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AAV Gene Therapy Business Plan











Plan Overview





The Neuronal Ceroid Lipofuscinoses Research Alliance (NCLRA) is a united group of foundations whose purpose is to aid in the coordination of bringing potential therapies to clinical trials for the three major forms of NCL (CLN1, CLN2, CLN3).  With our united efforts and compassionate purpose, research has rapidly advanced to a point that a therapy has evolved as a viable treatment.  The increased knowledge of the genetic defects underlying these diseases, coupled with advances in the field of gene transfer and expression, provides an opportunity to utilize gene therapy strategies in order to treat these disorders.  Gene therapy using the Adeno-associated virus (AAV) has developed to be a promising therapy for two of the major forms of Nueronal Ceroid Lipofuscinoses (CLN1, CLN2).





Given the prevalence of all lysosomal storage disorders, coupled with the prognosis of CLN1 and CLN2 patients;  a gene therapy clinical trial for CLN1 and CLN2 creates a unique opportunity to validate years of gene therapy research.  This trial will advance the scientific field dramatically.  Pursuing an AAV-based gene therapy clinical trial would allow an organization to be at the forefront of this technology.  In addition, opportunities for different gene transfer techniques and new applications would likely present themselves to an organization that could successfully complete a clinical trial.  This is a tremendous chance to lead the scientific field in developing a model for gene therapy clinical trials.  The organization that develops this model will create an asset that can be leveraged for numerous applications.  Many potential process and product patents can be acquired pursuing this trial.





Developing a clinical trial for CLN1 and CLN2 will set the stage for treatments for the other 41 different lysosomal storage disorders.  Having this process secured would enable an entity to potentially achieve impressive financial rewards and scientific notoriety.  By simply analyzing the raw numbers of affected persons with lysosomal storage disorders and potential future cases, it is apparent that there is a substantial market to be developed.  A potential first year market for lysosomal storage disorders of near $242 million just within the major industrialized nations (see Table 2).  The industrialized nations used for the revenue forecasts only represent approximately 24% of the world’s annual birth rate.  The general supply and demand economics will make these treatments financially rewarding to its developer.  Lysosomal storage disorders are just the beginning of the types of diseases that can be treated with gene therapy.  The potential return on developing a process to effectively administer AAV gene therapy is tremendous.  The potential market for industrialized nations using this process as a model to treat other metabolic disorders exceed $2.5 billion (see Table 3).





The financial plan for specifically the AAV CLN1 and CLN2 clinical trial also has promising financial indications.  A profit is forecasted after just two years of developing the treatment.  The initial start-up capitol required to is estimated to be less than $1.3 million.  This venture has an impressive $31 million fifth year bottom line based on the industrialized nation birth rate sub-set.








Chart 1


Five Year CLN1/CLN2 Forecasted Profit Chart
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The Investigational New Drug (IND) application for AAV-CLN1 and AAV-CLN2 gene therapy clinical trials are being drafted and will be reviewed by the FDA during an upcoming IND review meeting.  Mark S. Sands Ph. D., an internationally recognized leader in lysosomal storage disease research and AAV therapy, is spearheading the research efforts.  Many of the necessary components are in place to move forward with an AAV gene therapy clinical trial.  From having a fast tracking IND drug application, an available and consenting patient population, years of cross correlating scientific research, a leading scientist, promising financial returns, and the NIH’s and FDA’s guidance, a CLN1 and CLN2 gene therapy trial a promising and opportunistic venture.
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Objectives





The key objectives for this AAV gene therapy clinical trial are to:





1.	Introduce a therapy to CLN1 and CLN2 children for treatment of their disorder.


2.	Develop a model for other AAV gene therapy clinical trials.  Gaining vital information to be leveraged in future gene transfer applications.











Key to Success





The primary key to the success of this clinical trial is the selection of a sponsor.  The sponsor for this clinical trial has the opportunity to advance the scientific field exponentially.  Sponsorship of this trial has tremendous rewards so it is imperative that each sponsor candidate be carefully reviewed to possess the necessary skills and traits to ensure the integrity and success of the trial.  A sponsor should possess one or more of the following characteristics:





-	Interest in or knowledge of gene therapy principles


-	Commitment and dedication to the successful treatment of NCL patients


-	Previous clinical trial experience


-	Ability to produce or acquire, clinical grade AAV


-	A center committed to host a site for the clinical trial


-	Committed clinicians with experience in degenerative neurological disorders.











Organizational Structure





This AAV gene therapy clinical trial for CLN1 and CLN2 has many key contributors to make it a success.  This trial’s efforts are being coordinated with the efforts of organizations, institutions, renowned research scientists, and large and small companies' interests.  Some of the organizations and scientists are listed below (company information is being withheld):





The Neuronal Ceroid Lipofuscinoses Research Alliance (NCLRA) is a united group of foundations whose purpose is to aid in the coordination of bringing potential therapies to clinical trials for the three major forms of NCL (CLN1, CLN2, CLN3).  The NCLRA is a strong and committed organization with resources to support their cause.





The National Institutes of Health (NIH) is involved to assist, guide, and support the efforts of the clinical trial.  Meetings in April 1999 and November 1999 at the NIH were instrumental in organizing and directing research efforts towards clinical trials.  The NIH is supporting this clinical trials effort and is committed to pursue promising scientific research and fund potential therapies for the three major forms of NCL (CLN1, CLN2, CLN3).  The NIH has also helped in defining creative methods to assist in obtaining NIH grant money (over $25 million available each year) for viable treatments.  The NIH will host the NCL Therapy Initiative conference in May of 2000 to review NCL therapy progress and direct the therapeutic future of the NCLs.





The Food and Drug Administration (FDA) is assisting the NCLRA with open collaboration on the preparation of the necessary components for a successful Investigational New Drug submission.  The FDA attended a November NCLRA conference at the NIH.  During the conference, the FDA expressed their willingness to help the cause in this clinical trial and specified the clinical trial with a fast tracking designation.  Fast tracking is used for drugs that are developed for compassionate use purposes under the Orphan Drug Act.  This designation is for treating a serious or life threatening disease.  The FDA also mentioned that NCLRA could ask for a priority review to expedite the IND process.





Mark S. Sands Ph. D., Washington University School of Medicine, is an internationally recognized scientist studying lysosomal storage disorders and AAV gene therapy.  He has performed well over 10 years of scientific research on lysosomal storage disorders and has over two years of exposure to the NCL diseases.  His ten years of extensive scientific research cross correlates to the NCL diseases.  Dr. Sands is the lead scientific investigator for this AAV CLN1 and CLN2 gene therapy clinical trial.  The research data that he has collected supports the clinical trial IND submission.





Small and large companies have been in collaboration with the NCLRA regarding this clinical trial.  One of these companies could be selected to be the sponsor of this clinical trial.  Since this clinical trial could generate tremendous financial return to the sponsor, the names of these companies are being withheld until a sponsor is selected.  





Universities have expressed interest in this trial.  One has committed to be a center for the trial and others have dedicated clinicians who will perform pre-clinical and post-clinical evaluations.  These sites and clinicians will be outlined in the IND submission as part of the protocol.




















Additional investigators collaborating with the NCLRA regarding this clinical trial are:





Peter Lobel Ph. D - Therapeutic Investigator


Robert Wood Johnson Med School


679 Hoes Lane


Piscataway, NJ. 08854�
Evan Snyder M.D., Ph. D - Therapeutic Investigator


Assistant Professor of Neurology - Harvard


300 Longwood Ave. 


CH- Enders 248


Boston, MA. 02115�
�
�
�
�
William Mobley M.D., Ph. D - Therapeutic Investigator


Stanford University School of Medicine


Department of Neurology


SUMC H3160


Stanford, CA. 94305-5235�
David Sleat Ph. D.- Therapeutic Investigator


Center for Advanced Biotechnology and Medicine


675 Hoes Lane


Piscataway, NJ. 08854�
�
�
�
�
Jonathan Cooper Ph. D - Therapeutic Investigator


Stanford University School of Medicine Department of Neurology SUMC H3160


Stanford, CA. 94305-5235�
Martin Katz Ph. D. - Therapeutic Investigator


University of Missouri


One Hospital Drive


Columbia, MO. 65212�
�
�
�
�
Sandra L. Hofmann, M.D., Ph. D. - Therapeutic Investigator


Southwestern Medical Center


Department of Internal Medicine


University of Texas


5323 Harry Hines Blvd.


Dallas, TX. 75235-8593�
�
�
�
�
�






The research effort for this clinical trial has a scientific advisory board.  Key members of this board is:





Michael Blaese MD - Advisor


300 Pheasant Run


Newtown PA. 18940�
Rose-Mary Boustany MD - Advisor/Clinician


Duke University Medical Center


MSRB Box 2604 Research Drive


Durham, NC. 27710


�
�
�
�
�
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Market Analysis Summary / AAV Viability





Gene therapy using AAV has many viable applications.  One of the most opportunistic areas to target is lysosomal storage diseases (LSDs).  Lysosomal storage diseases comprise a group of over 40 different inherited disorders usually caused by a deficiency of a single lysosomal enzyme.  Although the expression patterns differ between specific lysosomal enzymes and the clinical course may vary, virtually all of the lysosomal enzymes are modified and targeted similarly.  It has also been shown that most of the lysosomal enzymes can be secreted from cells and endocytosed by adjacent cells.  This phenomenon, referred to as "cross-correction", forms the basis of the proposed therapies for all of the lysosomal enzyme deficiencies including CLN1 and CLN2.  It has been shown by a number of groups, in both patients and in animal models, that "cross correction" also occurs in vivo and can result in significant reductions of lysosomal storage in many tissues.  This has been accomplished by bone marrow transplantation, direct enzyme replacement and somatic cell gene therapy.  





Recently, adeno-associated virus (AAV)-mediated gene transfer has been shown to be effective at reducing lysosomal storage in many tissues including neurons of the central nervous system in a murine model of a lysosomal storage disease (Daly et al., 1999, Proc. Natl. Acad. Sci. 96:2296, skorupa et al., 1999, Exp. Neurol. 160:17).  AAV-mediated gene therapy appears to have several advantages when compared to either enzyme replacement or bone marrow transplantation.  Enzyme replacement is transient whereas AAV-mediated gene therapy results in persistent therapeutic levels of the missing enzyme.  Bone marrow transplantation requires cytoablative measures that can have long term toxic effects, and is often associated with life threatening graft-vs-host disease.  In the experiments described above, the AAV vector was administered by a simple intravenous injection or by direct intracranial injection with no conditioning regimen.





Although little or no efficacy has been demonstrated in over 300 gene therapy clinical trials, AAV-medicated gene transfer is one of the newest and most promising approaches being developed.  The use of AAV as a gene transfer vector is based on over 15 years of basic research.  In addition, unlike other vectors that have been used in the vast majority of clinical trials, numerous scientists have independently confirmed that AAV has little or no toxicity and can mediate persistent, high level expression.





Preliminary results of a clinical trial for Factor IX deficiency suggest that AAV-mediated gene therapy may be more efficacious in humans than has been demonstrated in animal models.  This is not entirely unexpected since AAV is a human virus and has evolved mechanisms to efficiently infect human cells.  All of these data suggest that AAV-mediated gene transfer may be an effective form of therapy for many metabolic disorders including the lysosomal storage diseases.





Individual lysosomal storage diseases are rare, however, as a group they occur with a frequency of approximately 1 in 6700 live births (Meikle et al., 1999, JAMA 281:249).  At a rate of approximately 131 million births per year, world-wide (U.S. Bureau of the Census, International Data Base), this represents approximately 19,500 new cases of LSDs per year.  Due to the non-toxic nature of AAV and the persistent expression that can be achieved, it is likely that this vector will prove efficacious for a wide variety of metabolic disorders.  Some potential disease targets, frequencies and projected numbers of new patients per year (based on 131 million new births per year world wide) are listed below:











Table 1 - Metabolic Prevalence


Disease�
* Frequency�
Number�
�
Familial hypercholesterolemia�
1:1,000�
131,165�
�
Familial type III hyperlipoproteinemia�
1:5,000�
26,233�
�
Lysosomal Storage Diseases�
** 1:6,700�
19,577�
�
alpha1 Antitrypsin deficiency�
1:7,000�
18,738�
�
Phenylketonuria (PKU)�
1:10,000�
13,116�
�
Hemophilia (Factor VIII)�
1:10,000�
16,396�
�
Hemophilia (Factor IX)�
1:70,000�
1,874�
�
Ornithine Transcarbamolase (OTC)�
1:80,000�
1,640�
�
Total Estimated Metabolic New Cases per Year�
�
228,738�
�



*	Frequency numbers are from Scriver, Beaudet, Sly, Valle eds; The Metabolic and Molecular Bases of Inherited Disease, McGraw Hill, New York, NY, 1995, pg. 1-50.


**	Frequency numbers are from Meikle, Hopwood, Clague, Carey; Prevalence of Lysosomal Storage Disorders, JAMA, Jan 20, 1999, Vol 281, No. 3, 249-254





Metabolic disorders are speculated to be only a small representation of the viable uses for AAV gene therapy applications.  Many other disorders could potentially use AAV as a therapeutic approach.  Thus, the market for AAV gene therapy is much larger than what has been presented.











Implementation Strategy Target





Given the prevalence of all lysosomal storage disorders, coupled with the prognosis of CLN1 and CLN2 patients;  a gene therapy clinical trial for CLN1 and CLN2 creates a unique opportunity.  The Investigational New Drug submission for AAV gene therapy for CLN1 and CLN2 is being designated by the FDA as a compassionate use drug.  This designation under the Orphan Drug Act will allow for fast tracking priority review expediting the process.  Also under the Orphan Drug Act, the FDA is willing to work with this trial on the necessary requirements.  Targeting the NCL disorders is a low risk, high reward situation.  CLN1 and CLN2 are perfect candidates to pioneer the gene therapy field.  The ground work developed under this clinical trial will set the stage for an organization’s future growth.  A successful gene therapy clinical trial will create many potential process and product patent possibilities.  The above information defines the reasons to target CLN1 and CLN2 clinical trials.  











Gene Therapy Industry Analysis 





The gene therapy field is a high growth area of development.  Many organizations are working on gene therapy ventures.  The current known ventures being pursued are still in development and are perceived to be twelve (12) to eighteen (18) months from completion.  A competitive advantage can be obtained by being the first to clinical trial for an intracrainal injection of recombinant AAV.   Procedural and product patents can also be acquired by pioneering this effort.  Gene therapy is envisioned to be the future of medical science.











Revenue Forecast 





As discussed, AAV gene therapy has many future applications.  Simply targeting the Lysosomal Storage Disorders will be a financially rewarding venture.  The world annual birth rate of 131 million births per year must be analyzed before utilizing the rate in the revenue forecast.  Using the world annual birth rate to base the revenue forecast would most likely generate erroneous outcomes.





Given the unknown or unreported incidences of LSD cases and specifically NCL cases in various populations of the world, applying the prevalence numbers across the general world population could potentially misrepresent the revenue forecast.  To represent a more accurate annual world wide birth rate for AAV gene therapy, only major industrialized nations should be included in the revenue forecast formula.  On a world wide basis, many countries do not have diagnosis methods available to categories these disorders, so many cases go undiagnosed.  The United States, Canada, Japan, China, Australia, and each country in Europe are included in the revenue forecast projections.  Limiting the projections to these countries more accurately represents the potential market for this type of treatment.  The major industrialized nations’ annual birth rate is approximately 32 million births per year (U.S. Bureau of the Census, International Data Base).  The 32 million births per year only represent approximately 24% of the world’s annual birth rate (32 million/ 131 million).  This birth rate will be used in each of the revenue forecast.  Even with this conservative approach, preliminary indications based on prevalence numbers and major industrialized nations’ birth rates indicate the revenue potential market for the first year of nearly $242 million.











Table 2 - Lysosomal Storage Disorders’ Projections - Industrialized Nations Only


Industrialized Nations’ Annual Birth Rate�
LSD Prevalence*�
Annual New Cases�
Projected Market**�
�
31,742,916�
1 : 6,700�
4,843�
$242,168,336�
�



*	Frequency numbers are from Meikle, Hopwood, Clague, Carey; Prevalence of Lysosomal Storage Disorders JAMA, Jan 20, 1999, Vol 281, No. 3, 249-254


**	Estimated AAV sales price of $50,000 per treatment.  








Other countries could potentially be a viable market place for this therapy in future.  If the other metabolic disorders that we illustrated above in Table #1 are taken into consideration, the potential revenue market to be developed would be over $2.5 billion.








Table 3 - Metabolic Projections


Industrialized Nations’ Annual Birth Rate�
Metabolic Disorders Combined Prevalence *�
Annual New Cases�
Projected Market�
�
31,742,916�
1 : 628�
51,747�
$2,587,352,446�
�



*	Frequency numbers are calculated by averaging the Table 1 metabolic prevalence frequencies.





The above projected revenue is a substantial market to capture.  The numbers presented are raw numbers and if rules of normalization are applied they could vary plus or minus twenty (20) percent.  These projections also do not take in to consideration the average 1.3% annual birth rate increase.





To develop and patent the process to capture these markets, the clinical trial on CLN1 and CLN2 must be performed.  Even though the prevalence numbers are lower for CLN1 and CLN2, there is still a substantial market to cultivate (see table 4).
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Table 4 - NCL Projections


Industrialized Nations’ Annual Birth Rate�
NCL Prevalence*�
Annual New Cases�
Projected Market**�
�
31,742,916�
1 : 20,800�
1,560�
$156,000,000�
�






*	The prevalence number used is based on a calculated average for all NCL forms derived from published numbers from Rider JA, Rider DL. Batten disease: past, present, and future. Am J Med Genet Suppl. 1988;5:21-26.


**	An estimated AAV-CLN1 and AAV-CLN2 sales price of $100,000 per treatment was used based on the inaugural use of the treatment.





The presented disorders are speculated to be a small representation of the viable uses for AAV gene therapy applications.  Many other disorders could potentially use AAV as a therapy method.  The revenue numbers being presented are hypothesized to be a small sub-set of the potential revenue that could be generated through this treatment approach.











Financial Plan 





The financial plan for the AAV CLN1 and CLN2 clinical trial has promising financial indications.  A profit is forecasted after just two years of developing the treatment.  This venture has an impressive $31 million fifth year bottom line.





The table #4 projections for NCL new cases were 1560.  The financial forecast took a conservative approach in deriving the numbers used for forecasting.  Estimating that only half of the NCL patient population is from CLN1 and CLN2 cases.  The forecasted cases for CLN1 and CLN2 would be approximately 780 new patients annually on an industrialized nations’ birth rate basis.  Year 1 number of patients are the 10 patients used in the clinical trial.  The number of treated patients were gradually increased over the five year spread to 780 treated in year 5.  Even with this extremely conservative approach, this project has strong financial returns.





The first year AAV production cost per treatment of $100,000 was used based on estimates of two independent manufacturing facilities.  The expense numbers decrease over the five year time frame due to efficiencies and economies of scale in the production of AAV.  Initial costs are high due to production set-up cost.  The rest of the first year expenses are an estimate of potential cost that might be incurred.  Currently, the known start up expenses are estimated to be $1.3 million.  The following table illustrates the forecasted financial numbers:
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Table 5


Five Year Financial Forecast - CLN1 and CLN2 AAV Gene Therapy


�
�
�
�
Year 1�
Year 2�
Year 3�
Year 4�
Year 5�
�
Number of patients treated�
10 �
150�
300�
600�
780�
�
AAV Sales Price�
 $               -   �
$50,000 �
$50,000 �
$50,000 �
$50,000 �
�
Total Revenue�
 $               -   �
$7,500,000 �
$15,000,000 �
$30,000,000 �
$39,000,000 �
�
�
�
�
�
�
�
�
�
�
AAV production cost/treatment�
 $100,000 �
25000�
20000�
15000�
10000�
�
Total AAV production cost�
 $1,000,000 �
$3,750,000 �
$6,000,000 �
$9,000,000 �
$7,800,000 �
�
Toxicity testing�
 $5,000 �
�
�
�
�
�
Center Fee�
 $25,000 �
�
�
�
�
�
Hospital Fees�
�
�
�
�
�
�
�
�
Hospital bed charges�
 $5,000 �
�
�
�
�
�
�
�
Operating room charges�
 $10,000 �
�
�
�
�
�
�
�
Surgeons fees�
 $50,000 �
�
�
�
�
�
Pre and Post clinical evaluations�
�
�
�
�
�
�
�
�
MRI ($2500/test)�
$50,000 �
�
�
�
�
�
�
�
ERG ($2000/test)�
 $40,000 �
�
�
�
�
�
�
�
EEG ($500/test)�
 $10,000 �
�
�
�
�
�
�
�
OT ($200/evaluation)�
 $4,000 �
�
�
�
�
�
�
�
PT ($200/evaluation)�
 $4,000 �
�
�
�
�
�
�
�
Speech ($200/evaluation)�
 $4,000 �
�
�
�
�
�
Filing patent applications�
$10,000 �
�
�
�
�
�
IND consultants�
 $7,500 �
�
�
�
�
�
Licensing agreements�
 $7,500 �
�
�
�
�
�
Legal document preparation�
 $10,000 �
�
�
�
�
�
General expenses and overhead�
 $10,000 �
$10,000 �
 $10,000 �
 $10,000 �
$10,000 �
�
�
�
�
�
�
�
�
�
�
Total Expenses�
 $1,252,000 �
$3,760,000 �
$6,010,000 �
$9,010,000 �
$7,810,000 �
�
�
�
�
�
�
�
�
�
�
Profit�
$(1,252,000)�
$3,740,000 �
$8,990,000�
$20,990,000 �
$31,190,000 �
�












The initial start up capital required can be shared by the project partners.  The NCLRA, NIH, and the selected sponsor will need to secure the necessary start up funds.  With the promising financial forecast and even greater future projections for all LSDs and metabolic disorders ($2.5 billion), the funding may potentially be obtained from venture capitalists.











The break even point is depicted to be in year 2 of the venture with profits increasing an average over 50% annually within the first five years, as illustrated in Chart 1:











Chart 1


Five Year CLN1/CLN2 Forecasted Profit Chart
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The CLN1 and CLN2 financial plan confirms the viability of this project.  This clinical trial venture will define the ground work for tremendous financial projected returns.  Applying the same model for the other metabolic disorders warrants pursuing this project.











Contact Information 





If you are interested in the information presented in this business plan or would like to discuss the information further please contact Phil Milto.





Phil Milto - NCLRA


459 State Road 135 South


Greenwood, IN. 46142





Phone:		(317) 888-7396


Fax Number:	(317) 888-0504


email:		pmilto@indy.net
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