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Fabry Disease: When Enzyme Replacement Isn't
Enough for Glycosphingolipid Buildup
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Fabry disease, arare X-linked lysosomal storage disorder, presents a complex therapeutic challenge for
clinicians. Reduced alpha-galactosidase A activity leads to globotriaosylceramide accumulation, causing
progressive renal failure, hypertrophic cardiomyopathy, and premature cerebral infarction.1 Current treatment
paradigmsinvolve enzyme replacement, but emerging optionslike substrate reduction and gene therapy demand
a deeper understanding of their respective roles and patient selection criteria.1

The Pivot: Beyond enzyme replacement therapy (ERT), substrate reduction therapy (SRT) and gene
therapy offer alternative or adjunctive strategies for Fabry disease.

The Data: ERT with agalsidase beta or pegunigalsidase alfa is dosed at 1.0 mg/kg every other week, while
agalsidase alfa is 0.2 mg/kg every other week.1

The Action: Clinicians must consider a patient's specific alpha-galactosidase A mutation and disease
phenotype when selecting between ERT, chaperone therapy, or evaluating eligibility for investigational
SRT or gene therapy.

Fabry disease is a severe, inherited condition resulting from insufficient al pha-gal actosidase A activity, leading to

the accumulation of globotriaosylceramide (Gb3) within lysosomes. This cellular buildup drives a multisystemic
disease, reducing life expectancy by approximately 10 yearsin females and 20 years in malesif left untreated.1,2
The clinical manifestations are broad, encompassing progressive renal failure, hypertrophic cardiomyopathy, cardiac
arrhythmia, and premature cerebral infarction.1,2 Diagnosing male individual s typically involves determining
reduced al pha-galactosidase A activity in leukocytes, while in female individuals, molecular genetic detection of a
disease-causing mutation confirms the diagnosis.1,2

Current approved treatments primarily focus on replacing the deficient enzyme or enhancing the activity of residua
enzyme. Enzyme replacement therapy (ERT) is a cornerstone, delivered intravenously every other week. Agalsidase
alfaisadministered at 0.2 mg/kg body weight, while agal sidase beta or pegunigalsidase afa are given at 1.0 mg/kg
body weight.1,2 These therapies aim to supply the missing enzyme, allowing for the breakdown of accumulated Gb3.
For patients with specific ‘amenable’ alpha-gal actosidase A mutations, oral pharmacological chaperone therapy with
migalastat (123 mg every other day) isan option.1,2 Migal astat works by stabilizing the patient's own misfolded enzyme,
facilitating its transport to the lysosome where it can function.1

The Mechanism of Enzyme Replacement Therapy
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Enzyme replacement therapy directly addresses the enzymatic deficiency by providing exogenous, functional
alpha-galactosidase A. This recombinant enzyme is taken up by cells, primarily via mannose-6-phosphate receptors,
and transported to the lysosomes where it can catabolize Gb3.1 The goal isto reduce the cellular burden of Gb3, thereby
preventing or slowing disease progression in affected organs. The intravenous administration schedule, typically every
other week, is designed to maintain therapeutic enzyme levels and continuously clear the accumulating substrate.1

But ERT is not without its challenges. The need for frequent intravenous infusions can impact patient quality of lifeand
adherence. Immunogenicity, where patients devel op antibodies agai nst the infused enzyme, can al so reduce efficacy over
time.1 The varying dosages between agal sidase alfa and agal sidase beta/pegunigal sidase afareflect differencesin their
pharmacokinetic profiles and clinical development, but both aim to achieve similar therapeutic outcomes.1 The choice
between these ERT formulations often depends on regional availability, regulatory approvals, and individual patient
response and tolerability. Clinicians managing these patients may find the Oxford Handbook of Clinical Medicine a
useful quick reference for general management principles.

Chaperone Therapy: A Mutation-Specific Approach
Pharmacol ogical chaperonetherapy, exemplified by migalastat, representsamore personalized approach to Fabry disease

treatment. This oral therapy is only effective for patients with specific al pha-galactosidase A mutations that result in a
misfolded but still functional enzyme.1,2 Migal astat acts as a competitive inhibitor, binding to the active site of the
misfolded enzyme in the endoplasmic reticulum. This binding stabilizes the enzyme, allowing it to fold correctly and
traffic to the lysosome, where it dissociates from the chaperone and becomes active.1

Thecritical determinant for migalastat eligibility isthe presence of an'amenabl e mutation, which requires genetic testing
and often anin vitro assay to confirm responsiveness.1,2 This specificity meansthat chaperone therapy is not auniversal
solution for all Fabry patients, but for those who qualify, it offers the significant advantage of oral administration,
potentially improving convenience and adherence compared to intravenous ERT. The clinical benefit of migalastat

has been demonstrated in reducing Gb3 accumulation in various tissues and improving clinical outcomes in amenable
patients.1

Emerging Therapies: Substrate Reduction and Gene Therapy
The therapeutic landscape, meaning the market, for Fabry disease continues to evolve, with several novel approaches

under investigation. Substrate reduction therapy (SRT) offers a fundamentally different mechanism of action. Instead
of replacing the deficient enzyme, SRT aims to reduce the production of the substrate, Gb3, itself.1,2 Thisis achieved
by inhibiting glucosylceramide synthase, an enzyme involved in the synthesis of glycosphingolipids, including Gb3. By
reducing the amount of Gb3 produced, SRT lessens the burden on the deficient alpha-galactosidase A enzyme, thereby
preventing its accumulation.1

SRT has shown promise in other lysosomal storage disorders, such as Gaucher disease, whereit is an established
treatment option.3 For Fabry disease, investigational SRTsare being explored, with the potential to offer an oral treatment
option that is not mutation-specific, unlike chaperone therapy.1,2 This could broaden the eligibility for oral treatment to a
wider range of patients. But the long-term efficacy and safety profiles of SRTsin Fabry disease are still under evaluation
inclinical trials. The balance between reducing Gb3 synthesisand potential off-target effects on other glycosphingolipids
remains akey consideration. Fabry Disease: When Enzyme Replacement Isn't Enough for Glycosphingolipid Buildup
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explores treatment choice in more detail.

Gene therapy represents perhaps the most transformative potential treatment for Fabry disease. This approach aimsto
introduce afunctional copy of the a pha-galactosidase A geneinto the patient's cells, allowing them to produce their own
enzyme.1,2 The goal is a one-time treatment that provides a sustained, endogenous source of the enzyme, potentially
eliminating the need for lifelong ERT or chaperone therapy. Viral vectors, such as adeno-associated viruses (AAV), are
commonly used to deliver the therapeutic gene to target cells, often hepatocytes, which then secrete the enzyme into the
bloodstream.1

Early clinical trialsfor gene therapy in Fabry disease have shown encouraging results, with some patients demonstrating
sustained enzyme activity and reduced Gb3 levels.1,2 But gene therapy faces significant hurdles, including vector
immunogenicity, potential for off-target integration, and the challenge of achieving widespread and durable expression
in all affected tissues. The long-term safety and efficacy, particularly regarding the prevention of irreversible organ
damage, are till being rigorously investigated. The field of gene therapy is rapidly advancing, with ongoing research
into improved vector designs and delivery methods, as seen in discussions around enhancer activity and gene expression.

Other Investigational Approaches
Beyond SRT and gene therapy, other innovative strategies are under development. Messenger RNA (mRNA) therapy

involves delivering mRNA encoding the a pha-galactosidase A enzyme, prompting the patient's cells to produce the
enzyme transiently.1,2 This approach avoids the risks associated with viral vectors in gene therapy and could offer a
more flexible dosing regimen. Vesicle-packaged enzyme replacement therapy is another concept, aiming to improve
enzyme delivery and cellular uptake by encapsulating the enzyme within vesicles.1,2 These methods seek to overcome
some of the limitations of conventional ERT, such as suboptimal tissue distribution or immunogenicity.

The choice among these diverse therapeutic options is becoming increasingly complex. It requires a comprehensive
understanding of the patient's specific mutation, disease phenotype, and individual risk-benefit profile. For instance, a
patient with an amenable mutation might initially be considered for chaperone therapy due to its oral convenience. But
if disease progression continues or if the mutation is not amenable, ERT becomes the standard. For those with severe,
rapidly progressing disease, or those who do not respond adequately to conventional therapies, investigational SRT or
gene therapy might be considered within aclinical trial setting. The decision-making processis highly individualized,
often involving a multidisciplinary team of specialists. The implications of gene dosage imbalance in other genetic
disorders highlight the complexity of these interventions.

Wherethe Current Evidence Falls Short
The primary limitation across all current and emerging therapies for Fabry disease is the challenge of reversing

established organ damage. While ERT and chaperone therapy can slow progression and reduce Gb3 accumulation, they
often cannot fully restore function to severely affected kidneys, heart, or brain.1 This underscorestheimportance of early
diagnosis and initiation of treatment. Many of the newer therapies, particularly gene therapy and SRT, are still in early
to mid-stage clinical development. Long-term safety data, especially for gene therapy, are still accumulating, and the
durability of effect remains akey question. Comparative effectiveness studies between different ERT formulations, or
between ERT and chaperone therapy in amenable patients, are also limited, making head-to-head comparisons difficult.
The small patient populations inherent to rare diseases like Fabry also mean that trials are often not powered to detect
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subtle differences in long-term outcomes or in specific subgroups. This lack of robust comparative data means that
clinical decisionsoften rely on expert consensus and individual patient characteristicsrather than definitive head-to-head
trial results. The ongoing evolution of these therapies means that guidelines will need frequent updates to reflect new
evidence.

CLINICAL IMPLICATIONS
The expanding therapeutic arsenal for Fabry disease presents a welcome, if complicated, development for
clinicians. No longer is enzyme replacement therapy the sole option; the advent of chaperone therapy, and the
promise of substrate reduction and gene therapy, demand a more thorough approach to patient management.
Genetic testing for specific alpha-galactosidase A mutations is now paramount, not just for diagnosis but for
guiding treatment selection, particularly for migalastat eligibility.

The shift towards more personalized medicine means that a 'one-size-fits-all' strategy is obsolete. Clinicians
must weigh the convenience of oral chaperone therapy against the established efficacy of intravenous ERT,
considering individual patient factors like mutation type, disease severity, and treatment adherence. The
potential for gene therapy to offer a durable, single-administration solution is compelling, but its long-term
safety and efficacy data are still maturing, meaning it remains largely within the realm of clinical trials for now.
For the pharmaceutical industry, the competition in this rare disease space will intensify, driving innovation
but also raising questions about cost-effectiveness and access. As more therapies become available, the
need for robust comparative effectiveness research will grow, allowing clinicians to make truly evidence-based
decisions rather than relying on indirect comparisons or anecdotal experience. The goal remains to halt
disease progression and improve patient quality of life, and the current pipeline suggests we are moving closer
to achieving that, albeit with increasing complexity in the decision-making process.
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MEDICAL DISCLAIMER

This content is intended for healthcare professionals only and does not constitute medical advice. Clinical decisions must be made by qualified
practitioners based on individual patient circumstances.
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