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Malattia di Anderson-Fabry

Diagnosi



- Pan-ethnic,  

- X-linked lysosomal storage disorder 

-  caused by pathogenic variants in the GLA gene  reduced a-galactosidase A (a-Gal A) enzyme activity.  

- Accumulation of lysosomal globotriaosylceramide (Gb3) and related globotriaosylsphingosine (lyso-Gb3 
deacylated form of Gb3) in affected tissues, including the heart, kidneys, vasculature, and peripheral and central 
nervous system.  

Pieroni et al. Jacc 2021 
Lender et al. Drugs (2021)

FABRY DISEASE



Monda et. Al circulation genomics 
and precision medicine

Prevalence: 1 in 40,000 and 1 in 117,000



Pieroni et al ehj 2024



Cardiac and extra-cardiac red flags for Fabry disease

Pieroni et al. Jacc 2021



Germain et al. Clinical Genetics 2021

Genetics of Fabry disease



Monda et al. Circulation genomics and precision medicine, Apr 2026

Different natural history of the disease across variants and sex



Pathophysiology of Fabry disease

Pieroni et al. Jacc 2021

invariant natural killer T-cells 



Pieroni et al.ehj 2024Journal of Cardiovascular Translational Research (2021) 14:948–950

INOCA 
0.15% 
(1/663)



Myocarditis, defined as CD3+ T lymphocytes >7/mm2 associated with 

Myocarditis at histology in 48/78 (61%) patients  
(38% of group 1, 41% of group 2, 66% of group 3, and 72% of 
group 4).  

Myocarditis was characterized by positive antiheart and 
antimyosin antibodies and negative polymerase chain reaction 
for viral genomes. 
  
CD3+ cells/mm2 correlated with myocyte necrosis, antimyosin 
autoantibody titer, and MWT 
.  
Cardiac magnetic resonance showed myocardial edema in 24 of 
78 patients (31%): 0% of group 1, 23% of group 2, 37% of group 
3, and 50% of group 4.



Frustaci et. al JAHA 2018





Frustaci et al JAHA 2025



Pathogenesis of vasculopathy in FD

Moreno-Martínez et al. Rare Dis Orphan Drugs J 2024;3:9







Neurological abnomalities in FD

white matter 
hyperintensities

left acute temporo-parietal-
occipital 

ischemic stroke and several 
lacunar strokes

pulvinar 
hyperintensity basilar artery 





Biomedicines 2025, 13, 767

Renal involvement in Fabry disease



Renal biopsy

Biomedicines 2025, 13, 767



reduced epidermal nerve fiber density

decrease of adrenergic nerve fibers 

muscle erector pilorum 

loss of cholinergic nerve fibers 

Small fiber neuropathy



Take home messages

• Fabry disease is a rare condition and the prevalence increases in the 
presence of red flags 

• It’s characterized by a complex pathophysiology in which Gb3 
accumulation, inflammation, and microvascular dysfunction concur to 
the tissue damage 

• Bioptic exam of involved tissues may be needed in cases of VUSes/
uncertain clinical involvement



European Heart Journal - 
Cardiovascular Imaging, 
Volume 22, Issue 7, July 
2021, Pages 790–799



LV hypertrophy
Diastolic Dysfunction

RV hypertrophy



Hypertrophic Cardiomyopathy/Left Ventricular 
Hypertrophy

Monda et al. Circ Genom Precis Med. 
2023



Apical  HCM in Fabry disease 



Atypical Subendocardial Late Gadolinium Enhancement in 
Anderson-Fabry Cardiomyopathy  



Electrocardiography

Vitale et. al Heart 2021



Vitale et. al Heart 2021



Monda et al. Circ Genom Precis Med. 
2023

Atrioventricular Block/Sinus 
Node Dysfunction



 Cardiovasc Electrophysiol. 
2022;33:1072–1078

Prevalence and 
predictors of 
bradyarrhythmias 
requiring permanent 
pacing in patients with 
Anderson-Fabry 
disease



Graziani et al. Jacc CV imaging 2022

Coronary Microvascular Dysfunction Is Associated With a Worse 
Cardiac Phenotype in Patients With Fabry Disease



Pieroni et al. Jacc 2021

Progression of cardiological abnormalities in 2 years



Management of cardiac complications

Linhart, Cecchi,Pieroni et al EHJHF 2020 

ACEi/ARBs Hypertension/proteinuria

Holter monitoring
Atrial Fibrillation Anticoagulation

AV blocks PM/CRT-P

Beta blockers are poorly tolerated due to chronotropic incompetence

SGLT2i CKD/HFpEF 

Secondary prevention 
Severe LV dysfunction/extensive fibrosis 

Discussion on ICD 
implantation



Therapeutic landscape in Fabry disease

Enzyme replacement therapy: 
Agalsidase alfa: Intravenous 0.2 mg/kg/every other week (half life 2 h)
Agalsidase beta: Intravenous 1.0 mg/kg/every other week  (half life 2 h)
Pegunigalsidase alfa: Intravenous 1 mg/kg/every other week (pegylated form of a-Gal A) -> 
longer circulatory half-life (80h), increased heart and kidney uptake compared with current ERTs, 
reduced immunogenicity, pre-existing anti-drug antibodies against agalsidase alfa and 
agalsidase beta seem to have less affinity and enzymatic inhibitory effects against 
pegunigalsidase alfa.

Therapeutical indication: laboratory, histological, or imaging evidence of injury to the heart, kidney, or
central nervous system, even in the absence of typical Fabry symptoms -> the earlier the better.

Chaperone: 
Migalastat: Oral 123 mg/every other day ->indicated only for adult patients with migalastat-amenable a-
galactosidase variants

Gene therapy:
Adenoviral-based transduction of liver or cardiac cells -> ongoing clinical trials (Sangamo, 4D) 

Pieroni et al. Jacc 2021



Long term treatment

Pieroni et al. Jacc 2021



Thanks for your 
attention!







FABRY DISEASE THERAPY

DISEASE MODIFYING THERAPY SUPPORTIVE TREATMENT

Enzyme replacement therapy 

Chaperone therapy

Heart failure  

Arrhythmias 

CKD 

Neuropathic pain symptoms 



Modified from: Journal of Drug Delivery Science and Technology 100 (2024) 106032

Drug Type of 
therapy

Route of 
administration

Half life Source

Agalsidase beta ERT IV, 1.0 mg/kg 
every two 
weeks.

45s-100 min Ovary cells of 
Chinese 
Hamster

Agalsidase alfa ERT IV, 0.2 mg/kg 
every two 
weeks

 108 +- 17 
minutes

Human 
fibrosarcoma 
cells HT-1080

Pegunigalsidase 
alfa

ERT IV, 1 mg/kg 
every two 
weeks.

53-134 hours Nicotiana 
tabacum cells 
(ProCellEx)

Migalastat chaperone Orally, 123 mg 
every two 
days.

3-5 hours Fermentation 
product of 
Streptomyces 
lydicus 
(Strain PA-5726)



Who should start the treatment?

Pieroni et al ehj 2024

Children with classic 
disease at any age 

of presentation 
irrespective of 

symptoms. 

Non-classic phenotype 
and heterozygous 
females suggests starting 
ERT or chaperone 
treatment whenever 
signs and/or symptoms 
of AFD become evident



Pieroni et al ehj 2024

Patients can be prescribed ERT or chaperone therapy based on shared-decision making. 





Zhang fmed2025

Enzyme replacement therapy



ERT effects: prevent pathological progression of kidney disease

Clin Kidney J, Volume 14, Issue 4, April 2021, Pages 1136–1146, https://doi.org/10.1093/ckj/sfaa065 
The content of this slide may be subject to copyright: please see the slide notes for details. Drug Des Devel Ther. 2019; 13: 3705–3715.

relatively stable in females ( n = 52; −0.55) and 
slightly declined in males ( n = 79; −1.99)

BETA ALFA



Switch criteria

 Nephrol Dial Transplant , 2024, 39 , 18–25 



ERT effects: prevent pathological progression of neurological 
manifestations

the proportion of patients 
with stable WML burden was significantly 

greater among patients receiving ERT than in 
those receiving placebo 



ERT effects: prevent pathological progression of cardiological 
manifestations

Weidemann et al. Circ 2003

In Fabry patients, myocardial mass at 
study entry (n10) averaged 201±18 g and 

decreased significantly 
after 12 months of ERT by 10% (180±21 g; P<0.05).

Germain DP, et al. J Med Genet 2015

LVPWT and IVST remained within normal ranges in 
patients aged < 40 years (with no LVH at baseline)  

Patients aged > 40 years (with LVH at baseline), 
had a significant increase in LVH despite receiving 
agalsidase beta (mean slope +0.23 mm/year, p=0.028)



ERT effects: prevent pathological progression of cardiological 
manifestations

Ramaswami et al. Drug Design, Development and Therapy 2019

female population, LVH at baseline female population, no LVH at baseline

male population, LVH at baseline male population, no LVH at baseline



Enzyme replacement therapy and antidrug antibody

30% alfa 
40% beta 

ADAs demonstrate a high 
cross-reactivity for both 
recombinant enzymes



70 (35%) of the male patients on ERT were ADA-positive

7 patients were switch from alfa to beta-> in 2 patients 
although ADA titers increased, infused dosages were 
sufficient to saturate all free ADAs

Lenders et al 2022



Pegulsidase alfa: BRIDGE TRIAL: phase 3 open-label, switch-over study designed to 
assess safety and efficacy of pegunigalsidase alfa (1 mg/kg) administered every 2 weeks (E2W) to adults with 
FD previously receiving agalsidase alfa (0.2 mg/kg E2W) for ≥ 2 years

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



Pegulsidase alfa: BALANCE STUDY

Wallace EL, et al. J Med Genet 2023

Patients were randomly assigned 2:1 to receive 1 mg/kg pegunigalsidase alfa or agalsidase beta 
every 2 weeks for 2 years. The primary efficacy analysis assessed non-inferiority based on median 
annualised eGFR slope differences between treatment arms.

neutralising antibodies were detected in 7 out of 
47 (15%) pegunigalsidase alfa-treated patients 
and 6 out of 23 (26%) agalsidase beta-treated 
patients.

the difference between median eGFR slopes was −0.36 
mL/min/1.73 m2/year, meeting the prespecified non-
inferiority margin.



Compared to ERT, Migalastat: 

it is nonimmunogenic, escaping antibody-related tolerability;  

It is an oral treatment (123 mg/every other day);  

it may lead to sustained enzyme levels that more closely mimic the endogenous enzyme 

Administered only in amenable variants: monitor patients’ clinical symptoms and laboratory markers during 
treatment to comprehensively assess the actual therapeutic efficacy of migalastat

Migalastat therapy

Weidemann et al. Chaperone 
Therapy in Fabry Disease. Int. J. 
Mol. Sci. 2022



Zhang and Wang Fmed 2025



Migalastat in clinical trials: FACETS trial 

N Engl J Med 2016;375:545-55.

Double blind, randomized, placebo controlled trial

67 patients were randomized to six months double-blind Migalastat or placebo, followed by open-labeled Migalastat for six to 
12 months.

Patients with responsive mutant α-galactosidase 
showed decreases in GL-3 in glomerular podocytes (5 of 
23 samples, 22%), endothelial cells (6 of 23 samples, 
26%), and mesangial cells (11 of 23 samples, 48%).

Among migalastat-treated patients in the ITT population 
with suitable mutant α-galactosidase, symptoms 
decreased in three domains (diarrhea, reflux, and 
indigestion) of five domains in the Gastrointestinal 
Symptom Rating Scale



N Engl J Med 2016;375:545-55.



Hughes DA et al. J Inherit Metab Dis. 2024;1–14



Management of cardiac complications

Linhart, Cecchi,Pieroni et al EHJHF 2020 

ACEi/ARBs Hypertension/proteinuria

Holter monitoring
Atrial Fibrillation Anticoagulation

AV blocks PM/CRT-P

Beta blockers are poorly tolerated due to chronotropic incompetence

SGLT2i CKD/HFpEF 

Secondary prevention 
Severe LV dysfunction/extensive fibrosis 

Discussion on ICD 
implantation



Pieroni et al. EHJ 2024

Disease monitoring























2023 Update
24 patients dosed 13 (54%) were on ERT and 10 (42%) had mild to moderate renal dysfunction at baseline.
Safety:
•Isaralgagene civaparvovec was well-tolerated. Most common adverse events were pyrexia, headache, 
COVID-19, fatigue and nasopharyngitis (majority Grade 1/2, with one Grade 3 pyrexia).

•No LFT elevations post-dosing requiring steroids occurred. No prophylactic steroids or other 
immunomodulatory agents were administered, as per protocol.

Efficacy (all dosed patients):
•In dose escalation and dose expansion phases: exhibited sustained, elevated expression of α-Gal A activity for 
up to three years in the longest treated patient.
•The ERT naïve or pseudo-naïve patients receiving the highest dose (2.63 x 1013) showed sustained 
supraphysiological α-Gal A activity up to nearly 500 days, with the largest reductions in plasma 
globotriaosylsphingosine (lyso-Gb3) levels seen in those subjects with the highest levels at baseline.
•All 12 patients who began the study on ERT and have subsequently been withdrawn from ERT, remained off 
ERT as of the September 19, 2023 data cutoff date. 
•Seven patients had measurable titers of total antibodies (Ab) or neutralizing antibodies (Nab) against α-Gal A 
associated with ERT at baseline. Following dosing, total Ab or NAb titers decreased markedly in all seven 
patients and became undetectable in five. Isaralgagene civaparvovec did not induce anti-α-Gal A antibodies in 
seronegative patients.



Efficacy (13 patients followed for 12 months or more):
•Renal function remained stable, as evidenced by a mean annualized estimated glomerular filtration rate 
(eGFR) slope of -0.915 mL/min/1.73m2/year.

•Statistically significant improvements in disease severity were reported in the Fabry Outcome 
Survey adaptation of the Mainz Severity Score Index (FOS-MSSI) age-adjusted score at week 52 (p=0.0269).

•Four patients improved their overall FOS-MSSI disease category (e.g., improving from ‘Moderate’ to ‘Mild’ 
categorization of Fabry disease compared to their baseline category) at week 52. Three of these individuals 
were on ERT at baseline, demonstrating the potential clinical benefit of isaralgagene civaparvovec over the 
currently approved standard of care.

•Significant improvements in the short form-36 (SF-36) QoL scores were reported, with mean changes in 
the General Health and Physical Component scores of 10.5 (p=0.0158) and 4.395 (p=0.0140), respectively, at 
week 52. For context, a 3- to 5-point change on any SF-36 score is the minimally clinically important 
difference.

•Significant improvements in the gastrointestinal symptom rating scale (GSRS) compared to baseline were 
also reported at week 52 (p=0.0226).

•Collectively, we believe these data support the potential for isaralgagene civaparvovec to be a promising new 
treatment option for previously treated and untreated patients with Fabry disease.



2024 update

Sustained elevated expression of alpha-galactosidase A (α-Gal A) activity maintained for up to three 
years for the longest-treated patient as of the data cutoff date.

- All 12 patients withdrawn from enzyme replacement therapy (ERT) remain off ERT, with sustained 
elevated α-Gal A activity observed for up to 19 months as of the data cutoff date.

- Total antibody (Ab) or neutralizing antibody (Nab) titers against α-Gal A decreased markedly in all 
seven patients with antibodies associated with ERT at baseline, and became undetectable in five.

- In the 13 patients followed for 12 months or more after treatment, renal function remained stable and 
significant improvements in overall disease severity, quality of life (QoL) and gastrointestinal 
symptoms compared to baseline were reported.

- Continued favorable safety profile, with no liver function test (LFT) elevations requiring steroids post-
treatment.

- Since the data cutoff date, four additional patients have been dosed. Enrollment in Phase 1/2 
STAAR study is now complete, with dosing of remaining patients expected in the first half of 2024.

















Dorsal root ganglia





•4D-310 demonstrated clinically meaningful cardiac endpoint improvements through 12-24 months 
in contractility (echocardiography), peak VO2 (cardiopulmonary exercise testing) and/or cardiac 
quality of life (KCCQ) in all five evaluable patients

•Cardiac biopsies were obtained from a patient at week 6 and 24 and showed robust and durable 
delivery, transgene expression and clearance of Gb3 substrate in cardiomyocytes

•No new treatment-related adverse events > Grade 1 since last interim update and through 12-33 
months; previously reported cases of atypical hemolytic uremic syndrome (aHUS) (n=3) fully 
resolved

•FDA LIFTED THE CLINICAL HOLD with implementation of rituximab/sirolimus 
immunosuppressive regimen and the exclusion of patients with predosing complement activation. 

2024 Update 



BB, 62 AA 

Ex sportiva a livello agonistico (maratona), nel 2013 riscontro di TWI in sede antero-laterale eseguita RM riferita nei limiti 

Nel 2019 visita cardiologica con conferma di alterazioni ECG e riscontro di ipertrofia apicale, consigliata cine RM del cuore 

Storia clinica



Ecocardiogramma

SIV 11, PP 10 
Apice 15 mm



CMR





T1 MAPPING



Test genetico: 

 c.335G>A (p.Arg112His)  Pathogenic/Likely pathogenic for Anderson-Fabry disease late-onset phenotype 

DIAGNOSI MALATTIA DI FABRY 

Iniziata ERT  

Screening familiare: una figlia di 30 anni portatrice di mutazione



Zhang and Wang Fmed 2025


