Working to change the course of Alzheimer's disease
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In 1906, the German psychiatrist, Dr Alois Alzheimer, reported
abnormalities in the brain of a patient, Frau“Auguste D,” who died
with severe dementia (Figure 1)." Over the last 100 years, great
strides have been made toward understanding the disease that
bears his name.

Alzheimer’s disease (AD) is part of a group of disorders, known
as dementias, that are characterized by cognitive decline and
behavioral problems. AD accounts for most of the dementia
cases diagnosed after age 65.2

Concerted efforts by scientists around the world have led to a
more in-depth understanding of the biological basis of AD.
These findings have paved the way for new interventions that
target the pathophysiology of the disease, in the hope of slowing
its progression or preventing it altogether.?

Despite these remarkable inroads, the final outcome for persons
with AD has not changed significantly over the last 100 years.
The prognosis for now is the same: AD remains a progressive,
destructive, and fatal disorder with no known cure. Current
treatments may offer temporary relief of symptoms.> However, in
the absence of agents that can significantly modify the course of
the disease, AD remains an area of exceptional clinical need.

bdaya) | ) | p 1T ) / ) - Y/ f 2 bal
ZHeImersSsWISease-=sALeniury-10ng tiallenge

Today, there is intense focus on developing new strategies for risk
assessment along with better techniques for earlier detection of AD.
In addition, major research is underway to develop disease-
modifying drugs that, when used early in the disease process, hold
the potential to delay or halt AD—a disease that is destined to
reach epidemic proportions in the near future.

Figure 1. Dr Alois Alzheimer and his patient Frau“Auguste D.” Courtesy of Professor Konrad Maurer.*



The Next 50 Years: An Explosion in the
Elderly At-risk Population

The size of the elderly population is growing at an unprecedented
rate worldwide and will more than double in the United States
alone by the year 2050 when roughly 87 million people will be
over the age of 65 (Figure 2).¢ Thanks in part to health education
and advances in the treatment of chronic diseases, more and more
people are living well into their 80s.” The sheer number of baby
hoomers and their increased life expectancy are the forces driving

this explosion.

As age is a known risk factor for developing AD, these changing
demographics predict an AD epidemic in the not-too-distant
future. In fact, AD prevalence rates double every 4 years of life
after age 65.% Today, there are an estimated 4.5 million persons
in the United States with AD—a number that is expected o triple
to 13.2 million by 2050 without major treatment advances

(Figure 3).
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Figure 3. Projected growth in the number of Americans with AD through the year 2050. Reproduced with permission.’
©2003. American Medical Association. All rights reserved.




The Far-reaching Economic Impact
of AD

It is difficult to place a price tag on AD. However, the National

Institutes of Health estimate a staggering cost of $100 billion
per year in the United States alone. This makes AD as costly as
cancer and third only after substance abuse and heart disease.'®
The cost to American business is S61 billion per year due to lost
productivity, absenteeism, worker replacement for family

caregivers, and overall health care costs."

The financial burden for patients and their families is equally
overwhelming. Many families choose to take care of their loved
one at home for as long as possible, with yearly costs as much as
$17,700 for severe dementia.

Most persons with AD will eventually be institutionalized, which
adds significantly to the overall financial burden to society as a

whole. In 2005, the average price for a private room in a nursing

home was $74,095 with specialized Alzheimer services costing
even more.'

Years




The Toll on Patients
The greatest costs to people suffering from AD have little to do with
economics but instead speak to the fears of a foreshortened future
and the eventual loss of dignity and independence. People with
AD lose the very qualities that make them human—memory,
reasoning, personality, and language.?

Many experts believe that AD first appears as a syndrome known
as mild cognitive impairment (MCl), a transitional stage that is
characterized by memory impairment without other signs of
cognitive loss or impaired function. It is estimated that 40%

of those identified as having MCl will go on to a diagnosis of AD
within 3 years.? As scientists and clinicians learn more about M,
they will be better able to predict at-risk individuals who might
benefit from early therapeutic intervention.

In patients who go on to develop dementia, the rate of
deterioration varies. However, over the course of several years,
impaired judgment, increasingly severe memory loss, and
confusion inevitably ensue. Patients become less able to manage
even the simplest tasks or perform their usual activities of daily
living. They also often develop behavioral problems, such as
agitation, delusions, wandering, and physical aggression.
Eventually, full-fledged dementia occurs, motor and sensory skills
are lost, and patients become bedridden and unresponsive to

their environment.

The Consequences for Caregivers

The 24-hour-a-day task of bathing, toileting, dressing, feeding,
and ensuring the safety of a loved one is exhausting and often
leads to psychological problems and medical illness for
caregivers, some of whom are elderly and in poor health
themselves.” Spouses of persons with dementia are af an
approximately 25% higher risk of dying within a 9-year period
vs persons whose spouses do not have dementia."®

Caregivers of parents with AD, who in many cases are working
women, are also susceptible o personal or work-related
problems."” A survey of caregivers conducted by the Alzheimer’s
Foundation of America found that those who were caring for a
parent with AD felt abandoned by their extended family, had less
time for their own family, and often had to resign from their job."®
Indeed, caregiver distress, not patients” behavior problems or
inability to care for themselves, is often the decisive factor leading
fo nursing home admission.'
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After a century of research, patients with AD and their
families, along with health care professionals, can be
encouraged that progress is indeed being made to impact
the devastation caused by AD.

Myriad Pharmaceuticals, Inc., recognizing the tremendous
unmet need to stem the tide of AD, is working af the
interface of science and patients” lives to develop a novel
intervention strafegy for AD.  The Company hopes that
this work will change the course of AD from the inside

(by slowing or preventing AD progression) and from the
outside (by preserving cognitive and functional abilities)
for patients worldwide.

MYRIAD.

Researching a SALA™ strategy for an Alzheimer’s solution

*Seledtive AB,,- Lowering Agent



Brain Changes in AD

Although physicians use a variety of criteria and techniques to
reach a diagnosis of AD, diagnostic certainty can only be achieved
at autopsy—thereby confirming brain atrophy (Figure 4) and

the microscopic hallmark lesions of AD. These lesions, known as
amyloid plagues (Figure 5) and neurofibrillary tangles (Figure 6),
are found in specific areas of the brain, including those that control

memory and cognition.>?

%

Figure 4. Cross-section of healthy brain (left) vs advanced AD brain (right) showing
sfructural and brain volume changes. Used with permission from the Alzheimer’s
Association. ©2006.2
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Figure 5. Amyloid plaques in a patient with AD. Photo courtesy of
Daniel Christensen, MD. University of Utah, Salt Lake City, UT.
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Figure 6. Neurofibrillary tangles in a patient with AD. Photo courtesy of
Daniel Christensen, MD. University of Utah, Salt Lake City, UT.

Pathways to Pathology—

The Amyloid Hypothesis

Research over the last 20 years has led to a better understanding
of the basic biology of plaque and tangle formation. These
findings, along with genetic evidence, strongly support the
“amyloid hypothesis” as the leading theory for the cause of AD.""%!
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According to this hypothesis, it is altered production, aggregation,
and deposition of the amyloid beta (AB) protein that results

in amyloid plague formation. This process inifiates a cascade

of pathological events leading to neuronal loss, impaired
cell-to-cell communication, and ultimately the cognitive and
behavioral dysfunction of AD."%%
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Figure 7. The process leading to amyloid plaque formation, neuronal loss, and AD.”

Amyloid plague formation begins with the amyloid precursor

profein (APP), a protein that is embedded in the cell membrane. In
neuronal cells, APP can be processed by multiple pathways—one
of which leads to development of AD. In this pathway-to-pathology,
APP is cut first by the enzyme (3-secretase and then by y-secretase
to form AB fragments of varying lengths. The fragment of most
interest is the peptide known as A, It is the accumulation and
aggregation of the toxic AB,, fragment that triggers a host of
downstream processes that lead ultimately to neuronal cell death
and AD (Figure 7).1971232¢
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Amyloid-based Intervention

Strategies—Stopping AD at the Start
Many researchers are focusing on attacking AD at its source by
developing new drug candidates that interfere at various points

along the amyloid cascade (Figure 8).1%%*

It is their hope that successful intervention early in the disease
process will prevent downstream pathological processes and delay
the onset, slow the progression, or even stop AD before it starts.
These so-called disease-modifying treatments may also help

improve sympfoms by rescuing surviving neurons.
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Figure 8. The AR pathway and targeted sites for
anti-amyloid treatments that may have the

potential to modify the course of AD. Adapted with
permission.” ©2003. American Society for Clinical
Investigation. All rights reserved.
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Several anti-amyloid agents are already in various stages of festing to

determine their safety, efficacy, and potential to modify the course

of AD. These include:

1. B-Secretase inhibitors—to block the first enzymatic cleavage
of APP1%24

2. y-Secretase inhibitors—to block the second enzymatic cleavage
of APP and the subsequent formation of AB and its toxic fragments'*#*

3. Selective AR, -Lowering Agents (SALAs)—to reduce production
of the toxic AB,, fragment through modulation of -y-secretase!**

4. Immunotherapies—to stimulate the host immune system to
recognize and attack AR or to provide antibodies that prevent AR
plague deposition or enhance plaque clearance®'?*

5. Anti-aggregation agents—to prevent AB fragments from

aggregating or o clear aggregates once they are formed'%**
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Myriad—Working on a SALA Strategy for
an Alzheimer’s Solution

Myriad Pharmaceuticals, Inc., is currently developing a Selective
AB,,-Lowering Agent (SALA) for the potential management of AD.

Research has shown that a SALA works by modulating, rather than
inhibiting, y-secrefase to shiff production away from AR, foward
the generation of shorter, less-toxic fragments of AR (Figure 9).
Reduced production of AB,, would prevent development of amyloid
plagues that are known to be associated with AD. In addition,
unlike ~y-secretase inhibitors, the modulation mechanism of a SALA
does not appear to interfere with the function of other important
~y-secretase activities.'*2+2

The ultimate goal is to defermine if selective lowering of AR,
will lead o an entirely new way of managing the cognitive
and functional decline in patients with AD while also modifying
the course of the disease. Clinical trials are ongoing to fest
this hypothesis.
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Figure 9. A SALA intervenes early in the disease process, modulating the activity of ~y-secretase to form shorter,
less-toxic AR fragments—thus reducing the risk of plaque formation, neuronal loss, and AD.1%2+%

Potential Benefits of
Disease-modifying Therapies

The advent of new therapies designed to both treat the symptoms
of AD and modify its course would represent a major advance in
the field and could also reduce the overall number of people
suffering from the disease. For example, if treatments that delay
disease onset by 6.7 years were available by 2010, the number
of persons with AD in the year 2050 would be reduced by 38%.”
The economic benefits would be equally compelling—uwith a
1-year delay in disease onset resulting in a savings of billions

of dollars per year.”®




About Myriad

Myriad Genetics, Inc., develops diagnostics and therapeutics
independently through its two subsidiaries: Myriad Genetic
Laboratories, Inc., and Myriad Pharmaceuticals, Inc.

Myriad is located in the foothills of the Wasatch Mountains in Salt Lake City, Utah.

Myriad Genetic Laboratories, Inc., is a world leader in
the prediction and prevention of disease through hereditary risk
assessment. The Company’s focus is on cancer predictive medicine,
providing tests to determine increased risk of cancers including

breast, ovarian, colon, endometrial, and melanoma.

Myriad Pharmaceuticals, Inc., is a leading
biopharmaceutical company. The Company’s strategy is to
develop novel health care products in areas of crifical need and
fo address some of the most pervasive diseases of our fime.
Myriad Pharmaceuticals, Inc., is currently developing therapeutics
that include new drug candidates undergoing clinical trials for
Alzheimer’s disease and cancer.

Acknowledgement: Special thanks to Daniel Christensen, MD, from the
Neuropsychiatric Insfitute, University of Utah, Salt Lake City, Utah, for medical review of
the information provided in this brochure.

Disclaimer: Every effort has been made to ensure the accuracy of the information in this
brochure via review of the published literature and through approval by a medical expert in
Alzheimer’s disease. The information provided should be ritically assessed by health care
professionals and is not intended to provide diagnostic or treatment recommendations.

Myriad and the Myriad logo are either trademarks or registered trademarks of Myriad Genetics, Inc., in the
United States and other jurisdictions.

©2006 Myriad Pharmaceuticals, Inc. All rights reserved. AD-1001-July 2006

References

1. Maurer K, Volk S, Gerbaldo H. Auguste D and Alzheimer’s disease. Lancet. 1997;349:1546-1549.

2. National Institute on Aging. 2000 Progress Report on Alzheimer’s disease. Available at: http://www.alzheimers.org/prog00.

htm# clippingenzymes. Accessed April 29, 2006.

3. Selkoe DJ, Schenk D. Alzheimer’s disease: molecular understanding predicts amyloid-based therapeutics. Annu Rev Pharmacol
Toxicol. 2003;43:545-584.

4. Personal communication. Professor Konrad Maurer, Head of the Department of Psychiatry and Psychotherapy, Johann Wolfgang
Goethe-University of Frankfurt/Main, Frankfurt, Germany. April 2006.

5. Cummings JL. Alzheimer’s disease. N Fngl J Med. 2004;351:56-67.

6. United States Census Bureau. Projected population of the United States, by age and sex: 2000 fo 2050. US Census Bureau,
Population Division, Population Projections Branch: 2004. Available at: hitp://www.census.gov/ip/www/usinterimproj/natprojtab02a.
pdf. Accessed April 12, 2006.

7. United States Census Bureau. Table 1: Annual estimates of the population by sex and five-year age groups for the United Stafes:
April 1, 2000 to July 1, 2004 (NC-EST2004-01). Population Division, U.S. Census Bureau. June 9, 2005. Available at: htp://www.
census.gov/popest/national/asrh/NC-EST2004/NC-EST2004-01 xs. Accessed April 12, 2006.

8. Gorelick PB. Risk factors for vascular dementia and Alzheimer disease. Stroke. 2004;35(suppl 1):2620-2622.

9. Hebert LE, Scherr PA, Bienias JL, Bennett DA, Evans DA. Alzheimer disease in the US population: prevalence estimates using the
2000 census. Arch Neurol. 2003;60:1119-1122.

10. Kirschstein R. Disease-specific estimates of direct and indirect costs of illness and NIH support. Fiscal year 2000 update. National
Institutes of Health. Available at: http://ospp.od.nih.gov/ecostudies/COlreportweb.him. Accessed April 23, 2006.

11. Koppel R. Alzheimer’s disease: the costs o U.S. businesses in 2002. Alzheimer’s Association, 2002.

12. Langa KM, Chernew ME, Kabeto MU, ef al. National estimates of the quantity and cost of informal caregiving for the elderly with
dementia. J Gen Infern Med. 2001;16:770-778.

13. Metlife Mature Market Institute. The Metlife market survey of nursing home & home care costs. Metlife Mature Market Insfitute.
Westport, CT. September 2005.

14. Petersen RC. Mild cognitive impairment dlinical trials. Naf Rev Drug Discov. 2003;2:646-653.

15. Dunkin JJ, Anderson-Hanley C. Dementia caregiver burden: a review of the literature and guidelines for assessment and
intervention. Neurology. 1998;51(suppl 1):553-S60.

16. Christakis NA, Allison PD. Mortality after the hospitalization of a spouse. N EnglJ Med. 2006;354:719-730.

17. Gross J. As parents age, baby boomers and business struggle to cope.  The New York Times. nytimes.com. March 25, 2006;sect A:1.
18. Haris Inferactive Inc. | CAN: Invesfigating Caregivers Attitudes and Needs. Survey conducted for the Alzheimer’s Foundation of
America. March 2006.

19. Gitron M. Strategies for disease modification in Alzheimer’s disease. Nat Rev Neurosci. 2004;5:677-685.

20. Jannis S. Inside the Brain: An Interactive Tour. Slide 9 image credit: Jannis Productions. Copyright© 2006 Alzheimer’s Association.
Available at: http://www.alz.org/brain/overview.asp. Accessed April 23, 2006.

21. Selkoe DJ. Defining molecular targets to prevent Alzheimer disease. Arch Neurol. 2005;62:192-195.

22. Hardy J, Selkoe D). The amyloid hypothesis of Alzheimer’s disease: progress and problems on the road to therapeutics. Science.
2002;297:353-356.

23. National Institute on Aging. Progress Report on Alzheimer’s Disease 2004-2005. New discoveries, new insights. National Institutes
of Health, Publication Number 05-5724; November 2005.

24. Golde TE. Alzheimer disease therapy: can the amyloid cascade be halted? J Clin Invest. 2003;111:11-18.

25. Weggen S, Eriksen JL, Sagi SA, Piefrzik CU, Golde TE, Koo EH. AB42-lowering nonsteroidal anfi-inflammatory drugs preserve
inframembrane cleavage of the amyloid precursor protein (APP) and ErbB-4 receptor and signaling through the APP infracellular domain.
J Biol Chem. 2003;278:30748-30754.

26. Eriksen JL, Sagi SA, Smith T, et al. NSAIDs and enantiomers of flurbiprofen target y-secretase and lower AB42 in vivo.

J Clin Invest. 2003;112:440-449.

27. Sloane PD, Zimmerman S, Suchindran G, et al. The public health impact of Alzheimer’s disease, 2000-2050: potential implication
of treatment advances. Annu Rev Public Health. 2002;23:213-231.

28. Brookmeyer R, Gray S, Kawas C. Projections of Alzheimer’s disease in the United States and the public health impact of delaying
disease onset. Am J Public Health. 1998;88:1337-1342.

Working to change the course of Alzheimer’s disease

MYRIAD.

Myriad Pharmaceuticals, Inc.
320 Wakara Way

Salt Lake City, UT 84108
(801) 584-3600

www.myriad.com




