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Abstract

This master’'s thesis establishes a business plan

for the formation of & pharmaceuviticel research and
development company. The Company’s products are based on
recombinant DNA and wmonoclonel eantibody technology and
initially addresses the infectious disease market. The
Company aeg initially set up, vill conduct contract reesearch
and development. It will enter into jJjoint ventures or

license its producte for wmanufacture end marketing. The
Company wmay decide at a later date to manufacture snd
market its own products.

The thesis analyzes the Company, the pharmaceutical
industry, the Company’s products and its entry and growth

strategy. It presents the resultse of a market research
analysias of potential customers, market size and trends,
competition and estimated market share and sales. It aleo

presents a design and developwment plan, manufacturing plan,
marketing plan, financial plan and analyzes the critical
risks and technological decisions of the venture.

Thesis Superviesor: Ruesell W. Olive, D.B.A.
Senior Lecturer, HIT
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Glogsary

Allotype-- the genetically determined antigenic differences
in the same class of proteins in the same species,
i.e., differing amino acids in the same region of an
IgG antibody molecule betwveen twvo people.

Anti-allotypic antibody-- an antibody which has its antigen
binding site directed tovards an allotype.

Anti-idiotypic antibody-- an antibody which is directed to
the variable region of a second antibody.

Antibiotic-- any of various substances that are effective
in inhibiting the grovwth of or destroying
microorganisms, widely used in the treatmeznt and
prevention of disease.

Antibiotic resistence-- a term used for bacteria which,
through varioue mechaniems, &re no longer killed by a
particular antibiotic.

Antibiotic resistence gene-- the DNA segment, or gene,
responsible for providing the bacteria with the
antibiotic resistance.

Antibody (Ab)-- proteins vhich are generated in response to
foreign proteins or polysaccharidees (antigensa),
neutralize them, &nd thus produce immunity against
them.

Antibody-mediated protection-- a form of the immune
response using entibodies as a mediator in the
destruction of a pathogenic microorganism or particile.

Antigen (Ag)-- any substance that, wvhen introduced into the
body, stimulates the production of antibodies.

Avidity-- the degree of chemical or physical attractive
force between two substances.

Bactarial transformation-- the introduction of new genetic
information into a bacteriel cell using a segment of
DNA.

Bioprocessing-- any process that uses complete living celis
or their components (i.e., enzymes) to effect desired
physical or chemicel changes.

Bioreactor-- apparatus in vhich bioconversiones take place.
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Glossary (continued)

Biotechnology-- commercial techniques that use living
organieme, or substances from those organisms, to make
or modify a product.

Cell line-- cells that acquire the ability to multipy
indefinitely in vitro.

Chimeera-- a name for any new organism or hybrid molecule
produced by genetic engineering.

Chimaeric antibody-- an antibody made through genetic
engineering containing paris from different species
(i.e., human/murine).

Cloning-- the isolation and amplification of a particular
gene (DNA segment).

Complement protein-- proteins in the bloed vhich are the
primary mediator of antigen-antibody reactions.

DNA--deoxyribonucleic acid-- the basic biochemical
component of the chromosomes and the support of
heredity.

DNA probe technology-- technology that uses a sequence of
DNA to detect the presence of a similar piece of DNA in
a sample.

EBV-- Epstein-Barr virus.

Expression-- the mechanism by which genetic information is
transcribed and tranelated to obtain a protein.

Extrachromosomal-- existing separate from the cell’s normal
chromosomes.
Fermentation-- any chemical reaction induced by living

organisms (yeast, bacteria) or chemical agents
(enzymes) vhich converts complex organic molecules into
relatively simple substances.

Fusicn (cell)-- formation of a single hybrid cell with
nuclei and cytoplasm from different cells.

Gamma globulin-- the fraction of blood vhich contains the
majority of antibodies and immunoglobulins.

Gene-- the basic unit of heredity, which plays a part in
the expression of a particular characteristic.

11



Gloggary (centinued)

Genetic engineering-- the technique used to modify the
genetic information in a cell, reprogramming it for a
desired purpose.

Hybridoma-- hybrid cell made by fusing a cancer cell

(“immortal®™) with a lymphocyte (antibody producing
cell).

Idiotype-- the antigenic =ite of an antibody molecule,
located in its variable region.

Immunity-- the condition of being immune or reesistant.

Immunocompromised-- the state in which one’s immune system
is not working to its normal capacity.

Immunoglobulin (Ig)-- a glycoprotein that functions as
antibody. All antibodies are immunoglobulins.

In vitro--in an artifical environment outside the living
organism; in a test tube or plastic growth flask.

In vivo-- within the living organism.

In vivo imaging-- using labelled antibodies to identify the
location of a tumnr or site of infection within the
body.

Mammalian cell line-- cell line derived from mammals
(human, monkey).

Monoclonal antibody (mAb)-- highly specific antibody
derived from a single cell source.

Murine-- mouse.

Natural immunity-- the presence of antibodies in the serum
of an individual in the absence of apparent antigenic
contact.

Nosocomial-- any infection or disease acquired at a
hospital.

Opportunistic pathogen-- a potential pathogen (bacteria)
normally present in the environment, that takes
advantage of an immunodeficient host.

12



Glosgary (continued)

Passive immunization-- immunization accomplished by
passively administering preformaed immunoglobulins
(Ab’8) to the host’s own immune system.

Passive immunotherapy-- the act of passive immunization.

Pathogen-- a specific causetive agent (as a bacterium or
virus) of disease.

Plagmid-- an extrachromosomal, self-replicating, circuler
segment of DNA.

Polyclonal Antibodies-- a mixture of antibodies derived
from many different cells, each with different binding

targets.
Prophylaxis-- measures designed to preeerve health.
Prophylactic-- guarding from or preventing disease.

Protective antibody-- an antibody “hat can be used to
prevent or protect against the damage to the host,
from an invading microorganism.

Recombinant antibody (rAb)-- the use cf recombinant DNA
techniques to produce a functional antibody molecule.

Recombinant DNA (rDNA)-- the hybrid DNA produced by joining
pieces of DNA from different organisms or the same
organismeg together in vitro.

Recombinant DNA technology-- the use of rDNA for a specific
purpoge, such as the formation of a nev gene product
or the study of a gene.

Restriction enzyme-- bacterial enzymes that cut DNA at
specific DNA sequences.

Superinfection-- reinfection or a second infection with the
same type of microbial agent (bacteria, fungus, virus).

Transformed cell line-- a cell line that is immortal; it
has the ability to form a tumor vhen injected
into mice.

Viral particles-- particles of virus’ made from a virally
infected cell.

Viraml transformation-- the introduction of viral genetic
information into a cell.

13



The Business Plan

I. Executive Summary

The management believes there is a significant
opportunity in the infectious disease market. The Company
will be addressing nevw product development, i.e. ethical
pharmeceuticals, that will be wused to kill bacterial
pathogens. The targeted markets are those in which their
is either 1little effective therapy or no present therapy

available.

I.A. Description of the Business

The Company vwill be in the businees of producing

ethical pharmaceuticals. The Company 1is a =zero-stage
reccmbinant DNA technology based, pharmaceutical
development company. It will develop therapeutic and
prophylactic recombinant antibodies (rAb’s) for various
infectious disease bacterial pathogens. Initially, the
Company will not manufacture or market it’s own products.
For manufacturing and marketing it will enter into
contractual R&D arrangements with established
pharmaceuticai companies. The Company will initially

become a drug development company, providing key health
care components to established pharmaceutical companies,
with options to later develop into an integreted

pharmaceutical company.

I.B. The Opportunity and Strateqy

In the U.S., approximately 10 millZon individuale per
year require hospitalization for bacterial infections. An
additional ¢twvo million acquire bacterial infections once in
the hospital. Furthermore, & large number of hospitalized

14



immunocompromised and immunodeficient individuale are "at
risk® for bacterial infection. Although great advances
have been made in antimicrobial therapy, i.e., antibiotics,
bacterial resgistance remains en increasingly serious
problem. Bacteria continue to evolve nevw mechaniawms of
resistance tec new and old antimicrobial agents found in
nature or those synthesized by organic chemiste.

An individual’s natural defense against bacterial
pathogens involves a complex immune response. Antibodies
play a major role in this defense system. An infected,
immunocompromised or immunodeficient individuval does not
alvays poassess the proper protective eanti-bacterial
antibody. Further, an individuel way not elwvays undergo
the induction of protective anti-bacterial antibodies. An
alternative or adjunct to both natural immunity and
antibiotic therapy is the use of passive immunization with
preformed antibodies. Along these 1lines, man has been
using immune w®serum globulin preparations for almost 100
years. These preparations, derived from pcoled sera from
thousands of naturslly immunized individuals, usually
contain minute gquantities of the protective antibody of
interest end are difficult to quality control. A source of
pure bacterial specific human antibody could solve these
prcblems and ultimately circumvent the problems and use of
antibiotics.

Human monoclonal and recombinant entibodies provide
a novel approach to new drug development for bacterisl
pathogens. Such antibodiea can be pre-selected for
mpecific bacteria snd can be made in vitro in unlimited
quantities. However, progress in humen monoclonal entibody
(mAb) production (for use as ethicel pharmaceuticels) has

been slow. Recombinant antibodies circumvent the problems

asgociated with human mwmonoclonal antibody production and
additionally add the potential of producing hybrid

antibodies. Recombinant santibodies also circumvent the

15



bacterial resistance problem. The potential of recombinant
antibodies alone or as an adjunct to more conventionel
entibiotic therapy appears great. The realization of this
potential is one vhich is wmore economic than scientific.

Quick entry into this field will be pursued by first
licensing wmwonoclonal eontibodies from university labs and
then converting them into recombinant antibodiem for
therapeutic and prophylactic use as ethical
pharmwaceuticals. The Company vwili shortly therafter begin
development of its o¥n in-house monoclonal antibodies, for
recombinant antibody conversion. The technolegy offers a
good deal of both economies of scale and scope. Using the
#ame *echnology (rAb production), the Company can later
expand its product targeta to cover a vide range of ueses
including the folloving:

- rAb’s for use as drugs against other pathogenic
microorganisms (bacterie, fungi, virus, yeaast)

- uze in targeting toxic compounds and other wolecules
to specific cells

- use in in vive iwmaging

- use in industrial purificetion.

I.C. The Terget Market and Projections

The initial merket opportunities being addressed ere
for the folloving bacterial pathogens: Paseudomnonas
asruginoea, Hasrmophilun influenzeae type b, HNeisgseriea
meningitidis, Streptogcoccus pneumoniae, Escherichiae goli,
Klebsiella and Salwonella. These bacteriel discase

candidetes provide good initial targets for recomsbinant
antibody therapy as they cause significent numbers of nev
casees each year, exhibit drug resistance and for vhich

effective vaccines are not available.
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Total wmarket values for drugs used against these
bacterial pathogens are epproximately £423 million, 9226
million, £82 willion, 878 mwillion, 8178 willion, $63
million and $80 million, respectively. These values
include the U.S., U.K., France and Germany only. These
seven product targets represent 1in total approximately
$#1.13 billion dollars. Theme values are very conservative
estimates, using pricing stretegies that vill Dbe
competitive with current antibiotic therapy. In several
cases there is no competitive antibiotic therapy and higher
prices can be established. The Company’e products vill not
come into the market until seven yeara from its inception,
at +the earliest. This ie due to the extensive governmental
regulatory requirements necessarey for use of drugs in
humans. The Company’s products vill be =old directly to

pharmacies (local, government and hospital).

I.D. The Competitive Advantages

The competitive advantagee of the Company lies in
ite product focus, innovative products addressing markets
vhere current therapy is ineffective or unavailable, and
ite highly *skilled-in-the-art® scientists. Almost all of
the Company’s potential competitors are focusing on either
antibody diagnostica or therapeutics for cancer. Hany are
also focusing on diegnostic antibodies for use in
infectious dimsease. The use of monoclonal or recombinant

entibodies as a therapeutic wodality is in its infancy.
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I.E. The Economice of the Business

The Company expects to receive revenues in its
second year from contract RA&D. Profitabilify lies in the
success of low cost manufacturing and pricing strategies.
Depending on the contracts reached, the Company could
operate at break even in 1its second year. Based on 80%
gross margins, $100/dose treatment and 10% royalties on
product sales, the Company is highly profitable. Over the
tvelve year time horizon analyzed in this plan, the Company
would have an estimated before tax net present velue of

$105.00 million.
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II. The Industry
II. A. The Pharmaceuticsil Industry

II.A.1L. Specifics to the Company: Current Status

The industry in which the proposed business vwill
operate is the huwman heclthcare/pharmaceutical industry.
Specifically, in the firmst stage of development, the
Company will focus on the infectious disease segwent of the
pharmaceutical industry. Approximately 2S5 percent of all
the 40 mwillion hospital admimsions (10 million) are due to
community acquired infections, those obtained outside of
the hospital (1,2). Bacterial infections rank awmong the
top ten leading causes of death in the U.S. Alarmingly,
five percent or tvo million of the 40 million patients that
enter hospitals =annually acquire infections during their
stay (1). These are patients vho enter the hospital for an
altogether different reason, and yet six percent or 120, 000
of them die due to hospital acquired pathogenic
microorganiems, primarily bacteria 1 (2,3). In addition,
over 50 percent of all hospiteslized patients are "at rimk®
for bacterial infections.

Current theraspy in fighting infectious pathogenic
bacteria involves treatment of infected patients with
antibiotics. In treating infections there are usually
several entibiotic choices, varying in efficacy. Hovever,
pathogenic bacteria are notorious for consiatently
developing antibiotic drug resistance (4-9). Despite the
advent of potent antibiotics and aggreesive support
techniques, deathe from infectious pethogenic bacteria
continue to occur sat a high frequency (10). As a result,
mortality rates have been increasing.

Additional procblems have occurred vith the use of

antibiotics. Physicians often prescribe a combination
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antibiotic therapy (11). One reason for this i1e that
searching for the unknown site or cause of a particular
infection is more difficult and time consuming then simply
adding additional antibiotics to the treatment regimen and
hoping that the patient recovers. In addition to cost,
potential health problems can arise. These include: a)
potential for disruption of the natural flora in the body,
b) increased frequency of superinfection, c¢) greater
likelihood of adverse drug reeactions, d) need for more
careful monitoring of adverse reactions, e) entagonism
between thre two antibiotice et the site of infection, f)
competition in &and change in drug elimination routes
through the body and g) wany people have allergic
reactions to antibiotics. As a result, drug companies are
continually msearching for nev and improved antibiotics, in
adcition to entirely nev and different therapeutic drugs.

An alternative, in @some cases, to antibiotic
therapy has been the use of gemma-globulin injections for
the treatment of infectious disease (12). The gamma-
globulin preparations represent pooled sera from thousends
of heslthy individual donors, containing polyclonal
antibodies (mee technical background). Thisg form of
treatment is referred to as pasmsive immunization. The major
problems with gamma-globulin preparations are thet they are
often contaminated vith unvanted compounds, activate
unvanted natural immune responses, are highly non-apecific
and are in limited supply. Companies have tried to deal
with the first ¢tvo problems, vith some degree of success
(13). Hovever, ¢the 1last tvo problems have not been
overcome ueing this methodology. The historical imperative
of human immune gamma globulin as a therapeutic modality
argues strongly for the potential of human monoclonal
antibodiesn and recombinant sntibodies (defined below)
(13, 14).

20



ITI.A.2. The "New" Biotechnologi

Biotechnology is =& generic term for a group of
technologiee including existing bioprocessing, fermentation
technology and the relatively "nev" technologies such as
recombinant DNA (genetic engineering) and
antibody/hybridoma techrnology. Broadly defined, the term
biotechnology includes any technology that uses living
organisms to make or wodify producta. The applications of
biotechnology are very broad and involve pharmaceuticeals,
agriculture, specielty chericals and food edditives,
commodity chemicels and energy products, environmental
applications and bioelectronics.

In the ps=st 15 years there has been a revolution in
rolecular biology and in our knovledge of biological
systems. The followving discoveries have led to the
development of powerful new techniques with industriel

applications:

(1) Antibiotic resistance genes in bacteria vere
found to be maintained on DNA elements called
plasmids.

(2) Bacteria gain immunity from viruses through the
use of their restriction enzyses vhich destroy
the viral DHNA.

(3) Foreign DNA cen be inserted into bacteria, a
process referred to a8 bacterial transformation.

(4) MNonoclonel antibodies (specific for e single
antigen) cen be produced through hybridoma
technology.

These discoveries have led to the isolation,
molecular cloning and expression (in bacterie and mammalien
cells) of individual human genes. Thig is quite useful es
it provides an unlimited supply of therapeutic drugs, wany

of vhi=h are nev snd never before available.

21



The commercial sgignificance of these discoveries was
first realized when new companies like Cetus Corporation
(Berkeley, CA. 1971) and Genentech, Inc. (S.S.F.,CA., 1976)
vere formed to exploit the nev technologies. Many stert-
up biotechnology based companies followed from 1976 to the
present, and since 1979/1980, wmany large, established
pharmaceutical, chemical, food and o0il companies have
invested in this nev area of research and development (R&D)
called biotechnology (15).

The "new" biotechnologies bring with them new R&D
approaches for companies in developing new products. These
technologies enable advancement in basic research in such
areas as cellular and molecular biology and biomolecular
gtructureg that elucidate disease processes and provide
clues to help molecular biologists, organic and protein
chemists in designing molecular entities having therapeutic
properties. These new "targeted" rather than the
conventional "shot-gun" approaches to drug development have
the potential of producing significant advances in medical
research and therapy (16).

Through the advent and proliferation of monoclonal
antibody (mAb) production and recombinant DNA technology,
the "new" biotechnologies, it 1is now possible to use our
body’s own natural disease fighting agents, antibodies, in

fighting bacterial infections (17,18).

II.A.3. New Product Developments: Recombinant Antibodies

Using the "new" biotechnologies, recombinant DHNA
and monoclonal antibody technologies, there i3 the
possibility of newv product development in the treatment and
prevention of infectious diseage. Monoclonal and
recombinant antibodies can be uged instead of the

microbially produced antibiotice, or crude gamme-globulin
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preparestions, in fighting bacterial infections. The
advantage of antibodies " over the use of antibiotics are
that bacteria do not become resistant to themn.

flonoclonal antibody technology has elready brought
@ number of notable sadvantages in our knowvledge of the
causative agents in infecticug diseame at the wmoleculer
level. Hovever, the use of wmnAb’s for prophylaxis end
therepy of bacterial infections is in its infancy. Until
the advent of wAb production, antibodies for therapeutic
and prophylactic applications have been obtained as impure
mixtures (gamma globulin), conteining thoueands of
entibodies, called polyclonal antibodies, with the antibody
of interest representing e very swmall proportion. These
preparations vwvere largely from animal and huwman blood
(gamma-globulin preparations). W¥hile being siwmiler to the
body’s ovn disease fighting weapons, the mAb’s are often of
non-human origin, usually rodent {(mouse). Ae & result they
are not wvell tolerated by the huwmen body and become
rejected as foreign tissue. Therefore, at the present
state of development, mAb’s are of liwmited value in
fighting disease. (Hovever, wmAb’z are extremely valuable
reagents for diagnostic tests). What is needed for the
prevention of infection in high risk patients is a
continuous eand well characterized (vith respect to physical
and chemical properties, production and efficacy) source of
human wAb’s. A wmajor barrier to their therapeutic use bhas
been the inability to produce mAb’s of human origin with
pharmaceutical stendards of guality (pee pege ).
Currently, human wmAb’s are produced largely by virel
tranéfornation of human producing antibody cells.
Antibodies produced in virally transiormed cell lines have
not wmet FDA guidelines for the production of therapeutic
drugs. The primary advantege in obtaining human wmAb’s cowes

vhen passive iwwmunotherapy is being considered.
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Recombinant antibodies (rAb’s) offer many
advantages over conventionel polyclonal entibodies,
monocloenal antibodies and antibiotice (mee Table 1).
Recombinant antibodies can be made in unlimited quantities,
in astable cell lines, free of virus and msmsociated viral
particles. The rAb’es can be made entirely of human origin
thereby wmimicking the body’s own natural disecase fighting
proteins. The rAb’s are natural immune-response proteins
and therefore are more eamsily tolerated by tha patient.
They can alsc be wmade as chimaeric wolecules, 1i.e.,
human/rodent hybrids, thereby being more easily tolerated
by the patient than the foreign rodent w=mAb’s. In
addition, the rAb‘s can be characterized and altered for
superior characteristics relatively easily. Thie 1is
accomplished by specifically changing amino ecids in the
protein. The rAb’s sre reagents of defined specificity and
avidity, 4i.e., they are highly defined, have reproducible
properties and bind tightly to the inducing antigen. Host
importantly, in addition to therapeutic use, the rAb’s can
be used both prophylactically for preventative treatment
and in vivo for diagnostic imaging or drug delivery
purposes. in some cases the rAb’s way be useful as
reagents in in vitro diagnostic tests. The delivery of
preformed s&ntibacterial rAb’s alone or as an adjunct to
vaccination and chemotherspy could profoundly improve the

management of bacterial diseases.
II.A.4. Technolo Background

Antibodies are proteins (figures 1 and 2) produced
by cells in the body’s immune system (vhite blood cells,

more aspecificelly called B-lymphocytea or B cellms) in

reaponse to the presence of specific antigens. An antigen
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Table 1 Adventages of Recosbinant Antibodies

(rAb)

ropertye recosbinant
Hature homogeneous
Specificity high
Variability low
Sensitivity high

Ab Class one
Affinity high
Reproducibility high
Cell Line high
Stability
Species human/
Specificity chimaera
Ability to

Change Holecule high
Ability to Alter

Expression Levels high

(mAb)
sonoclonal

homogeneous

high
low

high
one

high
high

moderate
moderete

rodent/
(human)

none

(pAb)
polyclonal

heterogeneous
lov
batch to batch
variable
mixture
variable
low

human/
rodent

» property definitions:

Nature: a kind or cless of Ab distinguished by the
characteristic of being identical (homogeneous) or
dissimilar (heterogeneous).

Specificity:
Variebility:
Sensitivity:

Ab Class:

(bacteria).

and quality.

antigen (bacteria).

participating in s reacticn with one entigen
production variablilty, with respsct to quantity
able to detect very ssall quantities of the

there exists five different classes of Ab’s, each
vith unique biological characteristics.

Affinity: selective binding characteristics to e particuler
sntigen (bacteria).

Reproducibility:

Cell Line Stebility:

secretion.

Species Specificity:

Ability To Change Holecule:

Ability To Alter Expression Levels:

antibody structure.

production characteristics.
ability to retain antibody production end

biological source of entibodies.
ability to msanipulate, change the

ability to change,

increase entibody production in a particular cell.
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Figure 1 Proteina Cowmprising the Antibody Holecule

LIGHT CHAIN
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L 1 J
variable region constant region

Antibodies are comprised of light and heavy protein
chains. The 1light and heavy chain notation refers to
their wmoleculer weights. There exist two clasoses of light
chains (called lawmbda and kappa), and five classes of heavy
chains (called 1IgM, 1IgG, IgA, IgD, IgE; the Ig stands for
imsunoglobulin). Both the 1light end heavy ochains have
distinct constant and varisble awmino acid regions (recall
thet proteins ere "strings" of amino acide). The HNH2
refers +to the emino end and COOH to the carboxyl end of the
molecule, vwritten s such ss a metter of convention. For
light chains, the carboxyl "constant region® halves of the
protein chains of the same class all have the sewe awino
acids (vith only occassional differences). The emino
*variable region® halves of each 1light chain, of each
cia.l, are all diffcrent. For the heavy chains, the amino
end variabile region is of similar size to that in the light
chaing (esbout 110 awino acids). The constant region of the
heavy chain is three to four times the size of a light
chein (depending on the cless).

Source: reference 19



Figure 2 Structure of the Antibody Holecule

Constant
region

Effector
functions

\ ‘

An antibody mwmolecule in composed cf tvo identical
light chains and tvo jdentical heavy chains. A typical
antibody wmolecule may be made up of, for example, two Ig6
heavy chaine and twvo lambda light chaines (frow figure 1),
and would be called an IgG, lambda antibody. The veriable
regicns of both light and heavy chains comprise the site of
antigen binding (attachrent). The antigen here wmay be
thought of as the infectious bacteria. Eeach sntibody hes
tvo identical variable region-antigen binding sites. The
conatant regions refer to specific areas of the antibody
molecule that ere the same from one antibody clases to
another. In coamperison, the varisble region is different
in each antibody molecule regardless of the cless. The
effector functions refer +to the regions of the antibody
polecule vwithin the oconstant region, that help elong the
immune response, i.e., elimination of the antigen after the

antibody binds to the antigen (see figure 4).
gource: references 15, 19.
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i any molecule or part of a molecule vhich appears foreign
to the body and activates an immune recponse, to produce
such antibodies (see figure 3) . The antigen, for example,
can be a single protein floating in the blood stream or
sugar molecule ~n the cell surface of some blood borne
microorganism. Antibodies have exquisite specificity in
that they recognize the particular shape of an element on
the gsurfmce of the antigen. Moreover, they only bind
specifically with the antigen that elucidated their
production, or wvith a structurally related antigen. This
specificity rmakes antibodies useful for a number of
applications in the diagnosis and treatment of disease.

The mechanism of antibody therapy is that the
resulting bacterially induced antibodies bind to the
surface of the bacteria (figure 3,4) and cause destruction
of the microbes by one of several mechanisms as part of an
individuals own, exiating immune response. One method is
phagocytosis (figure 4), vhereby the antibodies coat the
surface of the bacteria wvhich facilitates the recognition
and ingestion (phagocytosis) of the bacteria by macrophages
(e perticular type of vhite blood cell). A Becond
mechanism by vhich antibodies wediate bacterimsl killing is
through complement lysis (figure 4). This method involves
antibody-mediated depomit of complement proteins on the
bacterial surface and the formation of holes in the
bacterial cell wvalls/membranes, resulting in cell death.
Antibodies adhering to bacteria also prevent oecterial
colonization and/or invasion. A third wechenism iavelves
the Ab-coated bacterie activation of a specialized group of
cells in the body (K cells) that directly ceause beacterial
death (figure 4).

Monocloneal antibody production technology allovs
the previously immpossible tsesk of isolating and groving a
single type cf antibody producing cell.
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Figure 3 Schemetic Diagram of Bacterial Induced

Antibody Production
‘ B cell

surface

“/4/,/’ antibody
)g

beacteris <::::t;>

pacterial cell
surfece antigen

division

B cell

bacteriel
bound

antibody —" 7

secreted
entibody

The antigen here is the becteria, or more epacifically,
@some molecule on the surface of the bacterie. The bactaerie
binds specifically to an antibody on the surface of e B
ceil i1in the body. This induces the B cell to divide,
expand in numbers and become activated to @zcrete Ab’s that
vill bind to the inducing bacteria. This can occur in en
~ individusls bloodstream (naturelly imsmunized) or in yitro.

(not drevn tc scale)
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Figure 4 Scheratic diegraw of three weya in wvhich Ab’s

can help eliminate invading organiems

invading organism
coated with antibody

LT N e R e ] e VL T .

ey s
anubody-enhanced mmpiement mednated rantibodv-dependent
" phagocytosis l i hcell killing 5 - % c_e'll;t‘ng“dl‘ated killing 4

The antibodies from figure 3, bind to the bacteria and then
participate in the bacterisl eliminetien <f£rowm the body.
This occura by one of three wmechaniess (see text end
reference for a more complete descripticon). The wechanisw
of elirination is mediated by biologicsl properties located
in the constant regione of the heavy chain of the
particular entibody.

source: reference 19



Each +type of antibody producing cell produces one antibody
and is hence w®onoclonal. Some of the reesons for the
importance of wAb’s are due to their unlimited supply,
defined immunological characterietics, and exrquiste
mpecificity for a single antigen (organisw).

Monoclonel antibody production cen be echieved via
hybridoma technology (figure S) or through viral
trensformation (figure 6). Hybkridoma technology involves
the collection of spleen celle from rodents (usually wice)
vhich have been immunized vith the target aentigen
(bacteria). Then the fusion of the normal antigen-activeted
antibody producing cells (a mixture of the mouse’s antigen
stimulated B cells from ite apleen) vwith an immortal,
trensformed cell line, usually of siwmiler cell type (mouse
myeloma, tumor cell line), is cearried out. The result is a
*hybridoma® that retainas the traits of antibody production
and immortality in vitro. The hybridowa cen produce the

highly specific antibodies and can be meintained
indefinitely in culture. The wmAb‘s being produced are
chemically uand structurally homogenecus. A limiting factor
in the aepplication of wAb‘’s to ihe treatment of humen
disease, in addition to those 1listed in Table 1, is the
lack of evailability of humen wmAb’s in comparison to the

abundant wmouse or rat derived monoclonals.
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Figure S Honoclonal Antibody (mAb) Production

Hybridona Technology

Mouse is
immunized with
a foreign
suybstance

or “antigen.”

Spleen is
removed and
minced to
release antibody
producing

cells (B iymphocytes.)

source: reference 15
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Myeloma cells

are mixed and
fused with
B lymphocytes

Mouse myeloma

(tumor) cells
are removed
and placed in
tissue culture

Cells divide in
liquid medium

The products of this
fusion are grown in a
selective medium. Only
those fusion products
which are both “immor-
tal’" and contain genes
from tha antibody pro-
ducing calls survive.
These are called
“hybridomas.”
Hybridomas are cloned
and the resulting cells
are screensd for an-
tibody production.
Those few cells that
produce the antibodies
being sought are grown
in large quantities tor
production ot
monoclonal antibodies.



Figure 6 Humaon Antibody Production

via Viral Trensfeormatiocn
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!

POSITIVE HYBRIDS

CLONING

EXTENSIVE SCREENING ON LARGE PANEL OF
NORMAL AND TUMOR CELLS

l PROPAGATION OF SELECTED CLONES
Y/

source: reference 20.
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There atill resains many technologicel hurdles in
the production of humen mAb’s, especially of pharwmaceutical
quality. Recently, scientific groups have been able to
immortelize normal human Ab producing B eells by viral
transformation, primerily using the Epstein-Barr Virues
(EBY) (20). Briefly, uming this aethod a normal person’c
vhite blood cells (conteaining the Ab preducing cells),
naturally imnunized, are transformed by the EBY (figure
€é). A naturally immunized donor iz & normal individual vheo
naturally carries Ab’'s to the bacteria of interest es a
result of sowme prior exposure. The EBV transformed celles
are then selected for the correct Ab producing cell. The
EBY transforwmed cells often produce the EBV virus or
aasocisted viral particles. The virus or virus perticles
cean contaminate the ‘"purified® Ab preparation end be
injected into a peatient. The resulting problem is the
potential for the pstient to then contract EBV and related
disorders. These associated problews create difficulty in
getting the Ab therapeutics through the FDA process to
licensure. In addition, they would add to 1liebility
problems for the producing company. The EBY traneformned
cells often change their Ab production characteristics
vithin a year’s time. In addition, this technique, es wvith
mAb’s, does not alweys produce an Ab vwith the correct
specificity or characteristice. To overcore the
limitetions in current human Ab production, one can use
recombinant DNA technology.

Recombinant antibodies directed ageinst bacterial
infections can be produced by cloning and expressing the
mAb genes in wammalian cell tissue culture. That is, one
first generates either humen or rodent wAb’s (figures 35 or
6) by one of the above mentioned techniques. The Ab genes
are then isoclated and cloned (figure 7). Human monoclonal
antibodies can be directly expressed in & virus free

mammalian cell line. When e rodent mAb is being used used,
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Figure 7 Recombinant Antibody (rAB) Production

Light chain genes
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Specific Ab genes are isolated frowm the chromosomal DHA in
& particular wmoneclonal antibody producing cell eor EBY
transformed piroaducing Ab cell (figures 5,6). The V referc
to the variable region and the C refers to the conztant
regions. The L and H eubscripts refer to the light and
heavy chains respectively. The hinge region is the segment
of the protein chain betveen the first and second constant
regions. The S-S regions refer to sulfer chemical linkages
in the wolecule. Note thet the DHA coding regions (the
rectangles) of the Ab genes are sceparsated £from one another
as compared to the alignment in the Ab protein wmolecule
(for 2 complete understending o©of this phencmena of
sammalian gene atructure plecse see the @mource listed

belovw).

source: reference 21.
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one cen create e human/rodent chimaeric Ab, leaving only
those portione of the rodent Ab intact that are necessary
for binding to the bacterial antigen. The remaoinder of the
molecule is made as human in structure as peseible, thereby
reducing any chance for unnecoessary and unvented
immunological reactione againat it. This is accowmplished
by imolating the rodent wAb genes (figure 7), cutting and
removing all regions of the gene, but leaving the verisble-
binding region (figures 1, 2 and 8) intact. The human
constant region genes are then joined together toc the
rodent varisble region gene to remske & functional Ab
gene. For example, in figure 8, the shaded box regions of
the genes could be the human counterpart and the unsheaded
box regions the rodent counterpart. The chimseric Ab can
then be expreased in tissue culture cell lines as can be
done for the human Ab’e.

The general principle of genetic engineering in
mammalian cells is outlined in figure 9. The foreign gene
in this case refers to the human Ab gene containing the
information necessary to direct a cell into waking en
antibody molecule that will bind to an infectious
bacteria. Thie Ab gene (foreign) ie joined to & plasmid
vhich has the proper control esignals in its DNA (22) to
divide and replicete in wmammalian cells. The mamwalian
cell 1line of choice would be a cell that ie the netural
host and producer of sntibodies (21).

The rAb’s can be given more effectively, both
prophylactically as vell s therapautically, than other
forms of treatment. The prophylectic treatment regimen
vill represent an entirely nev market of patients and use.
The rAb’s can be used in the absence of or in conjunction
vith antibiotic theraspy. The rDNA technoleogy ocffers the
adventege of wmanipulating the antibody wmolecule so as to
achieve altered, superior cheracteristics. The DNA encodes
the information to direct a cell to produce & specific
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Figure 8 Construction of Reccabinant Antibodies
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source: reference 21

Ab genes
joined with
expreassion

pleamid

37

transformation:
transfer into
mevRalian

cell line

select for
recombinant Ab

cells

tesot for
presence of
rAb

grov in culture

!

purify rAB’s



Figure S Principles of Genetic Engineering
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source: reference 15
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protein. Briefly, by changing specific oites in the
antibody genes (at the DNA level), the result¢ing amino ecid
changes in the antibody protein may yield an antibody with
better binding cherecteristics or incressced protective
efficacy (figures 10 and 11). Thiz 41ims due to the
interection betveen the particulsr Ab and the individual’s
immune response wmechanism. For example, the altered Ab wmay
nov better facilitate the attachwent of the Ab to the
bacteria (figure 3) or the macrophages (figure 4) thereby

increasing the chance of bacterisl elimination.
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Figure 10 Schematic Diagrem of the Ab-Antigen
Binding Site

variable region hypervariable regions
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The hypervariable regions denote the specific amino ecids
in the Ab protein, both on the heavy chein and light chain,
thet actually come in contact vith the antigen (infectiocus
bacteria). These amino ecide can be changed to alter
(incresse) the binding of the Ab to the antigen (bacteria).

gource: reference 19.



Figure 11 Schematic Diegrae of Ab-Antigen
Binding Interasction
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molecuie

light chain heavy chain

The antigenic determinant (or bacterial cell surface
molecule) is held in the Ab binding site by interactions
betveen it and the Ab awmino ecide in the hypervariable
region. By changing the amino acids in this region one can
alter the binding specificity of the Ab to the bacteria
(make it a stronger, higher psffinity, or veaker binding,
lover affinity). Alterations cen also be made in the Ab’'e
constant region (figure 2), affecting the mechanism of
macrophage binding and bacterial elimination (figure 4).

aource: reference 19.
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II.A.S. Pro cts

Some umes for rAb’s and wmAb’m to bacterial

pathogens include:

a) ¢therapeutics

b) prophylactice

c) diagnoeis

d) elucidation of a bacteriasl antigen’s role

in pathogenicity

e) identification of specific antigens and
the grouping, typing and subtyping for
epidemiological), taxonomic and evolutionary

studies

£) study of the relation of the antigen to
transport of materiels ineide and outside
of the bacterial cell and other biochemical

functions.

II.A.6. Factors Affecting Business

The pesth to therapeutic product approval and
licensure by the U.S. regulatory authorities is rather long
and arduous. The processe can take six to ten years to
reach licensure of human healthcere therapeutic products.
The process is research intensive vwith major efforts spent
on extensive clinical trials and development of commerciol
technology. The prismary goal of the Company i1is the

identification of nev, unique drugs that are safe,

42



effective and broadly petenteble. The Cowmpany will provide
such new druge (rAb’s) to collaborating companies for
manufacture and wmarketing. The Compeny will receive
revenues in the form of contract R&D as early as year two.
When used as in viiro diagnostic reagente the
rAb’s or wmAb’s offer the opportunity for recovering mome
of the R&D costs of the required biotechnologies at an
esrly stage. Currently there ere uany rapid diagnostic
tests on the wmarket that use polyclonal antibodies to
detect various antigens produced by bacterial pathogens.
Hovever, conventional techniques often produce antibodien
that are croas-reactive with other wmicroorganisms.
Furthermore, they often heve ill-defined wspecificities.
Very large quantities of antibodies are requirazd to detect
the bacteria but esre often in limited supply. Both wib’s
and DNA probe cechnology vill circumvent the diagnostic
ume associeted problems. Both wmAb and DHA probe technoleogy
are being rapidly developed for use in diagnosis of
infectiocus diseagse by many companies (see Competition
section III C). DNA probe technology refers to the use of
specific pieces of bacterial DNA, radioactively or nomn-
radiosctively labelled, to be used in diagnosing the
presence of bacteria in bodily fluids and other sawples
(23). The Coupany will not pursue diagnostic antibodies as
a wmajor strategic thruet es it vill detract frowm ite focus
on therapeutics. It meay sell such entibodies if discovered

in the course of therspeutic rAb development.
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IX. B. The Company

The Company vill be in the healthcare, therapeutic
and prophylactic business. The Compeny vill be organized
for the purpose of engsging in the reseerch and devealopwent
cf therapeutic preducts for the treatmaent and
prophylaxis of infectious diseases. The initiel focus is
on several major bacterially transritted infectious
diseases. The leter focuas will be on virel infectious
discases and expansion into other areas using rAb
technology (see Potential, section II.C.3.).

Based on sacientific observations eshowing that
certain mAb’ms can be protective against bacterial
infections in snimal wmodels* (18) as recently as 1984, the
Company has devised a product development strategy vhich it
believes distinguishes it from its competitors. Unlike
many of its competitors, the Cowmpeny vill focus its efforts
on human and human chimaeric rAb’s for therapeutics and
prophylactics (see Competition). Thie offers the advantage
of generating a drug thet will not be rejected as foreign
by +the body. Moreover, the human rAb’s enable prophylactic
(preventetive) treatwent not amenable to aentibiotic and
many forms of wAb’s. Furthermore, rAb’s can be easily
altered for superior characteristics.

The Company intends to employ such oentibodiees
against bacterial cell surface componenta. These
antibodies will be used in vivo, in conjunction with the
patient’s immune system, to destroy the invading bascteris

* mAb’s have recently been shovn to protect animals frcm
bacterial infection by pre-treatment vith the wAb prior to
experiwmental infectien. In addition, ®mAb’s have been ghown
to effective in treating enimals thaet already have an

infection.
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end thereby eliminate the infection. The Company believes
that beceause the .peéific antibodies are able to
discriminate arong minute alterations found on the
bacterial cell aurface, bind to them, a&nd activate the
immune response bacteriel destruction mechanism, there is
significant potential for using them as nev commercial
preducts. These nev commercial products wvill be wmore
useful for treatment than all other forme of treatment (aes
outlined in section 1I.A.3). In additien, these new
products vwill be better able to detect the presence of
specific bacterial diseases. Based on this approach, the
Company will continue to develop e homst of
immunotherapeutic products (rAb’s) against a variety of
bacterial pathogens.

The primary goal of the Company i® to develop
rAb’s for in vivo use, vhich wmust undergo the wmore
governmental regulatory intensive process than in vitro
reagents. In the process of such development, the compeny
may discover wAb’e that might be useful in diegnosis. Any
such diagnostic wAb’s vwill either be ®old ouvtright er
developed with a joint venture partner.

The ultimate consumer of each rAb developed for
therapeutic or prophylactic use vill be a patient under a
physician’s care (see warket =snalyeis). The rAb drugs
wvill be sold directly to hospitel and independent
pharmacies, clinicel labs, physicians and research
institutions throughout the vorld.
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II.C. The Products and Services

II.C.1. Desgcription

The Company is focusing on the deveiopment of two

types of product:

1. Therapeutic antibodiez for the treatment of
infectious disease.
2. Prophylactic antibodies for the prevention of

infectious disease.

The production of in vitro diegnostic Ab’s for
detection and wmonitoring of infectious disease is not a
product focus of the Company, per se. The development of
mAb’e are stepping stones to the Company’s major product
focus, 1i.e. TrAb’s. Should the characterizetion of the
mAb’s result in useful diegnosis, they will be sold for a
profit or developed in a joint venture. Such a case vould
be carried out for the purpose of generating income while
developing the therapeutic and prophylactic rAb’s.

The focus of the company is initially on a few
major products in health care. The technology used will
be mAb production and rAb production. A list of primary
infectious disease product target areas is given in Table
2. These product target diseases are emenable tc humen Ab
prophylaxie and therapy. These bacterial diseases have the
folloving characteriatics:

a) there is no current effective vaccine.

b) there is incressing antibiotic resistance.

c) there are significent numbers of new cases each
year.

d) there is ineffective present drug therapy.
In addition, the criteria for selecting certain

bacteria as product targets for therapy stems from the
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Table 2 Infectious Bacterial Pathogens

Product Target Areas

Pseudomonas seruginosa

2
=t

Haemophilus influenzae type b

Meisseria meningitidis

Streptococcus pneumoniae

Escherichie coli

Staphylococcus aureus

Salmonella

Klebsiella pneumcniae

Gram negative becteria

Others
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demonstration of antibody-mediated protection (18). Table
3 contains a checklist of some general factors that should
be considered in project selection.

Bringing pharmaceutical products tc the market
as fast as possible and generating positive cash flows,
while at the sgsame +time pursuing long term and costly
development in joint ventures with larger firms, is a key
to the Company’s strategy. The development of therapeutic
and prophylactic Ab’e will be in a manner that reduces
direct costs and limits financial risks. The Company will
focus on collaborations and licensing of the mAb’s from
academic labs for it’s first two products. Since the first
step in rAb production is to obtain mAb’s, the Company will
be &able to speed up the product development by initially
licensing the first tvo monoclonal antibodies from academic
labs that have previously developed them.

The Company wvill enter 1into contracts with
established companies vho will manufacture and market the
Company’s products. The relatione with outaside
institutions, other companies and universities, will form
an important part of the Company’s business strategy. The
Company will expect to both receive and pay out royalties
as a result of its operations.

Initially, the Company does not plan on becoming an
independent pharmaceutical company. It will work through
the licensing and Jjoint ventures with established firms.
The Company may be seen as a form of service company as it
will be supplying the key components of a form health care
(rAb’s to infectious bacteria) to other companies. 1In this
sense the Company may be able to obtain high royelties (10-
20%) on their technology licenses.* The Company policy of
commercializing research results per-formed outside the
Company speeds up the process of new product introduction.
An additional element of the Company‘s etrategy will be to
igsue non-exclusive licenmses to marketing partnere in order

to cover the wvorld market.
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Table 3

Factores Influencing

Project Selection

SCIENTIFIC FACTORS

MARKETING
CONSIDERATIONS

ORGANIZATIONAL
AND
OTHER Ei.LEMENTS

Interrelationship with
other rescarch activi-
ties—synergistic advan-
tages or competition
with other programs.

Probability of achieving
project objectives.

Time required to
achieve project objec-
tive.

Impact on balance of
short- and long-term
programs within re-
search.

Estimated cost of the
project in the coming
vear and to completion.

Utilization of existing
research talent and
resources.

Value as a mcans of
generating experience
and gaining a technical
expertise in a field—a
foundation for future
research aclivities.

Need for critical mass
of expertise and activity
1o ensure progress.

Elasticily of resource
input and probable out-
put relationships.

Patentability or exclu-
sivity of discoveries
from project.

Competitive research
effort in the area—in
academic and govern-
ment research cerilers.

Projected sales and
profits from effort.

Relationship to need as
reflecled by current
state of consumer satis-
faction.

Status and efficacy of
current compelitive
products or means of
mecling consumer
need.

Compatibility with cur-
rent marketing capabil-
ities and strengths.

Influence of new com-
petitive products under
development.

Relationship to activi-
ties at other research
centers or units within
the company.

Timing of project with
respect to other activi-
ties in marketing, re-
search, etc.

Manufacturing capabili-
ties and needs.

Prestige and image
value to the company.

Effect on organizational
ésprit de corps and atti-
tudes.

Impact of governmental
and public opinion and
other environmental
pressures.

Alternative uses of sci-
entific personnel and
facilities if project
dropped after a few
years.

Moral compulsion to
develop drugs meeling
medical need but hav-
ing little or no profit
potential.

Source: reference 24
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II.C.2. Proprietary Position, Patents

While the exact role of petente in the
biotechnology industry is fer <from clear at present,
patent protection ims expected to play a Lkey role in
ensuring that companies gain adequate returns on their
massive R&D expenditures invclved in discovery, developeent
and commercislizetion of new therapeutic drugs. In the
pharmaceutical industry patenting hes traditionally been
important (25). In 1986 the Reagan adwministration
unveiled a policy designed to preamssure trading partners
into protecting U.S. patents, trade-marks and copyrights.

The basic mechanisms o0f wAb production eare
patent free due to the lack of patent epplicstion by the co-
discoverers. Current patent @situation in the rAb arees is
unclear. Some of the Ab expressicon technology way have to
be licensed, but wmay only apply to chimaeric antibodies
(i.e., human/mouse hybrids). The development of =a
bacterial specific antibody can iteelf be patented, as well
as the composition of matter and its use. Any mlterationa
made to the molecules may offer additional patent
protection. The developrent of efficient wammelian cell
expression systems can elso be patented. 1In aeny case, a
thorough reviev of the patent literature will be
necessary. Some key cowmpany and university puatents to be
examined vwill include Genentech, Inc. (S.S.F., CA), The
City of Hope (Pasadena, CA), Stanford University (Palo
Alto, CA), and Columbia University (N.Y., H.Y.), vhere much

of the inital wvork of rAb’s has been carried out.

s Centocor, Inc. (Halvern,PA), A company developing mAb’s
for cancer diagnosis and therapy, has adopted this
strategy and is obtaining such high royaltiles.
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II.C.S. Potential

The Company’s cowpetitive advantage lies in the in-

house expertise and in its products:

- treatwment for specific classes of infected
patients

- these reagents are non-existing in warket today

- circumvents bacterial antibiotic resistence

- uses body’s ovn natural impune response
mechanisms

- reagents are non-toxic, highly bacterial-strain
specific

- reagents are non-immunogenic (human rAb’s)

- reagents can be used prophylectically

- can be produced in an unlimited supply

The expansion of the product line will be into all the
knovn severely life-threatening pathogenic bacteria (10).
Additionally, the company mnay develop rAb’s for other

pathogenic wmicroorgenismes (viruses).
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The development of rAb teclnology offers the
tremendcus adventage of an enormous future development of
related antibody products with a completely different end
uge. A partisl list includes:

a) immunotoxins, vectorially delivered drugs or toxina
to specifically kill cancer cells (26);

b) targeted immune responses: to kill cancer cells,
inhibit autoimmune disease (27);

c) cencer trestment (28, 29);

d) transplantation, inhibition of allograft rejection
(30, 31);

e) rAb’s to drugs, used to reverse the adverse effects
of a wide veriety of biologically active molecules
(32);

f) 4in vivo iwmeging (33);

g) therapeutic drug wmonitoring (234);

h) lywphokine targeted immune responses/delivery;

i) drug receptor agonists/antagonists ;

J) wuse of rAb in industriel purification.

II. D. Entry and Growyth Strateqgyi

During the laat ten years there hes been a
proliferation of over 100 nev biotechnology compenies
(13). Due to proprietary information end technological
gaps betveen ouwisting companies end potential nev entrants,
there has been a decresse in ney atart-up= zince 1984. The
primary entry berriers in the biotechnology industry are
(1) the cost of R&D, governmental regulation, (ii) accees
to distribution channels (1ii) technological uncertainty
and (iv) proprietary technology and patents.
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II.D.1. Coste of R&D, Governmental Regulistion

The costs of entry into the biotechnology industry
are related to expenses involved in R&D. The R&D costs are
closely tied to the costs of governmental regulation. In
the U.S., the National Institute of iiealth (NIH), the Food
and Drug Administration (FDA), the Environmental Protection
Agency (EPA), the U.S. Department of Agriculture (USDA) and
several executive agenciea all have authority over vhich
they can regulate biotechnology reasearch and development
(35). The most highly regulated areas are human
phermaceutical drugs and in vivo diagnoatics agents. The
greater than $S0 wmillion requirad to finance the large
clinical trials and 1long trial periods can be prohibitive
to wmany nev firwms. Hovever, large profitability avaits
those who asuccessfully make this step. It has already been
the case that under special circumstances, i.e., dire need,
as vwith human growth horrone (Genentech, Inc.), the FDA can
speed up this process and therefore reduce the time and
cost. Furthermore, there are plans in the U.S. government
to speed up the approval of drugs for serious eilments,
wvhich vould reduce the costs.

The long range grovth strategy of the Cowmpany, is to
develop infectious disease pharmeceuticals thet will be
used to treat life threatening situatierns, vhere current
therspy is ineffective. Therefore, the Cowpany’s products
may fall under speciel FDA considerations. Thie would
lead to e decreased time to licensing than otherwise.
Additionally, the inital product focus will be on
entibodies for infectious disease vhere animal wodeles and
pharmacology studies are already in place. Therefore, the

Company will not have to develop then.
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Coneiderably less expensive than pharmaceuticals are

the costa of supplying monoclenal antibodies te
manufacturers in in vitro diagnostic kits. . For exaaple,

in vitrc diagnostics do not require the aterilization

procese and formulationa necessary for the final product,

es im= required for other in vivo diagnosmtice or
pharmaceuticals. The costs are estimated to be ambout $4H

over a three year period in U.S. However, development of
the final kit by the manufacturer wmay cost an additional
$10-20 willion. The Company will provide any wmAb’s it
develops asg reagents to & manufacturer for further

diagnostic kit developwment.

I1I.D.2 Access to Distribution Channels

A wmajor entry barrier exists to new companies not
manufacturing and distributing their own products. The
selection of appropriate channelas of distribution 1is
crucial to ensuring a wmesrketing success. Tapping into
existing distribution channels wvithin large established
companies can, hovever, relieve this entry barrier. The
Company’s strstegy wvwill be to enter into a joint venture
wvith an establimshed firm in the infectious disease area
(see marketing strategy).

A wmajor coup for the phermsceuticel industry ceme
through governmental lobbying by the new bictechnology
firnms and large pharmaceutical companies. The Senate
recently approved legislation permitting the export of
druge that have not yet von approval for sale in the U.S.
(36). Thie has strategic implications in stopping the
erosion of the U.S. innovations and transfering of our
technologies. It further increases the chance of
profitability by wmarketing the Company’e drugs in other

countriea, by other companies, before U.S. approval.
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II.D.3. Technological Uncertainty

Technological strategies in the biotechnology
industry are constrained by the technologicel uncertaintiesm
inherent 1in this industry. The increesed factor of risk,
raises the opportunity cost of capital for & company. A
such, established companies affected by the nev technology
have &n initial reluctance +to invest. The technological
uncertainties in biotechnology have also impeded
established companies decimsions to jump off the *S curve®
from an existing technology onto a new °"S curve®, a nev
technology (37) (an S curve is a graph of the relationship
betveen the amount of effort put into a project and the
productivity or results one gets out). This can be seen by
the established pharmaceutical companies vhich did not
invest in biotechnology until after 1980, vhen many ewmall
firms were already beginning commercializing the “nev”
biotechnologies as esrly as 1972,

Competing technological processes and uncertainty over

vhich products to choose for a nev biotechnology market

further add to the risk factor. In the cancer field,
there are several new products and technologies
simultaneocusly under development. In aluost all these

cases the clinicel data is incomplete and companies cannot
devote equal resources to all these products. This factor
is still shoving signs of impeding large cowpanies from
entering “his field. The in-house expertise and single
technolog. (rAb) focus that can be applied to meny
different diseases and industrial epplications, offer the

Company a distinct advantage over the larger competitors.
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II.D.S. Common Strategy Elements Adopted by Biotechnology
Companies

Hew biotechnology companies must develop o
defensible competitive position whether they are in
productas or services. The common elements in their
strategies include: the methods of financing, the etrategic
alliances with eateblished corporations and forvard
integration into wmature independent companies.

The pattern of fipancing that hes been folloved by
most nev firms i funding thei- ‘arly development by
venture capital, with one to (l..ece rounds of finencing, and
contract R&D. A few years do¥n the roed they have initisl

ublic share offerings in the hopes of raising large
samounts of cash, folloved later by public shere
offerings. Once approaching clinical trials and further
development, the nev firms finance their expansion through
R&D limited partnerghips. Most, if not all, new
biotechnology firms run at a deficit for the first few
years due to the enormous RLD expenses and investment in
plant.

Many new companies evolve through various forms of
strategic elliances wvith established firms, distribution by
other companies of products manufactured in-house and,
finally (hopefully), their ovn wmenufacturing. The forvard
integration into a fully integrated pharmaceutical
company (self wmanufecturing and marketing) is e very large
step Zor all the nev biotechnology firms. It is the likely

step in vhich many vill be unable to wmake successfully.
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IXI.D.6 Focused Proaducts Strategy of the Company

The Cowmpany vill adopt =& focused products
strategy. In a nev fire vhere resources are limited, all
the resources are used to fcocus on & narrov merket. This
maximization of resources includes the use of rescarch
personnel, the optimum amount of contract R&D vermsus in-
house developmnaznt and development of wmanufscturing and
marketing groups. Since the Compeny hez clearly targeted
ite goele, it can focus its arrangements with other
companiea to fit ite strategic geoals rather than forming
opportunistic arrarngements depending on vhat R&D program
comes along. The etrong internal organization and clear
market focus of the Company will snllow it to capitalize on
its <¢echnoclegical advantage over the larger pharmaceutical
competitors. The Company can compete on the baeias of
having nev products and the most technolegically advanced
products on the market.

The focused producte ggtrategy hes been adopted by
thcse companies thaet have identified e specific wmarket
niche. The Ccowpeany, vwith its product/technolegy focus,
vill hope to obtain an overall product differentiation or
overall cost leadership.

Technolaogical leadership ie the nejor strategy
that w=wust be undertaken by the Company. The Ccmpeny mnuat
engage in picneering ectivity as it does not yet have any
product esales. A a result it vill not have the cheoice
betveen technologicel leadership and folioverahip as do the
lerger, established companies.

Due to the absence of petents in the 1970’e the
kictechnology m=methodolegy ie vwidely diffused. All the
firme wvorldwvide have access te the technology. A =
result, the uniquencss of & firms skills, in large pert, im
not as relevent 1in biotechnolagy 23 1t wvae in the
electronice industry. It is the epplicetions of the
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technology which determineas vhich strategies to undergo.

Fer all bistechnology products, getting the
innovative product to the market first may mean the ability
to satisfy a large demend and achieve & dowminant merket
share vhile competitors are sastill et the developrent
stage. The first to the wmarket is an important strategic
goal to wmeet as it gives the leader the reputation and
advaentages over competitors in terms of custower behavior
(38). In the pharmaceutical wmarket it is not unheard of
for a company to abandon the development of a nev drug vhen
it hes been beaten in the race to be first to the market
(39). The Company’s goal will be to have its first
therapeutic rAb on the warket by yeer seven, from the

Company’s inception.

The wmajor factors sffecting technology strategy in

the Company are:

a) the technology/opportunity applications unique to
the Compeany,

b) leadership factors concerning key personnel,

c) first to the market opportunity/advantege,

d) adaptsbility of technology processes and equipment
to differentiate products,

@) leadership factors concerning regulatory approval,

£f) leadership factors concerning patent position.
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III. Market Research eand Anslysis

III.A. Custoners

¥hile the patient is the ultimate consumer of
the phermaceuticels, the lav requires that at least one
interaediary stand betveen the wmanufacturer and the
consumer, i.e., the physician. It 1ie 1illegal for the
phnrnnceuticlf manufacturer to asell prescription drugs
directly to the patient. The mwarket for pharmaceuticals is
unique in the iwmportance of the influence of a non-
purchaser (the physician) on the purchasing habits of the
ultimate consumer (the patient). The role of the physician
is that of a decision maker.

The products incorporating rAb for therspeutice and
prophylactics wmay be expected to be developed for 2 variety
of health care commerciel rarkets. The phyasical
distribution of the Cowpany’s pharmaceuticals will be
carried out through pharmacies.

The markets for the therapeutic and prophylactic rAb’s
wvill include:

&) community hospital pharmacies

b) government hospital pharwmacies primary
(federal), state, local)

c) independent pharmacies

d) physicians

e) research laboratories (universities) s@condary

f) veterinary market

The therspeutic/prophylactic druges will be largely
dependent on quality and uniqueness. In sowe cages, vhere
there is & therapeutic choice for a particular infectious

disease, there will be scme s@light price dependency.
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The need for newv products to combat infectiocus
diseese, i.e., the Company’s proposed products, hes been
expressed by physicianas, hospitals and other health cere
practitioners es evidenced by the many reports in the
literature (1-14, 40).

III.B. flarket Size and Trende

The U.S. wmarket smize for the company’s products, rAb’e
to bacterial infectious agentas, hao been estimated from
statistical data compiled by the Center for Disease Control
(CDC), u.s. Department of Health and Huwman Services, and
from various literature references (mee tables). The
European market studies for this businees plan includes the
United Kingdom (U.K.), France and West Germaeny and has been
compiled from various documents from those countries (msee
sources in tablec).

In the came o0of therspeutic treatwment, the datae
represents the number of cases per year of particular
bacterial infections reported, wvith extrapolations wmade to
entire populstions. For prophylactic treatment, eastimates
vere wmade from the potentiel use of therapy in situations
vhere the particular bacteriesl agente have a2 high
probability of occurring, es indicated in the various
literature sources (1-14).

In general, all the nuabers reported are conservative,
as they represent extrepolations of numbers reported from
hospital surveys, vhich are not wmonitored with a high
degree of accuracy. In addition, wmeny diseases do not get
properly documented, or documented at all, and therefore
never resch the CDC’s or other reporta.

If ve 1look at the gize of the entire anti-infective
drug warket, wve see that it is quite large, approximetely
4.9 billion in 1983 (Table 4). The anti-infective market
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Table 4

Hanufscturers U.S. &nd Foreign Sales of Anti-Infective
Drugs for Human Use

SHBH86 Hillions

1981 1982 1983

All Pharmaceuticeals:

u.s. 12,110 14,156 16, 219
__Foreigan 9,895 9 9,645

Total |

U.S. and Foreign 22, 005 24,038 25, 864

Anti-Infective Agents:

u.s. 2,034 2, 406 2,822

Foreign 2,3 : 8 S

Total

U.S. snd Foreign 4, 339 4,614 4,876

Source t reference 41.
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is growing at about 5-6%/year. The estimate for 1987 ig
approximately $6.0 billion.

The Company’s initial products will include drugs
for the fcllowing bacterial infections:

Pseudomonas aeruginosa
Haemophilus influenzae type B
Neisseria meningitidis
Strentococcus pneumonize
Escherichia coli

Klebsiells

Salmonella

Table S5 shove the numbere of nosocomial infectionsg in the
U.S. and Europe (as defined above). Nosocomial refers to
hospital-acquired infections. In other words, those
infections incurred vwhile already in the hospital for somne
other reason.

Of the major nosocomial bacterial agents, Pseudcmonas,
Eecherichia coli and Klebsieila are three of the Company’s
initial product targets.

Pseudomonas represents the largest potential market
for anti-bacterial drugs due to its present and increaeing
role as opportunistic pathogen (43), 1i.e., a ubiquitous
organism that tskes advantege of the immunocompromised
host. Its prevalence in hospital settings end in
ipnunocompromised patients is alarming (44). The total
number of ceses per year of Pseudomonas needing therapeutic
treatment is estimated to be over 1.6 mwmillion, vhich
includes the U.S. nosocomiel and European nosccomial
markets (Teble 5). The European community acquired market
wvould serve to further increase the number of treatable
cases per yesr significantly. For prophylactic treatment

the total number of incidence of use per year is estimated
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Taeble S

Hosocomnial Infections in the U.S.(1) : Hajor Becterial Agents
(numbers in 1000’s)

total totel

total estinated estieated u.s.

isolates iecletes igolates and

reported in the in Europe

fecti ent (2) y.S. (3 Europe (4) _totals

Escherichis coli 8.3 723 1,787 2,510
Pgsudomonag seruginozs 3.4 462 1,142 1,804
Enterccoced 3.1 420 1,039 1,459
Stephylococcus gureus 3.1 420 1,038 1,458
Klebaiella pneusonise 2.2 301 744 1,045
Stsphylococcus coagulase 1.9 257 634 830
Entercbacter spp. 1.8 240 393 833
Candide spp. 1.6 222 850 772
Proteus 1.5 209 816 725
Serrgtis opp. .7 95 234 329
other fungi .5 49 168 217
Group B Streptococci .4 48 118 166
sll others 3.3 433 1139 1,572
Footnote

(1) reference 42.

(2) total isoclates reported: represents reports surveyed from
51 U.S. hospitals (29,562 total cases reported out of 51
hospitals).

(3) total estimated isolates: estrapolated from total isolates
reported, taking into account total U.S. Hespitalse
(1986) = 7,000.

(4) Europe here includes only the U.K. (4500 hospitals),
¥. Germany (7000 hospitals), and France (3800 hespitals).
Sources include: Daten Des Gesundheitsvesene (1984 edition)
Statistisches Jahrbuch (1983) Sente Sscurite Sociele:
Statistiques et Commentsries (No. 1, 1984) GPCS Honitor
DH2 (¥4/4) Annual Abstract of Statistics (1984) Servicses
Statistics for Northern Ireland (1983)
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to be approximately 11.6 million, in the U.S. élone {Table
6). Adding in an estimate for the number of community
acquired and non-reported Pgeudomonas cases, the
therapeutic treatment market comes to approximately $1.9
million (1,141,800 + 763,900, Table 6).

Other major nosocomial bacterial infections the
Company’e producte will address are Escherichia coli, over
2.5 million cases per year, Staphylococcus aureus,
approximately 1.5 million and, Klebsiella, approximately
0.8 million, all for therapeutic treatment (Table 7).

Table 7 s8hows an estimated 800,000 cases per year of
Salmonella infections requiring treatment in the U.S.
alone. Studies have estimated that the eactual number of
Salmonella cases per year 1in the U.S. mey be as high as
4,000,000 (46) while only about 40% of these cases require
anti-microbial treatment, this would bring the therapeutic
market up to 1, 600, 000.

Additional Company products will terget infectious
agents responsible for bacterial meningitis (Table 8).
The therapeutic markets for Haemophilus influenzae type b,
Neiggeria meningitidis and Streptococcus pneumoniae as
causitive agents in meningitis are, respectively, over 1.9
million, O0.73 million and 0.40 million. The prophylectic
market for these agents are 1.1 million, 0.38 million end

0.17 wmillion, reaspectively. Community acquired becterial
pneumonia contributes a significant cause of morbidity and
mortality in the U.S. (47). Table 9 shows additionel
therapeutic markets for Streptococcus pneumcniae,

Haemophilus influenzae type b and Pseudomones seruginoes,
in cases of community acquired bacterial pneumonia.

The total dollar amount for each of the aforementioned
producte is listed in Table 10. The therapeutic markets
for each drug are in the 885,000,000 to over #400, 000, 000
range. The prophylactic markets for each drug are aelso in

this category. The numbers shown in table 10 ere derived
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Table 6 Pseudomonag geruginosa Harket U.S. (1)
agsume uge in: total

percent cases

totel potentiel potential
capes/yr infected _infected
operations of
susculoskeletal system (2) 5, 031, 000 4% 201, 800
skin grafte 157, 000 12 18, 800
cardiac catheterizeticn 681, GO0 2 13,600
epen heart surgery (3) 602, 000 2 12, 000
trauma patients (4) 3, 580, 000 12 430, 000
hasaatopoietic
system disorders 397. 000 4 16, 000
cystic fibrosis 100, 000 30 30, 000
gastrointestinal
asjor surgery (5) i, 040, 000 3 41,600
toteal 11, 888,000 763, 200
prophylactic U.S. wmarket: 11,568,000 ceames/yr
estimated
therapeutic U.5. market: 763,900 cuases/yr
i 3
Nosocomial (U.S.) market 462,000 cases/yr
) kets 8 e

teotal nosocomial therapeutic
market U.S. & Europe 1,603,800 casea/yr
1. referonces 435,10,42, 43.
2. includes: fractures, disc, spinal column, cartilage,

knee, hip replacement surgery.
3. includes: pacemesker insertion and repair.
4. includes: injury, poisoning, lscerations and burns.
%. includes: partial gastrectomy, resection intestines
end appendectony.
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Table 7

(U.S., U.K., France, ¥W. GCermany)

Egcherichia Sta ococou
coli (1) r 1) Klgbeiella (1)
2,510, 000 1,457,000 774, 000

800, 000

1. Data obteoined frowm Table 4.

2. reference 46. An estimated 2, 000,000 cases of Salwmonella
occur each year in the U.8. alone, 40X of theae cases
require anti-microbial treatment. Dasta for Salmonella
represent the U.S. merket only.



2.

Table 8

U.gs.:
age <5 yrs

>S yrs, adults
Total U.S.

U. Kl
W. Germany

Frence
Total

All Total
Therapeutic
Maerket

Prophylactic
Harket

U.8. & Europe
(use in
respiratory
operations)

mepingitidig

bacterisl wmeningitis cases U.K.

$3, 713, 000;
reference 47,

Bacterial HMepningitig (no.

Infectious

cases/yr)

ents (1)

(numbers in 1000’s)

Haemophilus

influenzae Neimsseria Streptococcus

type b meningitid pneumcniae

10.7 1.8 1.3

300.0 103. S 34.5
310.7 105.3 35.8
266. 4 91.4 39.7
600.0 392. 4 286.0
741.5 253.0 110.0

1,607.9 736.8 437.7

1,918.6 742.1 473.5

1,131.0 388.0 169.0

23% ; Gtreptogoccus

W.G. pop 61, 566, 000.
sse Table 6.
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Table 9
Additional Markets (U.S.)
Community Acquired Bacterial Pathogens

Percent Huaber
acteria ent of cames/yr of ceses/yr
tre coccus phneumonia® * 36% 276, GO0

Enteric gram neg. bacteriea 16 123, 000
Haemophilus influenzee b +# 15 115, 000
Legionella pneumophilia 14 107, 000
Staphylococcus aureus 8 61, 000
Pseudomonas aeruginosa o 3 23, 000
Serratis marcescens 2 i3, 0c0
Acinetobacter 1 8, 000
Anserobes/other bacteria 4 30, 000

total number of cases = 768, 000

Source: reference 10.

Asterisks represent additional merkets for the Company.
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Table 10

Selected Bacterisl Infectious Digeoage Herket= (3) (1)

(U. S. » u. K. » Frlnc&, “o G@:)aanY)
(numbera in 1000’s)

therspeutic(2) prophyvlectic(2) _ fotel
Pseudomonas
seruginogs $ 192,870 $ 229, 760 8 422,630
Haewophilus
influenzae b 203, 360 22, 620 225, 980
Neisgeris
meningitidis 74, 210 7,760 81, 970
occ

ppeumoniae 74, 950 3, 380 78, 330

richia
goldi 178, 700 ? 178, 700
Kiebpjella 63, 370 ? 63, 370
Salmonells 80, 000 a0, 000
total
market
value/year $ 867, 460 ¢ 263, 520 ¢ 1,130,280

spproximately € 1.13 billion

1. Data taken from Tables 4-9.
2. Price based on $100 per therapeutic treatwment and on a2
$20 per prophylactic treatment.
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by estimating that each therapeutic treatment will cost
approximately 100 per patient and that each prophylactic
treatment will cost approximately $20 per patient. These
numbers reflect a single dose therapeutic treatment and a
eingle dose prophylactic treatment.

It should be noted again that it is felt that the
numbers showvn in Table 10 represent conservative estimates
of the total markets due to a) innaccurate case reporting,
b) lack of d4ncidence reporting, c¢) data from other
countries, not shown here. There is no formal surveillance
system in any country to estimate accurately the true
number of cases of infecticus disease that occur each
year. Additionally, the costs per treatment are also
congervative estimates. Typical antibiotic +treatment
ranges from $15-400 per dey per patient, and can be higher
(48). Therefore the cost as estimated above could be

significantly higher, by as much as 400%.

III.C. Competition

The basic technology of mAb production and genetic
engineering (recombinant DNA technology) is widely diffused

worldvide. This includes both the academic and industrial
laboratories, including the major pharmaceutical
companies. While there have been more than a dozen new

companies formed to produce mAb’e, it is not apparent which

companies, if any, are focusing on rAb’s es a therapeutic

modality. Furthermore, the majority of potential competing
companies are addressing cancer diagnostice and
therapeutics. However, the area of mAb based technology i=

intense and expected tc increese i1in the future s a
numberof large, established companies diversify into the
field.
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The Company feels that the threat of the
competition in the prophylactic and therapeutic areas is
swall to wmoderate due to the competitors’ lack of focus
and/or lack of in-house expertise in recombinant DHA
technolaogy. © Howvever, large established companies have the
pozeibility of entering into the market later with a late-
entry follovership or laste-entry leadership strategy (38),
due in part to their large finencial resources. The
competition in the infectiocus disease diagnostics market ic
definitely wmore intense.

The large pharmaceuticel cowpanies 1like Bristol
Hyers/Genetic Systens, Bayer/NHoleculeaer Therapeutics,
Jchnson & Johnson end Becton Dickinson may pose a threat
due to their greeter financiel, production, and marketing
capabilities. Bristol Myeras/Genetic Systems are developing
mAb’s for infectious disease diagnosis, using either wurine
or human (EBV derived) wmAb’s. Bayer/Nolecular Therepeutics
are developing human mAb’s for Pgeudomonas aeruginose
infections, &nd not pursuing other infectious diseanen.
Johnson and Johnaon, Becton Dickineon, Eli Lilly,
Dupont/New England Nuclear, Hoffman La-Roche, aend Abbott
Labs ere =211 involved with mAb based diagnostics but their
primary focus iz on cencer. Their involvment, if eny, with
infectious ‘diaea-e is unknovn at thie time. Eli Lilly wmey
represent the biggest potentiel competitor in respect to
the large pharmeceuticel cowpenies. This is due in large
part to their in-house expertise in recgombinent DHNA
technology development and acquisition of Hybritech, Inc.,

® recombingent DNA technology is e skilled art, wvhich teakes
stelented hands® to make it heppen, even in the face of the
numercus textbooke outlining the specific protecols

(preofessional opinion).
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a small biotechnology firm focusing on mAb production and
diagnostics.

The snaller sized competitors (relative to the
established pharmaceutical companiee) include Centocor,
Xoma, Cetus, Monoclonal Antibodies, 1Inc. and Integrated
Genetics. All these companies have esteblished strong R&D
groups in the area of monoclonel antibody production and
are seeking to develop wonoclonal antibody based products.
These companies are focusing primarily on mAb
diagnostics. Where they &are applying these monoclonal
antibodies as therapeutics to bacterial diseases, they are
focusing on inhibiting the esecreted toxina and not the
direct destruction of the bacterium. All these companies
are focusing on human monoclonal antibodies, not
recombinant antibodies. Centocor is nov building up their
R&D into recombinant Ab’s, but their primary focus is on
cancer. Cetus may represent the primary competitor, with
strong rDNA ‘technology but they lack focus in this erea.
Cetus’ focus 18 on cancer disgnosie and therspeutics.
Integrated Genetics is using DNA probe technology for
infectious disease diagnosie, wspecifically Selponella,
Campylobacter and Shigella (gastro-intestional dimeases).

The Company feels that its ebility to compete will be
based on the successful development of new products
altogether, new applications of competing products,
enhancead characterisetice of competing products or wore
efficient production mechanisms.

. The production of such products 1is dependent on
wmaintaining both scientific and technical superiocrity, the
protection of proprietary information and processes. In
addition, the production of the Company’s products will
depend on the succeasaful commercialization of the
technological developments, succeas in joint ventures for
manufacturing and wmarketing and relative ease with vhich

the Company or joint venture partner can obtain
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goverﬁnental regulatory approval and licensure.

The Company feels its ability to produce and express
recombinant antibodies to be the most critical factor in
succeasfully competing in the production of human

antibodies for both therapeutic and prophylactic use.

III.D. Estimated Market Share and Sales

The main feature of the Company’s drugs that will
make them maerketable in the face of current and potential
antibiotic competition is the ability of the Company to
treat diseases for vhich the current therapy is
ineffective, or does not exist. The prophylactic uase also
repregents a nev type of therapy approach, as it obviates
the need for antibiotic therapy and production of resistant
bacterial strains.

Tables ila-e represents the estimate market share and
sales of each of the Company’s products for the first six
yeers after FDA approval of its drugs (years 7-12). The
data is broken out into therapeutic &nd prophylactic
markets: totsl estimated wmarkets in units and dollars;
estimated warket eshare for the Company in percent, unite
and dolleaers. A totsl estimated therapeutic and
prophylactic Company waerket share for each infectious
disease product, in dollars, is calculated. The estimated
Company share of the prophylactic warket for Streptococcus
vas negligible and vwas not calculated. The assumption of
5X per yeer inflation vas included into the therapeutic and
porphylactic costs. A mwarket growth of 5% per year vas
included. One unit = one petient dose.

The data in Table 11 essumes that the Company’s first
product will be on the warket in year seven from the
Company’s inception. It estiwmates wealem revenues Irom

market data represented in section 1III B, Table 10, and
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Teble 1la Estimgted Herket Shere

Pasudomonas seruginose

(nuzbers in =illions)

Therapeutic Merket
1. estimated totel

market (units) 2.74 2.85 2.99 3.14 3.30 3. 46
2. estimated total

sarket ($) 387.00 421.00 454.00 S512.00 564.060 622.00
3. estimated wmarket

share (%) 4.00 8.00 20.00 40.00 50.00 €0.00
4. estimated market

share (units) 0.11 0.23 0.60 1.26 1.685 2.08

S. estimated therapeutic
narket ahare (8) 15. 47 33.69 92.83 204.72 282.00 373.00

Prophylectic Hsrket
6. estimated total

market (units) 16.17 16.97 17.82 18.71 19.65 20.63
7. estimated total

market (8) 455.00 S01.00 S53.00 610.00 672.00 741.00
8. estivated market

share (%) 0.10 0.20 0.59 1.00 S5.00 10.380
9. estimated market

shere (units) 0.02 0.03 0.09 0.19 0.%8 2.06
10. estimated prophylactic

market share ($) 0.45 1.00 2.76 6.10 33.60 74.10

11. total estimated
sarket share (8) 16.00 33.00 96.00 24.00 31.00 447.00
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Table 11b Estimated Harket Share

Haenophilus influenzse type b

Year
7 8 S 10 11 12
(numberas in ®millions)
he utic Market
1. estimated total
market (units) 2.90 3.00 3.20 3.30 3.30 3.70
2. eptimated total
market (¢) 402.00 443.00 488.00 540. 00 $593.00 6£57.00
3. estimated wmarket
shere (X) 4.00 8.00 20. 00 40.00 50.00 €0.00
4. estimated market
ghare (units) 0.12 0.24 0.63 1.32 1.73 2.19

S. estimated therapeutic
market share (8) 17.00 36.00 28.00 215.00 296.00 394.00

Pro lactic Harket
6. estimated total

parket (units) 1.60 1.67 1.76 1.84 1.93 2.03
7. estimated total

wmarket (%) 45.00 49,00 $5. 00 €0. 00 65.00 73.00
8. estimated market

share (%) 0.10 0.20 0.50 1.00 S5.00 10. G0
9. eastimated market

share (units) 0.002 0.003 0.008 0.018 0.096 0.203
10. estimated prophylactic

market share (3) 0. 056 0.088 0.248 0.390 3.28 7.30

- S D Gr ED R - e . S  —" S e T U e S R P PR R R G SR = e AR S D G D P D SR R GR ER AR % ER R A Em R R G D SR Y G G O G R e G S S @ @

11. totel estimated
market share ($) 17.00 36.00 98. 00 215.00 2%9.00 401.00
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Table 1ic Esticated Market Share

Neisseria eepingitidis

(numbers in millions)
Therapeutic Nerket
1. estimated total

warket (units) 2.46 2.70 2.90 2.98 3.31
2. estimated total

market (9) 3564.00 418.00 480.00 510.00 8§96.00
3. estimated market

share (X) 4,00 8.00 20.00 40. 00 $0.00
4. estinated market

share (units) 0. 10 0.21 0.60 1.19 1.65
5. estimated therapeutic

market share (8) 14.60 33.50 96.00 203.80 298.00

Prophylactic Harket
6. estimated total

market (units) 0.57 0.€0 0.64 0.66 0.70
7. estivsted total

market (8) 17.00 18.60 21.40 22.70 25. 10
8. estimated market

share (%) 0.10 0.20 0.50 1.00 S.00
9., estimated market

share (unita) 0.001 0. 001 0.003 0.007 0.035
10. estimated prophylactic

market share (8) 0.018 G.037 0.106 0. 226 1.26

1i. totel estimated
narket share (8) 15.00 34,00 S6.00 204.00 299.00
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Table 11d Estimated Harket Share

Streptococcug pneumonise and E. coli

{nuebers in eillions)

Streptococcus pneuropiae

Therapeutic Market
1. estimeted total

market (units) 0.7 0.73 0.79 0.81 0.85
2. estimated total

warket (@) 104.00 114.00 130.00 139.00 153.00
3. estimated market

share (%) 4.00 8.00 20.00 40. 00 50. 00
4. estimated market

share (units) 0.03 0.06 0.16 0.32 0. 43
5. estimated therapeutic

market share (9) 4.00 9.00 26.00 55. 00 77.00
. coli

Therapeutic Harket
1. estimsted total

market (units) 2.72 2.97 3.06 3.22
2. estimated total

market (9) 430.00 493.00 523.00 580.00
3. estimated merket

share (%) 4.00 8.00 20.00 40.00
4. estimated market -

share (units) 0.11 0.24 0.61 1.28
5. estimated therapeutic

market share (8) 17.00 39.00 105.00 232.00
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Table 1lle Estimated Harket Share

Kiebsielle and Salmonellas

- = - s > m - S > e G Gn G T e EE G D G S AP e D G R P TR G S R R D e A e

{numbere in millions)

Klebpiella

Therapeutic Harket
1. estimated total

market (units) 0.98 1.05 1.08 1.14
2. estimated total
market (8) 152.00 174.00 185.00 205.00
3. estimeted market
share (%) 4.00 8.00 20.00 40.00
4, estimated market
share (units) 0.04 0.08 0. 216 0. 436
5. estimated therapeutic
market share (8) 6.15 13.90 37.00 82.10
Salmonslle
Ther tic Market
1. estimsted totel
parket (units) 1.24 1.33 1.32 1.44
2. estimsted total
parket (@) 192.00 221.00 234.00 260. 00
3. estimated msrket
share (%) 4.00 8.00 20. 00 40. 00
4. estimated market
share (units) 0.05 0. 11 0.27 0.58
S. estimated therapeutic
market share (8) 7.70 17.70 46.%90 103.70
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broken down into therapeutic and prophylactic segments in
Table 11f. The market shure to be obtained by the
Cowmpany’s producte for therapeutics in years 7, 8, 9, 10,
11 and 12 are 4%, 8%, 20%, 40%, S50%¥ and 60%,
respectively. These percentages represent the share
obtained for each newv drug starting from its first year on
the wmarket vhich, for drugs rAb 1 and rAb 2, vill be in
year seven. The reason for the expected aggressive market
share penetration is due to the long (two to three year)
R&D phase and 1long (three to four year) clinical reesearch
phase, &t vhich time the wmarkets (hoaspitals and physicians)
are being informed of the potential nev drugs. There is a
great deal of wmarket awvarenems by the time the product
reaches the market. The Company’s estimate of the
prophylactic warket shere 1is represented by w®wuch lover
numbers, O0.1%, 0.2%, 0.5%, 1.0%, S5.0% 10.0%, in years 7-
12, repectively. This is due to a presumed lover usage in
prophylaxis a8 compared to therapeutics. The reason for
this is that antibiotics (competitive product) have a
broader spectrum of antibacterial activity.

The Company expects to gain £firet to the wmarket
advantages (38) on its products, but anticipates increesed
competition in later years. The total estiwmated market
share 1is 1listed in Table 11g. Sales revenues for year one
of product sales (year seven of compeny’s lifetime) ie
$32.9 willion. The second, third, fourth, fifth and sixth
year sales are $82.0 million, #£267.4 mwmillion, £619.8
million, $1007.3 wmillion and $1642.2 willion, respectively.
These figures represent the introduction of the Company’s
propoeed first seven producte into the market. These
figures represent total sales revenue should the Company
manufacture and market its own products. However, =ince the
Cowmpany plans on establishing joint ventures for
manufacturing end wmarketing, it mwmight expect to obtain

about 10% of these revenues as royalties (Table 1lg).
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Table i1f

Estimated Harkets
(numbers in 1000’s)

Tetal Total Therapeutic Prophylactic

Market Harket Market Harket
Bacteria ($) {units) {units) (units)
Pseudomonas

aeruginosa

Haemophilus
influenzae

Neigseria

menirgitidie

Streptococcue

preumoniae

Escherichia
coli

Klebsiella

Salwmonella

$422,630.0 13,416.7 1,928.7 11,488.0

225,980.0 3, 164.6 2,033.6 1,131.0
81,970.0 2,130.0 1,742.1 388.0
78, 330.0 642.0 473.5 169.0

178,700.0 1,787.0
63, 370.0 630.0
80, 000.0 800.0

legend: One unit refers to one dose. A therapeutic dosze
consists of 100 mg injections and a2 prophylactic

Table 1lg

Totel estimated
narket share (9)

Total estimated
market share,
10% royalties (8)

doge refers to one 25 mg dose.

Total Estimated Market Share
(for all products listed in Tables 1lla-e)

(numbers in millions!}

32.90 89.00 267.40 619.80 1007.30 1642.20

3.29 8.90 26.74 61.98 100.73 164.22
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IvV. HMarketing Plan

IV.A. General Characteristicse of the Pharmacegtical Harket

The market that the Company’s products will be in is
the pharmaceutical market wvhich includes human
diagnostics. In the uU. s. (and other industrielized
countries) an oligopolistic market setructure exists for
each nev therapeutic drug class. Consumers may purchase
epecific drugs by prescription only. The market dewand is
unique in that consumers, heving choaen the option of
health care, vill purchase the drugs under the direction of
physicians. Superior drug quelity rether than price
dominates this market. Overall success for individuasl
companies depends on having a fev successiul products in
somne market segments. The quality of research and
developnment (R&D) is a key factor in this industry. R&D
productivity drive product innovation and differentiation
vhich 1is8 the basis of competition in the pharmaceutical
industry.

In the U.S. a nev drug takes from six to ten years to
develop and costs about $60-80 million dollars. This ie
due in large part to the extensive clinical triales and
regulatory process required by the Federal Drug
Administration (FDA), one of the governmental regulatory
agencies (35). The pharmaceuticel industry tende to be
dominated by a small number of large firme vorldvide ae =2
result of the huge R&D investment required to bring e new
drug to the market.

Also falling under the pharmaceutical market category are
in vitro diagnostics. Diagnostics, as opposed to
therapeutics, require lesge investment and R&D because
compliance with regulatory requirements is fer less
expensive. Aa a result, disgnostic products can be
wmarketed fairly rapidly. Hany companiee have entered the

diagnoetic market in response to this.
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IV.B. Overall Marketing Strateqy

The Company’s product groups are targeted at

distinct markets:

1.
2.

=

n vive therapeutic wmarket

I

vivo prophylactic market

The Company will not initially mwarket its own
products. It willi enter 4into joint ventures with one or
more pharmaceuvitical marketing companies to warket and
manufacture the Company’s products. Thease collaborations
vill allow the Company tc establish an eerly vorldvide
market position and reach a large number of geographically
diverse customers, vhile concentrating cn product
development. Eventually the Company wmay decide to
manufacture and warket ite owvn products.

To assure a wmarket success the following four points are

essential:

1. Be firat to human clinical triala'and market.

2. Test and offer a number of rAb’s before our
competition does so.

3. Establish s proprietary patent position by maximum
pursuit of substance of watter patents und process
patents, and possible defense oif these.

4. Use international partners to maximize both
preclinical and clinical deata in the least time with
feveat resources.

A strong marketing position vwill be esteblished as the
Company’s products offer a major consumer benefit that the
competition cannot match. Becaume of the Company’s
products ability to overcore bacterial antibiotic
resistence, the consumer benefits, in scwme cases, will be

the dramatic result of life over death.
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In regerds to the in vitro diegnostic warket, should
the Company develop any useful reagents as a side product
of its efforts in therapeutic development, it will look to
enter into Jjoint venture errangements. The Company will
provide the antibodies themselves am reagentms to the joint
venture partner. In gome casmee, the Company wmight decide
to sell outright the entire antibody and patent rights to
another coapany, vho may decide to further develop the
diagnostic product.

Companies with which the Company will consider
establishing Jjoint ventures wvith for the development and
preduction of wAb diagnostics includes: Abbott Labs,
Bayer, Bristol-Hyers, Eli Lilly, Herck, Hoffwman LaRoche,
Pfizer, Squibb and others (any company involved with
infectious disease, producing sntibiotics or diversifying

into the infectious disease market).

Iv.C. Pricing

The demand curve for the Company’s products will be

largely inelastic, due primsrily to the nature of the

products themselves. The prescription drugs are vital to
health, and vithin reasonable limite, wvill be purchased in
spite of price increases. In addition, there vill be

little reason for purchasing more of the drug than is
neaded regardless of hov wmuch the price decreases. Price
becomes a secondary oconsideration in purchase, as the
physician plays a wmejor role as the decigion wmaker in the
choice of preecription drugs. Furthermore, the efforts of
the Company tovard product differentiation reduces the
importance of price as a consideratiocn in drug choice and

therefore reduces the elasgticity of dewmand.
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The Jjoint venture company that wanufactures and
markets the Company’s products should try to maintain the
pharmaceutical industry norm of 80X gross margin.

Current cost of antibiotic therapy ranges from $135-400
per day per petient, and can be higher (48). The Company
hes estimated sales of ite therapeutic products at $100 per
therapeutic treetment and 20 per prophylactic treatment.
Both the therapeutic and prophylactic treatments are
expected to require a single dose (injection). Theae
prices may be sasignificantly underreted and in some cases
maey be 4-20 fold higher.

Iv.D. Sales Tactics

Sales of the Company’s products vill be carried out
by the manufacturer or marketing joint venture partner. A
general msales tactic for the Company’s products would
include: a) at first, a relatively =small sales force
vhich could contact the internal medicine and infectious
disease units at hospitals 4in the U.S. and speak to the
specialty physicians and, b) a larger sales force vould be
necessary to include other especialty physiciens falling
under the product’s particular prophylactic mode (i.e.,

major surgery, heaematologic disorders, etc.).

IV.E. dvertising and Promotion

The Company would attend and make presentations at
trade ochows and advertise nationally and vworldwvide in
recognized Jjournels such as the HNev England Journal of
Medicine, The Journal of the Americen Hedical Association,
The Lancet, The American Journal of Hedicine and other

specialty infectiouse disesase journals.
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The wain feature of the Company’s products that
vill be emphasized to generate sales will be the guality
and unigueness of the product(s). In w®many cases the
productzs will f£ill a market need vhere there is currently

no available product.

IV.F. Distribution

With regards to ite therapeutic producte, the
Company vwill seek joint venture partners with distribution
etrengthe in the appropriste market segments. A typical
channel of distribution for the Company in the prescription
drug field would look like:

Pharmaceutical

Hanufscturer

!

Pharmacist

ér,wf"’__ Physician

Conmumer

The lav requires that a physician i1is the
intermediary decision maker betwveen the manufacturer of the
prescription drugs and the consumer. The Company’s
products ere ethical pharsaceuticals end cen only be socld
by prescription for adainistratien by Physiciana.
Therefore, they wmust be sold directly to the pher»mecies.
This obviates the need for vholesalers.



The major pharmacy customers for the Compeny’s products
represent hospital retail pharmacieas. The reason being is
that the Company’s products are adminietereble by injection
only wunder the care of a physician. The Company’s producte
would most likely not be carried by & local pharmacy. A
smaller group of customere would be +the physicians
themselves.

The marketing division of the Company must also
focus on direct sales to hoepitals, as the Company wmay hope
to sattaein exposure +to phyeicians 1in exchange for better

contract prices. The differentiel price to hospitals may

be viewed a8s a marketing expense. Physicians represent
potential future purcheasers (prescribers) in the
marketplace.

The 8elling of pharmaceuticale to the government
institutions closely parallels selliing to the non-

governmental hospital segment of the market.

V. Design and Development Plane

V.A. Development Status and Tasks

The Company will commence into the very early stage
of product development. The Company’s guccess in
developing e merketable therapeutic product within seven
years lies in the licensing of mAb’e to infectious dimease
agents currently aveilaeble from variocue universities. The
Company will begin immediate in-house development of
rAb’s from the licensed wAb’s, to be vused &8 both
therapeutic and prophylactic agents. The Company will
concurrently begin developing, in-house, mAb’s (human and

mouse) to infectious disease becteria. These Company owvwned
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wAb’® will then be converted to rAb’s for therapeutic and
prophylactic drug usme. The product development involves
the following:

1. Production of wmAb’s (human and murine) to infectious
bacteria.

2. Imolation and cloning of the Ab genea.

3. Construction of human end human/murine chimeeric
rAb’s.

4. Construction of rAb expression vectors for production
in wmammalian cells.

S. Expression of rAb’s in mammalian cells.

6. Testing of the rAb’s for treztment and protection of

infectious disease in snimal models.

A list o¢f rAb developwment ateps is given in Table 12.
The primary steps (]J) outline vhat needs to be done

immediately. The key igsues (II) are the folloving octeps
to take. The e te is orucial for future
Compeny development. ext t B reflects the

importance of getting the Company into the European wmarket,
and IJIC and IIID refer to issues the Compeany needs to
become intimately involved with should it choese teo
manufacture and market its own products.

All the required R&D technoleogies will be set up in-
house. The Company is dependent in ites research efforts
upon the @scientific team headed by Dr. Glenn E. MNedwin,
Premsident and Director of Science of the Company. The
Company’s success in developing marketeble productaz and
achieving a competitive position will depend, in part, on
its ability to attract and retain quelified scientific end

msnagemént personnel.
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Table 12

I (primary etep)

rAb Developeent Steps

II ¢ igsues)

A. Clecne and express
antibody gene
heavy and
light cheins

B. Sign joint venture
agreement vith
sanufacturing and
marketing partner

C. Reccmbinant
antibody
purification

D. Initial in vitro
and in vivo animel
model testing of
rib

A.

D.

Choose gene expression A.
syster based upon
pharrecologicel,
manufacturing and

petent date

Develop and coordinate B.
R&D process development,
pre-clinicel and funding
strategies for each rAb

Choice of recovery C.
process; based upon
estimated cost, tiee

for completion and
regulatory issues

Initiate rAb efficacy D.
studies in selected
in vivo aniral models

111 {pext steps)

Continue end expand
the evaluation of
alternative expressicn
systers

Complete project
funding arrangessnts,
identify European
joint venture partner

Detereine the
regulatory and
sonufecturing
issuea involved
vith rAb product

Detail the
clinicel strategy
and coordinate
vith pre-clinical
phareecelogical
studies



v.B. Difficulties and Risks

A threat to all nev companieas, regerdless of their
type of strategy, 1is that once a nev pioneerimg company
heas taken all the risks, i.e., once the technical and
commercial feasibility of a nev technolegically produced
product has been established, & larger more established
company may devcte large remources to develop that
product. The policy of <fLreely publishing secientific
results is an edditionel potential problem 4in the
biotechnology industry. This can remein 2 problem in spite
of pre-filing patent spplications. Publishing of results
enables the more established firm to jump in, either at the
first generation with a "wme-too® product, or to develop &
second generation product at substantielly lowver cost.
Hovever, superior market price is not the best strategy in
the phermaceutical industry but rather asuperior products.

The above scenarios, vhile they may be attempted, do
not appear to be too threatening to the Cecmpany due to the
complex technology and personnel expertise required +to
"discover" and develop the Company’s particular producta.
The technolaogy in this induetry 412 labor intenasive and
requires skilled hands to "wake it happen.®

Focused product niches wmay disleooate the firs’'s
present and future (expected) resources and the market it
is aiming at. For many nev biotechnolegy companieas, it is
hard to raise sufficient funds to achieve forvard
integration into a fully independent pharmeceutical
manufaecturing company. With the rapidly changing
scientific and technologic environment, tco much focus is
bad and very risky, leading to overspscielization. This

does not present a problem for the Company as the antibedy
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technology allovs e vast expansion i1into related
targets (see II. C. 3). Due to lack of patents on the
basic monoclonal antibody technology end lower entry
barriers, the diegnostic field has become very competitive,
eapecially in the srea of cancer diagnostics. If companies
use thim type of strategy to en extreme, they will mises out
on the potentielly nore valuable preoducte such a3

therapeutics, prophylactice and imeging.

V.B.2. Product Risks: mAb’s Awenable to Therspy

The first requirement in the producticn of mAb’s
(or rAB’s) esgainat infectious bacteriu &s a product is the
demonstration of Ab-mediated protection. This involves the
production of Ab’s that can caume the destructioen of the
bacteria by one of several immure response mechanizme (see
figure 4). Bacterial spaeaciea usuelly possess aeveral
antigenicelly specific cell asurfece =molecules (usually
lipopolysaccharides as the antigens) that confer epecific
immunity. Thus it will be of major importance to develop
mAb’s that can react wvith all sntigenically varied species
of a perticular bacteris. This way pose a problem for some
bacterial strains and as a result the Company will need to
develop a fev different mAb’s to cover a particuler strain.
If this occurs, it introduces a wmajor complexity
involved with the clinicel testing, i.@., the testing of a
mixture of drugs. This would result in added clinicel
coste. On the other hand, the extremely competitive and
rapid development of antigenically strain specific
diagneatic tests that is occurring may circumvent the need
for wultiple drug cliniceal trials. The reason being that if
a particular "subtype®" of bacterial strain could be quickly
identified, the correct therapeutic could be immediately

chomsen, rather than naving tc adwminister & drug mixture.
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V.B. 3. Risks in Manufacturing

The development of the Company’s products will most
likely be & question of economics rather than science. The
Compeny’s productz must be produced by mammelian cells. In
the past, lerge scele culture of mammalien cells has proven
to be very difficult and expenaive (49). Current and
ongoing advances in biochenical engineering on biloreactor
design (growth chamber and wmechanice of oamsalian cell
culture system) have achieved some large scale-up
operations. Due to the Company’s large amount of products
required per year, 24,000-938,000g/yr (Teble 13) the
ability of efficient large scale production will become
increasingly important. The developnent of a cost
effective process iz a vital espect of the Compeny’s future
profitability.

Typicelly wmammalian celle are cultured in serus
derived frowm fetal calves. This serum conteins many of the
growth nutrients required <for cell growth, including
hormones, vitamins, essentiel ewall w=molecules and growth
factors. Hovever, commercially available serum is
expensive and batch to batch veariable. A typical cell
culture mnedium containa approximetely 10% seruas. The
Company will stirive to adapt their cell lines to grov in a
lover percentage of seruns. Meny cell lines have been
adapted to grov in one percent serusa. The Company will
also strive to develop cell lines that grov in the aboence
of added serum.

A more costly epproach vwould entail chemically
defining the manufacturing process. The chewmically
defined wedia, hovever, wvill have to be mupplementd with
exogenous growvth faoctors. The benefits are that this
ultimately leads +to an essier reguletory approval. It may
be advantageous at some point for the Cowpany to develop

in-house esome o©of the rav materisls necessary for cell
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Table 13
Production Requirements

Year
(units in millions)
(grawe in thousands)
7 8 9 10 i1 12
1. Pseudomonas
a. therapeutic (units/yr) 0.11 0.23 0.60 1.26 1.65 2.08
b. therapeutic (greas/yr) 11.10 23.00 €0.00 126.C0 165.00 208.00
c. prophylactic (units/yr) 0.02 0.04 0.09 0.19 0.99 2.10
d. prophylactic (grams/yr) 0.40 1.00 2.25 4.75 24.75 52.30
2. Haemophilus
a. therapeutic (units/yr) 0.12 0. 24 0.63 1.32 1.73 2.19
b. therapeutic (grams/yr) 12,00 24.00 63.00 132.00 173.00 2i9.00
c. prophylactic (units/yr) 0.002 0.003 0.008 0.018 0.10 0. 20
d. prophylactic {(grams/yr) 0.05 0.075 0.20 0. 45 2.50 S.00

3. Neisggerias

a. therapeutic (units/yr) 0.10 0. 22 0. 58 1.20 1.70

b. therapeutic (grems/yr) 10.00 22,00 S58.00 120.09 170.C0

c. prophylactic (units/yr) 6.006 06.012 0.032 0.086 0.35

d. prophylactic (greams/yr) 0.15 0.30 3.20 1.63 8.73
4. Streptococcus

a. therapeutic (units/yr) 0.03 0. 06 0. 16 0. 32 0. 43

b. therapeutic (grass/yr) 3.00 6.00 16.00 32.00 43.00
5. E. _col

a. therspeutic (units/yr) 0.11 0.24 0.61 1.28

b. therapeutic (grans/yr) 11.00 24.00 61.00 128.00
6. Klebpiella

a. therapeutic (units/yr) 0.04 0.08 0. 22 0. 46

b. therapeutic (grams/yr) 4.00 8.00 22.00 46.00
7. Salmonells

a. therapeutic (units/yr) 0.05 0.106 0.274 0.576

b. therapeutic (grams/yr) 5.00 10.60 27.40 57.60
8. Totel (grams/yr) 23.60 61.20 173.75 383.00 636.30 937.90

note: one therapeutic unit = 100 mg.
one prophylactic unit = 20 mg.
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growth. Alternatively one could establish a2 joint venture

or contract from & small supplier of such materials.

V.B. 4. Critical Risks

The dose required to treat a patient could be
significantly higher or lover, vhich would have an effect
on increesing or decreasing the comt of goods sold. While
this directly affecte the manufacturer, the Company could
be affected by altered cash flove (negatively or
positively).

v.C. Product JImproverne d educ

An important feature for compenies vith e
*focused® strategy has been in planning for technological
discontinuities (37) even before their first preducts come
onto the market. Genetically engineered protein
therespeutic products represent the 9Yfirgt® generation
products. Almost all the nev biotechnology companies have
already begun production of the future generation products
wvhich involve a range of technologies including genetic
techniques and protein engineering (30). The investment in
protein engineering gives the compenies the ability to
compete in the 2nd, 3rd, etc., generation products. This
is a very interesting oheracteriatic of the smerging
biotechnology cowpanies. They have the need, insight and
villingneass to develop multiple scientific approaches on
mimilar products simulteaneocusly. This occurs before the
first product reaches . the market, vell before reaching
ite grovth and saturation pointe. Recognizing this early
wvill give the nev biotechnology <firms a <tremendous

competitive sadvantage. This 4is very uncheracteristic of
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the larger, established companies (pharmaceutical eand
chemical).

The Company, through the rDNA technoleogy, vwill be able
to expand its development of rAb’s very early on. Before
the first therapeutic Ab is on the market, the Company will
be developing "altered® moclecules wvith superior
characteristics. Thease altered characteristics will
include incressed Ab efficacy and mechanism of production.
The same Ab’s used for therapeutic and prophylactic use =may
be later developed for diagnostic 4in vivo imaging

potential.
vI. 4 | c in d Operati Plan
VI.A. o i oc

The gecographic location of the Company will be in
the San Francisco Bay Area. The advantages of such e
locetion is the close vicinity to the University of
Californie at San Francisco, Borkelby, Stenford University
and numerous other ecaderic institutions. These
universities &nd the numerous biotechnology firws in the
Bay Area, represent a rich source of highly treined and
qualified steff from vhich the Cowmpany can drav upon.
Additionally, the attractive climete and cosmopolitan
flavor of the ar=a is conducive for aettrscting and keeping
qualified staff.

VI.B. cilitie d city Improvemente

The Company will lease furnished laboratory space
for $14.00 per square foot/yesar. The resesrch labs end

office wvill require approximately e, 000 aquare
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feet, vhich vwill be able te accomodate 26 total employees
comfortably (5,000 sq ft for 1labs, 1,000 =@q £t for
offices). The lease coete have & € 50,000, year ene
expense in order to wmake minor alterstions to the leased

lab space.

VI.C. ufgcturi
VI.C. 1- -~ [ 4 1

The Company does not initially intend on menufacturing
its ovn products. There are several commercial
manufacturers wvho specialize in memmalian cell culture and
product manufecture. The Cowmpany will investigate
potential Joint ventures in this erea. One particular
company, Invitron, Inc. (St. Louis, NO), will be considered
due to their vast experience in wmemmalien cell culture end
production of antibody proteins of FDA quality. Others
include Damon Biotech (Needham, HA), Celltech (U.K.) end
Bicresponse (Oakland, CA). Hovever, the manufacturing
strategy formulation discussed belov will be used should
the Ccmpany decide at a later date to wmanufacture its own
products. The goal of the Company 1is to develop,
menufacture and market (alone or in joint venture) products
of extrewmely high purity. The prcducts manufactured by the
Company represent nev wmolecular entities end substances
theat are extremely rare and acostly to obtain. Hany
genetically engineered health care product®s cen be preduced
by fermentation of wicrobial systems (grovth hormeone,
insulin). Hovever, the Company’s products, recoabinant
antibodies, need to be produced in mammalian ocells due
to their complexity. The rAb’s wvill be synthesized from
ravy materials by mammalian cells that have been genetically
altered to perform the synthesis. The ®Ab’s vill sleo be
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synthesized from rav wmaterisls by their natural cell
source. Mammalian celle are generally wrore difficult to
grovw than becterial aicroorganisas (classical
fermentetion) due to their lerger, wmore complex size and
lack of rigged vells. The manufacturing of these products
wvill require a highly epecialized facility operated by
individuale wskilled in wolecular biology and tissve culture
cell growth. The folloving manufacturing stretegy includes
the requirements for a manufaocturing facility (S1).

These requirements include that the facility is:

1. ocapable of generating and supporting mammelian
tissue culture (352) that cean generate the desired
antibody product(s);

2. capesble of recovering and purifying these products
from the grovth conditione, ie., cell suspension,
cell perfusion;

3. ocapable of packaging the products according to Good
Hanufacturing Practicee (GHP), sble to meet verisble
production demands, astaffed vith a highly skilled
vorkforce;

4. registersd vith the Food and Drug Adwministration
(FDA).

An overall strategy for mammalian cell culture is
outlined in Thilly (52). At preasent, production of
products in mammalian cells ims done on an empirical basies.
" The rules and requirements, as 2 function of nutrients and
metubolic products, have not yet been written for mammelian
cell grovth as has been done for microbial fermentation
(53). The mechenice and wmathematical growth cheracteristics
of wammalian cells in culture has only recently begun to be
addresced (S54).
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The sastrategy for overall productivity must include
an examination of the product of intereet, the particuler
cells, the celluar environment and the fermenter
parameters. The specific approaches on each perameter will
depend critically on the product desired. The fundamsentel
problems of genetic, celluler and biochemical engineering
of high volume (greater than 1000 liters), high density
mammalian cell cultures is only recently being eddressed in

practice (52).

vi.C. 2. maali Cell Cul e b Productio

The yeerly manufacturing requirements for rAb
production, sterting in yeer seven, are outlined in Table
13. Year seven is the firet year (estimated) of product
sales, es a result of FDPA =msarketing approval. The rAb
yearly production requirewmente ares yeer eseven, 23,600
grams; year eight, 61,200 gremes; year nine, 173, 750
grams; year ten, 383,000 grams; year 11, 636,300 grams;
year 12, 937,900 grams. Year seven reflects the sarketing
launch of the Compeny’a £first two rAb’s; yeer eight,
launch of the third and fourth rAb’s; yeaer nine, launch of
the fifth, sixth and seventh rAb’s. The Company will
require additional rAb’s for pre-clincal and clinical trial
testing. This should amount to approximately 10-100 graes
of antibody for in vitro and animal model testing and 100-
1000 grams of antibody for each phase of clinicel trials.

The capabilities of producing lerge quantitiees of
rAb’s is outlined in Table 14. The specific production
capability will depend on the concentration of secreted rab
from the individual cell lines. Typical Ab production
rates range from 1-200 micrograms per milliliter (ug/=l),
vith 50 ug/ml the average. A theoretical calculation of
the varying specific rAb preoductivities and production
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Teble 14

Recompinan ibod roduction: Haespeliap Cell Culture
Theoretical Calculations

i. rAb product
ug/10° cell/ml-day 1 10 30 ioo 200

2. % cell protein 0.1 1.0 5.0 10.0 20.0

3, stirred tank system:
rAb product

a. ug/10° cell/ml.day 10 100 500 1000 2000
b. g/2000 1-day 20 200 1000 2000 4000
c. g/10,000 1'day 100 1000 S000 10,000 20, 000

4. Perfugion gyatem
rAb product
a. ug/5x10’

cell/wml: dey 50 500 2500 3000 10, COO
b. g/2000 1.day 100 1000 S000 10, OO 20, 000
c. g/10,000 1-dey 300 3000 10, 000 50, 000 100, 0060

1. essume total cell nevly synthesized protein =
1 ng/cell day (47)}.
2. stirred tank system reference (55).
3. perfusion system reference (56).
4. ml, milliter; 1, iiter; ng, nenogrem; ug, Bicrogram
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voelumes in & stirred tank (55) and in a perfusion system
(56) ere ehowvn in Table 14. Theoretically, one 190, 000
liter stirred ferwenter could produce approximately 3,000
greame cf Ab per day (350 ug/ml) and one 10,000 liter
perfusion reactor could preduce 10,000 grems of Ab per day.

An example of oome experimental regults ifrom the
perfusion aeystem is given in Teble 15 (36). At secretion
of 50 ug/ml, one could make approximately 100,000 grams of
antibody in 180 days using one 10,000 1liter reactor
(fermenter). Using this figure, a calculation of the
eatimated production schedule i1is shown (Table 15). The
production schedule aessumes en 80X final product recovery
rate. In year seven it vould require one 10,000 liter
reactor operating 53 deys to yield the (purified) 23, 600
grams of rAb needed for warketing. By year 12 the Compeny
vould require the equivalent of ten 10,000 liter reactors
to produce the necessary antibody levels (937,900g). A= a
practical example, & contract wanufecturing cospaeny like
Invitron, Inc. (St. Louis, MO), hes the capacity to produce
approximeately 70,000 grams of Ab using 1.3 million liters
of culture medium in their firet existing plent (56).

By increasing the specific rAb productivity (amount
rAb secreted by each cell), by ocellular and molecular
approaches, one can expect to decrease the production
volumee and coste (by a factor of 10-350 fold). For most
bacteriel diseases the levels of aentibedies required in the
serum to confer significant protection are in the
microgram/el range or lover. This would indicate that
milligram injections (i.e., 10-200 milligrems/patient) of
certein rAb’s vould be sufficient. If this vere the case,
then the yearly production requirement could be 10 to 40
fold lover. As wentioned above, the actual manufacturing
results wvwill depend on addreseing genetic, celluler, and
biochenmical eangineering spects of high volume, high

density memmalian cell culture (52).
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Table 13
Ectimated Production Schedule

Year

). Production
required (g/yr)
(no’'e in 1000's) 23.6 61.2 173.8 383.0 636.3 937.9

2. Production
required (g/yr)
(no’s in 1000's)
gssume 80X final
prcduct recovery 29.5 76.5 217.3 478.8 795. 4 1173. 4

3. No. dey= production
using a 10,000 1 reactor
(no. of reactors
required in
parentheses) S3 138 195 216 238 2i1
(1) (1) (2) (4) (6) (10)

note: (1) x 10,000 1 reactor for 180 days= 150,000 1 wmedia containing
100, 000 ug Ab.

Perfusion System:
TAb product

S0 ugllo’ cells wml

g product/40 1:18 days = 40 g
g product/2000 1-18 days = 200 g
g product/i,000 1'18 days = 10,000 g
g product/10,000 1:180 days = 100,000 g
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VI.C. 3. Manufacturing Facility Requirements

The menufacturing facility should have the
folloving requirements:

a. Only antibody products will be manufactured at the
facility. This will provide some economies of
scale, as all products will be of antibody nature.

b. The plant capacity and snnual requirements will be
outlined according to production schedules (i.e.,
Table 13).

c. The manufacturing facility will not produce ite
ovn rav materials and specialty chemicals.

Sources will be identified for these materials.
(see manufacturing risks, section VI.B.3)

d. A pilot plant space allocation will be made.

e. The geographical location of the manufacturing
facility will be near mwajor universities and
other related companies so there vill be acceess to

a skilled wvorkforce.

Vi.C.4 Hanufacturing Alternatives

Important factors that will influence the manufaecturing
decisions include:

a. The amount of capital available for investment in
facilities and equipment.

b. The stage of development of the processing
technology required for manufacturing.

c. The quantity of finished goode required.

d. Product launch date.

e. Availability of rev materials, intermediaste= and
packaging materials.

f. Knovledge of current Good Manufacturing Practices

(GMP), as the products will be pharmaceuticals.
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Manufacturing alternatives include:
a. Manufaecturing the rawv materials or key
intermediates needed for product synthesais.

b. License the product or process to outside firma.
c. Choice of mammalian cell culture technology i.e.,
airlift fermentation, suspension, anchorage,

perfusion.
d. Arrangement vith another firm, vhereby they
provide manufacturing assistance in exchange for

R&D assistance.

e. Acquisition of an existing wmanufacturing
facility.
VI.C.S. Time Table for Reaching Key HMilestones
a. The first and sccond therapeutic recombinant

antibody should be ready for launch spproximately
seven years from the Company starting date.

b. The mecond and third therapeutic recombinant
antibody should be ready for launch approximstely
eight yeare from the Company starting date.

The key milestones concerning the entire drug

development project are outlined in Table 16.

The Compeny expects a two year time horizon for the
in-house R&D leading to a *‘herapeutic drug ready for
further development by the Jjoint venture partner. This
asgumes obtaining a license for its first and second mAb to
take through its rAb R&D process. For in-house R&D on its
ovn mAb’s and rAb’s the Company expects to add on another
year into the drug development time horizon (three yeara).
The Company vwill develop in-house mAb’s concurrently with
licensed wAb development. This will enable the Company’s
ovn products to be marketable by year eight.
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Table 16 Drug Developuent
Kilestones

Year

Company R&D

Ab gene isolation
characterization

Ab gene expression —

Characterization —
natural mAb

Characterization | |
rAb

Proceas } —y
development

small scale —
animal models

In-house assay I
development

Joint venture
development

Process developrment | I
GMP

IND =

Clinical trials I —

Clinical trials II —
Clinicel trials III  E——
Nev Drug Application (NDA)

NDA approval

Marketing rAb begina
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A key fector to manufacturing vill be the knovledge of
industrial fermentation, specificially industrial mammalian
cell tissue culture, and knovledge of the pharmaceutical
industry.

The fermentation facility will of necesesity be a
complex manufacturing wunit. It will be designed tc grow

the recombinant wammalian cell and recover and purify the

specific entibody products. The operation of such a
facility will require a highly trained vorkforce consisting
of biochemical engineers, operators and a maintenance
staff. The capital investment required to erect a

manufacturing facility can range from 4SM-$100M, depending
on the plant capacity and the complexity of the recovery
and purification processes (57,58). An average cost for a
manufacturing facility 1like the one needed by the Company
is approximately $30-40 wmillion.

In formulating a manufacturing strategy it vill be very
important to have a vorking knovledge of the pharmaceutical
industry, specifically the regulatory imssues and
environment in vhich it operates. The requirements are
promulgated by the FDA. In the area of pharmaceuticals,
the GMP’s are of primary importance. The GMP covers
guidelines for design of equipment and facilities, process
validation, ongoing training of personnel, control of rav
materials and packaging, production and process controls,
holding and distribution of finished goods, laboratory
controle and recorda and reports. The necessity of
folloving the current GMP "to the letter®" cannot be
overemphagized, as failure to do so could result in costly

delafs in the commencement of manufacturing.
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VIi.C.6. Requlatory and Other Compliances

The products under development by the Company are
intended for wuse in humans. They ere therefore subject to
rigorous preclinical and clinical testing and approval
processes by the FDA end similar health suthorities in
other countries. The FDA’'s office of Biologics Research
and Reviev administers the regulatory approval procees for
mAb based and rAb based products. This process is wimilar
to that for any nev drug product for human use.

The requirement for approval of a new drug or
biologic +typically involves a three phase process of pre-
market testing.

Phase I clinical +trials: testing for the safety and
tolerance of the drug with a small group of patients; it
may also yield preliminary informatien about the
effectiveneas of the drug and dosage levels.

Phase II clinical triasls: testing for efficacy,
determinetion of optimal dosage and identification of
possible side-cffects in a larger patient population.

Phase III clinical trialg: additional teeting for efficacy
and safety vith an expanded patient population.

The complex operation of the commerciel development
of a new drug from laboratory identification to market has
been documented in outline form (59). An exemple of the
generalized criticel path netvork (CPN) procedure, figure
12, is applicable to the developwment of all nevw
pharmaceutical products from the time of identification of
a potential newv drug substance through approval of the New
Drug Application (NDA) by the FDA. The "time zero" used in
the CPN is defined as the time vhen 2ll laboratory data has
been evaluated and the decision is wmade by the appropriate

personnel to proceed vith the development of a nev product.
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The FDA may consider applications for marketing
approvel of producte after completion of Phase II efficacy
gtudies vwhen the products are for treating conditions wvhich
lack alternative therapies and are life threatening. The
Company will be developing several rAb products falling
into this category and therefore can expect a decreased
time to market for these products. Once the clinical
atudies have been completed, a product license application
(PLA) ie submitted to the FDA for product marketing
approval and for licensing of the product manufacturing

facilities.

vIi.C.7. Efficacy and Safety Considerations

It 1is most likely that the FDA will apply the most
stringent guidelines for the acceptability of preparations
for human administration. FDA requirements include the
production of sterile and pyrogen free solutions of human
mAb (rAb) for humen administration. The burden of proof
that the huAb’s are free of: i) tumor virusese, ii) viral
oncogenes, and 1iii) other tumor promoting elements, will
fall on the manufacturer of antibodies. Such proof will be
required prior to the first clinical trials. Hovever, seml -
crude human Ig preps (gamma globulins) have been used in
the clinic for many years. Human rAb’s and mAb’s, derived
frcm a single source, should prove to be wore easily
quality controlled than vwith conventional pooled human
gamma globulin preparations.

One potential problem that existe with the
resulting administration of Ab therapy is the producticn of
anti-allotypic and anti-idiotypic antibodies. This refers
to the production of patient Ab’s to various regions of the
therespeutic or prophylactic administered Ab’s. 1In the case
of the Company’e prophylactic and therapeutic Ab’s to
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bacterial infections, this does not represent a significant
problem. For meny bacterial diceases, protracted treatment
vould not be necessary, and one or two immunizations would
be the only therapeutic intervention required for
protection.

In instances vhere specific huAb’s vere given for
prophylaxis in immunodeficient patients, particularly
agammaglobulinemice and severe combined immunodeficient
patients, little host responsae to the administered
immunoglobulin would be anticipated. If protracted
trestment becomee essential 3in immunologically competent
patients, a battery of human rAb’s directed to different
epitopes on the bacteriai pathogen could be injected in
series, each newv antibody given only vhen significant
antiidiotypic antibodies against the preceding antibody are
detected in the plasma.

VI.C.8. Pharmaceutical Formulations

New product integrity techniques vwill have to be
developed for the rAb based products, as the pharmaceutical
formulation of rAb based producte 1is a relatively nevw
field. The manufacturing strategy must inciude a
significant emphasis on the development of appropriate
pharmaceutical formulations for its products. These
pharmaceutical proprietary formulations are intended to
maintain product characteristice end integrity wvithout
inhibiting therapeutic or prophylactic effectiveness.
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VII. Management Team

VII.A. Organization
VII.A. 1. Executive Cfficers (and Co-Founders)
Name Age Title
Glenn E. Nedwin, Ph.D. 31 Founder, President,
Director of Science,
Director
to be named Treasurer/Controller
to be named Director, Business
Development

Dr. Glenn E. HNedwin is one of the founders of the Company
and will serve as its President, Director of Science, and

as a general Director of the Company.

The Treasurer/Controller, to be named, vill be an
individual with approximately 5+ years of experience in
finance, accounting and administration. The CFO may or may

not be a certified public account.

The Director of Business Development, to be named, will be
an individual vith S+ years of experience in the
biotechnology, pharmaceutical field. This indivdual will

have had a technical background.
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VII.A.Z2. Scientific snd Support Staff

Molecular Biology:
Ph.D. Senior Scientist (2)
B.S./NM.S. Scientists (3)

Cell Biology:
Ph.D. Senior Scientist (1)

B.S. /M. S. Scientiasts (3)

rotein Biochemigtry:

Ph.D. Senior Scientists (1)

B.S./K.S. Scientists (1)

Support Staff

Glaegvare Wagher (1)

Secretaries (1 full time, 1 part time)

Summary

Executive Officers
Senior Scientists
Scientiats

Support

P'N\!-bh)

Total Employees

Table 17 represents the Company’s

form.
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Table 17

Organizatiopal Chart

President,
Director of Science,
Director

Director
Business Development

Nolecular
Biology
Senior
Scientist

scientists
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Treasurer/
Controller
Scientific Staff
|
I |
Cell Protein
Biology Biochemistry
Senior Senior
Scientist Scientiat
scientiets scientiesta
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VII.B. Key Management Personnel

Dr. HNedwin vill be responsible for the scientific
development of the Company. In addition, he will be
responsible for the overall general mwmanagewment and
direction of the Company. Dr. Nedwin holds a B.S. in
Biochemistry (State University of New York, Buffalo), =
Ph.D. in Biochemistry (University of California, Riverside)
and hes vorked for three years at Genentech, Inc., a
leading biotechnology #£irm, =s a post-doctoral research
fellow in the Department of Koleculer Biology. He was part
of the sacientific team that developed tvo potential anti-
cancer therapeutics, human tumor necrosie factor and human
lymphotoxin, now¥ in clinical triala. He is a co-author on
tvo patents pending concerning these twvo therapeutic
drugs. Dr. Nedwin also had a major involvement with the
etart-up of Molecular Therapeutice, Inc., a recombinant DHA
based company, vholly owvned by Bayer AG. In addition, Dr.
Nedwin holde an N.S. (if this business plan/thesis is of
any merit) in the Management of Technalogy from

Mazssachusetts Institute of Technology.

The Treesurer/Controller vwill be responsible for the
financial, accounting and general administration of the

company.

The Director of Business Development will be
reasponaible for the commercial licensing of mAb’es f£from

various academic institutions and related business espects

of the Company, including marketing and joint ventures.
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Scientific Persmonnel

Holecular Biology: Cloning and expreassion of rAb’s.
Technical expertise in: wmolecular cloning,

mammalian expression, DNA sequencing and synthesis.

Cell Biology: Creation and selection of cell lines
that produce mAb’s, murine and humnan. Technical

expertise in: cell culture, hybridomas, EBV
transformations, biological assays.

Protein Biochemistry: Purification and
characterization of mAb’e and rAb’s. Technical
expertise in: protein (Ab) purification and

characterization.

VII.C. Science and Technology Relationsghip in the
Biotechnology Industry

Competitive advantage and strategy in the Company
and 1in the biotechnology industry has ite roots in the
special relationship between science and technology (60).
Most nev biotechnology firms were founded by scientists and
ere research intensive companies. The environments within
are therefore characteristic of university departments with
scientific curiceity and freedom (to a 1lesser extent)
abounding. These features have played a wmajor role in

attracting first cless scientific expertise. Many of the

company biotechnologists, intereetingly enough, retain
their "scientist®" affilietion, as they still remain part of
the "invisible college"” (61). They continue to be

reviewved by their acedemic collegues {(albeit in a different
manner). This 1is an area of epecial concern for the large
companies wvhich have not been able to compete vwith thism

type of vorking atmoephere.
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In many industries, fundamental r2egearch is not
essential to an offensive innovative strategy but is often
a valuable means of access to nev eand old knovledge
generated outside the firm ae wvell as a source of nev ideas
within the firm. The Company will definitely use besic
regearch as an eseential offensive innovative strategy
tool. The Company will also participate in "applications-
oriented science". Recombinant DNA and monoclonal antibody
technology, the Company’s technology base, represents not
only the application of biology to industry, but the
commercialization of biology itself.

VII.D. Management Compensation and Ownership

Title Approxi..ete Salary
President €55, 000/yr
Treasurer/Controller 850, 000/yr
Director Businessa

Development £50, 000/yr
Senior Scientist 850, 000/yr
Scientist $30, 000+/yr
VII.E. Incentives

The salaries are commensurate with the industry
norms. Due to the fact that this Cormpeny is based on its

scientific productivity, such saleries and other incentives

ere required to attract &nd retain top scientists. The
President and Co-founders (treasurer and director of
business development) will obtain founder stock

commensurate with their initisel 4input (financieal, time
committment and intellectual). The Company will look for

private investors to derive the firest year’s wonies and
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possible venture capital es a second aource. Specific
arrangementa will have to be tailor made to fit each
investor’e requirements with regerd to their equity and
financial instruments.

The Company will offer stock options on signing for
employment for key employees. The Company will elso offer
an incentive stock option plen to employees based on

productivity and performance.

VII.F. Board of Directors

The Board of Directors will intially consist of the
President, the other two co-founders &and the lead
investors. The Company would also like to have an executive
member of a hospital (M.D.) on the Board and a top

executive of an instrument company.

VII.G. Supporting Professional Advisors and Services

The Company will supplement the efforts of ite own
gcientific staff by identifying and entering into regearch
agreements with academic researchers doing vork of interest
to +the Company. The Company may chose to provide the
potential research collaborators vith technical and
financial support in return for an exclusive license to any
resulting technology. These types of licenses have
typically required companies entering into such agreementse
to pay royalties of 2-8% of sales of the company’e products
that utilized the licensed technology, or one flat fee.
The benefit to the company to enter into such agreements is
to extend its remearch capacity eand provide access to

aspecialized capabilities.
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The Company will also ewmploy a major accounting
firm (to be named) and a major legel firm (to be named) on

a fee for servicee basis.

VIII. Overall Schedule

VIII.A. Scientific Personnel

Table 18 sghows the five year hiring plan for
scientific personnel. Eleven scientific staff mambers will
be optimal for the first year. Since the Company’s first
tvo producte will be derived from Univereity licenses, the
critical staffing will require molecular biologists to
conduct the recombinant DNA work and a cell culture

bieologist.

VIII.B. rAb Drug Development Milestones
Table 19 shows the overall rAb drug development

schedule. The development cycle for a rAb is approximately
tvo years. This is the case for the first tvo products,
where the initial mAb’e are licensed from university labs.
The Company expects to deliver ites first twvo products to
itse joint venture partner or licensee for further drug
development by the beginning of year three. For in-house
mAb and rAb drug development the cycle 1is three years
(Table 20). The Company vill begin in-house mAb
development simultaneously vwith the first tvo projects.
Thia' will lead to development of its third rAb product.
The third product is expected to be delivered by the
beginning of year four to the Company’s partner or licensee
for further development. The steps in the drug development
cycle vhich will be carried out by the Jjoint venture

partner or licensee are outlined in Table 20.
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Table 18

Scientific Persopnel (totsl)

Year
(number of peocple)
| 2 3 4 5-12

Molecular Biology:

Ph.D., Sr. Scientists 2 2 2 2 2

B.S./H.S. Scientists 3 6 7 7 7
Cell Biology:

%h.D., Sr. Scientists 1 1 1 i

B.S./M.S. Scientists 3 ) 6 6 6
Protein Biochemistry:

Ph.D., Sr. Scientists 1 1 1 1 1

B.S./M.S. Scientists 1 2 2 2 2
Support 2 4 4 4 4
Total 13 21 23 23 23
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Table 19 rAb Drug Development Schedule

Yeer

1 2 3

A. Development of rAb 1 & rAb 2:

} Ab _genes cloned |
| Ab _genes oxgreagng
|na§ural Ab I

characterized

} I‘Al_:l |
" characterized '

msll scale-u
proceas development

r__-sa_u_gg-_!;g_|

animal wodels

* rdAb to
corporate

partner

Iongoigg agsgsay snd animgl wodel develgggenq

B. Development of rAb’s 3-7:

| ongoing in-houge wAb development |

repeat steps 1 rt above
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Table 20 Drug Development To Be Done By
Joint Venture Partrer or Licensee
1. Process developwment, GHP.

2. Quality

assurance, process documentation.

3. Hanufacture, product testing, manufacture review.

4. Clinical research, and regulatory affairs

IND application
clinical trisels
submit NDA

FDA approval

S. Herketing and Seles for pharmaceuticeal use.
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Table 21

Overall Project Goals

Recombinant Antibody (rAb) Therapeutics/Prophylactice

Develop rAb’e and determine their efficacy in humans.
Determine the efficacy of rAB’'s slone and/or in
combination with other chemotherapeutic agents
(antibiotics).

Obtain fast-track regulatory status for an IND review
by the FDA; Begin clinical trials by the 4th quarter
in year three; Conduct an aggressive, targeted phase
I/11/111 clinical progrem leading to KDA approval in
yeer seven.

Develop 3n economic mauufacturing process (either in
joint venture or in-house) capable of greater than
80X gross wargin.

Develop an internationally coordinated strategy,
through joint ventures, to conserve resources end
accelerate pre-clinicel and clinicel efforts.

Pursue single and combination use of rAb in parallel
in pre-clinicel and clinical studies.
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VIII.C. Overall Project Goals

Table 21 shows the overall project goals for
therapeutic and prophylactic projects. Year one, wmaintain
current research support of rAb projects one s&and two
(products one and twvo) and mAB project one (product three).
Year +tvo, provide additional support for wAb and rAb
projecte in terms of:

- cloning and expressing rAb’s

-~ cell culture research

- 4initial in vitro and animal model drug testing

- understanding use of products in vivo.

- gather data with vhich to make decisione on
each existing product vhether to sell,

drop or move into product developwent.

VIII.D. Functiong of the Business and Research Diviegion

The following represents both short and long term
functions or goals of both business and research divisions

of the Company:

1. Support the development of current and new products:

a) clone, express and purify the product.

b) conduct process engineering.

c) conduct second generation process engineering.

d) maintain ability to commit adequate resources
to an acute need.

e) suppert joint ventures.
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2.

3.

Understand our products:

a)
b)

c)

characterize physically, and chemically.
determine product mechanism of action at
molecular and cellular (in-house);
physiologic and pharmacologic levels (joint
venture).

discover new functions and uses.

Maintain quality technology in all relevant
disciplines:

a)
b)

c)

select, train and motivate in-house scientists
provide state-of-the-art knovledge and
necessary equipment.

recognize and acquire useful technologies

cuteide our in-house interests and experiences.

Maintain team of highly motivated, creative and
productive scientists:

a)

b)

c)

d)

maintain heterogeneity of style, approach and

skills.

encourage individuals to be creative.

rewvard each individual by title, autonomy, and
material means toc demonstrate their importance
to the Cowmpany.

encourege quality scientific publications, and

both intra- and extrse-mural collaborations.

Identify nev product possibilities:

a)

b)

c)

via vindows on outside discoveries (acadenia,
industrial meetings).

attraction of nev products ideas from outside,
via in-house productivity.

understand consumer, physician, societal needs

and wvanta.
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Evaluate selected nev product ideas:

a) purify, assay and testing of new molecules.

b) clone, express and test recombinant homologs and
analogs.

c) conduct feasibility studies.

d) recognize and study potential products outside

the in-house established intereets.

Develop new research concepts and techniques:

a) encourage follow through on "extraneous ideas".

b) be open to new ideas.
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IX. Financial Analys=is

IX.A. Costs

An iJtemized 1list, vith the dollar valuee, for the
capital equipment requirements in years one and tvo are
outlined in Table 22, and are $151,000 and $129,800,
respectively. A8 the Company grove 1t might require
further capital equipment. Therefore, an amount of
850, 000/y=2ar has been set aside.

Labor costse (malaries) (Table 23) include a built in
10% increase per year. This includes an inflation end
salary (promotion) increase factor. The starting salary
for a Ph.D., 8senior scientist will be $50,000/year, and
that for & B.S./H.S. scientist will be 935, 000/yeear. Glass
preparation employees will be salaried at $15,000/year and
secretaries at $25, 000/year.

Hon-capital equipment, i.e., reagents, lab and
office supplies, etc., are budgeted for $18,000/year per
employee (Ph.D., B.S., MH.S. scientists) and 810,000 per
employee (non-scientist). This figufe coveres the operating
costs of doing research, and general and administrative
expenses (Table 24). The equipment costs (capital and non-
capital) include a 5% inflation rate/year. The first year
non-capital equipment costs have a built in extra 8 50, 000
for the initial start-up. The Company expects to have
leasing costs for the lab and office epace, at 814.00/8q

ft, assuming a 12 year lease.
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Table 22

Capital Equipment

Capital Eguipment

ear

2 3-i2

(Dollars)

Sorvall centrifuge (2) 813, 000 15, 000
ultreacentrifuge (1) 20, 000
Eppendorf centrifuge (6) 2,800(3) 2,800(3)
rotors 20, 000 39, 000
centrifuge adaptors 1, 000 i, 000
refrigerators (8) 1,500(4) 1, 500(4)
freezers (6) 1,000 1, 000
micromscopes (2) 6, 000
incubator, non-C02 (2) 1, 000 1, 000
incubator,

shaking, non-C0O2 3, 000
incubator,

double, CO02 (3) 10, 000 3, C0C
vater still 2, 000
vater baths,

constant temp. 6, 000 4, 000
-70 degree freezer 5, 000
lyophillizer 3, 000
spectrophotowmeter 1, 000
spectrophotometer 8, 000
liquid

scintillation counter 30, 000
darkroom 2, 000
balances 2, 000
pH meter 1,500 1, 500
transilluminators 1, 500
pover supplies 4, 000 2, 000
liquid nitrogen tank 1, GOO 1, 000
computer IBM PC/AT 10, 000 8, 000
DHA softvare 2, 000 2, 000
fraction collector 6, 300
vacuum puwp 1, 000 i,CcC0
stirrers/shakers 2, 800
microscope, fluorescent 20, 000
miscellangoup 30, GO0
Total 151, 000 129, 800 30, 000

pote: 1i. numbers in parentheses refer to the number of
each item that will be purchased.
2. capital equipment refers to items with a cost
greater than or equal to $1000.
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Table 23 Employec Sa edule
Yeer

(dollars, in 1000’s)
Salerien | 2 3 4 35 () 7 8 3 10 i1 12
Officera 180 209 230 253 278 306 337 370 407 448 493 3542
Sanior
Scientists 200 220 242 266 283 322 354 3%0 428 471 318 3570
Scientists 175 402 S520 571 628 691 761 837 920 1012 1113 1224
Support 15 31 35 38 42 46 30 S5 61 67 74 81
Adopindst. 25 S3 S8 64 70 77 84 93 102 3 135
Total
Emplcyce
Salaries €33 915 1085 1192 1311 1442 1586 1745 1919 2111 2322 2354
Total
Esployees
(number) i6 24 26 26 26 26 26 26 26 26 26 26
Bote: smee text for explanation.
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Table 24

Costa

Year

1 2 3 S 6 7 8
(nuabers in 210C0’s)

1. capital

equipmsent 150 137 S5 S8 61 64 &7 70
2. non-capital

equiprent and

expenseos
a. scientists 208 337 397 417 438 460 483 307 332 539
b. non-scientists 42 77 81 85 83 9S4 98 103 108 114
c. total (a+c) 313 414 478 502 S27 S54 3581 610 €40 673
3. salaries 605 915 1085 1192 1311 1442 1585 1745 1919 2111 2322
: lea 2 4 64 64 B84 84 34 04 84 84
S. toteles (1-4) 1203 1550 1702 1836 1983 2144 2318 2509 2717 2946 3194

potes:

1. Capitsl equipament figurea vere taken from tasbie 13.

a 35X inflation rate.
2. The non-capital equipment represente equipment that costs less than
It also includes inventory, supplies and aiscellenecus
The numbers are estimated st

81,000/1iten.

items necessary for conducting R&D.
$18, 000/year/employee (scientists) and 910, 000/year/employee (non-

It includes an extra 950,000 start-up cost and all numbers
reflect 5%/year inflation.

ecientist).

3. Salaries vere taken from table 14.
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IX.B. Gross Hergins

The gross margins in the pharmaceutical induetry are
typically high, about 80%. Therefore the Company, licensee
or joint venture partner should look towarde developing an
economic process for manufacturing yielding 80% gross
margins.

At the current price set for the Company’s
therapeutic products, $1000/grem, the cost of goods sold
would heve to be $200/gram to schieve an 80% gross margin.
Currently the costs of producing FDA quality antibodies is
about $8200-400/gram. This depende on the arount of
antibody being prcduced from each cell, the particuler cell
culture system being used and the particular growth medie
that is used to grov the cells. The higher cost of goods
sold (greater than 20%) would decrease the gross margins to
60-80%. Hovever, increasing the efficiency with which one
can produce antibodies in large scele is currently being
addressed by many university and industrial labs. The
comste of producing antibodies should decline in the near

future.

IX.C. Pro Forma Income Statement

The Company’s Pro forme Income Statement is presented
in Teble 25. The Company will not be producing its own
products. It will be set up to conduct contract R&D. It
will derive revenuea from advance payments on royalties as
a result of 1licensing or joint venture agreements with
other companies. Depending on the exact nature of the
contractual R&D arrrangement, the company could operate

wvith 2 positive cash flowv beginning in year twvo.
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Table 25

Pro Forma lIncome Statement

Year

(nusbers in millionas)

1 2 a3 4 s

6 7 8 9 10

— —

Revenues:

1. Contreact

R&D 0.0 2.0 2.0

2. Royslties
From
Product
Sales -- -- -- -- --

Expences:
3. R&D 0.95 1.21 1.33 1.43 1.55

4. GLA 0.26 0.34 0.37 0.40 0.44

S. Royalties

2.0 3.0 3.0 -- - -- - -- --

-- 3.29 8.9 14.74 61.98 100.73 164.22

1.67 1.80 1.94 2.10 2.27 2.46 2.66

0.48 0.52 0.57 0.62 0.67 0.74 0.80

0.66 1.42 3.88 8.52 12.30 19.86

Total

Expenases 1.21 1.55 1.70 1.83 1.99

Profit
Before

Taxes (1.21) 0.45 0.30 0.17 1.01

2.15 2,71 3.93 6.60 11.46 15.350 20.42

0.85 0.58 4.97 8.14 50.52 85.23 143.80
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1&2.

S.

Legend to Table 25

Revenues: represents advance payments on royalties,

R&D

G&A

under contract. The Company will receive 10%
royalties on product sales from the joint venture
partner or licensee. The numbers are obtained from
projected market share date (Table 11ig). The amount
of advance paymente in years tvo to =ix will be
deducted from royalties received in year nine.
expenses: includes all scientistes salaries, cepltsl
equipment, and non-capitsl equipment (mee Tebles
22,23,24). Saleries are grossed up by 10%/yr and
other figures are adjusted for 5% inflation/yr.
Non-capital equipment includes €18, 000/yr for
vorking capital. The leases are expenesed here. In
year one, R&D expenses of $.95 millior are derived
from adding senior scientiste saleriee (.2
million), scientiste malaries (.175 million),
support staff (.015 million), capital equipment
(.151 million), non-capital equipment and expenses
(.208 million) and lieases (.134 million).

expenses: includes ealaries of officers and non
scientific staff (administration). Includes
$€10,000/yr/employee for working capital. The
figuree aleo include legal and accounting

expenses. The calculation of G&A expenses are
derived from adding officers salaries,
administrative salaries and non-capital

equipment and expenses for non-scientists in

each year.

Royaltiee paymente: reflect 2% royelties on sales to be

paid to universities. These payments are for
licensing of monoclonal antibodies necessary for
the Company’e first twvo recombinant antibody

products.
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In lieu of a balance sheet, Tables 22-24 contain a

list of the Company’s total assets.

IX.D. Pro Forme Cash Flow Anaslysis

Table 26 highlights the cesh flows for the
Company’s projecta for 12 years. The projecte in total

have a net present value of 8105 million.

IX.E. Sensitivity Analysis

The Company vwill become profitable in year tvo if
it successfully obtains a research contract from a joint
venture partner. The before tax operating cash flovs shov
e positive net present value (discount rate = 12%) of 8105
million for the predicted 12 years in operastion. This 1is
based on all the sssumptions in the business plan.

The revenues to the Company are based on 10%
royalties from product sales. The revenues from product
sales are based upon a $100/100mg dose per petient
(therapeutic) and £20/25mg dose per patient
(prophylactic). The prices are conservative and could be,
realistically, 4-50 +timee higher. This is due to the fact
that in many casee the drug will be addressing a situation
vhere the result is life or death and/or a situation vhere
current therapy is ineffective. This would significantly
increase the royalty payments to the Company.

The dose required for treatment is estimated to be
100 mg/patient {therapeutic). If +this value either
increases or decreases it would reflect in either lower or
higher gross margins. Thie in turn could =affect the

Company’s royalty payments.
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Table 26
Year
(nusbers in mwillions)

1 2 3 4 S5 6 7 8

Pro Forma Cash Flov Analymis

9 10 11

Cash
Provided by
Cperations:

Contract

R&D 0.0 2.0 2.0 2.0
Royalties
From
Product

Total Cesh

Provided by

Operations:

.29 8.

0.0 2.0 2,0 2.0 3.0 3.0 3.29 ¢

Uses of
Ceah:

Increases
in Cepital
Equipment .151 .137 .055 .058 .051 .064 .067 .070
Increases in

Inventory end

Hon-Capiteal

Equipwent _ .250 .414 .478 .502 .527 .554 .581 .610

.74 61.98 1

~1.v8 100.73

.074 .076 .081

.673 _.707

.73 164.22

164. 22

. 084

. 742

Total Uses

of Cesh: .401 .551 .533 .560 .588 .618 .648 .681

Increase
(Decrease)

in Cash: (.401) 1.45 1.45 1.44 2.41 2.38 2.64 8.22

NPV @ 12X = + ¢ 105.00 million
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The cost of contract manufacturing, to provide FDA
quality rAb’s, 12 currently about 81000/gram. This would
nct be acceptible unleas the Company’e products could be
sold for at least ©5000/gram. The prophylactic units
required per year and wmerketshares (Table 11f) ere very
congervative estimates. If the proper mAb’e are discovered
that wvould interact with all inmunotypezs of a particular
bacterial streain, then the use and wmarket share would
increase significantly. This could have a significant

increase in product sales and the Company’s royelties.
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IX.F. Proposed Offering

The Company is looking to 41initielly raise
€1, 160,000.00 (Table 25, total expenses) to fund the start-
up of R&D on 1its firet and second recowbineant antibody
projects. It will derive the necessary funding for years
tvo to six from advance payments on royalties from product
sales. If it ies unsuccessful 1in entering 4into a
contractual agreement with a development partner the wmoniee
required vill be 89,220,000 over five years. Yearly
requirements are as follows:

Year 2: 1, 550, 000
3: 1,700,000
4: 1,830,000
5: 1,990, 000
S5: 2,150,000
These figures vere determined from the total yearly
expenses as listed in Table 25.

The Company could seek its funding from venture
capital firm= or alternatively by organizing & research and
development partnership. The particuler tax implications
vould have to be addressed at the time of offering, but
would presumably offer the investors special tex benefits.
The R&D partnership wvould be formed with the Company as the
general partner and the investors serving as the limited
partners. Since the partnership would own any patents,
"knov-how" or any intellectual property derived from the
research, the Company wvould retain the exclusive option to
purchase the partnership for a determined time period and
pricé. The price wvould be pre-determined and would yield a
pre tax return of some pre-determined return to the
investors. Payment to the investors could be in the form
of stock or royalties at their discretion. 1If the Company
did not opt to purchase the partnership, then the investors
would be free to license or sell the products or

technology.
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