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Project Significance

In May 2007, a team of US scientists at 15 epilepsy centers led by UCSF and NYU received a
grant of $15M to study the complex genetic factors that underlie some of the most common
forms of epilepsy. The study, known as the “Epilepsy Phenome/Genome Project” (EPGP), is
funded by the National Institute of Neurological Disorders and Stroke, and brings together over
50 researchers and clinicians from 15 medical centers around the country.

Epilepsy is one of the commonest neurological disorders. Although multiple antiepileptic drugs
(AEDs) are available, treatment in individual patients is often problematic due to the
unpredictability of efficacy, adverse drug reactions, and optimal dosage. Moreover, up to one
third of patients develop drug refractory epilepsy despite optimal treatment. With the
development of EPGP’s pharmacogenomic data capture and reporting tool, UCSF is paving the
way for a more systematic application of pharmacogenetics in the field of epilepsy, helping to
understand some of the genetic influences on pharmacoresistance. This research may one day
enable pharmacogenetic testing in patients to be used to tailor AED therapy - the era of
personalized medicine.

This pharmacogenomics research informatics data capture and reporting tool is truly innovative.
As far as we are aware, there is no other web-based informatics tool available for the purposes
of phenotyping responses to AED medications. The tool allows the data to be captured across
15 EPGP clinical sites as efficiently as possible simply using an Internet browser. This tool can
be shared with others who may be interested in learning about the workflow codified and data
elements captured in this tool. This project demonstrates collaboration across UCSF (EPGP,
School of Pharmacy, Human Genetics) and with many external universities/organizations. To
date, detailed AED drugs histories of over 200 EPGP subjects has been gathered using this
tool. This data will become an immense source of new and exciting knowledge in the near
future, resulting in better treatments for epilepsy.
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Project Description

What is EPGP?

UCSF received a grant of $15M to study the complex genetic factors that underlie some of the
most common forms of epilepsy. The study, known as the “Epilepsy Phenome/Genome Project”
(EPGP), is funded by the National Institute of Neurological Disorders and Stroke, and brings
together over 50 researchers and clinicians from 15 medical centers around the country. The
EPGP study is being led by UCSF’s Dr. Daniel H. Lowenstein. Dr. Lowenstein is Professor and
Vice Chairman in the Department of Neurology at the University of California, San Francisco
(UCSF), Director of the UCSF Epilepsy Center, and Director of Physician-Scientist and
Education Training Programs for the UCSF School of Medicine. He was also a recent president
of the American Epilepsy Society. Dr. Lowenstein was instrumental in establishing and
nurturing the vision for the EPGP study to help further his life-long commitment to discovering
better therapies and new cures for epilepsy.

The Epilepsy Phenome/Genome Project (EPGP) is a large-scale, national, multi-institutional,
collaborative research project aimed at advancing our understanding of the genetic basis of the
most common forms of idiopathic and cryptogenic epilepsies and a subset of symptomatic
epilepsy; i.e. epilepsies that are probably related to genetic predispositions or developmental
anomalies rather than endogenous, acquired factors such as CNS infection, head trauma or
stroke. The overall strategy of EPGP is to collect detailed, high quality phenotypic information
on 3,750 epilepsy patients and 3,000 controls, and to use state-of-the-art genomic and
computational methods to identify the contribution of genetic variation to: 1) the epilepsy
phenotype, 2) developmental anomalies of the brain, and 3) the varied therapeutic response of
patients treated with AEDs.

What is Pharmacogenomics?

Genetic variability has recently been implicated in the development of familial epilepsy
syndromes and in heterogeneous responses of epilepsy patients to drug treatment. Mutations
in distinct proteins have been shown to underlie the development of epilepsy, increase
propensity for drug resistance, and alter drug metabolism. Improved understanding of how
individual genetic variability may alter the efficacy of pharmacological therapeutic interventions
is an important and timely goal. The investigation of relationships between genotype and
patient responses to drug treatment is termed pharmacogenomics.

Pharmacogenomics and Epilepsy

Although epilepsy is one of the most common neurological disorders and it is known that
genetic factors play a role in response to antiepileptic drug (AED) treatment, the study of the
pharmacogenetics of epilepsy has received relatively little attention and has not resulted in
clinical applications to date. EPGP’s improved understanding of the pathogenesis of epilepsy
and the mechanism of action of AEDs, together with recent advances in genetics and
decreasing genotyping costs, have now paved the way for a more systematic application of
pharmacogenetics in the field of epilepsy. It is hoped that the resulting knowledge will lead to a
more rational treatment of epilepsy, development of more efficacious AEDs, and facilitation of
clinical trials of new AEDs.
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EPGP’s Contribution to Pharmacogenomics and Epilepsy

The EPGP will provide an excellent patient population to address the significance of genetic
contributions to AED pharmacoresistance. The rigorous collection of drug response data,
careful assignment of pharmacosensitive (PS) or pharmacoresistant (PR) phenotypes, and a
large sample of patients will provide significant power to detect clinically meaningful
associations between genetic polymorphisms and AED resistance. Furthermore, the proposed
whole-genome analysis will allow us to consider novel drug response genes and is likely to
significantly enhance our understanding of the biology of AED response.

In addition, the EPGP will establish a national resource that will be available to other
researchers who will apply new analytical methods in the future that are impractical or
unimagined today. The Epilepsy Phenome/Genome Project engenders the prospect of major
advances in epilepsy research that will ultimately be of direct benefit to patients. Targeted AED
therapy that recognizes individual patient response through pharmacogenomics is a promising
future for the treatment of epilepsy.

Need and Relevance for Pharmacoresistance Data Collection

Need for Pharmacoresistance Data Collection

The underlying abnormality and a wide variety of modifying factors for a given subject are likely
to influence whether or not the subject responds to a given medication. Despite the availability
of a relatively large number of anticonvulsant drugs, there appears to be a fairly limited
spectrum of pharmacologic mechanisms of action of these drugs, and they all carry the risk of a
number of side effects, especially related to normal cognitive function.

Relevance for Pharmacoresistance Data Collection
Recent genetic association studies have identified AED resistance as a phenotypic
characteristic that could be used to identify genetically homogenous subgroups for analysis.
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AED Classification Decision Tree

The study coordinator at the clinical site will use the decision tree below to classify
the AED. This diagram leads the coordinator through a series of decision points

and will ultimately lead you to the AED classification of uninformative, success or
failure.

Duration
of Treatment

_<31'V \>3mo

UNINFORMATIVE Longest seizure-free
interval on maintenance dose

312mo/ \<12mo

Is the maintenance dose greater
Is there any 12-month seizure-free No than or less then the “50% of

interval during which no new — DDD” value in Appendix 2?7
AED was added?

2 50% of DD < 50% of DDD
Yes /

Is there an interval of 12 mo or UNINFORMATIVE
Number of Seizures less, on the maintenance dose,
in 6 mo interval before during which the patient had
attaining 50% of DDD more than 3 seizures?

7 \.3 3 V \Yes
If provoked seizures are

UNINFORMATIVE SUCCESS UNINFORMATIVE excluded, would the number

of seizures be < 3?7

FAILURE Refer to Pharmacogenetics

Adjudication Committee

Fig. 1 — Pharmacoresistance Decision Tree
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Sample AED Worksheet

The study coordinator will examine the patient’s medical files to compile the AED
history for the patient using an AED worksheet. This worksheet will then serve as
an input document to the Pharmacogenomics Data Sheet.

AED Date started | Date stopped 12-month Classification
(month/year) | (month/year) seizure free (to be filled in
interval? (Y/N) below after
or using the
“Decision Tree”
“Ongoing” diagram)
1. Phenobarbital 1/84 5/99 N failure
2. Phenytoin 3/88 3/99 N failure
3. Carbamazepine | 2/99 6/01 N failure
4. Valproate 7/99 ongoing Y uninformative
5. Gabapentin 4/03 8/03 N ---
6. Topiramate 5/05 5/06 N
7. Levetiracetam 5/06 ongoing Y succes\s

CONFIDENTIAL
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Pharmacogenomics Data Sheet (Data Capture)

The Pharmacogenomics Data Sheet form captures up to 1430 data points for each
subject (study participant). The web-based form guides the study coordinator
through the AED data capture process, enforcing rigorous data validation and
skipping irrelevant questions based on previous answers.

Subject Confirmation Page

= EPGP Pharmacogenomics Data Sheet - Windows Internet Explorer IZIIEIEI
@.:;/. - |g https: i surveysqa.epgp.org/Survey . aspx 7s=9fb2ba0z264a4469c a8d 25076 2Ff 2c8dRFol V| %J 2| X | | 2
Links
wr e [@EF‘GP Pharmacogenomics Data Shest ]_l & - B E%Q - [k Pags - Q’ Taols ~ "
| 8
e g

EPGP Pharmacogenomics Data Sheet

Page 1 of 24

Pharmacogenomics Data Sheet

Please confirm the subject's details before proceeding.
Subject ID:

Initials: XYZ

Gender: Male

Username: gneshitt

Save and Quit ] [ MNext == A

Jpone J Trusted sites o100 -
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Patient Level Data - # Epileptic Seizures Prior to AED Treatment

{= EPGP Pharmacogenomics Data Sheet - Windows Internet Explorer

@f}' - |& https:,l',l'surveysqa.epgp.org,l'Survey.aspx?s:9Fb2b50264a4469c58d2f59?62FFZCBd&FnV| aﬂ || % |

Links

T:? r{;? [@EPGP Pharmacogenomics Data Sheet ] l ﬁ - B ;éa A &Eage - f_‘} Tools -

| >

}OOOOOO@:)O(W&(
EPGPF

EFLEFTY FHEMOME GRMOME PROIECT

EPGP Pharmacogenomics Data Sheet

FPage Z of 24

PATIENT-LEVEL DATA

“Q1. Enter the number of epileptic seizures (excluding febrile seizures) that occurred in the year prior to
initiation of any AED treatment.

) Mone

O 1 seizure

(2 seizures

3 seizures

(O Between 4-10 seizures

() Between 10-20 seizures

 More than 20 seizures

( Data not available within 10 minutes of medical record review

O Unknown

[ << Back ] [ Save and Quit ] [ MNext ==

W

Jpone " Trusted sites H100% v
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Patient Level Data - # AEDs Tried, Epilepsy Surgery and VNS Placement

{= EPGP Pharmacogenomics Data Sheet - Windows Internet Explorer.

@'\T A~ |g, https:/fsurveysga.epgp.org/Survey  aspx?s=9fb2zbalz64a4469Ca3d2f 5976 2fF 20 3dRF V| QJ [ % |
Links

i’:? ol [@EPGP Phatmacogenomics Data Sheet l l ﬁ T D

. - Ijgage - :’_‘J}- Tools =

|>

mmoowm%x
EPGP

EPLEPSY PHEMEIME GEN OME PROIECT

EPGP Pharmacogenomics Data Sheet

Fage 2 of 24

PATIENT-LEVEL DATA

Get the paper copy of the EPGP Pharmacogenomics Worksheet that you've already completed. Looking at
the Table on the first page of the Worksheet, find all AEDs that have either "Success", "Failure”,

"Uninformative”, "PAC" or "X" in the column titled "Classification” (column 5). These are the AEDs that
you will enter on the next page.

“Q1B. How many AEDs will you be submitting from the EPGP Pharmacogenomics Worksheet?
Input a number between 0 and 15.

*Q2. Did this patient have...

[IF YES] Enter the month when patient had YEAR
this.

Dont ([wnr)
9999
Yes No know for NK]
Q2A. Did this patient have epilepsy surgery? = O O Sep A4 2000
2B. Did this patient have a VNS placed and
gctiuated? . ? @ O O May b’ 1996
’ << Back ] [ Save and Quit ] [ Next == ]
M
|pone o Trusted sites 00 v
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Patient Level Data — ACTH Treatment of Infantile Spasms

(= EPGP Pharmacogenomics Data Sheet - Windows Internet Explorer,

@.\-/ - |g, https:fisurveysqa.epgp.orgfSurvey. aspx?s=9fbzbal264a4469cacd2f5a762ff2cadaF V| Qj || X ‘
Links

i:i’ abir [ g EPGP Pharmacogenomics Data Sheet l l

-8 &

~ |:zbPage v {0 Tools ~ =

wooooooooq'}wx

EPGP

ERLEPSY FHEMOME/ GENOME PROJECT

EPGP Pharmacogenomics Data Sheet

Page 4 of 24

“Did this patient receive ACTH for the treatment of infantile spasms?

OYes
O o
O Dont know

l << Back ] l Save and Quit ] [ Next ==

|>

v

f Trusted sites

Patient Level Data — Ketogenic Diet

E100% v

= EPGP Pharmacogenomics Data Sheet - Windows Internet Explorer,

Go

- |@, https:fisurveysqa.epgp.orgfSurvey, aspxrs=9fbzbal264a4469ca8d2f 59762 fF 2c8daF V| QJ || % |

ERLEPSY PHEMONE/ GENOME PROJECT

EPGP Pharmacogenomics Data Sheet

Fage & of 24

“Did this patient receive the ketogenic diet for the treatment of seizures?

O Yes
ONo
O Don't know

[ << Back ] [ Save and Quit ] [ Mext »»

Done

Lirks

*i[@EPGP Pharmacogenomics Data Sheet l_l & - D gé; > &Eﬁge - Q} Taols - =
3000000000(&’&\0(
EPGP

f Trusted sites

v

F 100 -
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Pharmacogenomic Worksheet

/f EPGP Pharmacogenomics Data Sheet - Windows Internet Explorer,

ﬁ\: - |g, https: jfsurveysqa.epgp.orgisurvey, aspx?s=fbzbalz64a4469c add2fSo7E2ff 2cBdaFarceMew=truedSID=EPGPO 1845 aInikials=11 V| gj 2| X | ‘ i
Links
72? ke [QEPGP Pharmacogenomics Data Sheet ]_1 ﬁ - B @ - \j’EaDe e fj} Toals - »
o
EPGP Pharmacogenomics Data Sheet
Page 8 of 24
Pharmacogenomics Worksheet
Q3. Enter data into the table below using data from the Table on the Pharmacogenomics Worksheet:
“AED “Month “Year started “0Ongoing Month ended Year ended *12-month “Classification
Started (yyyy) [9999 {vyyy) Seizure-free?
for NK] [9999 for
NK]
252 | Clonazepam (Klonopin) v|[san  v] [1980 | no v|[Fep v| [1981 | [no | [Failure v
}}_;EQD |T0piramale (Topamax, TPM} V| |Apr V| |1982 | |ND V| |Dec v| |1QB2 | |Dun't know V| |Umnf0rmative v|
':;%D |Levet\racetam (Keppra, LEV) V| |Apr V| |1985 | |Yes V| |Select: v| | | |ND V| |Succesa v|
4EP [Felbamats (Felbatol, FBM) v| [Feb v] [1330 | [ho v| [Feo '+ [1992 | [0 | [Faiure ~]
'S;ESD |Pregaba|iﬂ (Lyrica, PGB) V| |Feb V| |2000 | |Yes V| |Se|ect: V| | | |Yes \'| |Su:cess V| 0
[=<Back | [ Saveand Quit | [ Next=> |
as]
< Trusted stes H100% v
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AED-level data Sheet — AED #1

ata Sheet dows Internet Explorer

=k J |g, https:/isurveysga. epop, orglSurvey, aspx?s=2fbzbalz64a4469cadd2f 59762 f 2cidiForceNew=rtruedSID=EPGPO 1 545&Initials=X\ V‘ QJ 2| % | | L\

Links

o & [@EPGP Pharmacogenomics Data Sheet ] I ﬁ - B8 @ - i2rPage - j} Tools +

XX)DOOOOOO(A’MD( >
EPGP

PILEPEY PHEMOME GIMEME PROJICT

EPGP Pharmacogenomics Data Sheet

Page 9 of 24
AED-Level Data
AED #1 : Clonazepam (Klonopin)

“Q4. Dose Information - Clonazepam (Klonopin)
“Maintenance dose” is defined as the dose taken by the patient during the longest seizure-free interval.

*Maximum “Dose Units Maintenance Dose Units “Select the source of information that you most relied upon to answer these queries:
total Dose
daily (if less
dose than
achieved max.)
(-9=NK}
AED |250 | |mgfday V| |2[][] ‘ ‘mgfday V| |Med\ca| records of patient under your care W

~Q35. Is there a documented AED blood level on the maintenance dose?
If there are multiple blood levels available, please choose the blood level value that appears to reflect good AED adherence and is closest to a median value - e.g.,
if patient has blood levels of 15, 1, 18 and 16 mg/L an the maintenance dose - then, you might decide to disregard the level of 1 (probable nonadherence) and
would then choose to enter "16" below since it is between the remaining high (18) and low (15) values.
“Documented AED blood level? [IF YES] Value of AED
bl level on the
maintenance dose
{mcg/mL})

|500 |

AED

“Q.6 Was this AED suspected (either by you or the treating provider) to have caused any toxicity event(s) that led to hospitalization _
or an emergency department visit?

@ Yes
OMo

Q6A. If this AED was suspected (either by you or the treating provider) to have caused any toxicity event(s) that led to hospitalization

emergency department visit, please provide details:
NOTE: Type of Toxicity > Hypersensitivity/systemic (2 or more of the following features: fever, skin rash, hepatitis, organ failure, eosinophilia)

Month Year AED Dose AED dose AED blood Did the Do you Type of Toxicity
(yyyy) attime of units level provider  concur?
[9999 admission (mcg/mL) of care
fe
"(:] this AED
as the
causative
agent?
Hospltalization [rop v | myiday v| [500 | o v] [Yes ]
Esgﬁii:tilizzatmn ‘ ‘Sele:l: \'| | | ‘Select: \'| ‘Select: \'| ‘Select:
Esgﬁétilézatmn ‘ ‘Sele:t: V| | | ‘Select: V| ‘Select: V| ‘Select:
Elesﬁétilllzatmn ‘ ‘Selemt V| | | ‘Select: V| ‘Select: V| ‘Select:
E\?sﬁii:tilfszat\cn ‘ ‘Selemt V| | | ‘Select: V| ‘Select: V| ‘Select:
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AED-level data Sheet — AED #1...continued....

Q6B. At the time of the hospital/ED events listed above, was the patient taking any of the interacting drugs listed on the list of interact
YOU'LL NEED TO REFER TO THE LIST OF NON_AEDS LISTED AFTER THIS QUESTION.

Event #1

Eﬁiﬁfi"zza“"”l | | | | | | | |

Eventag " | I I I |

Ef:ﬁ?i'lfa““”l | | | | | | | |

Eventzs o | I I I I

Non-AED Generic Drug Brand name Drug

Q7. Reason for discontinuation
AE Mote: Hypersensitivity/systemic (2 or more of the following features: fever, skin rash, hepatitis, organ failure, eosinophilia)

| Renal calculus

Q8. Blood level on the dose taken at time of discontinuation: (mcg/mL)

[=<Back | [ Saveand Quit | [ Next=» | 8
<l ]

Dane | | | ‘ ‘ | |J Trusted sites | QIUD% W
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Pharmacogenomics Analysis & Reporting (Examples)

Number of AEDs Tried by Gender

13

Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male

Female

Female
Male

Number of Seizures Prior to taking AED, by Gender

14

u u A Lt A A o A

] 1] [ 1] [ 1] ] [1x}

E = = = = = E =

i i i LE]

[T | [ [ | w |
no value) 1 seizure Z seizures Between 10-20 seizures

Female
Male

Eetween 4-10 seizures
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Number of Patients that had Epilepsy Surgery and had VNS Activated, by
Gender.

rystrGENDER & fed_Had_Epil_Surgery_Ans « fed_Had_Mns_Ackivated_Ans

Classification of First AED by Number of AEDs Tried

13

{no valueg)
Failure

Mot classified
Success
UninFormative
Failure

Mot classified
Success
Uninformative
Failure

Refer to PAC
Uninformative

Otoz ' Ztod4 | 4to6
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Feedback from Stakeholders

Person: Brian Alldredge, PharmD

“Currently, 30% of persons with epilepsy fail to respond to first-line epilepsy drug therapies.
Genetic factors appear to influence drug response — as demonstrated by numerous
pharmacogenetic studies in epilepsy — but, there is tremendous variability in study results. For
example, there are 8 positive studies and 7 negative studies of the association between
polymorphisms in the human multidrug resistance (MDR1, ABCB1) gene and antiepileptic drug
resistance. Some of this variability is thought to be related to inconsistent criteria used to assign
clinical phenotypes (i.e., drug ‘successes’ and drug ‘failures’). EPGP, and the
pharmacogenomic phenotyping efforts described here, represent a critical step in the clear,
unambiguous assignment of drug response phenotypes. This will lead us to an improved
understanding of the genetic factors that influence drug response — and, hopefully, toward
improvements in the safe and effective use of antiepileptic drug use in all patients.”
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