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Abstract

According to the European Union definition, a rare disease is a disease that occurs with a
frequency of less than 5 per 10,000. Rare diseases pose a major diagnostic problem for
physicians. Due to the often uncharacteristic symptoms and rarity of the disease, it can take a
long time before a correct diagnosis and treatment is made. Fabry disease is classified as a
rare disease. It is an X-linked hereditary syndrome caused by alpha-galactosidase A deficiency.
This leads to accumulation of glycosphingolipids in tissues and dysfunction of many organs.
The clinical picture is variable and dependent on residual alpha-galactosidase A activity. The
classic form of the disease occurs most often in males due to the presence of only one X
chromosome. When alpha-galactosidase A activity is partially preserved, a non-classical form
develops, which is more commonly seen in the female sex. The most common clinical
manifestations reported by patients are angiokeratoma, anhidrosis, diarrhoea or left
ventricular hypertrophy. To diagnose Fabry disease, alpha-galactosidase A activity can be
measured in whole blood - dry blood drop test (DBS), plasma or leukocytes. Fabry disease
can be treated effectively, but treatment must last for life. The treatments reimbursed in

Poland are agalsidase alfa and beta preparations and migalastat.
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Introduction

Rare diseases are a real challenge for clinicians and diagnosticians. They are faced with the
problem of making accurate diagnoses. This results in a lengthy diagnostic process. This
delays the initiation of correct treatment and results in the progression of irreversible organ
damage (1). Fabry disease (FD) is one of the representatives of rare diseases and is the second
most common lysosomal storage disease (2). It is an X-chromosome-associated hereditary
disorder caused by mutations in the alpha-galactosidase A (GLA) gene. o-Gal A is a
homodimeric glycoprotein (3) that is encoded by the GLA gene. It is located on the long arm
of the X chromosome (4,5) . This genetic alteration leads to abnormal lysosomal storage
caused by reduced enzymatic activity of a-galactosidase A (0-Gal A). This leads to the
accumulation of lysosomal globotriaosylceramide (Gb3) and globotriaosylphosphingosine
(lyso-Gb3) in cells of various tissues (6,7). It leads to dysfunction in various organs. The most
rapidly noticeable changes are in the cardiovascular system, kidneys and also the peripheral
and central nervous system. The estimated incidence of FD ranges from approximately 1 in
37,000-117,000 live births. Initially, the disease was thought to affect only men, however,
over the years it has been discovered that women can also be affected. The onset of the
disease occurs later in them, the course in most cases is milder and the phenotypes are more
variable (8) . In its expression, FD may be different in different patients. In heterozygous
women, random inactivation of the X chromosome causes some cells to exclude the defective
allele and in some cases may exclude the normal allele. This leads to a range of symptoms,
from asymptomatic to a severe, classic form of the disease. In men with the classic form, due
to only one X chromosome, symptoms will appear earlier and in most cases are more severe.
Genetic testing is required to diagnose FD. At the moment, FD is one of the few genetic

diseases that we can effectively treat, but this treatment lasts for life (2).
Symptoms

The symptoms of the disease are progressive in nature. For many years, the disease may not
produce any symptoms (2) . Diagnosis is sometimes troublesome because of the lack of
pathognomonic symptoms and the wide variety of the disease (9) . Physicians' lack of
awareness and understanding of Fabry disease causes them to diagnose other more common
diseases, which include growth pain, Raynaud's syndrome, rheumatic pain, fibromyalgia or
primary erythomelalgia (10). For this reason, the disease is sometimes diagnosed quite late (2).
Studies (11) have shown that in Europe and the United States, it takes up to 16 years from the

onset of the first symptoms to a correct diagnosis of the disease. On the other hand, studies
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(12) conducted in China also confirmed the long diagnostic time, which was up to 15 years
there. With the publication of the Fabry Outcome Survey (FOS), the awareness of doctors
about FD has increased over time, contributing to a shorter time to diagnosis for patients (8).

In men, this time is noticeably shorter than in women (2).

Fabry disease can be divided according to the characteristics of symptoms and enzyme
activity into a classic and late onset phenotype. Patients may show symptoms ranging from
the severe classical phenotype found particularly in men to even the asymptomatic phenotype
found more frequently in women (13). In the male gender, symptoms appear more frequently
and earlier than in the female population (2). More than a thousand mutations have been
described that can result in different clinical phenotypes and disease course.The common
effect for all these mutations is the accumulation in plasma and lysosomes of various
glycosphingolipid substrates (14). Glycosphingolipids deposited in organs cause a range of
clinical symptoms and lead to progressive failure of the organs involved (15). With age,
symptoms worsen, leading to severe multi-organ damage and associated complications (10).
Accumulation of Gb3 leads to the formation of lysosomal deposits in various organs and cells,
called myelin figures and zebra bodies. This leads to cell death. Progressive fibrosis and
irreversible organ damage lead to a shortened life expectancy for patients (16). Fabry disease
affects multiple organs and is characterised by progressive neurological, cardiac, renal, ocular

and dermatological symptoms (16).

The accumulation of Gb3 in small nerve fibres is responsible for the first symptoms appearing
in early childhood. Pain is one of them. It occurs in various forms. Chronic pain, is
manifested by paresthesias, a burning sensation in the limbs. Paroxysmal pain, on the other
hand, is a burning pain that occurs in distal parts of the body. The pain is exacerbated in

stressful situations, with physical exertion or infection (17).

Typical gastrointestinal symptoms encountered are postprandial crampy pain, diarrhoea,
nausea, flatulence or vomiting. These occur particularly in patients with the classical
phenotype. Treatment includes symptomatic treatment specific to the individual symptoms

(18,19) and primary treatment of FD (20).

Poor nutrient absorption in patients with FD can result in poor weight gain and even

malnutrition (20).

The disease is also manifested by impaired perspiration, which is particularly noticeable in the

summer. It can present in a systemic form or as localised hypohidrosis. Hypohidrosis is the
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reduced ability to sweat, while anhidrosis is the complete absence of it. It is caused by the
deposition of substrate metabolising enzymes in the skin. This results in impaired sweat gland
secretion and atrophy, as well as ischaemic damage due to constriction of the blood vessels
supplying the sweat glands (21). Patients report a history of intolerance to high temperatures
(17) due to damage to nociceptive receptors as a result of excessive lysoGb3 (16) and reduced
exercise tolerance (17). Particularly in childhood, angiokeratoma-like skin lesions are seen in
patients. These are clusters of reddish-purple vascular lesions with a maculopapular structure.
They are located on the upper part of the thighs, the groin area, the navel or the buttocks.
They range in size from spots to a few millimetres. They enlarge with age. (4) Patients have
an increased incidence of otolaryngological disorders such as tinnitus and dizziness (17) .
Hearing loss is more common in patients with Fabry disease. A study (22) analysed hearing
sensitivity in affected adults. The results showed more severe hearing loss in male patients
with the classical form of the disease compared to those with the non-classical form and the
female sex. The study also showed that despite the correct inclusion of ERT therapy, hearing
loss did not improve. This is due to the deposition of Gb3 in the arteries, which leads to

cerebrovascular changes that manifest as headaches and dizziness and even strokes (17).

The majority of patients with the classic form of the disease present with corneal keratopathy.
It can be demonstrated by slit-lamp examination. It should be noted, however, that the
occurrence of keratopathy of the cornea may be associated with the patient's use of various

medications, such as amiodarone and many others (5).

The most common renal symptoms include proteinuria, hypertension and chronic kidney
disease (14). The first renal symptoms are microalbuminuria and proteinuria, while the most
common renal symptoms include hypertension, proteinuria and chronic kidney disease (17).
A characteristic feature reported in patients is a higher incidence of renal cysts mainly
peripelvic. The pathogenesis of these is unknown. The effect of Gb3 accumulation in
epithelial cells results in 'mulberry' or 'Maltese cross' cells, which are visible on urinalysis
(14). In classic Fabry disease, renal involvement begins early, already during intrauterine life.
This results in the presence of irreversible lesions in the glomeruli, interstitial tubules and
renal vasculature on biopsy, which are visible in patients even before the onset of clinical
symptoms (17). However, it is important to note that renal symptoms are not pathognomonic

features of FD; they may also be present in other renal diseases (14).

The accumulation of Gb3 in myocytes, the endothelium of coronary vessels, is a major factor

in the pathological changes observed in the hearts of patients with FD. This leads to left
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ventricular hypertrophy (LVH), conduction abnormalities, valve thickening or heart failure
(23). The first test to assess the presence of cardiomyopathy is transthoracic echocardiography.
Typical signs of FD are concentric LVH and prominent papillary muscle. When we suspect
cardiac involvement as early as possible in a patient with FD, we perform cardiac MRI,
echocardiography and 24-hour Holter ECG to assess cardiac structure and function (24) .
Electrocardiographic (ECG) signs include atrioventricular (AV) node conduction disturbances.
A shortened PR interval (<0.12ms), enlargement of the QRS complex or prolongation of the
QTc interval are possible. The most common manifestations of FD on the ECG are features of
LV hypertrophy with deep negative T-waves. Glycosphingolipid storage also affects the

cardiac conduction system, leading to a shortened PQ interval (17).

Fabry disease also leads to a disruption of patients' social life. The clinical concerns present in
patients are factors leading to a poorer quality of life ( QoL). This leads to a higher incidence
of psychiatric disorders such as depression in this group of patients and the need to start
appropriate treatment under the care of psychiatrists. This problem affects both men and
women (25) . Depending on the type of studies conducted and the population studied in
different countries, the prevalence of depression in patients with FD is reported to be 38-65%
(25,26) . Studies have shown that FD patients have a noticeably lower quality-adjusted life
years (QALYs) value than patients with other chronic diseases. It is suspected that this is due,
among other things, to the fact that patients are aware of their irreversibly progressive disease.
By analysing the studies, it can be concluded that multispecialty care is necessary in patients
with FD. Due to the range of symptoms from different organs and the associated higher

incidence of depression, patients should be under the care of multiple specialists (25).
Diagnosis

FD can be suspected, among other things, in patients with a positive family history or based
on the presence of typical clinical symptoms (18). Initiation of the diagnosis consists of taking
a detailed history, in particular of family history of FD. This is followed by physical
examination, biochemical examination, genetic examination, diagnostic imaging and
specialist consultations. Initial investigations include assessment of the level of LysoGb3
present in plasma or urine, which may later be useful in monitoring the patient's disease
course (14). A dry blood spot test (DBS-dried blood spot) is used for diagnosis, which in
patients shows a reduction in the activity of the lysosomal enzyme alpha-galactosidase A.
Genetic testing to confirm the diagnosis is mandatory for men and women (24). Testing of

alpha-Gal A activity is diagnostic only for males. It is important to confirm the pathological
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GLA mutation so that the disease phenotype can be established (5). In women, on the other
hand, it is necessary to demonstrate a pathogenic mutation in the GLA gene by molecular
genetic testing, as it is possible to have AGAL activity in the reference range in women with
Fabry disease. In patients with residual alpha-GAL A activity, clinical symptoms are milder
and onset is later (27). In unclear diagnostic cases, biopsies of the involved organs may be
helpful. In the biopsy material, multilobular myelin bodies (‘zebra bodies' or 'paper roll
phenomenon'), which are pathognomonic for the disease, can be detected under the electron
microscope (18). Enzymatic activity can be assessed in plasma, leukocytes or dried blood
spots (DBS) (5). Studies show that a significant group of patients still remains undiagnosed.
In order to improve the detection of the disease, a newborn screening programme (NBS) is
being carried out in some countries (28) NBS programmes are based on enzymatic tests that
assess a-Gal A activity. This allows identification and monitoring of individuals with Fabry
disease mutations from an early age (5). Studies show that NBS appears to be the best way to
detect FD at an early stage of the disease before the first symptoms appear (27) . Prenatal
diagnosis can be made by measuring AGAL activity in chorionic villi or cultured amniotic
cells. In the case of a mutation known to run in the family found by molecular genetics

methods (18).

When a patient is diagnosed with Fabry disease, screening diagnosis of family members at
risk is recommended. One study reviewing patient pedigrees showed that approximately five
family members were detected with Fabry disease. Such family members are usually detected

at the asymptomatic stage of the disease with excellent treatment outcomes (5).
Treatment

Patient care should aim to achieve various goals such as reducing pain, preventing or delaying
the progression of symptoms, improving quality of life and extending life expectancy (5,6).
Therapies used to treat FD aim to reduce intracellular accumulation of Gb3 by replacing the
deficient endogenous AGAL. This leads to improved transport and increases enzymatic

activity in lysosomes reducing disease progression (18).

Since 2001 (23), Fabry disease can be treated with recombinant enzyme replacement therapy
(ERT) administered intravenously. This includes agalsidase alfa (0.2 mg/kg body weight)
produced in a human cell line and agalsidase beta (1 mg/kg body weight) produced in Chinese
hamster ovary cells. Drug infusions are given every 2 weeks (18). Patients require treatment

for the rest of their lives (8). ERT has shown good efficacy regarding the inhibition of disease
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progression. Studies have shown an improvement in health particularly when treatment was
started at a young age (29). However, therapeutic benefit has not been demonstrated in the
end-stage of the disease or when antibody formation has occurred. This is due to the inability
of enzyme therapy to reverse clinical symptoms (30) . The Fabry Outcome Survey (FOS)
showed that ERT attenuates the progression of renal disease and cardiomyopathy. Prompt
treatment reduces the risk of cardiovascular and renal events (8) . However, enzyme
replacement therapy has several disadvantages including that it requires intravenous

administration. Another is the formation of inhibitory antibodies in some patients (31).

Since 2016, migalastat, a small-molecule chaperone protein, has been approved as the first
oral FD therapy. It is administered at a dose of 123mg every other day on an empty stomach.
It is an alpha-galactosidase analogue (18). The action of migalastat is to stabilise the enzyme
produced by the body. This leads to the breakdown of GL3 accumulated in cells (32). It is not
recommended for use in patients with mutations causing complex enzymatic changes (31), so
it can be used to treat some patients with a susceptible GLA mutation (18). The advantage of
migalastat is that it allows enzyme levels to remain constant and stable, whereas ERT leads to
fluctuating enzymatic activity (32). It is not recommended in dialysis patients and those with
severe renal failure (¢eGFR<30ml/min/1.73m2) (33) In comparison with ERT, it crosses the

blood-brain barrier (30).

One of the first studies (31) evaluating enzymatic activity in FD treatment showed a
significant increase in alpha-Gal A activity and reduced levels of lyso-Gb3. Significant
reductions in cardiac hypertrophy and serum creatinine levels were seen in patients treated
with one year of migalastat. Simultaneous ERT therapy with migalastat is not allowed in the
treatment of FD (33). The best treatment effects are seen in early diagnosed patients before

irreversible organ damage occurs (20).
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