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Abstract

BACKGROUND

The pathophysiology of Fabry disease (FD)-induced progressive vital organ damage is
irreversible. Disease progression can be delayed using enzyme replacement therapy
(ERT). In patients with classic FD, sporadic accumulation of globotriaosylceramide (GL-
3) in the heart and kidney begins in utero; however, until childhood, GL-3 accumulation
is mild and reversible and can be restored by ERT. The current consensus is that ERT
initiation during early childhood is paramount. Nonetheless, complete recovery of

organs in patients with advanced FD is challenging.

CASE SUMMARY

Two related male patients, an uncle (patient 1) and nephew (patient 2), presented with
classic FD. Both patients were treated by us. Patient 1 was in his 50s, and ERT was
initiated following end-organ damage; this was subsequently ineffective. He developed
cerebral infarction and died of sudden cardiac arrest. Patient 2 was in his mid-30s, and
ERT was initiated when the patient was diagnosed with FD, during which the damage

to vital organs was not overtly apparent. Although he had left ventricular hypertrophy
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at the beginning of this treatment, the degree of hypertrophy progression was limited to

a minimal range after > 18 years of ERT.

CONCLUSION
We obtained discouraging ERT outcomes for older patients but encouraging outcomes

for younger adults with classic FD.

Key Words: Enzyme replacement therapy; Fabry disease; Pedigree; Left ventricular

hypertrophy; a-galactosidase; Case report

Harigane Y, Morimoto I, Suzuki O, Temmoku J, Sakamoto T, Nakamura K, Machii K,
Miyata M. Enzyme rpﬂacement therapy in two patients with classic Fabry disease from

the same family tree: A case report. World | Clin Cases 2023; In press

Core Tip: Fabry disease (FD) is an inherited metabolic disorder, caused by a genetic
mutation or decreased a-galactosidase activity in lysosomes. Enzyme replacement
therapy (ERT) is a promising treatment for FD. Few reports have compared the effect of
ERT in older adult populations vs. that in populations in their 30s. Here we report the
effect of ERT in an older adult and a patient in his mid-30s from the same FD family.
We demonstrated that ERT is sufficiently effective for patients in their mid-30s if the

major organs such as the brain, heart and kidney are not severely damaged.

TRODUCTION

Fabry disease (FD) is an X-linked, inherited metabolic disorder(!l that is caused by a
genetic mutation or decreased a-galactosidase activity in the lysosomesl2l.
Globotriaosylceramide (GL-3), also known as ceramide trihexoside, is a substrate of a-
galactosidase. When GL-3 is not selected for degradation, it accumulates in cells
(specifically endothelial and smooth muscle cells), tissues, and organs (e.g., the heart,

brain, kidneys, and cornea), leading to the onset of FD symptomsll. Limb pain,
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anhidrosis, and angiokeratoma are frequently observed as initial symptoms, and heart
failyre, renal failure, and cerebral infarction may also occur during adulthood.

Enzyme replacement therapy (ERT)4°! is a promising treatment for FD. However,
most studies on ERT report outcomes after long durations of ERT in adults, usually
after the onset of substantial organ damagel®7]. There are few reports comparing the
effect of ERT in older adult populations and those in their 30sl”). Here we report the
cases of two related male patients, one an older adult (patient 1) and the other in his 30s
(patient 2), both with classic FD, from the same family. We compared the two cases,
examined the degree of disease progression at initiation, and evaluated the treatment
effects. Herein we discuss the differences in ERT efficacy between the cases after ERT

initiation.

CASE PRESENTATION

Chief complaints

The patients in this case report were treated in accordance with the principles outlined
in the Declaration of Helsinki and all relevant data privacy laws; all investigations were
approved by the Institutional Review Board of the Fukushima Red Cross Hospital
(approval number: 2021-47). Written informed consent was obtained from both patients

in this report.

Chief complaints: patient 1. eruption (angiokeratoma), pain in extremities and
anhidrosis; patient 2: pain in extremities, eruption (angiokeratoma), diarrhea and

psychiatric symptoms.

History of present illness
Patient 1: diagnosed as FD because of the symptoms and his family history at age of 32
years; patient 2: diagnosed as FD because of the symptoms and his family history at age

of 34 years.
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History of past illness
Patient 1: schizophrenia and manic depression at age of 22 and 23 years, respectively;

patient 2 psychiatric symptoms at age of 33 years.

Personal and family history
Patient 1 is the uncle of patient 2, patient 1 is brother of proband, mother of patient 2 is

the sister of proband and patient 1.

Physical examination

Both patient 1 and patient 2 had eruption (angiokeratoma).

Laboratory examinations
Patient 1: biopsy of eruption revealed FD distinctive angiokeratoma, patient 2 displayed

decreased a-galactosidase activity and a-galactosidase-A gene mutation.

Imaging examinations
MRI of the brain revealed damage to cerebral artery as demonstrated in Figure 2A;
patient 2: echocardiographic findings of left ventricular septum and left ventricular

posterior wall thickness were slightly thickened.

FINAL DIAGNOSIS
Classic FD.

TREATMENT

Drug administration

Agalsidase a (0.2 mg/kg of Replagal; Shire HGT, Inc., Cambridge, MA, United States)
or agalsidase B (1 mg/kg of Fabrazyme; Sanofi Genzyme, Cambridge, MA, United

States) administered bi-weekly are the commonly used drugs for ERT.
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Both patients were initially treated with 1 mg/kg of agalsidase . However, patient 2
was administered varying doses and isoforms of agalsidase over the course of 18 years.
The dose of agalsidase p was decreased to 0.36-0.63 mg/kg between March and October
2010 because of a manufacturing supply shortage. Accordingly, patient 2 was
administered 0.2 mg/kg of agalsidase a between October 2010 and May 2017, and 1
mg/kg of agalsidase [ thereafter.

Measurement of plasma GL-3
GL-3 was extracted from plasma using chloroform/methanol and purified using solid-
phase chromatography. Total GL-3 levels were measured using liquid

chromatography/tandem mass spectrometry!sl,

Measurement of anti-agalsidase p antibody

The plasma antibody status was determined using ELISA. Antibody titers were
measured as_the reciprocal of the highest sample dilution, where antibodies were
detected by ELISA. Changes in antibody status (positive or negative seroconversion)

were confirmed by an immunoprecipitation assay.

The proband of this family tree

The proband presented to the First Department of Internal Medicine in the Fukushima
Medical University Hospital late in his teens (1975) with severe pain in the extremities
and fever (37 °C). Abdominal angiokeratoma was observed, and urinary GL-3 levels
were significantly increased on admission. FD was diagnosed based on clinical
symptoms, including pain in the extremities, anhidrosis, angiokeratoma, corneal
opacification, and sensorineural hearing loss; FD had also been previously documented

in his family treel’l. He died at the age of 35.

Patient 1
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In 1977, when patient 1 was 32 years old, he was hospitalized at First Department of
Fukushima Medical College because of eruptions, pain in the extremities, and
anhidrosis. He had history of schizophrenia and manic depression at the ages of 22 and
23 years, respectively. He was diagnosed with FD based on a skin biopsy that showed
the eruptions to be angiokeratoma and a family history of FD, as shown in Figure 1.
Subsequently, he was transferred to a psychiatric hospital.

In 2005, he attempted suicide in the psychiatric hospital. However, he survived the
suicide attempt and was then transferred to Fukushima Red Cross Hospital.

ERT, approved for clinical use in 2004 in Japan, was initiated for patient 1 at the age
of 59 years. Around that period, he started experiencing dysarthria and dysphagia.
Although ERT was initiated in this patient, repeated cerebral infarctions complicated
the clinical course. Magnetic resonance angiography findings are shown in Figure 2A.
The patient underwent ERT for four years; however, he then developed a cerebral
infarction, as imaged by diffusion-weighted magnetic resonance imaging (Figure 2B).
He died of sudden cardiac arrest on the third day of hospitalization. Histopathological
analysis using light microscopy revealed myocardial muscle cell vacuolation, which
transformed into marked fibrosis. We observed cardiac muscle vacuolation in the
atrioventricular node, endothelial and epithelial cell swelling, and vacuolation in the
glomeruli and smooth muscle cells of arterioles in both kidneys. Similarly, vacuolation
affected cells in the submucosa of both small and large intestines as well as the
arteriolar smooth muscle cells of the cerebrum. Numerous lamellar structures were
observed on electron microscopy. Histopathology and electron microscopy findings of

the heart are shown in Figure 3A-C. These findings are unique to FD0l,

Patient 2

Patient 2 developed pain in the extremities, anhidrosis, and angiokeratoma at the start
of puberty. This patient was noted to have experienced diarrhea in his mid-20s and
psychiatric symptoms, such as depression, in his 30s. The mother of patient 2 was the

sister of the proband and patient 1 (Figure 1). Patient 2 was diagnosed with FD due to
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decreased a-galactosidase activity (0.3 nmol/mL/2 h; baseline, 4 nmol/mL/2 h) and a-
galactosidase-A gene mutation. Shortly thereafter, ERT was initiated when the patient
was 34 years old. Whole body screening for FD indicated bilateral sensorineural hearing
loss, corneal opacity, and cardiac hypertrophy. He developed Wallenberg syndrome,
including dysphagia, balance deficit, and Horner’s triad, due to right vertebral artery
dissection in his late 40s (Figure 4). The patient’s Wallenberg syndrome improved
completely within one month. Angiokeratoma improved significantly during the
clinical course (Figure 5A and B). For 18 years, cardiac hypertrophy was limited to
minimal progression (Figure 6A and B; Table 1), and this was reflected in the brain
natriuretic peptide level that did not change significantly (Table 1).

In the clinical course of patient 2, following treatment with 1 mg/kg of agalsidase j,
GL-3 levels gradually decreased from > 9 pg/mL and normalized to < 7 pg/mL.
However, GL-3 levels gradually increased following the reduction of the dose of
agalsidase P to 0.36-0.63 mg/kg between March and October 2010. Between October
2010 and 2017, the patient was treated with 0.2 pg/mL of agalsidase a instead of
agalsidase . GL-3 level was normal at 3.1 pg/mL in 2017 when agalsidase [
administration resumed. The anti-agalsidase [ antibody titer was 1600 U in July 2006,
which then gradually decreased to < 100 U in March 2010. When the agalsidase  dose
was reduced to 0.36 mg/kg in March 2010, the anti-agalsidase p antibody titer increased
to 100 U in October 2010 (Figure 7).

OUTCOME AND FOLLOW-UP

Two years after initiation of ERT in patient 2, his mother, the sister of the proband,
developed fever and myocarditis at the age of 59 years. She was transferred to
Fukushima Medical University Hospital and diagnosed with cardiac FD. She was
treated with ERT, and her cardiac condition improved. Although continuation of ERT
was recommended by the doctor in charge, she discontinued ERT after two years
because she did not have any symptoms and did not want to endure the cost of medical

resources. After years of living with normal liver function, she underwent surgery for a
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cataract, that was likely due to FD, in the department of ophthalmology at Fukushima
Red-Cross hospital.

DISCUSSION

The pathophysiology of FD-induced progressive end-organ damage is irreversible;
however, disease progression can be delayed using ERT. Nonetheless, complete
recovery of organs in patients with advanced FD is challenging.

Despite ERT, cerebral infarctions frequently occurred during adulthood in patient 1,
possibly progressing due to irreversible angiopathy. Moreover, cardiac muscle cell
vacuolation and transformation into marked fibrosis were observed in the
atrioventricular node and cardiac muscles. These cardiac lesions may have caused
sudden cardiac arrest following the onset of cerebral infarction.

In patient 2, limb pain occurred during childhood, and anhidrosis, angiokeratoma,
other gastrointestinal symptoms, sensorineural issues, eye symptoms, and cardiac
hypertrophy were present in adulthood. Following ERT initiation, not only did the
progression of these symptoms reduce to minimum levels, but angiokeratoma also
improved significantly.

During the clinical course, patient 2 developed Wallenberg syndrome. Considering
his age and right occipital pain at the onset of this attack, Wallenberg syndrome was
considered to be caused by vertebral artery dissection rather than primary thrombosis.
Vertebral artery dissection may have been caused by FD-induced endothelial fragility.
The patient recovered completely within a month of therapy and did not experience
similar complaints while on treatment with clopidogrel.

Throughout ERT for patients with FD, a-galactosidase antibodies may appear in male
patients because of a complete absence of a-galactosidase in the blood[!!l. In a study
condugted by Vedder et all12], 52 patients with FD (28 men and 24 women) were treated
with 0.2 mg/kg of agalsidase a or agalsidase  for 1 year, and 66% had the
corresponding antibodies at 6 mo of therapy_After a year of treatment, urinary GL-3

levels decreased in both groups who received 0.2 mg/kg of agalsidase a and 0.2 mg/kg
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of agalsidase p in antibody-negative patients; urinary GL-3 levels increased in antjbody-

positive patients in both groups. In contrast, 1 mg/kg of agalsidase p decreased urinary
GL-3 levels in both antibody-negative and antibody-positive patients, indicating that 1
mg/kg of agalsidase P is sufficient to reduce urinary GL-3 levels. In contrast, at 0.2
mg/kg of agalsidase [, the dose becomes insufficient to reduce GL-3.

In patient 2, agalsidase dosing and isoform modification were performed as
described, and GL-3 levels subsequently increased, demonstrating that GL-3 levels
decreased in response to a baseline dose of 1 mg/kg rather than 0.36-0.63 mg/kg of
agalsidase . Conversely, 0.2 pg/mL of agalsidase a sufficiently decreased GL-3 levels
to baseline value at 3.1 pg/mL in 2017.

Both patients had classic FD. Patient 2 was examined for GL-3 and anti-agalsidase 3
antibody concentrations. The patient developed anti-agalsidase antibodies after ERT
initiation; throughout the course of ERT, his GL-3 levels decreased, and the antibodies
disappeared, suggesting that excess agalsidase [ neutralized the anti-agalsidase 3
antibodies and suwessed their production. Agalsidase  decreased GL-3 levels, and
GL-3 disappeared in the plasma.

In patients with classic FD, sporadic accumulation of GL-3 in the heart and kidneys
begins in utero; however, until childhood, GL-3 accumulation is mild, reversible, and
can be restored by ERTI3 ERT is optimal at such early disease stages. Accordingly, it is
recommended to test all families with known genetic abnormalities to identify the
affected children and neonates. However, due to ethical issues, such as privacy
protection, it is necessary to modify treatment approaches based on the intentions and
wishes of the family.

In patient 1, ERT was initiated following end-organ damage and was subsequently
ineffective. In patient 2, ERT was initiated when the patient was diagnosed in his mid-
30s, during which the damage to vital organs was not apparent . Following the
initiation of ERT, severe progressive damage to the vital organs was not observed for 18

years.
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Germain et all" reported on the ten-year outcomes of ERT with agalsidase B in
patients with FD. Disease progression rates in patients with renal involvement at low or
high baselinedralues were assessed, and they concluded that patients, in whom ERT
was initiated at a younger age and with less kidney involvement, mostly benefited from
ERT.

The current consensus is that ERT jpitiation during early childhood is paramount,
and the value of early ERT initiation has been highlighted in guidelines for pediatric
patients with FD (developed by an FD expert panel consisting of specialists from the
United States)!’’l. The guidelines of the European Fabry Working Group, consistent
with the recommendations for stopping ERT, indicate that ERT should be considered in
asymptomatic men with classic FD prior to adulthood!'¢l.

We presented cases of two patients, wherein the clinical course of patient 2
demonstrated that end-organ damage could be treated if the damage is minor. These
findings indicate that ERT, prior to severe vital organ damage, should be mandatory
even among adults. Since ERT initiation during the optimal period is often missed in
many asymptomatic cases of FD, long-term observational studies are warranted to help
optimize the timing for ERT initiation. This will also ensure that ERT initiation has a

lower economic burden on the social security system and patients.

CONCLUSION

The clinical course of patient 2 showed that end-organ damage could be treated if the
damage is minor. Therefore, even among adults, ERT prior to severe vital organ
damage should be mandatory. As many asymptomatic adult patients with FD have
missed the optimal period for ERT initiation, long-term observational studies are
necessary for economic and medical purposes, to determine a strategy of when to

initiate ERT in adults.
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