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Supplemental Methods

Study Population

Patients belonged to two cohorts: the first one included 23 consecutive patients, who had been referred
to the Unit of Pediatric Neurology, Fondazione Policlinico Universitario Agostino Gemelli, Rome, from
1997 to 2018. Nineteen of them had been followed prospectively. The second cohort comprised 11
unselected patients referred to the Unit of Neurology, Ospedale Pediatrico Bambino Gesu, Rome (2000-
2018). The study population included 11 males and 23 females, with a mean age of 15.8 years + 10.6
(range 2 - 53 years). One patient (Pt3) had been treated by left temporal lobectomy for focal cortical
dysplasia at 4 years of age and another one (Pt 13) had been treated by lesionectomy for cerebellar
astrocytoma at 13 years and at 18 years for recurrence of the lesion. Two patients (Pt7 and Pt9) died at 7
years, during a refractory status epilepticus (RSE), while a single patient (Pt1) died at 23 years from acute

respiratory failure.

The mean follow-up period was 9.2 years + 4.7 (range 2-23 years). Cognitive evaluation was performed
by using the Wechsler scales (WISC III, WIPPSI III), Leiter-R and Griffith’s Mental Developmental
Scales, according to the age of patients and their cooperation (17 out of 31 patients). ID was classified

according to the DSM 5 criteria.

All patients shared pathogenic BRAF variants (Table 1), which had been documented to occur as de novo
events and were bona fide disease-causing mutations based on the American College of Medical Genetics
and Genomics (ACMG) criteria . The relative frequency of each mutation was in line with the data

collected in the NSEuroNet database (https://nseuronet.com), a public repository dedicated to

RASopathies continuously monitoring the growing literature on the molecular aspects of these disorders.
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Figure S1. Group 1: Interictal EEG in a 12-year-old boy (Pt5, Lys601Gnl). (A) Slow background
activity during awake. (B) Discharges of irregular, high voltage, diffuse, synchronous and asyncronous
SW and polySW during sleep, and discharges of slow waves with superimposed spikes. (C) Diffuse
discharge of SW sometimes accompanied by isolated myoclonic jerk visible on the right deltoid EMG,
during sleep.
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Figure S2. Group 2: Interictal EEG in a 9 year-old girl (Pt16, Trp531Cys). (A) Drowsiness: diffuse
SW and polySW discharge, predominant on the right regions. (B) Asyncronous SW on the both central,
left anterior regions and vertex, during stage Il of NREM sleep. (C) Discharge of SW predominant on
the right regions during NREM sleep (Stage III). (D) Asyncronous SW on the both central, left anterior
regions and vertex during REM Sleep.
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Table S1. Genetic and electroclinical characterization of the study cohort.

BRAF amino Duration of SE EEG
GROUP F-UP acid Age and sz.  sz.free 5 . (background EEG (paroxysmal activity at sz. frequency
(age;sex) (y) substitutionand type at onset period Seizure type (fre:|ueer)1cy/ Epilepsy type activity at outcome) at outcome AEDs
mutation class after onset yp outcome)
Group 1
- m(l))tzcr)/cr?l OQ:EEetic Recurrent/ PB, VPA,
yp. . Multifocal and diffuse S, SW CBZ, BDZ,
#1 Lys601Gnl 2m - focal to bilateral convulsive and . . .
23 R . Combined focal Slow, asymmetric and polySW; Daily LTG, LEV,
(23y; Mt) 1] focal onset tonic- clonic. focal motor . .
. and generalized bursts of focal fast activity TPM, ZNS,
6y II) Generalized onset:
. PHT, RUF
- myoclonic
1) Focal onset: . .
Multifocal and diffuse S and
- motor SW in awake;
#2 (17y; Asp638Glu 2y - focal to bilateral Recurrent/  Combined focal . M . PB, CBZ,
15 . . ) Slow alternating pattern in sleep; Daily
M) 1l focal onset tonic- clonic. focal motor and generalized L GVG, BDZ
. bursts of focal fast activity
no 1) Generalized onset:
- epileptic spasms
1) Focal onset:
- motor/hyperkinetic
5m - focal .to bllatgral Recurrent/ ‘ Multifocal :?md diffuse S and CBZ, TPM,
#3 Asp638Glu . . tonic- clonic. . Combined focal SW in awake; .
15 epileptic . convulsive and . Slow . ; Daily LEV, PHT,
(15y; M) 1 Il) Generalized onset: and generalized alternating pattern in sleep
spasms 8m N focal motor BDZ
- epileptic spasms
- tonic
Focal onset:
N Recurrent/ CBZ, LEV,
#4 F)(14y, 12 PheSﬁSLeu focall?rlmset 5 ) _mz)t;'}/rgzﬁ:;:::m focal motor, Focal Slow Focal S and SW Weekly PB, TPM,
v . . RSE PRP, BDZ
tonic- clonic
1) Focal onset:
- motor/hyperkinetic
- epileptic spasms. Multifocal S, SW and polySW; PB
#5 11 Lys601Gnl 1.5y 1) Generalized Recurrent/  Combined focal Slow diffuse discharges of slow W Weekly/ CBZ,
(13y; M) 1] focal onset onset: focal motor  and generalized with superimposed S; monthly BDZ’
1.5y - myoclonic bursts of focal fast activity
- epileptic spasms
1) Focal onset :
) - motor Recurrent/ . . VPA, BDZ,
6 A (12y; 7 AspGIZ;;ISGIu focildsxset - focal to bilateral focal motor, g:;nb;:zt:aﬁiia; Slow, asymmetric Focal and diffuse S, SW mzilt(::/l/ LEV, LCM,
1.5y tonic- clonic. RSE & Y PHT

1) Generalized onset:
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- myoclonic
1) Focal onset:

- motor/hyperkinetic Multifocal S, SW and polySW;

R
#7 Phe595Leu 7m - focal to bilateral ecurrent/ Combined focal . diffuse discharges of slow W
6 . . focal motor, . Slow, asymmetric . N
(7y; F 1) 1] focal onset tonic- clonic. RSE and generalized with superimposed S
3y Il) Generalized onset:
-myoclonic
1) Focal onset: Focal S and SW;
#8 Val487Gly 8day - motor/hyperkinetic Recurrent/ diffuse discharges of slow W
6 . Focal Slow . .
(6y; F) | focal onset - - focal to bilateral focal motor with superimposed S;
¥ tonic- clonic bursts of focal fast activity
1) Focal onset:
- motor/hyperkinetic
4 - focal to bilateral R t,
#9 (5y; Asp565Glu ¥ oca .0 a -era ecurrent/ Combined focal
M 1) NA | unknown tonic-clonic. focal motor, and generalized NA NA
onset no I1) Generalized onset: RSE g
-myoclonic
Focal onset: Recurrent/
- motor _febrile and Multifocal and diffuse S and
#10 Pro468Ser im - focal to bilateral . SW in awake;
3 I . K afebrile focal Focal Slow . .
(3y;M) 1] epileptic 5 tonic- clonic motor: alternating pattern in sleep;
spasms ¥ - epileptic spasms - bursts of focal fast activity
. - myoclonic
- myoclonic
Group 2
Focal onset:
#11 Trp531Cys 2y - focal to bilateral
(27y:F) 25 I focal onset No tonic- clonic. No Focal Normal Focal S and sharp W
Focal onset:
#12 Thr241P 17
10 r e ¥ No - focal to bilateral No Focal Normal Focal S and sharp W
(23y;M) | focal onset . .
tonic-clonic.
. Giant spindles;
#13 Lys499Asn L6y Focal on'set. fast activity on anterior
20 focal onset - focal to bilateral No Focal Normal ;
(22y;F) 1] No . K regions;
tonic- clonic
focal S
Focal onset :
#14 Lys483Asn 18y - focal to bilateral
5 N Focal N | N
(20y;M) I focal onset No tonic-clonic ° oca orma °
Focal onset:
#15 15 Leu485Phe 14y - focal t.o bllat.eral No Focal Normal Giant spindles;
(19y;F) 1] focal onset No tonic-clonic focal S
1) Focal onset:
- focal to bilateral
#1 T 1 i focal
(15 '.D-F) 10 rpsﬁ Cys m ogcTonic tonic-clonic. No ;::;nb;:?:alicead Normal Focal and diffuse S and SW
v ¥ No 11) Generalized onset: - g

myoclonic

Recurrent RSE
followed by
exitus

Weekly/
monthly

Recurrent RSE
followed by
exitus

Daily

Seizure free

Seizure free

Seizure free

Seizure free

Seizure free

Seizure free

PB, ACTH,
CBZ, BDZ,
LCS, LEV,
RUF, BDZ,
VNS.

VPA, BDZ,
LCS

PB, VPA, LEV,
PHT

VPA, TPM,
PB, BDZ

LEV

LTG

PB

No AED

VPA

VPA
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#17
(15y;F)

#18
(12y;F)

#19  (12y;
F)

#20  (8y;
F)

#21  (8y;F)

#22
(4y;F)

Leu525Pro
1]

GIn257Arg
|

GIn257Arg
|

GIn257Arg
|

Thr599Arg
I

GIn257Arg
|

11y
focal onset

10y
focal onset

10y
focal onset

6y
focal onset

6y
focal onset

4y
myoclonic

No

No

No

No

No

No

Focal onset :
- focal to bilateral No
tonic- clonic
Focal onset:
No
- motor
Focal onset:
- motor
. Isolated preAED
- focal to bilateral P /
. . focal motor
tonic- clonic
1) Focal onset:
) motor Isolated,
] reAED
II) Generalized onset: P /
. focal motor
-myoclonic
1) Focal onset:
- motor.
. No
11) Generalized onset: -
myoclonic
Generalized onset:
No

- myoclonic

Focal

Focal

Focal

Combined focal
and generalized

Combined focal
and generalized

Generalized

Normal

Normal

Normal

Normal

Normal

Normal

Rare multifocal S

Fast activity;
focal S and sharp W

Focal S and sharp W

Focal S and sharp W

Focal sharp W

Giant spindles; theta
rhythmic activity in sleep;
diffuse S and SW

Seizure free CBz

Seizure free OXC

Seizure free VPA, BDZ
Seizure free CBz
Seizure free VPA
Seizure free No AED

y: years; Mut: mutation; sz: seizure; SE: status epilepticus; AEDs: antiepileptic drugs; M: male; m: months; S: spike; SW: spike wave; polySW: poly
spike wave; PB phenobarbital; VPA: valproic acid; CBZ: carbamazepine; BDZ: benzodiazepine; LTG: lamotrigine; LEV: leveracetam; TPM: topiramate;
ZNS: zonisamide; PHT: phenytoine; RUF: rufinamide; GVG: vigabatrin; OXC: oxcarbazepine; F: female; RSE: refractory status epilepticus; PRP:
perampanel; LCM: lacosamide; W: wave; ACTH: synacthen; VNS: vagus nervus stimulator; NA: not available.

t: patient deceased.

Table S2. Epileptic features of patients with CFCS-causing BRAF mutations reported in the literature.

Patient

Mutation

(age; sex) Onset Group Epilepsy features Mutation class Reference
#L1 . . . .
2w 1 Polymorphic seizures (two or more seizure types), drug resistant L485F Il Yoon et al 2007 [1]
(7y; M)
(12#5. f) 11y 1 Polymorphic seizures (two or more seizure types), drug resistant FA68S Il Yoon et al 2007 [1]
#L4 . . . .
6m 1 Polymorphic seizures (two or more seizure types), drug resistant F595L Il Yoon et al 2007 [1]

(7.6y; F)
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#L
2 Zy?M) 4m 1 Polymorphic seizures (two or more seizure types), drug resistant L485S Il Yoon et al 2007 [1]
#L
(14y-6F) ly 6m 1 Polymorphic seizures (two or more seizure types), drug resistant D638E 1} Yoon et al 2007 [1]
(20#;3_ F) 7m 1 Polymorphic seizures (two or more seizure types), drug resistant K499N Il Yoon et al 2007 [1]
(11;;8F) NA 1 Epileptic abnormalities on EEG, seizures controlled with multidrug therapy F468S Il Demir et al 2010 [8]
(41:1:-9F) 2m 1 Epileptic encephalopathy with infantile spasms, drug resistant L485S Il Aizaki et al 2011 [6]
#L1
0 1d 1 Polymorphic seizures (two or more seizure types), drug resistant L485S Il Adachi et al 2012 [2]
(1y; F)
ALl 4y dm 1 Recurrent epileptic status, drug resistant, psychomotor regression Q257R | Wakusawa et al 2014 [3]
(6y; F)
#L12
(1y; F) 4m 1 Epileptic encephalopathy with infantile spasms, drug resistant P595L Il Hatory et al 2016 [9]
#L13 am 1 Polymorphic seizures (two or mqre seizure types), early onset, drug Leudssdel " Suzuki-Muromoto et al 2019 [5]
(2.6y; M) resistant
(1(?5)[\1/ f) 2ybm 2 Drug responsive epilepsy, treated with only one drug Q257R | Yoon et al 2007 [1]
#L15
3y 2 Drug responsive epilepsy, treated with only one drug Q257R | Yoon et al 2007 [1]
(8y; F)
(S#IS-;}'BF) 3y 2 Drug responsive epilepsy, treated with only one drug T599R Il Yoon et al 2007 [1]
#L17
(7.3y; M) Sy 2 Drug responsive epilepsy, treated with only one drug G534R Il Yoon et al 2007 [1]
#L18 . . Papadopoulu 2011 [7] cited by
(ay; M) 4y 2 Febrile seizures, normal EEG Q257R | Yoon 2007 [1]
AL19 - 3 No seizures E275K | Sarkozy et al 2009 [4]
(7y; F)
#L20 .
(3m: M) - 3 No seizures L245F | Sarkozy et al 2009 [4]
#L21
- N i 257R | k 12 4
(1.8y; F) 3 o seizures Q25 Sarkozy et al 2009 [4]
#122 .
(8 m; F) - 3 No seizures G469E 1] Sarkozy et al 2009 [4]
#L2
7y; i) - 3 No seizures LA85F 1] Sarkozy et al 2009 [4]
(5.?;2;4,\/') - 3 No seizures E501K 1] Sarkozy et al 2009 [4]
#L2
> - 3 No seizures L525P 1] Sarkozy et al 2009 [4]

(2.3y; F)
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#L26
i No sei 709R I k 12009 [4
(12.3y: 3 o seizures Q709 Sarkozy et al 2009 [4]
(;\:.'2’\7/') ) 3 No seizures T244P | Gripp et al 2007 [10]
#L2 i
1y ?) _ 3 No seizures Q257R | Gripp et al 2007 [10]
(fyLZ’\g/I) B 3 No seizures Q257R | Gripp et al 2007 [10]
#L i
(3y.3'8|) ) 3 No seizures L525P 1] Gripp et al 2007 [10]
(2#y|_3’\]}|) B 3 No seizures D565E I} Gripp et al 2007 [10]
(2'{/2) - 3 No seizures, normal EEG E501K 1l Demir et al 2010 [8]
(‘;\L/?i) ; 3 No seizures D638E i Demir et al 2010 [8]

M: male; F: female; w: week; y: year; m: months.
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