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Enfermedad de Fabry

* La enfermedad de Fabry es un trastorno de _ Gen GLA @
s e . « o a2 _u Se localiza en el brazo largo
deposito lisosomal multisistémico del cromosoma X

originado por una mutacion en el gen GLA?Y 2 en la posicién Xq22.14

* Las mutaciones en el gen GLA producen una
ausencia o deficiencia de la enzima a-Gal A,
que degrada los glucolipidos en los lisosomas?!

== AR ..

e21POIS

enzima a-Gal A

o-Gal A: a-galactosidasa A, GLA: gen galactosidasa A.

1. Ortiz A et al. Mol Genet Metab. 2018;123(4):416-427; 2. El-Abassi R et al. J Neurol Sci. 2014;344(1-2):5-19; 3. Martins AM et al. J Pediatr. 2009;155(suppl 4):518-S31;
4, Schiffmann R and Ries M. Pediatr Neurol. 2016;64:10-20.



Reticulo endoplasmatico

Aparato de Golgi

mutante con

‘ 1; - \ \o
| a-Gal A

Parenti G et al. Mol Ther. 2015;23(7):1138-1148.
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La a-Gal A mutante

con plegamiento
erroneo queda retenida
o se degrada en el RE, lo
qgue da lugar a una
pérdida de funcion.



Acumulacion de Gb3 y liso-Gb,
en distintos tejidos y células'2

1. Germain DP. Orphanet J Rare Dis. 2010;5:30. d0i:10.1186/1750-1172-5-30; 2. Ortiz A et al. Mol Genet Metab. 2018;123(4):416-427; 3. El-Abassi R et al. J Neurol Sci. 2014;344(1-2):5-19.
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Evolucion clinica de la enfermedad de Fabry

Existe la
probabilidad de
que la
enfermedad sea
reversible en las
fases iniciales ya
que el depdsito

Carga de la enfermedad

lisosomal es leve?

Las enfermedades
secundarias aparecen a causa de
los efectos adversos en los
tejidos?

Adaptado con autorizaciéon de Eng CM et al. J Inherit Metab Dis. 2007;30(2):185.

Tiempo

Efectos adversos del

La acumulacion fallo orgénico?
progresiva da lugar a un
deterioro irreversible?!

Fallo

organico La acumulacion de Gb3 se

inicia en el uteroy

evoluciona durante toda la
Afect.acmn vida23
tisular

Depdsitos celulares
de Gb3

1. Eng CM et al. J Inherit Metab Dis. 2007;30(2):184-192; 2. Vedder AC et al. J Inherit Metab Dis. 2006;29(1):106-111; 3. Thurberg BL and Politei J]M. Hum Pathol. 2012;43(4):610-614.



La enfermedad de Fabry es un trastorno
multisistémico y progresivo!-

HVI

Lesiones de la
sustancia blanca

Proteinuria

Acufenos

Angioqueratoma

Dolor neuropatico (acroparestesia)
Sintomas Gl

Acumulacion Opacidades corneales
de Gb3 Hipohidrosi
En el utero Infancia Adolescencia 20-29 30-39 40-49 50-59 60-6¢

Adaptado con autorizacién de la Sociedad Japonesa de Nefrologia.
Gl: gastrointestinal, HVI: hipertrofia ventricular izquierda, ICC: insuficiencia cardiaca congestiva, ERT: enfermedad renal terminal
1. Schiffmann R and Ries M. Pediatr Neurol. 2016;64:10-20; 2. Kusano E et al. Clin Exp Nephrol. 2014;18(2):269-273; 3. Schiffmann R et al. Kidney Int. 2017;91(2):284-293.



La enfermedad de Fabry tiene manifestaciones
clinicas heterogéneas

Manifestaciones clinicas no clasicas

Manifestaciones Manifestaciones Manifestaciones Mujeres?
clinicas clasicas? clinicas renales! clinicas cardiacas!

Generalmente mas

Edad en el momento de la . , o , N tarde que en hombres
. . .. Entre 4 y 8 afios Mas de 25 afos Mas de 40 afos d . .

primera manifestacion con las manifestaciones
clinicas clasicas

Actividad residual variable de la enzima a-Gal A

1. Mehta A and Hughes DA. In: Adam MP, Ardinger HH, Pagon RA, eds. GeneReviews". Seattle, WA: University of Washington, Seattle;1993-2018. At: www.ncbi.nIm.nih.gov/books/NBK1292/.
Ultimo acceso el 11 de mayo de 2018; 2. Ortiz A et al. Mol Genet Metab. 2018;123(4):416-427.



La enfermedad de Fabry posee manifestaciones
clinicas variables

Angioqueratoma

Acroparestesia

Hipohidrosis/anhidrosis

Opacidad corneal/lenticular

Cardiopatia

Enfermedad cardiovascular

Enfermedad renal

HVI, hipertrofia ventricular izquierda; AIT, accidente isquémico transitorio; ERT, enfermedad renal terminal.

1. Mehta A and Hughes DA. In: Adam MP, Ardinger HH, Pagon RA, eds. GeneReviews". Seattle, WA: University of Washington, Seattle;1993-2018. At: www.ncbi.nIm.nih.gov/books/NBK1292/.

Manifestaciones
clinicas clasicas!

ot

++
++
+
HVI/isquemia
AlT/ictus
ERT

Ultimo acceso el 11 de mayo de 2018; 2. Ortiz A et al. Mol Genet Metab. 2018;123(4):416-427.

Manifestaciones clinicas no clasicas

Manifestaciones Manifestaciones Mujeres?
clinicas renales? clinicas cardiacas!

_/.|. —

_/.|. —

HVI HVI/miocardiopatia
ERT Proteinuria

Complicaciones embarazo
Infertilidad
Qol/ Psicoldgicos




La esperanza de vida se reduce en estos pacientes

Probabilidad acumulada de muerte en pacientes con enfermedad de Fabry

Hombres (N = 98)! Mujeres (N = 60)>2
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Extraido de BMJ Publishing Group Limited. J Med Genet., MacDermot K et al., 38, 752, 2001. Extraido de BMJ Publishing Group Limited. J Med Genet., MacDermot K et al., 38, 770, 2001.

1. MacDermot KD et al. J Med Genet. 2001;38(11):750-760; 2. MacDermot KD et al. J Med Genet. 2001;38(11):769-807.



Retraso diagndstico/otros diagndsticos

Mediana de la edad en el momento de la aparicion de los sintomas, diagnostico,
primer evento clinico e inicio de TSE
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Aparicién de Di Primer Primer Primer Primer Primera
los sintomas pisodi pisodio renal isodi pisod TSE
i =890) (n=1123) (n=333) (n=160) cardiaco cerebro (n=923)
(n=218) vascular

(n=76)

Extraido de de Wilcox WR et al. Mol Genet Metab. 2008;93(2):119.

TSE: terapia de sustitucion enzimatico.
Wilcox WR et al. Mol Genet Metab. 2008;93(2):112-128.

Hombres
(n=778)

14,2 aios

Media del tiempo
desde la aparicidon de
los sintomas hasta el
diagnéstico
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Mujeres
(n=473)

15,7 aios

Media del tiempo
desde la aparicién de
los sintomas hasta el
diagnéstico

Aparicion de Diagnéstico  Primer Primer
los sintomas  (n=1018) episodio episodio renal episodio
(n=581) (n=199) (n = 46)

Primer Primera
episodio TSE
cerebro (n=357)
vascular
(n=44)



¢ Como diagnosticar?

Clinicos? Bioquimicos-2 Genéticos!3
. Caract_erl'sticas principales  Nivel de a-Gal A en el plasma, + Secuenciacién completa o
— Angiogueratomas leucocitos o GSC selectiva del GLA
— Acroparestesias
— Cdrnea verticilada * Liso-Gb; en el plasma, orina o
— Anhidrosis o hipohidrosis leucocitos
— Insuficiencia renal .
— Intolerancia al ejercicio, al frio o al calor * Gb3enelplasmaolaorina

— Hipertrofia cardiaca

* Antecedentes familiares de enfermedad
de Fabry

Gb-3: globotriaosilceramida, liso-Gb3: globotriaosilesfingosina, GSC: gota de sangre seca.

1. Laney DA et al. J Genet Couns. 2013;22(5):555-564; 2. Ortiz A et al. Mol Genet Metab. 2018;123(4):416-427; 3. Mehta A and Hughes DA. In: Adam MP, Ardinger HH, Pagon RA, eds. GeneReviews". Seattle,
WA: University of Washington, Seattle;1993-2018. At: www.ncbi.nlm.nih.gov/books/NBK1292/. 11 de septiembre de 2018.



Mujeres

¢Como diagnosticar?

Nivel de a-Gal A
en el plasma, leucocitos o GSC*3

La actividad de la a-Gal A muy reducida o indetectable
en los leucocitos se considera el criterio de referencia
para el diagnédstico® 2

La actividad residual es significativa en los pacientes que
no presentan manifestaciones clinicas clasicas®: 2

Va desde el nivel reducido detectado en hombres
al normal3®

No sirve para el diagnéstico? 3

Analisis de la mutacion del GLA1:24

Confirma el diagndstico®*
Contribuye a establecer el fenotipo de la enfermedad*

Descarta polimorfismos benignos que provoquen una disminucién de la
actividad de la a-Gal A*

Ofrece informacién adicional para el prondstico y tratamiento
de la enfermedad?

Proporciona informacién para la realizacidon de pruebas a familiares en
riesgo*

Necesario para el diagndstico-24
Contribuye a establecer el fenotipo de la enfermedad*

Descarta polimorfismos benignos que provoquen una disminucién
de la actividad de la a-Gal A%

Ofrece informacidn para el prondstico y tratamiento de la enfermedad?

Proporciona informacion para la realizacién de pruebas a familiares en
riesgo®

1. Gal A et al. J Inherit Metab Dis. 2011;34(2):509-514; 2. Laney DA et al. J Genet Couns. 2013;22(5):555-564; 3. Winchester B and Young E. In: Mehta A, Beck M, Sunder-Plassmann G, eds.
Fabry Disease: Perspectives From 5 Years of FOS. Oxford, UK: Oxford PharmaGenesis; 2006. At: www.ncbi.nlm.nih.gov/books/NBK11601/. Ultimo acceso el 11 de septiembre de 2018;
4. Ortiz A et al. Mol Genet Metab. 2018;123(4):416-427.



La actividad residual de la a-Gal A varia de un modo
considerable en los pacientes con enfermedad de Fabry

Nivel de a-Gal A en pacientes con enfermedad de Fabry y controles sanos
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Manifestaciones Mutacién Mujeres Controles Manifestaciones Mutacidn Mujeres Controles sanos
clinicas clasicas N215S sanos clinicas clasicas N215S (n=130) (n =100)
(n =86) (n=7) (n=122) (n =100) (n=93) (n=7)
Hombres Hombres

Extraido de Winchester B and Young E. En: Mehta A, Beck M, Sunder-Plassmann G, eds. Fabry Disease: Perspectives From 5 Years of FOS. Oxford, UK:
Oxford PharmaGenesis; 2006:3. En: www.ncbi.nIm.nih.gov/books/NBK11601/. Ultimo acceso el 11 de septiembre de 2018.

Winchester B and Young E. In: Mehta A, Beck M, Sunder-Plassmann G, eds. Fabry Disease: Perspectives From 5 Years of FOS. Oxford, UK: Oxford PharmaGenesis; 2006.
At: www.ncbi.nlm.nih.gov/books/NBK11601/. Ultimo acceso el 11 de septiembre de 2018.



La enfermedad de Fabry tiene tratamiento

Tratamiento enzimatico sustitutivo
Chaperonas farmacoldgicas (migalastat)
Enfermedad de depdsito—> factor tiempo es importante

Tratamiento en la mujer:

v Recomendaciones europeas de inicio de tratamiento especifico separadas para
hombres y mujeres.

v’ Para mujeres, independientemente de si la mutacion es clasica o no clasica, es
necesario demostrar la presencia de signos o sintomas de EF (descartando otras
causas).

v Las mujeres estan infratratadas (recomendaciones de consenso espaiiolas de 2011).

Sanchez et al. Orphanet Journal of Rare Diseases (2023) 18:8 (https://doi.org/10.1186/s13023-022-
02599-w)
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Gender Differences in the Application of Spanish
Criteria for Initiation of Enzyme Replacement
Therapy for Fabry Disease in the Fabry

Outcome Survey
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Abstract Both male/female patients with Fabry disease (FI}) may receive enzyme replacement
therapy (ERT). Previously published analyses of the Fabry Outcome Survey (FOS; Shire-sponsored)
database suggested gender differences in timing of ERT initiation. We assessed alignment of criteria
for ERT initiation in the Spanish adult population included in FOS with recommendations of a
Spanish national consensus. This retrospective analysis examined baseline dinical data of 88 adults
{49 females) enmolled in the FOS database up to August 2014 Thirty-five (39.8%) patients were
not weeiving ERT: five (128%) males and 30 (61.2%) females. Baseline disease severity on the
FO5-derived Mainz Severity Score Index was lower in untreated males (median (interquartile range),
0.0 (0.0-1.0) than treated males (TM; 15.0 (7.5-26.5)), and was similar in untreated and treated
females. The percentage of untreated females with at least one criterion for teatment initiation was
76.7% versus 100.0% of treated females (p = 0.0340) and 97.1% (p = 0.0210) of TM. In discordance
with Spanish consensus recommendations, a substantial number of females with evidence of FD
who might benefit from ERT have not yet initiated treatment. These results suggest unequal gender
perceptions with respect to ERT initiation in Spain.

Keywords: agalsidase alfa; enzyme replacement therapy; Fabry disease; Fabry Outcome Survey
(FOS); gender differences; Spain; women

1. Introduction

Fabry disease (F1J) is a rare inherited X-linked metabolic disease secondary to reduction/ absence of
lysosomal a-galactosidase A activity. As a result, a progressive accumulation of globotriaosylceramide
(Ghy) and related glycosphingolipids within lysosomes is believed to produce cellular changes that
progressively affect multiple organ systems, determining a natural disease evolution ranging from
an asymptomatic status in the first years of life to different clinical presentations with increasing
age. FD) in adults has a wide variety of phenotypes, from the "classical” severe form in males toa
seemingly asymptomatic course in some females. Owing to the X-linked nature of the disease and the
potential for skewed X-chromosome inactivation, females can have normal a-galactosidase A activity in
plasma; leukocytes with variable signs and symptoms of FI}[1,2). Most heterorygous females develop
symptoms with vital organ involvement, usually later than males [1]. FI? manifestations may include
neuropathic pain, gastrointestinal disturbances, angiokeratomas, hy pohidrosis, kidney dysfunction,

Int. | Md. 5d_ 2016, 17, 1965; dor10.3390/5jims17121965 ‘www.mdpi.com/journal /fjms

Lenders et al. Orphanet Journal of Ao Dizates (2016) 1158
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Multicenter Female Fabry Study (MFFS) - @
clinical survey on current treatment of
females with Fabry disease
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Abstract

Badkground: The aim of the present study was 1D assess manifestations of and applied treatment concepts for
females with Fabry diseass {FD) according to the current Europsan Fabry Guidelines.

Methods: Between 10/2008 and 12/2014, data from the mast recent visit of 281 adult famale FD patients from s«
German Fabry centers were retrospectively analyzed. Clinkcal presentation and labaratory data, including plasma
hrso-Gib 3 levels were assesmed

Results: Fiity-five percsnt of #males wene on enzyme replacement therapy ERT), acoond ing o recsnt Furapsan FD
guidelines Thirty-thee percent of females were untreated although ciria for BRT initiation were fuffiled. In
general, the presence of laft venitricular hypertophy (LWH) ssemed to impact mare on ERT inftiation than impaired
renal function. in ERT-nalive 2males RAAS blockers were more often prescribed if LWH was present rather than
allbuminuria. Affected fermales with missense mautations showed a similar disease burden compared to females with
nonsense mutations. Elevated plasma lso-Gh3 levels in ERT-nalve females seem to be a marker of disease burden,
since patients showed comparable incidences of argan manifestations even if they were ~8 yeas younger than
females with nomal hso-Gh3 leveks

Condusion: The treatment of the majarity of Emales with FD in Germany i in line with the current Furapsan FD
quidelines However, a =levant number of famales remain untreated despite argan inwohement, necsssitating a
careful reavaluation of these females

Keywords: Fabry dissase Females, Lyso-Gb3, Enzyme replacement therapy, Guidslines

Background accompanied by & high risk of eady onset of stroke, Efe-
Fabry disease (FD; OMIM #301500) is an Xlinked threatening ardwythmis, myocardial infirction, or candisc
(Xg221) inbom errer of gheophingolipid degradation  and renal failure, leading to a reduced lif expectancy
resulting from deficient a-gabictosidase A activity (GLA;  [1]. Enzyme replcement therapy (EKT) with rcombin-
300644} due to mutations in the GLA gene. Fabry-  ant GLA, including agabidase-alfa (Replagal, Shire) and
specific manifestations resull Fom systemic lysosomal  agalsidase-beta (Fabrazyme, Genzyme) results in suboel-
accumulation of mainly globotrisodyceramide (Gb3) [1].  lulsr Gb3 dearance lading to stabilization or at least
Gb3 accumulation in cdls of different tssues is  slowing of discase progression in males and females

[2-11]. While the onset of fist symptoms |Babry-as-
Fre———————— sociated pain, angiockeratoma, abdominal pain, comea
"ipasmal Modicine: 0, Dopaemans of Mepteoiogy, Hyemerdon and verticillata, hype- or anhidrosis) in affected hemizy-
RroumaRlcgy, Uriarty Hopicl Munaa, Aben ScweinoeCamgus T, gous malkes with low or absent enzymatic GLA activ-
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The clinical profiles of female patients with Fabry disease in Latin
America: A Fabry Registry analysis of natural history data from
169 patients based on enzyme replacement therapy status
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Abstract
Background: Fabry disease is an X-linked lysosomal storage disorder with hetero-
genenus clinical expression in female patients ran ging from asymptomatic to severs
clinical presentations as in classic males. We assessad clinical profiles and com-
parcd natuml history data of female patients cventually initiated on cnzyme
-l thempy (“ERT recipients”) with those remaining untreated (“ERT-
maive”),
Methods: We analyzed Fabry Registry data from 93 ERT-recipicnts, collected
prior i ERT initiation, and 76 ERT-naive females with classic or unclassificd phe-
notypes from four Latin American countries and evalnated Fabry symptoms, inter-
ventricular sspum thickness, left ventricular posterior wall thickness, estimated
glomeralar filtration rak, and severe clinical events,
Results: For 169 paticnts with available data, median age of first Fabry symptom
manifestation was 12.7 years with peripheral pain as predominant first symptom,
and disgnostic dely of 103 years from the fist reported symptom. Female
patients had high symptomatic burden during natural history follow-up, with §3%
reporting peripheral pain, 69%-T9% coldheat intolerance or abnormal sweating,
and 32% gastrointestinal symptoms. ERT-recipients reported similar age at first
symptom as ERT-nalve patients but they were older at diagnosis (medin 39.2 vs
24.4 years, P < 01) and last follow-up (median 43.4 vs 282 years, P < .01).

Reported Fabry symptom froquencics and abnormal hy findings
were higher in ERT-recipients. Functional renal were nomal and
similar.

c fons: Female patients from Latin America have notable diagnostic delays

Commumicating Editar: Robeso Gingiiani

and high sympiomatic burden, ERT was prescribed laic in females with advanced
age at diagnosis and advanced discase. There remained many femak patients who

Funding information had been diagnosed at younger age, had substantial Fabry manifestations, but did
Samofi Geazyme not Eeceive disease-specific treament
Thma ——r e S, rovite e rigioad

ok peoperty cinad

2005 Thee At Kasemel of Tk e Mshsbeolic Diinssse pubisbed by Jobis Wiy & Soas 1id s befsalf of SSTEM.

JIMIY Regrssts. 200945 107117,

[eEE—————




ESTUDIO OBSERVACIONAL

RETROSPECTIVO PARA
DESCRIBIR EL FENOTIPO DE
MUJERES CON VARIANTES
GENETICAS ASOCIADAS A
ENFERMEDAD DE FABRY EN
ESPANA

o= AMicus

Therapeutics



The Spanish Fabry women study:
a retrospective observational study describing the
phenotype of females with GLA variants

Rosario Sanchez, Tomas Ripoll-Vera, Manuel Lopez-Mendoza, Joaquin de
Juan-Ribera, Juan Ramon Gimeno, Alvaro Hermida, Maria Aurora Ruz-Zafra,
José Vicente Torregrosa, Antonia Mora, José Manuel Garcia-Pinilla, Elena
Fortuny, Ana Aguinaga-Barrilero and Roser Torra. The Spanish Fabry women
study: a retrospective observational study describing the phenotype of
females with GLA variants.

Orphanet Journal of Rare Diseases (2023) 18:8



Diseno del estudio

Nov 2020 Abril 2021
® ®

Periodo de reclutamiento

* Retrospectivo D%, LEE
* 97 mujeres (216 afios) con variante GLA. HUSE actualmente 24
acientes con E de Fabry (12
e 12 hospitales en Espaiia P . v
mujeres)

* Multidisciplinar

Objetivos
*  Principal

- Describir retrospectivamente una cohorte espafola de mujeres con variante del gen GLA.
e Secundarios

- Determinar las diferencias clinicas entre subgrupos en funcidén de caracteristicas como edad, tipo de variante
genética, actividad a-Gal A y nivel de liso-Gb3 plasmatica.

- Diferencias por inicio de tratamiento especifico o no, y factores que conducen al inicio de tratamiento.

LPE, last Patient evaluation
Sanchez et al. Orphanet Journal of Rare Diseases (2023) 18:8 (https://doi.org/10.1186/s13023-022-02599-w)



Caracteristicas basales

Table 1 Demographic and base

ine disease ch

cteristics

Patient characteristics Owerall Type of varant regarding associated Treatment status
N=87 phenotype
Classic Mon-classic FPvalus Treated Urnitreated Fwvalus
MN=39 M=52 H=33 N=g4
Age at study inclusion, years 0.6azr 0127k

Median (range) S00{16-84) 510168 505 (19-84) 520016-T9 455 (16-84)

Meam (50 501 {(17.2) 493 (17.3) SOETE L3E(148) 4832 (18.1)
dentification of the mutation, n (%) e oLo1s"

Family screenimg 58 (F0T) 24(615) 41 [FES 18 (54.16) 50{78.1)

Clinical signs/fsymptoms {299 15 (3B5) 11 (213) 15 [455) 14 (21.9)

Type of variant regarding associated <0.00m" <0oone
phenotype, n (%)

Classic 319 {40.2) 391000 0000 23 (597 16 (250

Mon-classic 52 (53.6) 0 (0.0 52 (1000 B4 44 (63.8)

WUIS G {6.2) 0 (0.0 00um 2161) 4 {63}

Plasma Lyso-Gb3 levels, n (%) 158 {495 12 (30.8) 33 (635) 14 [42.4) 34{53.0)

Median (range), ng/mi 24{1-11) 65 (3-11) 18(1-11) <0.001° 65(1-11} 18{1-5) <0.001°

Meam (500, mg/ml 34 2.6) 6.4 (23 25018 6130 23{1.3)

Elevated, n (%) 24 (5000 12 (100,00 1.2 (364) <0L001" 13929 11 (32.4) <0L001"
a -Gal A activity, n (%) F329.9) 10 (25.5) 16 (308) 14 [42.4) 15 (23.4)

Decreased®, n (%) 15{51.7) G (50.0) 9 (563) 1.000° 9E43) G {42.9) 0256
Any comorDidity, n (%) 53 (54.6) 19 (48.7) 0570 0395° 23 (597 30 {46.9) 0.032°
Miost frequent comaorbidities, n (B8]

Arterial hypertension 25 (25.8) 11 (282) 13 (2509 14 [422) 1M{172

Diabetes mellitus T3 37N 470N 130 G {94}

Clhesity & {62} 1(215) 47N EXRN 3{4.7)

Fibromyalgiz ETEN) 20{50) 1019 20&1) 1{1.5)
Genetic variant, n (%) < 0,001 < 0,001

MNonsense {73 5{128) 239 G182 1{1.5)

Miszenze B4 {H5.6) 28(71.8) S0 1962) 23 (597 61 {95.3)

Dreletion 1{1.0 1(215) 00um 130 0 {00

Frameshift 5{5.9) 5{128) 000 EXRN 2{3.1}

identificacion de GLA hasta la

52,9 (47,9) meses (mediana

Tiempo medio de
seguimiento desde

ultima visita o muerte fue

36,1 [3—226])

>

70% de mujeres con variante
GLA se identificaron por
cribado familiar

De las mujeres que recibieron
tratamiento, 54,6% se
diagnosticaron por cribado
familiar. Curiosamente, de las
mujeres identificadas por
sospecha clinica, 48,3% no
recibieron tratamiento.

Sanchez et al. Orphanet Journal of Rare Diseases (2023)




Table 1 Cemographic and basaline disease charactaristics

Caracteristicas basales

Patient characteristics Overall Type of variant regarding associated Treatment status
N =97 phenotype
Classic Mon-classic Fvalue Treated Untreated Fvalue
H=39 N=52 N=33 N=&4
Age at study inclusion, years n.5E3" 027"

Median (range) S0001{16-84) 51.0(16-8 505 (19-84) 520016~ 455 {16-84)

hbean (501 500173 193172 S0E (178 53E(148) 482 (18.1)
identifcation of the mutation, n (%) il 0.018"

Family screening 6B {700) 24i615) 41 (789 18 (54.4) 50{780)

Clinical signs/symptoms 79299 15 (3B.5) 11212 15 [45.5) 14219
Type of variant regarding associzted <0.001° <0.001°
phencaype, n (%)

Classic 39{403) 39(100.0) 00 23697 16 25.0)

Mon-classic 52 {536) 0 52 (100U E(242) 44 (63.8)

VU5 L] 000 0o 2iE) 4{6.3)

Plasma Lyso-Gh3 levels, n B6) 48 {495) 12 (30.8) 33 (/15) 14 [42.4) 34{531)

Wedian (range), rg/mi 24{1-11) 6.5 (3-11) 15(1-11) <0.001° 6.5(1-11) 18(1-5) <0.001°

hean (500, mgfml 3406 G427 25018 61030 23013

Elevated, n (%) 24 {5000 12 {100.0) 170364 | <0.001° 13 [92.9) nEzd | o<000r
a -Gal A activity, m (%) 29299 10 (25.5) 16 (30.8) 14 [424) 15(234)

Decreased®, n (%) 1Ll LG0T Lt N l 1.000° D43) G429 0256°
Ay comiorbidity, n{B6) 53{546) 19 (48.7) 05T 0395 236907 30465 0.032°
Wost frequent comarbidities, n 36

Arterial hypertension I5{258) 11{282) 13 (250 14423 {173

Diabetes mellitus FL ] ETE] 477 1030 G{94)

Chesity {67 1(26) 470 3ET) 34N
Fibromyalgia ETEAY 2i%1) 1015 216) 1{1.4)

Genetic variant, n (%) <0.001" <0.001"

Monsense P 5{128) 2039 G{182) 1{14)

Missense &4 {36.6) 28(71.8) S0(962) 23697 61 {95.3)

Deletion 1{1.0 1(26) 0d) 133 G {Ie

Frameshift (5.0 5{12.8) 00 ETRH 240

» Liso-Gb3 plasmatica
aumentada en todas las
mujeres con variante clasica,
y en la mayoria de tratadas.

» Diferente de las no clasicas y
no tratadas (P<0,001)

» No hubo diferencias en
actividad enzimatica (N 29)

Los hallazgos apuntan al tipo de variante
como influyente en el inicio de tratamiento

Sanchez et al. Orphanet Journal of Rare Diseases (2023)
18:8



Variantes GLA (29 diferentes)

Table 2 Genetic variants

Genetic mutation Variant Associated phenotype m (%)
pAla143Thr (c427G=A) Missense VS 2(21)
plsp313Ghy (C938A-G) Miszense Cassic 4i4.1)
pAsp3 1 3Tvr/pGlvd 1 1ASp (CO93TGET; 1232G2A) Missense (assic 10100 . .
P Giy1476lu (440G Misserse Ciasic o | Excluidas mujeres con VUS (n=6)
pGIYITIASp (C1T18G»A) Missense (lassic 1010
PGyl TAsp (C1232G4) Missense Classic 1(1.0)
plbe270Thr (C.B09T=C) Missense Classic 1010
pLys185% (c553AT) Monsense Cassic® 10100

3 [pMet187Ag (C560T=G) Missense Classic 993 |
pMet187Thr (£ 560T>C) Missense (assic 10100
pMet290lle (CB70G>A 0 CBT0G=C 0 CET0G=T) Miszense Mon-classic? 3i3.0)
pMet290Thr (cBEET=C) Missense (assic® 2121 Va ri a ntes m é s
Other:c9_19del Frameshift (lassic® 33.0)
Other: pGly1 63 (C487 GT) Monsense Mon-classic? 2121 frec u e ntes
pGInT 19% (3550 T) Monsense Classic 1(1.0)
pGEINZS0P (C749420) Missense (lassic 5(52)
pArgl 18Cys (c352C=T) Missense VU5 3i3.1) 0
pANg22T (CETSCET) Nonsense Cassic 100 1. pSer238Asn (37’ 1% )

2 |pArg301GIn (c902G>A) Missense Mon-classic 10(103)|
pAg363His (c.1088G>A) Missense Non-clzssic 1010) 2. pArg301GIn (10,3%)
p5er 26Gly (c376A>0) Missense VU5 101.0)

p— R - T . N

1 Ip.aer;_tﬁﬁim c7 _tGﬁ-J .*.ﬂfssense r\_lm Flassc 36 |f3?:.].| 3. pMet187Arg (9'3%)
pTrp162Gly (CABIT=G) Miszense (lassic 1010
pTrpd62* (C785G>A 0 7G> A) Monsense (Classic 1(1.00
pTIp81 Ser (C242G>C) Missense Classic T Sanchez et al. Orphanet Journal of
pTrpd5* (C284G>A 0 C 285G=A) Nonsense Classic 100 Rare Diseases (2023) 18:8
p.358delGlu (c1072_1074del) Deletion Classic 101.0) (https://doi.org/10.1186/s13023-022-
n Ala368delinsFYis*23 (o 1102delGinsTTATAC) Frameshift Classic® 100 02599-w)

pLys426Mngfs*23 (1277 _1278del) Frameshift (lassic 1010




Sugiere que mujeres con variante patogénica de EF
independientemente del tipo, desarrollardn enfermedad

[ I 4 V4 °
Afe Cta C I O n C I I n I Ca probablemente en un alto porcentaje de los casos.

Table 2 Female signs and symptoms at diagnosis or at last assessment (fermales with VUS excluded)

Type of signs or symptoms Total Type of variant regarding Treatment status
MN=291 associated phenotype
Classic Non-classic P value Treated Untreated Pvalue
N=39 MN=52 M=21 MN=&0
Any? | 75 835 | | 36 @23 an7em | 0.050¢ | 30 (96.8) 46 (76.7) | 0.0144
Peripharal nervous system 32 (352 22 (56.4) 10(19.3) < 0.001¢ 15 (45.3) 17 (28.3) 00s8=
Meuropathic pain 21 (23.7) 18 (46.2) 3 (58] 8(258) 13 (21.7)
Acroparesthesia 21 (23.7) 16 {41.0) 5 13 (41.9) 28(133)
Heat/cold intolerance 5 (6.6) 6(154) 0 5(16.1) 1(1.9
Sickness B (8.8) a{154) 2 21i6.5) & (10.0) > U n tOta | de 76 (83;5 A))
Cizziness 4 (44 2(51) 21 RR{ale]] 4 (6.7 . .
Tinnitus 3(33) 370 0 1(32) 2(33) paCIenteS tUVIeron
Hypoacusia ce® B(205) 1 4129 5(83) H s
Ophthalmological 35 (38.5) 25 10 <0.0019 20 (4.5) 15 (25.0) <0.0017 Slgnos 0 Slntomas
Comea verticillata 24 3 18 (58.1) Q150 [
Retinal vasculopathy 4] 1 3(0.7) 2(3.3) Cl INICOS.
Cataracts of & 1(32) 5(83) H H
S . i - o » Mujeres con variante
Cardiac 24 21 (£0.4) 0.045° 23 (74.3) 22 (36.7) 0.001 P H
LvH 19¢ 16 (30.8) 20(64.5) 15 (25.0) CIaSIca tUVIeron mayor
Cryspnoea 7o 3(58) 40125} & (100}
Reduced exercise tolerance af 3(58) 21i6.5) F(11.7) Ca rga de enfermedad'
Syncope 5 O (0.0 1(3.2) 4 (6.7) 1
Gadolinium retention on MRIP 14 1019} 1(32) 1(1.7 > MUJereS de' SUbgrupo
art failure 61 239 12.9) (6.7) Al 1A
Heart falur N (39 s2o e no clasico también
Bradycardia 4 (1.9) 2(6.5) 3 (5.0
Auricular fibrillation 10 101.9) 1(3.2) 107 tuvieron alta
wWentricular tachycardia 2k 239 1(32) 3 (50
sudden cardiac death 1(1.1) 14 0 0. 00O 1017 prevalenC|a de S|gnos y
Gastrointestinal 13 (14.3) 7y &6(11.5) 0387 7226 6 (1000 o2z
’
Dermatological (Le, angickeratoma) 11 {127} 7o 47T 01954 T(228) 4 (6.7 0.041% S| ntomas.
Rena 18 (19.8) 8( 10(19.2) n.aygd F(22.8) 11 (18.3) 0a30¢
Albuminuria 5(5.5) £ 239, 1(32) 4 (6.7
Proteinuria 13 (11.0) 5 5(98) 5(16.1) 583
Decreased GFR 29 5(9.8) 2(B.5) 5183
Dialysis 1( 1(1.9) 1032 1{(1.79
Kidney transplant 11 O (0 1(3.2)
Cerebrowvascular =X 239 0.017° F22.6) 0.028°
White matter lesion on MR 2 0 (0.0} 2 (6.5) 0 (0.3
TIA 2 0 (0. 1(32) 1017 .
Stroke 21 e 2(6.5) 1017 Sanchez et al. Orphanet Journal of Rare Diseases

(2023) 18:8



Afectacion clinica

Especificamente en mujeres:
v" Dificultad para demostrar de manera objetiva estos sintomas

v" Dificultad para atribuirlos especificamente a E de Fabry (comorbilidades, edad)

v’ Sesgo histdrico de género




Afectacion clinica

Table 3 Female signs and symptoms at diagnosis of at last assessment (females with VUS excluded)

[ ] [ ]
Type of signs or symptoms Total Type of variant regarding Treatment status TI po d e SIgn OS y %
N=91 associated phenotype .,
Classic Non-classic P value Treated Untreatad Pvalue SI ntomas
N—29 N=52 N—31 N—60
Amy® 76 (83.5) 36 (923) 40 (76.5) 00504 30 (96.8) 46 (76.7) 0.014¢ . .
Peripheral nervous system 3 27 (56.4) 10019.2) <0.001¢ 15 (48.3) 17 (283) D05&° Prevalencia de Ca rd 1aCo 49;5%
Neuropathic pain 21 (73.0) 18 463) 3(58) 8 (255) 13@217) afectacion de
Acroparasthesia 21 (23.71) 16 (41.0) 519.6) 13 (41.9) 2(133) o L
Heat/cold intolerance 6166) 6 (154) 00 5 (16.1) 107 organos OftaImOIOgICO 3815%
Sickness B (28) & (15.4) 2(39) 2(E5) &(100)
Dizziness 4(44) 2(5.1) 2(39) 000 4(67) 0,
Tinnitus 333 3IFD 0100 1(3.2) 2(33) S N P 3 5 ’ 2 A)
Hypoacusia G (0.9) 8(205) 101.9) 4(129) 5(83)
Ophthalmalogical 2 25 (64.1) 10019.2) <0.001°  20(545) 15 (250) <0.001° Rena | 19 8%
Cormea verticillata 77 (39.7) 24 (615) 3(58) 18 (58.1) G (150) ’
Retinal vasculopathy 5(55) 4(10.3) 11.9) 387 2(33)
Cataracts 6 (65) 0000 6(115) 132 5(83) 1 1 o)
Dry eyes 3(33) 1026 2(39) 2(65) 1017 G a St rol ntEStI na I 14’ 3 A)
Cardiac 1 4615 211404 0.046'  23(747)  220367) 0.001*
LvH 35 (385) 10 487) 16 (30.8) 20 (B4.5) 15 (25.0) .
Dyspnoea 10(11.0) 7(180) 3(58) 4(129) &(100) Angloqueratoma 12’1%
Reduced exercise tolerance 399 6{154) 3(58) 2(65) 70117
Syncope 5 (5.5) 5(128) a10.0) 132 4067
Gadalinium retention on MRI® 2023 1(26) 11.9) 1(3.2) 1.7
e e Cerebrovascular 11,0%
Bradycardia 5 (55) 4(103) 1019 2(65) 3IE0
Auricular fibrillation 2123 1{2.6) 1(19) 1332 1(1.7
wentricular tachycardia 4044 2(5.1) 2(39) 132 350
Sudden cardiac death 1(1.1) 1(26) Q(0.0) 00 1(1.7)
Gastrointestinal 13(143) T80 6(11.5) 0387 T (226) 6(10.0) 012>
Dermatological (e, angiokeratoma) 11 (12.1) T(1ao 407N 0.1954 7 (22.6) 4670 0.041"
Rena 4 BEDS) 100192 0,879 70228) 11(183) D630¢
Albuminuria 5 (5.5) IET 2(39) 132 467
Proteinuria 10(11.0) 5128 5 (9.6) 5(16.1) 5(83)
Decreased GFR 777 2(5.1) 5 (0.6) 2(65) 5(83)
Dialysis 2(22) 1(28) 1019 132 1.7
Kidney transplant 1.1} 1028 0 (0.0 132 00
Cerebrovascular 10011.0) 8(205) 2(39) 0.017° T (226) 350 0.028°
White matter lesion on MR 2(22) 2(51) 0(0.0) 265 0 (0.0 Sanchez et al. Orphanet Journal of Rare Diseases
TiA 222 2(51 o0 (=) 102 (2023) 18:8 (https://doi.org/10.1186/s13023-022-

Stroke 3(33) 2(5.0) 1019) 2185} 1010 02599-W)




Afectacion clinica

Table 3 Female signs and symptoms at diagnosis of at last assessment (females with VUS excluded)

Type of signs or symptoms Total Type of variant regarding Treatment status
N=91 associated phenotype
Classic Non-classic P value Treated Untreatad Pvalua
N=39 N=52 N=31 N=6&0
Any? 36 (923) 40 (76.9) o.ose 30 (96.8) 46 (76.7) 0.0144
Peripheral nervous system 22 (564) 10(19.2) <0.0019 15(483) 17 (283) 00584
Meuropathic pain 13 462) 3(58) 8(258) 13(21.7)
Acroparesthesia 16 410 5(9.8) 130419 8(13.3)
Heat/cold intolerance G(154) 00.0) 5(16.) 1017
Sickness & (15.4) 2(39) 2(B5) & (10.0)
Dizziness 2(51) 239 0(0m 467
Tinnitus IFN 0000y 1(32) 2(33)
Hypoacusia & (20.5) 1{1.9) 4(12.9) 5083
Ophthalmological 25 (64.1) 10(19.2) =0.001° 20 (B4.5) 15 (25.0) «0.001¢
Cornea verticillata 24(61.5) 3(58) 18 (58.1) 9(15.0)
Retinal vasculopathy 4(103) 11.9) 3870 233
Cataracts 0 (0.0 G(11.5) 1(32) 583
Diry eyes 3(33) 128 239 2{65) 1017
Cardiac 1 |45 g5 24 [615) 21 (404 0.045% 23(7432) 22 (367) 0.001¢
LvH 35 (355) 19{487) 15(30.8) 20 (B4.5) 15 (25.0)
Dryspricea 10011.0) 7{am 3(5.8) 4(12.9) & (10.0)
Reduced exercise tolerance 9 (9.9) 6(15.4) 3(58) 2(65) 7T
Syncope 5(5.5) 5(128) 00 1(32) 460
Gadolinium retention on MRI® 2123 1(268 109) 132 10137
Heart failure Big8) & {15.4) 2(39) 4129 467
Bradycardia 5(55) 4(103) 1(1.9) 2{65) 3m
Auricular fibrillation 223 1(26) 1{1.9) 1(32) 1{1.5)
ventricular tachycardia 444 2(5.7) 2(39) 1(32) 350
Sudden cardiac death 1011} 1(26) 0 (0.0 0 (0.0 1017
Gastrointestinal 13(143) 7180 6(11.5) 0387 7 (22.6) & (10.0) 012>
Dermatological (Le., angiokeratoma) 11 012.1) 7iam 470 01954 7 (22.6) 467 0.041"°
Rena 4 BEOS)  10(19) 0875 7(228) 11(183) D&30¢
Albuminuria 5(5.5) EXTH| 239 1(32) 460
Proteinuria 10 (11.0) 5{128) 5109.8) 5(1a.1) 5(83)
Decreased GFR TN 2(5.7) 519.8) 2(B5) 583
Dialysis 2(22) 128 101.9) 1(3.2) 1010
Kidney transplant 1{1.1} 1(28) 0000y 1(32) 003
Cerebrovascular 10010 3 (205) 2039 .07 7(226) 3Em 0.028°
White matter lesion on MRIF 2023 2(51) 0(0.0) 2(65) 0om
TIA 223 2(57) 0400} 132 LI B
Stroke 3(33) 2(51) 101.9) 2155} 1017

Signos y sintomas predominantes

Hipertrofia ventricular
izquierda (38,5%)

Cdrnea verticillata (29,7%)
Dolor neuropatico (23,1%)
Acroparestesias (23,1%)

Mas % de afectacidon en las
variantes clasicas y en las
tratadas

Sanchez et al. Orphanet Journal of Rare Diseases
(2023) 18:8 (https://doi.org/10.1186/s13023-022-
02599-w)



Afectacion clinica

e Para demostrar HVI, papel FUNDAMENTAL de la RM cardiaca

v'Evidencia creciente de que especialmente la mujer puede desarrollar fibrosis
miocardica sin HVI detectable

v'RM parametros de afectacion precoz: VEC, T1 mapping, RGE
* A nivel SNC papel de la RM cerebral

 Otras afectaciones (SNP, Gl) ¢ cobmo monitorizarlas?—>subestimadas

Genes 2024, 15, 37. https://doi.org/10.3390/genes15010037



Eventos clinicos

* 11 (11,3%) de pacientes tuvieron eventos clinicos durante el seguimiento:

v'Cerebrovascular = 4 ictus; 1 AIT; 1 nueva lesidn de sustancia blanca
v'Cardiaco = 1 arritmia; 1 insuficiencia cardiaca congestiva; 2 intervenciones cardiacas

v'Renal 2 1 empeoramiento de TFGe

3 pacientes murieron (3,1%) (1 pancreatitis, 2 insuficiencia cardiaca).

Sanchez et al. Orphanet Journal of Rare Diseases (2023) 18:8 (https://doi.org/10.1186/s13023-022-
02599-w)



Factores de inicio de tratamiento

Table 4 Factors leading to treatment initiation (females with

VUS excluded)
Factors N=31
n (%)
Neuropathic pain 6 (19.4)
Proteinuria 1 1’*. 2)
GFR decreased 1(3.2)
Stroke - [6 2) Sanchez et al. Orphanet Journal of Rare
TIA 1(3.2) Diseases (2023) 18:8
(https://doi.org/10.1186/s13023-022-
Cardiac disease 12 (38.7) 02599-w)
Gl symptoms 1(3.2)
Exercise intolerance and hypohidrosis 2 (6.5)
Lyso-Gb3 increased 1(3.2)
Angickeratoma 3(9.7)
Other? 17 (54.8)

aPrincipalmente: deteccidn de variante GLA (n=3), biopsia renal confirmatoria (n=3) y acroparestesias (n=2); otros factores
seleccionados por los médicos incluyeron acceso al farmaco, a-Gal A disminuida, presencia de cornea verticillata, insuficiencia venosa
crénica o microalbuminuria

» La enfermedad cardiaca fue la causa mas frecuente de inicio de tratamiento



Sanchez et al. Orphanet Journal of Rare Diseases (2023)

Para reflexionar...

P<0.001%

100 -+

80

60 - No organs involved

[ >1 typical signs of FD
40 -

B 21 majororgan

20 - B =1 majororganand

21 typical signs of FD

=17 n=10 n=211 n=43 n=3 n=4 n=; n=15 n=14 n=0 n=14 n=1% w=1 #=0 n-5 w23 =16 a=10 n=16 =18
Overall Classic Non-classic Treated Untreated
(N=91) (N=39) (N=52) (N=31) (N=60)

v’ 27 pacientes no tratadas presentaban al menos afectacién renal, cardiaca o cerebrovascular, érganos resaltados
en las recomendaciones europeas como indicativos de un potencial inicio de tratamiento especifico

v" No hubo diferencias en edad (p=0,8) o comorbilidades (p=0,8) entre tratadas y no tratadas con al menos un
organo principal afectado.
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10.

Mensajes para llevar a casa

Las mujeres con E. Fabry no son simples transmisoras de la enfermedad
Un alto porcentaje desarrollara enfermedad (independientemente cldsico/no clasico)
Afectacion a nivel cardiaco, oftalmolégico y SNP

La actividad enzimatica no es util. Diagnoéstico mediante genética. Valores LysoGB3
elevados 50% (+ clasica).

Importancia de diagnodstico precoz. Cribado familiar

Seguimiento estrecho y evaluacion exhaustiva

Nuevas pruebas complementarias para mejor deteccion de afectacion

La enfermedad de Fabry tiene tratamiento especifico>enfermedad de depdsito

Palga inicio de tratamiento en mujeres se debe demostrar signos o sintomas de la E.
Fabry

Si bien se ha avanzado en el diagnostico, hay mucho margen de mejora en el
tratamiento de las mujeres con E. Fabry
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