Appendix 1.

Clinical Algorithms (Flow Charts)

The following Clinical Algorithms are recommended to guide gene panel testing selection in
patients with suspected genetic epilepsy, in alignment with the initial GTAC Report (Jain
2018) and this report. The genes listed met ClinGen “Definite” or “Strong” as of January
2018.

Flow Chart la: For patient and test selection in patients with suspected genetic epilepsy.

Assessment + Patient with epilepsy evaluated by neurologist or epileptologist or
and ECHO certified practitioner
Investigations « Standard evaluation for patients with epilepsy (clinical phenotyping

based on additional investigations below)

* EEG +/- video EEG (all patients)

* MRI +/- MRS (Clinical decision and access to technology)

« Chromosomal microarray (in all cases where a genetic etiology is a
consideration; i.e., epilepsy with suspected developmental disability
and/or autism, syndromic or dysmorphic features, congenital
malformations with a Genetic consultation)

» Metabolic work up if indicated (as per GTAC Report), and consult with
a genetics/metabolic service as appropriate

» CSF studies if indicated, and consult with genetics/metabolic service
where needed

Patient « Evaluation meets criteria laid out in GTAC Patient Criteria 4.1 - 4.9
selection « All exclusion criteria for testing have been considered

Clinical » The above steps and considerations should lead the ordering clinician
Scenario to matching the semiology and laboratory investigations into one of

the following clinical diagnostic categories where the yield of targeted
gene panel testing has a higher likelihood to yield a pathogenic
mutation

v’ Focal Epilepsy

v’ Early onset epileptic encephalopathy

v’ Progressive myoclonic epilepsy

v Epilepsy associated with brain malformations

v’ Childhood onset epilepsy

v Where the diagnosis categorization is not possible within the

above, but a genetic etiology is strongly suspected

Note: suggested flow chart is to be used in conjunction with this document. The ordering clinician has
flexibility in determining which panel to use in consultation with a Genetic/Metabolic specialist in situations
where the presentation may not fit within the defined scenarios.



Flow Chart 1b: For patient and test selection in patients with suspected genetic epilepsy —
FOCAL EPILEPSY (Panel 1).

Patient « A distinct seizure semiology suggesting focal onset (excluding
Selection BCECTS, MTLE), variable age of onset, co-morbid disorders such as
depression, supporting EEG data, MRI can be variable
« Inheritance is autosomal dominant with variable penetrance, sporadic
« A patient with focal seizures and co-morbidities (ID) or other meeting
FOCAL other criteria as outlined in the GTAC document
EPILEPSY « A patient with adult-onset focal onset seizures and two first-degree
family members with focal epilepsy with a similar phenotype would
also be a candidate for the Focal Epilepsy Panel

Disorders « Examples of Focal Epilepsy with a genetic basis include:
v Autosomal dominant nocturnal frontal lobe epilepsy
v' Familial temporal lobe epilepsy with auditory features
v Familial focal epilepsy with variable foci

v Sporadic Focal onset pharmacoresistant epilepsy

List of Genes » Consider Panel 1: Focal epilepsy (15 genes)
Included

+ CHRNAZ2, CHRNA4, CHRNB2, DEPDCS5, GRIN2A, KCNT1, LGI1,
PRRT2, SCN1A, SCN1B, SCN3A, NPLR2, NPLR3, SLC2A1, CPA6

« Deletion/duplication testing is required for testing for GRIN2A, LGI1,
PRRT2, SCN1A, NPLR3

Note: The suggested flow chart is to be used in conjunction with this document. The ordering clinician has
flexibility in determining which panel to use in consultation with a Genetic/Metabolic specialist in situations
where the presentation may not fit within the defined scenarios.



Flow Chart 1c: For patient and test selection in patients with suspected genetic epilepsy —
PROGRESSIVE MYOCLONIC EPILEPSY (Panel 2).

Patient « A clinical triad of myoclonus, generalised tonic clonic seizures and
Selection progressive neurological dysfunction, either progressive ataxia or
cognitive decline(gait ataxia, cognition, motor function), EEG features
of generalized epilepsy, photosensitivity
+ Disorders are typically autosomal recessive
Progressive
MYOCLONIC
EPILEPSY

Disorders » Examples of Progressive Myoclonic Epilepsy with a genetic basis
include:

v" Neuronal ceroid liposfuscinosis

v Unverricht-Lundborg/Baltic myoclonus

v Cherry red spot myoclonus

v’ Lafora body disease

List of Genes » Consider Panel 2. Progressive Myoclonic Epilepsy (19 genes)
Included

« CSTB, CTSF, NHLRC1, EPM2A, SCARB2, KCNC1, GOSR2, KCTD7,
ASAH1, NEU1, PPT1, TPP1, CLNS3, CLNS5, CLN6, MFSD8, CLN8,
CTSD, SGCE

« Deletion/duplication testing required for EPMA2, SGCE, NHLRC1

» Special Note: Mitochondrial disorders with a myoclonic epilepsy
phenotype (MERRF) are not described in this document and will have
to be assessed via alternative pathway for mitochondrial disorders. In
Ontario, this is available in the publically-funded system (London
Health Sciences Centre-Molecular Diagnostics).

Note: The suggested flow chart is to be used in conjunction with this document. The ordering clinician has
flexibility in determining which panel to use in consultation with a Genetic/Metabolic specialist in situations
where the presentation may not fit within the defined scenarios.



Flow Chart 1d: For patient and test selection in patients with suspected genetic epilepsy —
EARLY INFANTILE EPILEPTIC ENCEPHALOPATHY (Panel 3).

Patient « Distinct electroclinical syndrome (i.e., epileptic spasms, mutlifocal
Selection myoclonus, features of developmental
arrest/regression/encephalopathy, intractable seizures and signs of
EARLY treatment resistance or refractoriness) with a high degree of genetic
INEANTILE hgterogeneity) . - . -
EPILEPTIC - Disorders are often sporadic or inheritance patterns very variable
ENCEPHALO
PATHY
Disorders « Examples of Early Infantile Epileptic Encephalopathy with a genetic
basis include:
v’ Early Infantile Epileptic Encephalopathy (Ohtahara syndrome)
v Infantile spasms
v’ Early Myoclonic Encephalopathy
v Severe Myoclonic Epilepsy
v’ Electrical status epilepticus in sleep/Landau-Kleffner syndrome
List of Genes » Panel 3. Early infantile epileptic encephalopathy (46 genes)

Included

« ARHGEF9, ARX, CDKL5, CHD2, DNM1, GRIN2A, GRIN2B, KCNQ2,
MECP2, MEF2C, PCDH19, SCN2A, SCN8A, SPTAN1, STXBP1,
SYNGAP1, TBC1D24, GABRAI, PIGA, PLCB1, PNKP, SCN1A,
SLC25A22, WWOX, KCNA2, HNRNPU, SLC25A12, GABRB3,
GNAO1, SLC12A5, UBA5, KCNT1, DENND5A, SLC13A5, CACNAI1A,
PLCB1, KCNB1, SYNJ1, SLC35A2, EEF1A2, PRRT2, HCN1, PIGN,
PIGO, POLG, SZT2

« Deletion/duplication testing required for GRIN2A, KCNQ2, MECP2,
MEF2C, PCDH19, SCN2A, STXBP1, SYNGAP1, GABRA1, SCN1A, WWOX,

HNRNPU, GABRB3, PLCB1

Note: The suggested flow chart is to be used in conjunction with this document. The ordering clinician has
flexibility in determining which panel to use in consultation with a Genetic/Metabolic specialist in situations
where the presentation may not fit within the defined scenarios.



Flow Chart le: For patient and test selection in patients with suspected genetic epilepsy —
CHILDHOOD ONSET EPILEPSY (Panel 4).

Patient + Onset beyond infancy, variable seizure semiology, +/- genetic
Selection syndromic features, variable findings on cranial imaging,
Developmental delays/impairments, associated significant co-
morbidity/disabilities, treatment resistance

CHILDHOOD
ONSET
EPILEPSY
Disorders » Examples of Childhood-onset Epilepsy include:
v Tuberous sclerosis
v' Rett syndrome
v Childhood onset Epileptic Encephalopathy
List of Genes » Consider Panel 4: Childhood-onset epilepsy panel (46 genes)
Included « TBC1D24, TSC1, TSC2, CDKL5, MEF2C, MECP2, FOXG1, MBD5,

UBES3A, SLC9A6, TCF4, NRXN1, CNTNAP2, ZEB2, KCNJ10, PNKP,
ATPA1A3, ADSL, ARX, ATRX, DYRK1A, EHMT1, KANSL1, PIGA,
ROGDI, PCDH19, CHD2, DNAJC5, GABRG2, KCNMA1, KCNQ3,
KDM5C, SYNGAP1, SCN2A, STX1B, SYN1, SCN1A, SLC2A1,
PRRT2, SCN1B, DEPDC5, GRIN2A, PAK3, PHF6, RAB39B, KDM5C

« Deletion/duplication testing required for the subset of genes: TSC1,
TSC2, CDKL5, MEF2C, MECP2, FOXG1, MBD5, UBE3A, SLC9A6,
TCF4, NRXN1, ZEB2, ARX, ATRX, DYRK1A, EHMT1, KANSL1,
PCDH19, CHD2, CNTNAP2, SYNGAP1, SCN2A, SCN1A, SLC2A1,
PRRT2, GRIN2A

Note: The suggested flow chart is to be used in conjunction with this document. The ordering clinician has
flexibility in determining which panel to use in consultation with a Genetic/Metabolic specialist in situations
where the presentation may not fit within the defined scenarios.



Flow Chart 1f: For patient and test selection in patients with suspected genetic epilepsy —
BRAIN MALFORMATION (Panel 5).

Patient + Patient with epilepsy or patient without epilepsy but with structural
Selection brain malformation detected on neuroimaging in fetus, newborn or
early childhood, evaluated by neurologist or epileptologist or ECHO
BRAIN certified practitioner
MALFORM » Note: Some patients (eg prenatal) with brain malformations may not

have manifested seizures at the time of presentation or detection of
the malformation and could be included or considered for testing here
if they have a malformation associated with a mutation in a gene
covered in this panel. In addition, there are many other brain
malformation genes that are not associated with epilepsy and hence
not included in this “core” panel.

ATION

Brain malformation on cranial imaging

Examples of distinctive patterns of malformations of cortical
development identified on neuroimaging studies include:
Hemimegalencephaly

Lissencephaly

Schizencephaly

Sub cortical band heterotopia (double cortex)

Cortical dysplasia with focal epilepsy

Opercular dysplasia/asymmetric, unilateral or bilateral
Holoprosencephaly

Agenesis of corpus callosum

Polymicrogyria

Periventricular heterotopia

Tuberous Sclerosis

Disorders
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Consider Panel 5. Brain malformation panel (46 genes)

ACTB, ACTG1, AKT3, ARFGEF2, ARX, ASNS, ATP6VOA2,
B3GALNTZ2, B3GNT1, CNTNAP2, DCX, DYNC1H1, FKRP, FKTN,
FLNA, GMPPB, GPR56, GPSM2, KATNB1, KIAA1279, KIF2A,
LAMA2, , NDE1, OCLN, PAFAH1B1 (LIS1), POMGNT1, LARGE,
POMGNT2, POMK, POMT1, POMT2, RAB18, RAB3GAP1,
RAB3GAP2, RELN, RTTN, SNAP29, SRD5A3, TUBA1A, TUBB,
TUBB2A, TUBB2B, TUBB3, VLDLR, WDR62

Deletion/duplication testing required for ACTB, AKT3, ARX,
ATP6V0OA2, DCX, GPR56, KIAA1279, LAMA2, NDE1, OCLN,
PAFAH1B1 (LIS1), POMGNTL1, LARGE1, POMT1, RAB3GAP1,
RELN, VLDLR, WDR62

List of Genes
Included

Note:

The
suggested flow chart is to be used in conjunction with this document. The ordering clinician has flexibility
in determining which panel to use in consultation with a Genetic/Metabolic specialist in situations where
the presentation may not fit within the defined scenarios.



Flow Chart 1g: For patient and test selection in patients with suspected genetic epilepsy —
ACTIONABLE / STAT OPTION GENES (Panel 6).

Patient « Early age of onset, distinct electroclinical features (epileptic spasms,
Selection mutlifocal myoclonus, features of developmental
arrest/regression/encephalopathy, intractable seizures and signs of
treatment resistance or refractoriness

- If a treatable epilepsy is under consideration, an epilepsy panel
Actionable / focused on treatable conditions should be considered (e.g., early

STAT GENES onset epilepsy, in conjunction with or after biochemical markers have
been tested)

- Actionable genes would also be those where a positive test would
guide antiseizure medication (ASM) choice or avoidance of certain
ASM

Disorders « Examples of important treatable conditions include (not exhaustive):
Pyridoxine dependent epilepsy

Pyridoxal phosphate dependent epilepsy

Creatine deficiency syndromes

Glucose transporter (GLUT1) deficiency

Cerebral Folate deficiency

Serine biosynthesis disorders

Other actionable genes

POLG-related mitochondrial depletion syndrome

Dravet syndrome
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List of Genes » Consider Panel 6: STAT Gene Panel (20 genes)

Included + ALDH7A1, FOLR1, PNPO, POLG, SCN1A, SLC2A1, SLC6A8, GAMT,
PHGDH, PSPH, GLDC, AMT, MOCS1, SUOX, ATP7A, PROSC,
TSC1, TSC2, KCNT1, KCNQ2

* Deletion/duplication testing required for ALDH7A1, FOLR1, PNPO,
POLG, SCN1A, SLC2A1, SLC6A8, GAMT, GLDC, MOCS1, ATP7A,
TSC1, TSC2, KCNQZ2 (14 genes with a deletion/duplication seen at
least one time, a lower threshold was used because of clinical
implications associated with these genes)

Note: The suggested flow chart is to be used in conjunction with this document. The ordering clinician has
flexibility in determining which panel to use in consultation with a Genetic/Metabolic specialist in situations
where the presentation may not fit within the defined scenario



Flow Chart 1h: For patient and test selection in patients with suspected genetic epilepsy —
COMPREHENSIVE (Panel 7).

Patient « Epilepsy with variable features focal and/or generalized features, and
Selection that cannot be considered under any specific category defined above,
and a genetic etiology is suspected

COM Such cases should be discussed if possible with a geneticist/metabolic
PREHENSIVE specialist prior to considering a comprehensive panel.
The comprehensive panel may also be indicated if an initial panel
choice does not lead to the identification of a pathogenic mutation

The disorder list would include all of the above disorders that were
considered under separate panels

Disorders

~._

List of Genes
Included

Consider Panel 7: Comprehensive (158 genes)

ACTB, ACTG1, ADSL, AKT3, ALDH7A1, AMT, ARFGEF2, ARHGEF?9,
ARX, ASAH1, ASNS, ATP6VO0OA2, ATP7A, ATPA1A3, ATRX,
B3GALNT2, B3AGNT1, CACNA1A, CDKL5, CHD2, CHRNAZ2,
CHRNA4, CHRNB2, CNTNAP2, CPAG6, CSTB, CTSF, DCX,
DENNDS5A, DEPDC5, DNAJC5, DNM1, DYNC1H1, DYRKI1A,
EEF1A2, EHMTL1, EPM2A, FKRP, FKTN, FLNA, FOLR1, FOXG1,
GABRA1, GABRB3, GABRG2, GAMT, GLDC, GMPPB, GNAO1,
GOSR2, GPR56, GPSM2, GRIN2A, GRIN2B, HCN1, HNRNPU,
KANSL1, KATNB1, KCNA2, KCNB1, KCNC1, KCNJ10, KCNMAL,
KCNQ2, KCNQ3, KCNT1, KCTD7, KDM5C, KIAA1279, KIF2A,
LAMA2, LARGE, LGI1, MBD5, MECP2, MEF2C, MOCS1, NCL10,
NCL2, NCL3, NCL5, NCL6, NCL7, NCL8, NDE1, NEU1, NHLRC1,
NPRL2, NPRL3, NRXN1, OCLN, PAFAH1B1 (LIS1), PAK3, PCDH19,
PHF6, PHGDH, PIGA, PIGO, PIGN, POLG, PLCB1, PNKP, PNPO,
POLG, POMGNT1, POMGNT2, POMK, POMT1, POMT2, PROSC,
PRRT2, PSPH, RAB18, RAB39B, RAB3GAP1, RAB3GAP2, RELN,
ROGDI, RTTN, SCARB2, SCN1A, SCN1B, SCN2A, SCN3A, SCN8A,
SGCE, SLC12A5, SLC13A5, SLC25A12, SLC25A22, SLC2A1,
SLC35A2, SLC6A8, SLC9A6, SNAP29, SPTAN1, SRD5A3, STX1B,
STXBP1, SUOX, SYN1, SYNGAP1, SYNJ1, SZT2, TBC1D24, TCF4,
TSC1, TSC2, TUBA1A, TUBB, TUBB2A, TUBB2B, TUBB3, UBA5,
UBE3A, VLDLR, WDR62, WWOX, ZEB2

- Deletion/duplication testing required for the genes as listed above (as
listed in respective sub-panel)

Note: The suggested flow chart is to be used in conjunction with this document. The ordering clinician has
flexibility in determining which panel to use in consultation with a Genetic/Metabolic specialist in situations
where the presentation may not fit within the defined scenario



