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Genetic Testing to Inform Epilepsy Treatment Management
From an International Study of Clinical Practice
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Robert L. Nussbaum, MD; Swaroop Aradhya, PhD; and the ELEVIATE Consortium

& Editorial page 1227
IMPORTANCE |t is currently unknown how often and in which ways a genetic diagnos

Supplemental content
is given to a patient with epilepsy is associated with clinical management and outcomes.

OBJECTIVE To evaluate how genetic diagnoses in patients with epilepsy are associated
with clinical management and outcomes.

DESIGN, SETTING, AND PARTICIPANTS This was a retrospective cross-sectional study of
patients referred for multigene panel testing between March 18, 2016, and August 3, 2020,
with outcomes reported between May and November 2020. The study setting included a
commercial genetic testing laboratory and multicenter clinical practices. Patients with
epilepsy, regardless of sociodemographic features, who received a pathogenic/likely
pathogenic (P/LP) variant were included in the study. Case report forms were completed
by all health care professionals.

EXPOSURES Genetic test results.

MAIN OUTCOMES AND MEASURES Clinical management changes after a genetic diagnosis

(ie, 1P/LP variant in autosomal dominant and X-linked diseases; 2 P/LP variants in autosomal
recessive diseases) and subsequent patient outcomes as reported by health care
professionals on case report forms.

RESULTS Among 418 patients, median (IQR) age at the time of testing was 4 (1-10) years, with
an age range of O to 52 years, and 53.8% (n = 225) were female individuals. The mean (SD)
time from a genetic test order to case report form completion was 595 (368) days (range,
27-1673 days). A genetic diagnosis was associated with changes in clinical management for
208 patients (49.8%) and usually (81.7% of the time) within 3 months of receiving the result.
The most common clinical management changes were the addition of a new medication

(78 [21.7%)]), the initiation of medication (51[14.2%]), the referral of a patient to a specialist
(48 [13.4%]), vigilance for subclinical or extraneurological disease features (46 [12.8%]),

and the cessation of a medication (42 [11.7%]). Among 167 patients with follow-up clinical
information available (mean [SD] time, 584 [365] days), 125 (74.9%) reported positive
outcomes, 108 (64.7%) reported reduction or elimination of seizures, 37 (22.2%) had
decreases in the severity of other clinical signs, and 11 (6.6%) had reduced medication
adverse effects. A few patients reported worsening of outcomes, including a decline in their
condition (20 [12.0%]), increased seizure frequency (6 [3.6%]), and adverse medication
effects (3 [1.8%]). No clinical management changes were reported for 178 patients (42.6%).

CONCLUSIONS AND RELEVANCE Results of this cross-sectional study suggest that genetic
testing of individuals with epilepsy may be materially associated with clinical decision-making
and improved patient outcomes.

Author Affiliations: Author
affiliations are listed at the end of this
article.
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Consortium authors appear at the
end of this article.
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enetic etiologies are responsible for seizures in up to
40% of children and 23% of adults with epilepsy.!”
Early use of genetic testing for diagnosis and clinical
management has been proposed; however, recommenda-
tions for genetic testing in individuals with epilepsy are cur-
rently limited.® "' Additionally, estimates of how often a mo-
lecular diagnosis has clinically actionable implications have
varied widely, from 60% in a single-center study'? to 20% in
amulticenter study,'® although more recent studies estimate
50%.%1%1> Studies of treatment approaches based on genetic
diagnoses have shown improved outcomes in patients with
epilepsy.l-57:12:16-19
Our goal was to perform a large-scale, real-world charac-
terization of how often and in which ways genetic testing was
associated with clinical management and outcomes in a broad
sample of more than 400 adults and children with epilepsy who
were referred for genetic testing.

Methods

Study Population and Design

This study was reviewed by the WCG institutional review
board and was granted a waiver of authorization and consid-
ered exempt because no personal health information was
shared on the case report forms (CRFs). Patients of any age
were eligible for the study if their health care professionals
(HCPs) had ordered genetic testing for epilepsy through Invi-
tae between March 18, 2016, and August 3, 2020, and their
genetic test results indicated pathogenic (P) or likely patho-
genic (LP) variant(s) in at least 1 gene on the panel. In May
2020, HCPs were invited by email with a link to a CRF (Qual-
trics) that remained open through November 2020. The
following information was requested: HCP practice charac-
teristics, patients’ clinical information related to the genetic
test, subsequent clinical management decisions, and patient
outcomes (eMethods in the Supplement). Information from
the patients’ test requisition forms at the time of testing
(ie, age at testing, sex, self-reported race and ethnicity) and
genetic test results were also analyzed. The following race
and ethnicity groups were included: Asian, Black, Hispanic,
White, multiracial, and other (ie, Arab, Ashkenazi Jewish,
Bangladeshi, Kenyan, Mediterranean, Native American,
Pacific Islander, Persian, Polish, Punjabi, and Slavic).
Patients consented to genetic testing at time of order and
opted into research.

Outcomes

For each HCP-completed CREF, the patient was confirmed to
have received testing through Invitae based on the test req-
uisition form and deidentified patient identification. Only com-
pleted CRF data fields for unique patients with a definitive ge-
netic diagnosis, as confirmed by verifying the genetic test
report, were included (eMethods in the Supplement). Free-
text responses and/or conflicting CRF responses were re-
viewed, standardized and reconciled, and coded by 2 authors
(A.M., D.M.). For the final study cohort, data were aggregated
and evaluated using descriptive statistics and reported ac-
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Key Points

Question How frequently do genetic diagnoses in patients
with epilepsy change clinical management, and what are the
subsequent patient outcomes?

Findings In this cross-sectional study among 418 patients with
epilepsy who received a genetic diagnosis, 208 (49.8%) had
clinical management changes. Of 167 patients with follow-up
information, treatment changes were associated with improved
patient outcomes in 125 patients (74.9%); the most common
improvement was a reduction or elimination of seizures (108

of 167 patients [64.7%]).

Meaning These findings suggest the use of genetic testing to
guide clinical management of patients with epilepsy to improve
patient outcomes.

cording to Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) reporting guidelines.2°

We assessed response rates in 2 ways to assess ascertain-
ment bias. First, we calculated the overall and mean propor-
tions of eligible patients who had a CRF completed by the HCP
when there were 2 or more eligible patients (ie, the HCP re-
sponse rate). Second, the cohort of patients for whom HCPs
had filled out CRFs (study cohort) was compared with all eli-
gible patients with definitive genetic diagnoses without a CRF
(nonresponder cohort) to assess differences in sex and age,
time lapsed from genetic testing to CRF invitation, and the di-
agnostic gene. Clinical actionability of genes with diagnostic
findings were assessed based on previous literature.®

To assess patient outcomes after changes in clinical man-
agement (if reported), responses to question 19 on the CRF were
assessed, which was designed to capture multiple options re-
lated to qualitative changes in seizure frequency, adverse ef-
fects, and other changes in condition. HCPs could also report
no information on outcomes (ie, not enough time passed to
evaluate outcome or yet to follow up with the patient). All pa-
tients with a reported outcome (positive or negative) were in-
cluded in the analyses. In addition, the proportion of patients
with any positive outcome or with a reduction/elimination in
seizures was calculated.

Statistical Analysis

A quantitative measurement of changes in seizure frequency
was assessed in patients for whom a clinical presentation of
epilepsy was indicated (question 9) and for whom clinical man-
agement was changed due to genetic test results (question 20).
The Kolmogorov-Smirnov nonparametric test assessed differ-
encesin distribution. Statistical significance was set ata 2-sided
Pvalue < .05. Of note, this analysis included patients who may
have been reported not to have follow-up available or not
enough time for follow-up per responses to question 19.

. |
Results

Characteristics of Responding HCPs and Patients
We contacted 1567 HCPs with 3572 eligible patients. One-
hundred sixty-eight HCPs completed CRFs for 479 patients.

jamaneurology.com
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Sixty-one responses were excluded due to duplicate or incom-
plete responses (25 responses), nondiagnostic findings (26 re-
sponses), invalid patient identifiers (9 responses), and exome
sequencing (1 response), leaving a final cohort of 418 unique
patients from 415 families (11.7% response rate) (eFigure 1in
the Supplement). Median (IQR) patient age at the time of test-
ing was 4 (1-10) years of age, with an age range of O to 52 years;
53.8% (n = 225) were female individuals, and 193 (46.2%) were
male individuals. Patients identified with the following race
and ethnic groups: 15 Asian (3.6%), 18 Black (4.3%), 81 His-
panic (19.4%), 220 White (52.6%), 30 multiracial (7.2%), and
14 other (3.3%).

On average, each HCP completed CRFs for 2.5 patients
(range, 1-13 patients); 83 (49.4%) reported on behalf of 1 pa-
tient, 32 (19.0%) for 2 patients, and 53 (31.5%) for 3 or more
patients. The clinical specialties of the 168 HCPs were genet-
ics (38 [22.6%]), pediatric neurology (29 [17.3%]), neurology
(26 [15.5%]), epilepsy (13 [7.7%]), internal medicine (1[0.6%]),
or multiple specialties (61 [36.3%]). The mean (SD) time from
test order to CRF completion was 595 (368) days (range, 27-
1673 days; median [IQR], 507 [304-832] days).

Demographic characteristics of the study cohort are re-
ported in the Table. Approximately two-thirds of patients (287
of 418 [68.7%]) were 7 years or younger at the time of genetic
testing (Figure 1A). The majority of patients (378 0of 418 [90.4%])
were reported to have a clinical presentation of epilepsy, with
seizure onset and a clinical diagnosis occurring most fre-
quently ininfancy (Figure 1A). A small portion of patients was
tested several years after their clinical diagnoses (Figure 1B).

Ascertainment Bias

Among the 168 HCPs who completed a CRF, 84 were invited
to provide information for more than 1 eligible patient (400
patientsin total). A CRF was completed for 313 patients (78.3%),
and the mean response rate per clinician was 83.6%.

In addition, the study cohort (418 patients) was com-
pared with all patients with a genetic diagnosis without a com-
pleted CRF (2992 patients). No significant differences in sex,
age, or lapse from time of testing to CRF request were ob-
served (eTable 1in the Supplement). Both groups had in com-
mon 7 of the 10 genes that yielded the most genetic diagno-
ses (ie, SCNIA, PRRT2, KCNQ2, MECP2, DEPDC5, PCDHI9, and
STXBPI). The other genes with frequent genetic diagnoses
included SCN2A, NPRL3, and CDKLS5 in the nonresponder co-
hort and TSC2, KCNTI1, and SYNGAPI in the study cohort
(eTable 2 in the Supplement). The proportion of patients with
genetic findings in genes with established clinical manage-
ment changes was similar between the study (291 of 422
[69.0%]) and nonresponder (2026 of 3018 [67.1%]) cohorts
(eTables 1 and 2 in the Supplement).®-1>

Clinical Actionability of Genetic Test Results

Diagnostic findings were found across 76 genes (eTable 3in the
Supplement), and 26 genes (34%) are reported in the litera-
ture as being clinically actionable (eTable 2 in the Supple-
ment). HCPs reported that genetic diagnoses led to changed
clinical management (question 13) for half of all patients (208
of 418 [49.8%]) (Figure 2A), the majority of whom (170 [81.7%])

jamaneurology.com
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had changes implemented within 3 months of receiving the
genetic result (question 18). The genes with the most fre-
quent genetic diagnoses that had the highest rates of re-
ported clinical management changes were TSC2 (78.6%), SCN1A
(75.0%), MECP2 (62.5%), PCDHI9 (60.0%), and KCNQ2 (52.6%)
(eTable 4 in the Supplement). The most common changes
(question 14) were adding a new medication (78 [21.7%]), ini-
tiating medication (51 [14.2%]), being referred to a specialist
(48 [13.4%]), monitoring for extraneurological disease (46
[12.8%]), or stopping a medication (42 [11.7%]) (Figure 2B).
Among the 48 patients referred to a specialist, the most com-
mon referrals were for genetics specialists (11 [22.9%]), cardi-
ologists (9 [18.8%]), and ophthalmologists (5 [18.8%]) (eFig-
ure 2 in the Supplement). Clinical management changes
were similar regardless of age at testing, though fewer adults
(1 [5.6%]) than pediatric patients (50 [26.3%]) across all age
groups were reported to start a new medication (eFigure 3 in
the Supplement).

No changes in clinical management were reported for 178
patients (42.6%) (Figure 2A). The most common reason (86
[48.3%]) was that the patient’s current management plan was
already consistent with recommendations associated with the

Table. Patient Characteristics

Characteristic Patients, No. (%)

No. 418
Age at testing, y
0-7 287 (68.7)
8-17 90 (21.5)
218 41(9.8)
Age at testing, median (IQR) [range], y 4 (1-10) [0-52]
Sex
Male 193 (46.2)
Female 225 (53.8)
Race and ethnicity
Asian 15 (3.6)
Black 18 (4.3)
Hispanic 81(19.4)
Multiracial 30(7.2)
White 220(52.6)
Other® 14 (3.3)
Unknown 40 (9.6)
How the patient was referred to the HCP
Self 56 (13.4)
Another clinician® 351 (84.0)
Other 3(0.7)
Unknown 8(1.9)
Reason for genetic testing
Clinical presentation of epilepsy 378 (90.4)
Clinical presentation suspicious for genetic etiology 6(1.4)
Suspected genetic syndrome 5(1.2)
Family history 4(1.0)
Multiple reasons 12 (2.9)
Other/unknown 13(3.1)
(continued)
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Table. Patient Characteristics (continued)

Characteristic
HCP practice type

Patients, No. (%)

Academic center 114 (27.3)
Children’s hospital 134 (32.1)
Private practice 56 (13.4)
Community hospital 22 (5.3)
Multiple® 92 (22.0)
Country of HCP referral
us 307 (73.4)
Ukraine 28 (6.7)
Chile 24(5.7)
Romania 11(2.6)
Peru 10(2.4)
Mexico 8(1.9)
Australia 5(1.2)
Israel 4(1.0)
New Zealand 4(1.0)
Lebanon 3(0.7)
Malaysia 3(0.7)
Other countries® 11 (2.6)

Abbreviation: HCP, health care provider.

2 Includes Arab, Ashkenazi Jewish, Bangladeshi, Kenyan, Mediterranean,
Native American, Pacific Islander, Persian, Polish, Punjabi, and Slavic.

®Includes referrals from the following specialties: pediatrician (189 [53.8%]),
neurologist (75 [21.4%]), hospital consult (49 [14.0%]), family medicine (14
[4.0%]). epilepsy specialist (12 [3.4%]), physician assistant (3 [0.8%]),
genetics (2 [0.6%]), neonatologist (1[0.3%]), psychiatrist (1[0.3%]),
and unknown (5 [1.4%]).

€ Includes combinations of the following practice types: children’s hospital
and academic center (56 patients); private practice and children’s hospital
(20 patients); private practice, children’s hospital, and academic center
(11 patients); private practice and academic center (2 patients); academic
center and community hospital (1 patient); children’s hospital, academic
center, and community hospital (1 patient); and children’s hospital and
community hospital (1 patient).

9 Includes the following countries: Canada (2 patients), Croatia (2 patients),

Ecuador (2 patients), Pakistan (2 patients), Brazil (1 patient), Dominican
Republic (1 patient), and Thailand (1 patient).

genetic test result, noted in question 15 in the eMethods in the
Supplement (Figure 2C). Other common reasons were that the
genetic test result was not immediately informative for clini-
cal management (45 [25.2%]) or that it could be useful for in-
forming future treatment possibilities (34 [19.1%]) (eg, to moni-
tor a patient’s prognosis).

Patient Outcomes After Changes to Clinical Management
When clinical management was changed after genetic test-
ing, HCPs were asked about patient outcomes (208 of 418
[49.8%]) in question 19. Of the 208 patients, follow-up infor-
mation was not available for 41 of them (20.2%) because not
enough time had passed (in 11 patients) or follow-up with the
HCP had not yet occurred (in 30 patients).

The mean (SD) follow-up period from genetic testing to CRF
completion among the 167 patients with available outcomes
was 584 (365) days. A positive outcome was reported for 125
individuals (74.9%). Among patients with diagnostic find-
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ings in genes that were most common to have outcomes re-
ported, positive outcome rates after treatment changes were
highest for SCN1A (35 0of 42 [83.3%]), PRRT2 (12 0f 13[92.3%]),
TSC2 (8 of 9 [88.9%]), KCNQ2 (8 of 8 [100%]), and DEPDC5
(7 of 8 [87.5%]) (Figure 3; eTable 4 in the Supplement). A re-
duction or elimination of seizures was reported in 108 pa-
tients (64.7%) when clinical management was altered due to
genetic testing results. Decreases in the severity of other
clinical signs were also reported in 37 patients (22.2%) as
indicated by free text, including improvements in behavior,
development, alertness, school performance, or movement
issues. Eleven patients (6.6%) experienced decreases in medi-
cation adverse effects.

Seizure frequency before and after clinical management
changes were compared among 175 patients who had a clini-
cal presentation of epilepsy reported before genetic testing and
who had clinical management changes due to the genetic di-
agnosis. Overall, seizure frequency decreased in 113 patients
(64.6%), did not change for 40 patients (22.9%), and in-
creased for 22 patients (12.6%) (Figure 4). Seizure frequency
significantly decreased after genetic result-based manage-
ment changes (P = 4.60 x 107°).

Sixteen patients had recommended dietary changes (3,
ketogenic diet; 1, modified Atkins diet; 12, not specified); 11 of
16 also had additional clinical management changes. Of 12
patients with sufficient follow-up to report on outcomes
(KCNT1,SCNIA, SCN8A, SLC2A1), 8 had additional management
changes. Nine patients (75.0%) reported improved seizure
control, and 3 patients (25.0%) reported worsening seizures.

The association of age at diagnosis and age at time of test-
ing on patient outcomes was also assessed. Seizure fre-
quency decreased regardless of whether the patients were chil-
dren (163, aged <18 years) or adults (12, aged =18 years) when
clinical changes were made (eFigure 4 in the Supplement). In
total, 41 patients were clinically diagnosed with epilepsy be-
fore the age of 3 years and experienced a substantial delay (of
at least 10 years) before genetic testing provided a definitive
diagnosis; 19 patients (46.3%) had their clinical management
adjusted. Among 15 patients with follow-up information, 9
(60.0%) experienced better seizure control, and none experi-
enced a deterioration in their seizure control.

A small number of patients had reported worsening of out-
comes, including deterioration of clinical signs (20 [12.0%]),
increase in seizures (6 [3.6%]), or adverse medication effects
(3 [1.8%]). Among patients with diagnostic findings in genes
that were most common to have outcomes reported, nega-
tive outcome rates after treatment changes were highest in
STXBPI1 (2 of 7 [28.6%]) and PCDHI9 (1 of 7 [14.3%]).

|
Discussion

In this large, retrospective, real-world, international cross-
sectional analysis, we found that a definitive genetic diagno-
sis was associated with changes in clinical management in
approximately half the patients with epilepsy, consistent
with previous reports.®'> Although these studies used panel
testing, an analysis of diagnostic findings for patients with
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Figure 1. Age When Seizures Began, at Clinical Diagnosis,
and at Time of Genetic Testing
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A, Age at seizure initiation and age of clinical diagnosis were available if
respondents indicated that the reason for testing was a clinical presentation of
epilepsy. Age was unknown or not applicable for seizure onset (n = 40) and
clinical diagnosis (n = 42). B, Violin plots reporting the difference between age
at clinical diagnosis and age at time of genetic testing.

epilepsy using exome sequencing reported that the majority
of findings were in the same genes tested by panels,?! sug-
gesting that the results from this report may be applicable to
other comprehensive genetic testing modalities for epilepsy.
In this study, the majority of patients with management
changes was associated with a consequent reduction or
elimination of seizures. Among the other half of patients, for
whom clinical management was not changed, HCPs reported
that genetic test results would have been beneficial, but
treatment was already consistent with the gene finding
(48.3%) or that they could be informative in future clinical
decision-making (44.3%). Strikingly, these reasons account
for more than 90% of patients without changes to their clini-
cal management, suggesting that the genetic diagnoses were
still informative.

Genetic testing in epilepsy has additional demonstrated
benefits beyond informing diagnoses and improving clinical
management. It can clarify diagnostic uncertainty (eg, when
diagnostic criteria are unclear), especially in young children
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Figure 2. Reported Clinical Actions After a Definitive Genetic Diagnosis

IE Percentage of patients with change in clinical management after diagnosis

50+

40+

w
o
I

Patients, %

N
o
I

fun
o
I

: ]

Yes No Unsure
Genetic diagnosis led to clinical management change

Patients with changes in clinical management

Added a new medication to one already taking
Started medication

Referral to a specialist

Monitoring for extraneurological disease
Stopped a medication

Diet change recommended

Referral to a clinical trial

Medication dose changed

Surgery was recommended

Other

Patients, %

Patients with no change in clinical management

Current clinical management consistent
with results

Not informative

Results useful for informing future treatments

Patient lost to follow-up
Recommendation refused by patient
Finding not consistent with genetic diagnosis

Only symptomatic treatment available

Other/unknown

0 10 20 30 40 50
Patients, %

A, Respondents reported whether the genetic finding influenced a change in
clinical management of the patient. B, Those who indicated "yes" selected all of
the changes that were implemented or recommended (a patient could have >1
recommendation reported and is counted in each recommendation category).
C, Those who indicated “no” reported the reason best describing why no
changes were made.

such as infants with Dravet syndrome.?? When genetic test-
ing was used as a first-line tool for epilepsy, time to diagnosis
decreased by 98%, and health care costs decreased by 70%.%*
Further, well-controlled seizures result in reduced average an-
nual overall health care costs for all types of seizures ($23 238
in 2007 to $13 839 in 2009) and improved quality of life com-
pared with uncontrolled seizures.?#2¢ This highlights poten-
tial annual savings in care of $9399, inflation-adjusted to
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Figure 3. Patient Outcomes
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A, Overall patient outcomes after treatment changes were reported in question 13 of the case report form (eMethods in the Supplement). B, Patient outcomes after
treatment changes were grouped according to positive outcomes, no change in outcomes, or negative outcomes and analyzed by the gene with diagnostic findings.
Outcomes associated with the 11 genes with the highest frequency of diagnostic findings with reported follow-up after treatment changes are shown here. Outcomes

for all genes with diagnostic findings that had clinical management changes reported and outcomes available are summarized in eTable 3 in the Supplement.

Figure 4. Changes in Seizure Frequency After Changes
in Clinical Management

Seizure frequency after clinical changes

[ Daity [ Weekly [ Monthly  [T] Annually [ Noseizures
Increased No Decreased
seizures change seizures
oy v=0) )

Weekly (n=40) . |:| | | |

Monthly (n=40) | [J] | I |

<4

clinical changes

Annually (n=35) |

Seizure frequency before

0 10 20 30 40 50 60 70 80 90
Patients, %

40 30 20 10 ©

Individuals were grouped by their initial reported seizure frequency

(daily, weekly, monthly, annually, or no seizures) before genetic testing and
treatment changes on the y-axis, based on health care professional-reported
responses to question 9 from the case report form (CRF). The reported seizure
frequencies after treatment changes are represented on the x-axis, based on
health care professional-reported responses to question 20 from the CRF.
Only individuals who had a response provided for both pretreatment and
posttreatment were included in this analysis.

$11644 in 2021, that might be realized if an accurate diagno-
sis leads to a change in treatment that controls seizures.?®
These observations, together with the finding that genetic test-
ing for epilepsy is a cost-effective strategy in patients with-
out an etiology,?” demonstrate the benefits of standardizing
the use of genetic testing for epilepsy.

Though historically limited to patients with a high index
of suspicion due to cost and other barriers,?8-! genetic test-
ing is now far more accessible due to advances in DNA se-
quencing technologies. Although genetic testing for epilepsy

JAMA Neurology December 2022 Volume 79, Number 12

is not yet standard of care, some professional societies have
recently published guidelines that advocate genetic testing
after other types of diagnostic tests and referrals to specialists.'©
The paucity of evidence demonstrating direct clinical benefit
from genetic testing has precluded the development of ex-
plicit guidance for clinicians to routinely use genetic testing
in the diagnosis and management of individuals with epi-
lepsy. Data from this study may inform more extensive, case-
controlled, prospective interventional studies to determine
precision therapies based on the genetic etiology of a pa-
tient’s seizures.

Beneficial outcomes after genetic testing were observed
in patients of all ages in this study. Many (72 patients) were re-
ported to be seizure free after management changes based on
questions 19 or 20, whereas some of these individuals had ge-
netic findings associated with self-limiting seizures (eg, PRRT2),
others had findings in which the management change likely
contributed to better seizure control (eg, y-aminobutyric acid
modulator for TSC2; sodium channel blockers for SCN2A; pyri-
doxine for ALDH7AI) (eTable 5 in the Supplement). Although
a causal relationship could not be established based on the data
reported here due to limitations of the survey design, the find-
ings do suggest that a positive genetic test result may inform
treatment decisions that are directly associated with patient
outcomes. A reduction in seizures was also observed regard-
less of age, demonstrating the lifelong association of a ge-
netic diagnosis for treatment decisions and subsequent out-
comes. It is increasingly clear that genetic testing provides
necessary information to confirm clinical diagnoses and that
early usein the diagnosticjourney may be associated with man-
agement and outcomes.

Whereas precision medicine in oncology has advanced rap-
idly, making clinical trials and genetics-informed treatment
available to patients with cancer, a similar transformation in
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rare hereditary diseases is still at its early stages. The number
of genetics-informed approaches to treating epilepsy is lim-
ited, as most antiseizure medications are prescribed based on
seizure type.'® However, an understanding of the underlying
genetic etiology of a patient’s seizure disorder can inform the
selection of the best antiseizure medication based on its mecha-
nism of action.>2 The first uses of precision medicine for epi-
lepsy were diet modifications for seizures caused by biochemi-
cal defects,**8 and these modifications were associated with
positive outcomes in most patients. Recent advances in pre-
cision medicine based on specific genetic etiologies, includ-
ing enzyme replacement therapies and other types of gene or
gene-product targeted therapies, are now available or in
clinical trials for individuals diagnosed with CLN2 Batten dis-
ease, Dravet syndrome, spinal muscular atrophy, Duchenne
muscular dystrophy, and sickle cell disease.>*"%7 As addi-
tional gene-specific therapies become available for epilepsy,
genetic testing will be increasingly necessary to quickly iden-
tify those who may benefit from them.

Limitations

Retrospective CRF-based studies pose certain limitations. The
responding HCPs may or may not have been the primary HCP
managing patient care. Another concern is ascertainment bias,
in which HCPs could have been more likely to respond if they
had patients with changes in management or with positive
clinical outcomes. Although ascertainment bias cannot be ruled
out, we have some reassurance that our findings could be rep-
resentative because the response rate was high among HCPs
who had more than 1 eligible patient, and the characteristics
between the study and nonresponder cohorts, including the
representation of diagnostic genes with established clinical
management changes, were similar. Another limitation is the
varying time between genetic testing and CRF completion,
resulting in limited or no follow-up information for some pa-

Original Investigation Research

tients. The design of the CRF only allowed for collection of clini-
cal management changes and outcomes at a single time point,
prohibiting deeper analysis of whether specific clinical man-
agement changes occurred at once or over the course of the
follow-up period and whether these changes were directly
linked to outcomes. For some disorders, such as those asso-
ciated with PCDH19 and STXBPI, there is a natural worsening
or improvement of seizures through the natural history of that
disease and/or a lack of reported best practices; therefore, we
should be cautious when interpreting causality for these gene-
specific findings. Lastly, the CRF design precluded the ability
to compare outcomes with control cohorts, such as patients
who had a diagnostic genetic finding but no clinical manage-
ment changes or patients without genetic testing who were
treated based on standard clinical practices. Future studies that
collect and compare outcomes in these cohorts may provide
additional clarity on the benefits of genetic testing.

. |
Conclusions

Based on this large cross-sectional study of clinician-
reported outcomes in patients with epilepsy, our findings ad-
dress a long-standing question about the clinical benefits of
genetic testing for epilepsy. Just as clinical trials and case-
controlled studies were designed more than 20 years ago to
assess the safety and efficacy of early epilepsy treatments based
on seizure type, renewed efforts should focus on understand-
ing how current and emerging therapies can improve patient
outcomes based on the known genetic etiology of a patient’s
disease. The data from our study suggest the development of
recommendations related to the use of genetic testing in the
clinical evaluation of all individuals with epilepsy to poten-
tially guide clinical decision-making, improve patient out-
comes, and save health care dollars.
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