their

products. Some of these channels are mentioned below:

e Product Websites: Drug developers often launch separate product websites which
provide information related to the drug. The primary objective of the website is to
provide vital information regarding indications, efficacy of drug benefits and side

effects of drug.
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e Patient Assistance Program: Such are the programs which are initiated by the drug
developers in order to provide financial assistance to patients. For this either drug
developers offer co-pay schemes or provide drug free of cost for specified period.

e Detailing material (face to face sales and promotional activities): Detailing
materials include brochure, leaflets and flyers which also contain information about
the drug. The are in addition to the product website.

e Direct to Consumer (DTC) advertisements: These are promotional campaign
which target consumers directly. Such advertisements take place via television, print
media, social media or even radio.

e Oral / Poster presentation at conferences: Companies participates in various

conferences to present their clinical findings.
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presents a qualitative analysis of the key focus areas chosen by the developers of aforementioned

products, to promote their offerings.

eEXOND)VS 51 DEeFITeLIO) onpattro?
Developer Sarepta Therapeutics Jazz Pharmaceuticals Alnylum
single-stranded :
Type of product Antisense oligomuclectide ioidainsbiemclasiics SIRNA

T e hepatic veno-occlusive disease

segment phy (DMD)  (VOD) & -cell BATTR amyloidosis
i transplantation (HSCT)

Year of Approval September 19,2016 March 30,2016 August 10,2018
Focus area of promotional messages.

Clinical trail data
Safety information
Mechanism of Action
Dosage

Full Harvey ball indicates’ maximum focus

Empty Harvey ball indicates o focus

Figure 6.1 Represents the overview of promotional anlysis using harvey ball

In the report we have done promotional analysis using Harvey Ball which are the
ideograms used for the visual communication of qualitative data.
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6.3 Example of Promotional Analysis: Onpattro

In promotional analysis of Onpattro which is first RNAiI marketed drug we have
provided analysis based on various parameters, such as Product website analysis, patient
assistance program, other reimbursement program and safety information. Using these
parameters analysis is performed using Harvey ball which gives the pictorial
representation of the qualitative data. Also, to make analysis more substantial drug
overview is provided on basis of parameters such as

e Developer name

e Type of Drug

e Indication

e Target

e Dosage

e First approval

Promotional Analysis-RNAi

File ~ Home  Insert  Design layout  References  Mailings  Review View Help 0O Search 1% Share 53 Comments

v E=A DR OOOOEE B e B R 5 R B[ &

[® Show Markup =

Check  Thesaurus Word | Read Check Translate Language New Show Track  — Accept Reject Compare Restrict | Hid v
uuuuuu t Count | Aloud | Accessibility - - Comment Comments | Changes~ (] Reviewing Pane - - - - Editing | Ink~ | Assistant
Proofing Speech Accessibility Language Comment its Tracking ™ Changes Compare Protect Ink o ~

1.6.2. PRODUCT WEBSITE ANALYSIS

Onpattro (patrisitan) helps to treat polyneuropathy hATTR amyloidosis, it is given as intravenous
fusion. Onpattro is focused to reduce the amount of TTR protein made in liver, which leads to
fewer amyloid deposits and may results in fewer symptoms. The website mention that there was
84% average decrease in TTR protein in clinical study of adult patients treated with Onpattro after

18 months. >

onpattro?.

ONPATTRO? (patisiran) may transform
the future for you and your family

1.6.2.1. PATIENT ASSISTANCE PROGRAM: ALNYLAM ASSIST

Alnylum assist is a comprehensive support program which is initiated by the Alnylum

Figure 6.2 Represents the product website analysis
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Figure 6.3 Represents the patient assistance program: AlnylumAssist
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Figure 6.4 Represents the other reimbursement programs
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CHAPTER 7

PARTNERSHIPS AND COLLABORATIONS

7.1Chapter Overview

RNAI therapeutics is a niche area that has found a renewed focus in the past few years.

Companies involved in this market are witnessing several collaborations aimed at

discovering and developing drugs, delivery systems and technology platforms in order

to utilise RNAI as a therapeutic option.

In this chapter, we have provided information on the various partnerships/agreements,

related to RNAI therapeutics, which have taken place in the recent past.

7.2Types of Partnerships and Collaborations

Stakeholders in the industry adopt a variety of models to collaborate with other

companies; some of these standard models have been briefly described below.

Acquisition: when one company acquires all of the shares and assets of another
company.

Merger: when two companies combine their business operation and merge into
single entity

Clinical Trail Agreement: These are the agreements which occur to perform
clinical related to a product candidate with / to a partner company.

Joint Venture: Instances where two or more companies come together to form a
new company.

Manufacturing and Supply Agreement: Where one company opts the services of
other company for manufacturing purposes only.

Product Development Agreement: Where two companies come together for
development of product or drug.

Product Commercialization Agreement: Where company comes into an

agreement with other companies for commercialization of their product candidate.
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e Product Development and Commercialization Agreement: In such agreements
the companies come into agreement to co-develop and co-commercialize the
product candidate.

e Licensing Agreement: In this the licensor company grants exclusive or non-
exclusive rights to the licensee company for its proprietary or patented product.

e R&D Agreement: These are the research collaborations where companies enter into
agreement to conduct R&D studies.

7.3 Data Collection

The data was gathered for various industrial and non-industrial collaborations and
partnerships. This data hasbeen collected from multiple sources including public
records, surveys, press releases, and company sources.It governs the structure of the
overall report and actsas the most important stepin drafting the insights. Hence, it must
be robust, exhaustive and finely structured, in order to produce accurate analysis.

Such collated data on Partnerships and Collaborations help us to determine the growth
of the RNAI market and arousing interests of different pharma players in field of RNAI

Therapeutics.
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Figure 7.1 Represents the exhaustive database of RNAI partnerships and collaborations

For building the database we have taken into consideration various parameters which
includes the basic company information of both partnering companies. The other

parameters that have been taken into consideration are

e Name of Drug

e Month / year of collaboration
e Type of collaboration

e Focus Area of collaboration
e Type of RNAI modality

e Indication

e Therapeutic area

e Financial information
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CHAPTER 8

PATENT ANALYSIS

8.1Chapter Overview

Several developments have taken place over the last decade in the field of RNAI
therapeutics, wherein industry stakeholders have tried to overcome existing limitations
and improve efficacy of therapies / platforms to continuously expand their intellectual
capital to sustain long term growth. As a result, several patents have been filed to
protect the novel intellectual property generated within this domain. This chapter
provides an overview of the already filed / published patents related to RNAI
therapeutics. It also attempts to highlight the trends associated with patent type,
publication year, regional distribution, surgical procedure, industry type, CPC
classification, emerging areas, leading players, valuation and opportunity analysis for
the expired patents. For the purpose of analysis, we have considered only those patents
that have been filed / published since 2014.

8.2Data Collection

The data containing information on filed / published patents since 2014 by various
industrial and non-industrial players have been captured fromwww.lens.orgwebsite. The
website features data related to the patents filed / published including most of domains
(in science). The raw data procured from the website will further be used to carry out
analysis which will cover trends associated to patent type, publication year, regional
distribution, surgical procedure, industry type, CPC classification, emerging areas,
leading players, valuation and opportunity analysis for the expired patents. For such

analysis our report covers data since 2014.

Such a database containing information related to patents help us to determine the
growth of the research in RNAI therapeutic domain and determine lifespan of RNAI

market.
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Figure 8.1 Represents the list of patent both filed / published

For building the database several keywords were used that will cover the overall scope

of the report. These were the uniquely formed keywords into order to extract most

accurate data from the lens.org.

Patents obtained from keyword was downloaded and all the data was collated into a

single sheet where further analysis will be done.

Since the data collection was done from 2014 onwards and there were more than 50,000

results obtained.
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CHAPTER 9

VC FUNDING

9.1Chapter Overview

In this chapter, we have reviewed how the investor money has funded various
companies/researches for development of RNAI therapeutics and technologies. We
looked at all the companies identified during the research and extracted information

related to investment activities, where available.

Advancements in technologies as well as development of innovative therapeutics have
continuously shaped the pharmaceutical industry. Monetary assistance from angel
investors, venture capitalists (VCs) and crowd funding schemes from various
organisations, along with regulatory assistance from the authorities has allowed the
technology driven companies to pace up their research and development activities.
RNAI therapeutics has been quite popular with VVCs. In our research we have captured

an investment / funding from 2014 onwards.

9.2 Types of Funding

There are several ways in which a company may receive financing. For the purpose of

this analysis, we have considered the following types of funding:

e Grant: Grant is provided by governmental or non-governmental organizations.
Usually amount provided by grant is less than the other form of funding. These are
basically utilized to carry out the research-based activities

e Seed: These are the early investment that are made into start up. They are highly
risky form of investment for investor

e Venture capital Investment: it is a form of equity financing provided by one
investor or a group of investors, to growing start-ups that are deemed to possess

lucrative growth potential. Progressive rounds of venture capital funding are
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denoted as Series A, Series B, Series C, Series D, Series E and so on. Series A
funding is provided immediately after seed funding.

e Initial Public offering (IPO): An IPO refers to the instance when a private
company offers its stocks / shares to the public for the first time

e Secondary offering:Finances raisedthroughall public offerings following an IPO
are known as secondary offerings.

e Other Equity: All the form of equity that cannot be classified in above categories.

e Debt financing: refers to those instances where company take loan either from bank
or investor / a group of investors and required to pay back to investor.

9.3 Data Collection

The data was gathered for various funding instances received by the companies (as
mentioned in pipeline). This database has been created from multiple sources including
public records, surveys, press releases, and company sources.It governs the structure of
overall report and acts as the most important aspect in the process of drafting insights.
Hence, it must be robust, exhaustive and finely structured, in order to produce accurate

analysis.

Such collated data on VC funding help us to determine the growth of the RNAI market
and arousing interests of different pharma players in field of RNAi Therapeutics.
Increased instances of funding in field of RNAI therapeutics have shown increased
growth of RNAI therapeutic market.
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Figure 9.1Represents the list of various funding instances.

For building the database we have taken into consideration various parameters which
includes the basic company information of enlisted companies in pipeline. The other
parameters that have been taken into consideration are

e VC Firm (Investor)

e Month / year of funding

e Type of Funding

e Focus Area

e Type of RNAI modality

e Indication

e Financial information (Amount of Funding)
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CHAPTER 10

SERVICE PROVIDERS

10.1Chapter Overview
There are several service providers including contract manufacturers and contract
researchers worldwide offering RNAI related services.This chapter provides details on

these service providers.

10.2Types of Service Providers

Service providers are the organizations, business or individuals that provide their
services to others in exchange of payment. [13]

Most of the service providers offer services such as:

= clinical and preclinical synthesis of sSiRNA, miRNA and shRNA-based vectors,

= development of target libraries of SIRNA, miRNA and expression systems,

= validation services and

= high throughput screening services.

Service Provides in pharmaceutical domain are

Contract Manufacturing Organisations (CMO):A company that offers
manufacturing services, with volume capabilities ranging from small amounts for
preclinical R&D to larger volumes necessary for clinical trials purposes and
commercialization.[14]

Contract Research Organisations (CRO):A Contract Research Organisation, also
called Clinical Research Organization (CRO) is a service organization that provides
support to the pharmaceutical and biotechnology industries in the form of outsourced
pharmaceutical research services (for both drugs and medical devices). CROs range
from large, international full-service organizations to small, niche specialty groups and

can offer their clients the experience of moving a new drug or device from its
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conception to FDA marketing approval without the drug sponsor having to maintain a

staff for these services.[15]

10.3 Database Building
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Database contained information regarding various CMO and CROs which provide

services to RNAI Therapeutic industries. This database has been created from multiple

sources including public records, surveys, press releases, and company sources.It forms

the basic structural outline of the overall report and serves as the most important stepin

the process of report writing. Hence, it must be robust, exhaustive and finely structured,

in order to produce accurate analysis.

Such a database containing information related to the service provides help us to

determine the growth of the RNAI market and arousing interests of different pharma

players in field of RNAi Therapeutics. Increased instances of service providers in field

of RNAI therapeutics have shown increased growth of RNAI therapeutic market.

RNAi service providers-2 - Excel

Saesha Verma

Figure 10.1Represents database of service providers of RNAI
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For building the database we have taken into consideration various parameters which

includes the basic company information of enlisted companies in pipeline. The other

parameters that have been taken into consideration are

Type of services
Type of molecule
Focus Area

Capabilities

In the database five new instances of the service providers have been added, thus

showing increasing growth of RNAI therapeutic market.
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CHAPTER 11

ADDITIONAL PROJECTS

11.1Biopharma CMO

In addition to my project, | have also contributed in another project namely, Biopharma

CMO. Following section represents the work that | have been done in this project.

11.1.1Demand Collation

Database was built which contain demand for the top 20 biologics Revenue for 2018.
The database was built on following parameters:

e Drug Name

e Developer of Drug

e Indication

e Price of Drug (Indication specific / generic)

e Dosage Frequency

e Revenues — 2013 to 2018
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Figure 11.1 Represents the database of demand

11.1.2Logo Landscape
Logo landscape is pictorial representation of the logos of companies related to

biopharma CMO covered in the scope of report.
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Figure 11.2 Represents the logo lanscape of biopharma CMO companies
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11.1.3Appendix

Appendix was prepared in which graphical data was converted into table.
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Figure 11.3 Represents the appendix of Biopharma CMO
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11.2Medical Device CMO

In this project, | worked on identifying contacts for primary research.

11.2.1 Primary Research

A Database containing contacts and email IDs of management team of Medical Device

CMO companies was prepared.
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Figure 11.4 Represents the database of company contacts and email ID

45



11.3 Gene Therapy

In this project | worked on finding contacts for primary research.

11.3.1 Primary Research
A Database containing contacts of management team of Gene Therapy companies was

prepared.
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Figure 11.5Represents the database of company contacts
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11.4 Next Generation Ophthalmic Lens

In this project | worked on preparing transcript.

11.4.1 Transcript
Transcript is the written format of the telephonic interview which took place between

the Client and Roots Analysis Team.
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Roots Analysis: Can you provide information regarding your company and its proprietary technology
used to develop therapeutic contact lens for sustained drug delivery.

Client: Yes, new lens technigue have been in our business since 2010, which focused on research and
development using digital printing on contact lens, where we are harnessing power of digital
printing, to achieve the various application such as cosmetic lens where we can take digital picture
of an eye and inject print on a contact lens, for an instance if eye is damaged then we take a picture
of other person's eye such that both eyes look different, That was our first product that got approval
and second major area was sustained delivery of ophthalmic drug, why it is needed because in case
of eye drops 90% of it is wasted as it has low residence time in eyes, so the bicavailability is less than
5%. These eye drops also have preservatives so when somebody come after a....... (1:50-1:55)
‘while chronic they will need such medication lifetime, this preservative cause disease such as
dryness, itchiness etc. Third and most important reason is, there is high degree of non-compliance
because it have to be checked every day or twice a day of different drops and since you don't feel
any symptoms so people usually are not intended to flow recommended care and they don't
remastered taking eye drops, so it's a non-compliance in a form of disease like glucoma, only when
they really know the problem they started losing vision irreversibly. So, we are currently working on
:55-2:58) from contact lens along with dry eye also we are working

sustained delivery of
onits anti-allergy, anti-reaction, those are our product pipeline.

Roots Analysis: So, for all these products like glucoma dry eye anti-allergy are all these products at
clinical development or they are FDA approved.

Client: We are going through FDA approval of our product, first going to be glucoma second product
is dry eye, third product is allergy and along with this ancther product is comfort enhancement
contact lens. When peaple they wear itlens) at the end of the day they get dryness itchiness. What
‘we are trying to do is along with drug we also release lubricating agent HA, which is very
comfortable for 7day period. So, these are the products we have in our pipeline

Pagelof3 1530words [ B B - ] + 100%

Figure 11.6 Represents the draft of a transcript
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CHAPTER 12

FUTURE WORK PLAN

During my on-job training period, | have collated the data for the above mentioned
topics, which in coming weeks will be drafted into word documents. In addition to
above mentioned work, our future work prospects are as follows :

e Comprehensive profiles of marketed and mid to late stage clinical products (phase
[1/111 or above); each profile features an overview of the therapy, its mechanism of
action, dosage information, details on the cost and sales information (wherever
available), clinical development plan, and key clinical trial results.

e Development and sales potential based on target consumer segments, likely
adoption rate and expected pricing.

e An overview of the most commonly targeted therapeutic indications and details on
the RNAI therapeutics that are being developed against them.

e Anoverview will be provided on use of miRNAs as potential biomarkers and list of
several miRNA biomarkers under investigation. In addition, information will be
provided on the pipeline of diagnostic Kits that have already been approved or are
under development.

e SWOT analysis of the RNAI therapeutics market, giving strategic insights to the
major factors that are likely to drive future growth whilst also highlighting the
weaknesses and threats that may negatively impact the industry’s evolution will be
conducted.

e Asummary of overall report will be provided.A recap of the key takeaways and our
independent opinion based on the research and analysis will be described.

e An executive summary of the report will be provided which will offers a high level

view on where the RNAI therapeutics market is headed in the mid-long term.
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CHAPTER 13

CONCLUSION

The discovery of RNAI has revolutionised the study of gene regulation and paved the
way for the development of a novel class of therapeutics capable of supressing the
expression of a diseased/altered gene. Further, RNAI therapeutics silences the gene-of-
interest by regulating the mRNA levels of the disease-causing gene via a sequence

specific process.

In this project, we will conduct in length market study and analysis in the domain of
RNAI therapeutic. Various aspects related to RNAI therapeutics market have taken into
consideration, namely partnerships and funding in RNAI, clinical trials and patent
analysis of RNAI that boost its research aspect to the market domain and many more

such analysis are to be included.

Through this training, 1 am able to build business acumen in the biopharmaceutical
industries. This training helped me create an analytical sense of biopharmaceutical
market. Also, through this training, | was able to enhance my interpersonal skills.
Overall, this training helped me to escalate my technical, analytical and interpersonal

skills, thereby emerging as better professional.
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