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There are three requirements
for approval of a new drug:
1. the drug is safe

Suspensions/
solutions

Capsules
2. it is effective in treating the

disease

Soft gel

. capsules
3. it can be manufactured

correctly and reproducibly
each time

Syringes

So how does a new drug go from a
beaker to a bottle on the shelf?

Innovator Product Development Cycle

Drug Discovery Preclinical Clinical Trials FDA Review Scale-Up to Mfg. :::\:’;’III::::?IHE

~ 5,000 - 10,000
COMPOUNDS

ONE FDA-
APPROVED
DRUG

PRE-DISCOVERY

PHASE 1 PHASE 2 PHASE 3

NUMBER OF VOLUNTEERS

20-100 100-500 1,000-5,000

3-6 YEARS 6—7 YEARS

INDEFINITE

B IND SUBMITTED
P NDAsUBMITED

e |t takes 10-15 years on average to get a new drug on the market
* Drugs launched in 2010 were starting discovery in 1995

www.innovation.org




Cost

How much does it cost to get one drug on the market?

Investment required for one successful $1.78B
drug launch (discovery through launch) ATTEH
1.5 -
0 Phase llI/File
s
= $1.18 Critical
o Launch
«» 1.0 - Phase Il Path
Critical Phase lI/File
Path¢ kiHsell Phasa | Preclinical
0.5 — Preclinical
Discovery Discovery
0.0
1995 - 2000 2000 - 2002

SOURCE: Windhover's In Vivo: The Business & Medicine Report,
Bain drug economics model, 2003

Innovation or Stagnation? Challenge and opportunity on the critical path to new medical products, FDA Report, March 2004.

Prediscovery

Understanding the disease

'Y

Prediscovery

A 4

A 4 ¥

Understanding the Identify biological Ensure target is
disease targets for the disease involved in disease
eldentify cellular and genetic Target based approach *In vitro (in glass) tests
factors identifies genes and proteins performed to confirm that
*Government, academia, involved in disease changing the target (such as
industry *Uses human genome with a drug) will result in a

change in the disease
*In vivo (in the body) tests

*Sequencing of human *Physiology based approach

genome has significant impact
*Need to know which gene(s)
are involved and how they
interact

identifies responses using cell-
based or animal model (blood
tests, cardiac function)
eIndividual or combination of
approaches used

performed with animals to
confirm in vitro tests
*Results will help predict
profile of new drugs and help
determine if effective drugs
can be made




Lead Identification

Early Safety
Evaluation

Understand effect of
lead compound in
animal models, predict

behavior in humans
sLiving cells, animal models,
and computational studies
used

*Pharmacokinetics or ADME
(absorption, distribution,
metabolism, excretion)
studied

sToxicology to study undesired
or adverse effects at dose
levels

*Rodents usﬂly used

Fea—
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Lead Optimization

Making the drug candidate a drug product (capsules,

Preclinical

solutions, tablets) for human clinical trials

Pharmacology and
toxicology

More studies to
determine safety and
efficacy

*Develop a pharmacological profile of
drug

*Determine acute toxicity in at least
two species of animals

*Conduct short term toxicity studies
ranging from 2 weeks to 3 months

Process chemistry

Develop a process to
make the drug
substance

*Make pure compound for preclinical
and clinical studies

*Find appropriate starting materials
*Minimize number of synthetic and
purification steps

Scale-up intermediates and final drug
substance from milligram to gram and
even kilogram quantities while
maintaining required properties
(crystallinity, particle size and shape, etc)

Pharmaceutics

Formulate the drug
product

*Develop formulation and choose
acceptable excipients (diluents, binders,
disintegrants, lubricants, etc)
*Determine physicochemical properties
of the drug substance and determine if
they are acceptable (solid form,
solubility, dissolution, melting pt,
hygroscopicity, stability, etc)

*In vitro dissolution correlated

to in vivo performance (IVIVC)




Preclinical

¢ Formulations need to be developed to deliver drug to animals, humans

e Additional ingredients called excipients added to help properties (flow,
dissolution, etc)

e Early formulations are somewhat simple and new formulations will be
developed for later phase clinical trials and marketed products

Actin
pharmaceutical
ngrecient .
b el Protatype fonmedation(s) Final market dosage fom
~ T o E'-.f = =
Pre-tormulation Excipiarits ﬁé -q y ]
- v process _ N -
- | E3 ] — &
* Proof-of-concept, exposure » Bio-performance:
» Toxicology cualfications * Long-tenrm shelf statlity
* Development decisions. * Robust process
* Feguiatony o

pproval
* Ussor/miarket necoptancs

Excipiont matrix
conatituting o formulation

Process formulaticn. Schematic representation of the process of fomuating an active compound through proof-of-
concept studies INclucing toxicology evaluation) and 1o the marketed formulation. An active compound 18 almost abwenys delivered
in a tormutation that must meet certain minimum crtera. The abdity to co-optimize — of at the very least, consider together all
criteria for developablity — at an earty stage helps to avoid downstream problems such as inadequate stability, kow sclublity or skow
dissohution rale resdting in poor absontion,

Gardner et al. Nature Rev Drug Discov. 2004, 11, 926-934

Preclinical ©,

Toxicology studies

*Animals given a single dose
14 days *Determine dose that causes no adverse effects and dose that is life threatening.
*Animals observed for 14 days and examined at end of study for signs of toxicity

*Dose response further investigated and specific organs examined based on

Length Of previous studies.
.. *Help determine safe starting dose for human clinical trials (maximum
Repeat dose tox clinical tolerated dose (MTD)).

study *Time frame similar to that planned for human clinical trial with minimum
duration of 2 weeks.
*Must be carried out in both rodent and non-rodent species.

*30 day study followed by 6 month study

Long term tox 6 months *Rodent and non-rodent species.

*Review of these studies helps determine the species that reacts to
the compound in the same way as humans.

Testing in animals continues throughout human clinical
trials.

eInformation from human trials is used to refine animal
Late stage tox studies to get more accurate data.

sLate stage animal studies include fertility, chronic, and
carcinogenicity

*Help determine design of Phase Il and Ill clinical trials




IND

Investigational New Drug (IND) Application

e Submitted to Food and Drug Administration
(FDA)

Iﬁl

Y

==

\
Rview by CDER

* Summary of all work done to date i v ] !
 Needs to be filed and approved before drug setr | | cvmiary | [ Pometee | [ st |
can be used in human clinical trials Y v Y Y
* Include information on L El

. . Safity Review | e i
* Animal pharmacology and toxicology I:’ o
studies A _ 4
* Is product reasonably safe for initial S emion N s
testing in humans N NPE
e Manufacturing information L <

e Drug substance and drug product | S | EI
e Clinical protocols and investigator

information e »[ Spomer Vit
¢ Detailed protocols for proposed
human trials v

Mo Dificlenches |_> Study Ongaing* |

Wil gy enmr sameors say doficieacie

e Sponsor must wait 30 calendar days before
initiating studies while FDA reviews IND

FDA Center for Drug Evaluation and Research. “Drug applications review flow chart” http://www.fda.gov/cder/handbook/ind.htm

Clinical Trials

Only 5 drug candidates make it to Phase |
clinical trials

e First time new drugs are dosed to humans

* The cost of clinical trials accounts for 50-70% of the drug
discovery and development price tag

¢ Clinical trials are carried out by physicians in hospitals, offices, and
clinics globally in close coordination with the sponsor company

* FDA can impose a clinical hold at any time during a clinical trial for
safety reasons or if risks were not adequately provided by
sponsors

e US trials can be found on the web at http://clinicaltrials.gov
e Various clinical trial designs are used

Placebo controlled Some subjects receive the new drug and some receive a placebo. In some cases, a new
drug will be rested against a marketed drug rather than a placebo.

Randomized Each subject is assigned randomly to one of the treatments.

Double blinded The researchers and subjects do not know which treatment is delivered until the end of
the study.




Clinical Trials

Phase 1: Healthy volunteers

Obtain information on safety and
dose

20-100 patients in trial

6-18 months

Patients receive single dose of
drug based on maximum tolerated
dose (MTD) obtained in animal
toxicological studies

Side effects with increasing dose
are determined

e Data are used to design additional PHASE 1 PHASE 2 PHASE 3
multidose studies as well as the Phase
2 studies

* 40% of new drugs will fail in
Phase | studies

Clinical Trials

100-500 1,000-5,000

6—7 YEARS

) IND SUBMITTED

Clinical Trials

Clinical Trials

Phase 2: Patients with the
disease

Obtain information on efficacy,
side effects and possible risks

100-500 patients in trial
6 months to 2-3 years

Usually randomized and double
blind trials

Can compare new drug with
placebo and current standard
treatment

Data are used to design Phase 3
studies

62% of Phase 1 drugs will fail
in Phase 2 studies

PHASE 1 PHASE 2 PHASE 3

100-500 1,000-5,000

6—7 YEARS

) IND SUBMITTED




Clinical Trials

Phase 3: Patients with the -
disease Clinical Trials

Obtain statistically significant data
on efficacy, side effects, risks, and
benefits

1000-5000 patients in trial
2-4 years or longer

Usually randomized and double
blind trials

Compare new drug with placebo
and possibly current standard
treatment

Information for label and possible
drug interactions

* 40% of Phase 2 drugs will fail in
Phase 3 studies

PHASE 1 PHASE 2

20-100 100-500 1,000-5,000

6—7 YEARS

) IND SUBMITTED

NDA

New Drug Application (NDA)

Submitted to Food and Drug
Administration (FDA)

NDA Sections
e Summary of all work done to date
including andex
. Data from |ND 'l:hemistrr\;r, Manufacturing and Control {CMC)
*5amples, Methods Validation Package, and
e Additional data on preclinical, drug it

*Monclinical Pharmacology and Toxicology

substance and product manufacturing, [ AR F ey
a nd an | ma I Studies 'Mlic_rohiology[for anti-microbial drugs only)

+Clinical Data
e Clinical trial results

+Safety Update Report (typically submitted
120 days after NDA submission)
¢ NDAs can contain up to 15 different

Statistical
*Case Report Tabulations

sections *Case Report Forms
*Patent Information
e One NDA can be 100,000 pages +Patent Certification

*Dther information




NDA ——'

New Drug Application (NDA)
Review begins once NDA is submitted < it
e Completeness review )

¢ Ifincomplete, sponsor receives a
“refuse-to-file” letter within 60
days

e Reviewer teams evaluate sections

of
manufacturing plants (drug substance
and product) and clinical trial sites
performed

e Package insert (drug product labeling)
with instructions for use is also part of ..o

the approval process e | |
it e
¢ Review process can take up to 18 months

Not approvable letter: list deficiencies and why application is not approved

¢ Once NDA is approved, drug can be Approvable letter: lsts minor deficiencies and possible post-approval studies
. . Approval letter: states that drug is approved; may follow an approvable letter
marketed immediately

I Riapharm soeutical

I S tiarieal
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Post-Marketing

Phase 4 Clinical Trials

* Some approved drugs may need additional studies after it is on the
market as part of the NDA approval

¢ Several hundred to several thousand patients can be enrolled

¢ Reasons include:
— Determine long-term risks/benefits
— Determine if drug is effective against other diseases

— Test different drug products (tablets, syrups, etc) Vioxx (pain) 1999 2004 5 Heart attack, stroke
H H B | (anticholesterol) 1997 2001 4 Muscl
Post-Marketing Surveillance aveol(anticholestero e
¢ Companies continue to monitor the drug and Raplan 1999 2001 2 Bronchospasm
submit reports to FDA (airway muscle relaxant)
P |nC|Ude cases Of adVerSe effeCtS Lotronoex (IBD) 2000 2000 9mos Ischemic colitis,
. . constipation
¢ Data analyzegj to determme any major . Propulsid 1993 2000 7 Cardiac arrhythmia
problems which could change use or labeling (e )
¢ Insome cases drugs are taken off the market Razar (antibiotic) 1997 1999 2 Severe

cardiovascular
problems

* FDAis working on ways to access and monitor
drugs more effectively and find problems
sooner (such as the Sentinel initiative to put
together a national network of existing
electronic data systems - such as electronic
health records and medical claims databases)

Hismanal (allergies) 1988 1999 11 Heart arrhythmia




Marketed Products

Only TWO out of ten approved drugs recoup the
cost of development

$2,000 7471880
Lifetime Sales Compared to Average R&D Costs
$1,500 -
$1,000 -
After-Tax Average R&D Costs
$500 -
89 s g6 (s
$0 ~ — - - -
1 2 3 4 5 6 7 8 9 10

Note: Drug development costs represent after-tax out-of-pocket costs in 2000 dollars for drugs introduced from 1990-94. The same analysis found that the total cost of
developing a new drug was $1.3 billion in 2006. Average R&D Costs include the cost of the approved medicines as well as those that fail to reach approval.

Sources: J. A. Vernon, J. H. Golec, and J.A. DiMasi, "Drug development costs when financial risk is measured using the Fama-French three-factor model." Health
Economics, (2009). ; J. DiMasi and H. Grabowski, “The Cost of Biopharmaceutical R&D: Is Biotech Different?,” Managerial and Decision Economics, 2007.

graphic from innovation.org

Drug Development

Drug Discovery Preclinical Clinical Trials FDA Review |Scale-Up to Mfg.

Surveillance

~ 5,000 - 10,000
COMPOUNDS

ONE FDA-
APPROVED
DRUG

PHASE 1 PHASE 2 PHASE 3

NUMBER OF VOLUNTEERS

20-100 100-500 1,000-5,000

3-6 YEARS 6—7 YEARS

INDEFINITE

10-15 years ONLY 2 of 10 marketed drugs
$1.2 — 17 billion per drug

F IND sUBMITTED
¥ NDA sUBMITTED

return revenues that match
or exceed R&D costs

*2006 data from PhRMA 2009 Profile




Patents

* A number of pharmaceutical patents can be filed including
— composition of matter (compound, forms, formulations)
— methods of use
— manufacturing processes (synthetic route)
* A pharmaceutical patent has an average life of 11.5 years instead of 20

years
i 4yrs - 6-8 yrs *
Composition of matter Form or formulation patent

N Post-Marketing
Drug Discovery Preclinical Clinical Trials FDA Review | Scale-Up to Mfg. | g\ cillance

~ 5,000 -
10,000 ONE FDA-
COMPOUNDS APPROVED
DRUG

PRE-DISCOVERY

PHASE PHASE PHASE
1 2 3

NUMBER OF VOLUNTEERS
20-100 100-500

INDEFINITE

3-6 YEARS

6—7 YEARS

P IND suBMITTED

¢ Generic drugs come on the market after the
drug

" Frvap [
Applicam
patents have expired for the branded or innovator
L e el

¢ Generic company must file an Abbreviated New
Drug Application (ANDA) to the FDA.

e Generic companies are not required to include
preclinical (animal) or clinical (human) data to
establish safety and effectiveness

— Must demonstrate that their product is

H o .->"~ e
(performs in the same manner °,~ ™~
as the innovator drug)

 Dissolution testing or in-vivo comparison
to marketed product

| Jenling

[ —

ANTIA Approved I




&) Generic Drugs and Patents | |

Hroup

L e

*FDA maintains a public and detailed list of drugs and drug products in

us

*Approved Drug Products with Therapeutic Equivalence Evaluations
(Orange Book, http://www.fda.gov/cder/ob/)

ePatents are included in the NDA file and are listed in the Orange

Book

eHatch-Waxman Act (The Drug Price Competition and Patent Term

Restoration Act of 9184)

eAllow generics to get on market more quickly once patents have

expired

eGenerics build off safety and efficacy of innovator (ANDA)
eInnovators receive patent term extensions and market

exclusivities

eGeneric companies can begin development while patent is still in

place

*Generic drugs cannot be approved if the patent has not expired
*Generic company must make a certification that addresses patents in

the Orange Book

*No patents listed in Orange Book
*ANDA can be approved immediately

ePatent listed in Orange Book has
expired
*ANDA can be approved immediately

ePatent is listed in Orange Book and
generic will not be marketed until
patent is expired

*ANDA cannot be approved until
patent expiration date.

ePatent is listed in Orange Book and
generic company plans to market drug
before patent expiration date; claims
patent is invalid, unenforceable, or
product will not infringe

eInnovator has 45 days to start
litigation

*ANDA cannot be approved for 30
months

Generic Drugs and Patents

Summary of ANDA filings up to 2002

SUMMARY OF BRAND COMPANY
AND FIRST ANDA FILER ACTIVITY*
Exhibit 3

NDAs had ANDA w/ Paragraph IV certifications
NDA helders did not sue ANDA IV filers NDA holders sued ANDA IV filers
NDA resoluticns Pending; no district court decision

Patent expired NDA withdrawn before
= “ﬂ;’m" ltigation resolved Initial 30-month  Initial 30-month

R period has not expired period has expired

Brand-Name
Cases settled company wins

Generic Applicant wins
*As of June I, 2002
SOURCE: July 2002 FTC Study: Generic Drug Entry Frior to Patent Expiration
http://www.ropesgray.com/files/Publication/59926b69-21c3-4b89-85d8-
f372f73fba8c/Presentation/PublicationAttachment/31bfdb42-c51a-457f-a852-
509128658d5¢/Article_June%202003_The%20Battle%20for%20IP.pdf




Innovators Have Less Time to Recoup
Their R&D Costs

. Hreup
8.2 .
Generic Share of Market:
2003 = 54%
5.9 2008 = 72% ONLY 11 of the top 50 most
5.1 prescribed drugs are brand
: name products.
ONLY 2 out of 10 marketed
drugs ever return revenues
. that match or exceed R&D
costs.
1.6
. =

1970s 80-84 85-89 90-94 95-99  00-05

Year of first-in-class approval
Source: FDA; The Pink Street; Morgan Stanley; DiMasi; Paquette;
Pharmacoeconomics 2004, 22 (Suppl 2): 1-14; IMS; team analysis
IMS Health, National Sales Perspectives, National Prescription Audit, March 2009
AARP, The 50 Most Prescribed Drugs, October 2009.

What’s Next

* Itisrecognized by both the pharmaceutical industry and
the FDA that improvements are needed

e Scientific advances will help get better drugs on the market
faster

e Itisimportant to get into clinical trials faster to determine
if a drug is a viable candidate for development

* Pharmaceutical companies need to innovate and make
processes more efficient while the FDA has to help with
regulatory relief during development without
compromising safety

* Lifecycle management will be an area of growth with many
large selling drug patents expiring before 2012




What Have We Learned

It takes 10-15 years to develop a new medicine

$1,300,000,000 to $1,700,000,000 is the average cost to develop one
medicine

1 new medicine will result from every 5,000-10,000 compounds
screened

New medicines initially need to get through drug discovery,
preclinical and IND stages

After the IND, three phases of clinical trials are needed before an
NDA can be filed

Once an NDA is approved, the drug can be sold

2 out of 10 new medicines will produce revenues that match or
exceed average research and development costs

Generic drugs do not need preclinical data or extensive clinical trials
Generic drugs are not approved until innovator patent has expired

11-12 = Years of effective patent life for medicines - about 6-7 years
shorter than other products
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