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Fabry disease is a rare inherited X-linked metabolic disorder in which deficient alpha-galactosidase A activity
causes progressive build-up of globotriaosylceramide (Gb3) and multi-system dysfunction. Following approval of
agalsidase alfa for Fabry disease in Japan in 2006, an 8-year all-case post-marketing surveillance (PMS) showed
that the treatment was well tolerated and effective for managing disease progression in adult Japanese patients.
The present nationwide prospective observational study extended the initial PMS by enrolling patients who
continued agalsidase alfa treatment after the initial 8-year period in a 6.5-year extension survey. Patient in-
formation from the initial PMS and the extension survey was evaluated as a single data set (observation period:
February 2007-September 2021). Of 493 patients in the initial PMS, 129 (45.0% male classic, 6.2% male non-
classic, 48.8% female heterozygous phenotype) consented to participate in the extension survey and were
included in the analysis. The mean duration of treatment was 9.6 years. A total of 145 adverse drug reactions
(ADRs) occurred in 31 patients (24%), and 22 serious ADRs occurred in 12 patients (9.3%). Although serious
cardiac, renal, or cerebrovascular adverse events decreased in frequency over time in male patients, serious
cardiac events continued to occur in female patients, who showed higher incidence of cardiac complications at
baseline. No new safety concerns were identified. Additionally, long-term agalsidase alfa treatment sustained the
initial reduction in Gb3 concentrations without increasing the rate of anti-agalsidase antibody positivity. These
findings suggest that agalsidase alfa treatment demonstrates continued safety and sustains patients' clinical
course over the long term.

1. Introduction

Fabry disease is a rare inherited X-linked metabolic disorder in which
mutations in the alpha-galactosidase A (GLA) gene cause deficient
lysosomal GLA activity [1]. The decrease in GLA leads to progressive
build-up of globotriaosylceramide (Gb3) (also called ceramide trihexo-
side) in different tissues and body fluids, resulting in wide-ranging
multi-system symptoms that present with varying degrees of severity
[1]. Patients are typically categorized according to two phenotypes:
classic and non-classic [2]. Male patients with the classic phenotype
have little to no GLA activity and typically develop symptoms such as
acroparesthesias, hypohidrosis, angiokeratomas, and gastrointestinal
dysfunction from childhood or adolescence [2]. Without treatment,

these patients develop severe renal, cardiac, and cerebrovascular com-
plications by adulthood with poor prognosis [3]. Male patients with the
non-classic phenotype have residual GLA activity and typically develop
milder symptoms that manifest later than in patients with the classic
phenotype [2]. On the other hand, female patients who are heterozygous
for GLA mutations experience a wider variety of symptoms that range
from being as severe as those in male patients with the classic phenotype
to completely absent [2].

As Fabry disease is progressive, patients require lifelong treatment to
guard against organ dysfunction and enhance survival. The main
treatment for Fabry disease is enzyme replacement therapy (ERT),
which aims to replace the deficient GLA in patients [2,4]. Two formu-
lations of ERT are currently available in Japan: agalsidase alfa and
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agalsidase beta. Agalsidase alfa is a recombinant GLA produced from
cultured human cells and is administered by intravenous infusion [5].
This preparation of agalsidase alfa was first approved in Europe in
August 2001 and then in Japan as an orphan drug in October 2006.
Clinical trials have shown that agalsidase alfa treatment is safe and
effective for reversing the pathogenesis of the disease's major clinical
symptoms [6]. Additionally, long-term survey findings from the Fabry
Outcome Survey (FOS), an international survey initiated in 2001 [7,8],
indicate that agalsidase alfa treatment slows renal decline and pro-
gression of left ventricular hypertrophy [9-12]. Similarly, a mandatory,
8-year, all-case post-marketing surveillance (PMS) of agalsidase alfa in
Japanese adults with Fabry disease conducted from February 2007 to
March 2015 showed that the treatment was well tolerated and effective
for managing the progression of renal and cardiac dysfunction [13].

The present study aimed to extend the long-term safety and efficacy
evaluation of agalsidase alfa in Japanese patients in a real-world setting
by following the disease course of patients who continued treatment
with agalsidase alfa after completion of the 8-year all-case PMS (here-
after referred to as the “initial PMS”).

2. Materials and methods
2.1. Study design

This nationwide prospective observational study was conducted as
an extension of the initial PMS of agalsidase alfa (Replagal, Takeda
Pharmaceutical Company Limited, previously marketed by Sumitomo
Pharma) performed in Japanese patients with Fabry disease from
February 2007 to March 2015. The initial PMS was designed and con-
ducted by Sumitomo Pharma, and the data were inherited by Takeda
Pharmaceutical Company Limited. Details of the initial PMS are pub-
lished elsewhere [13]. Briefly, patients were diagnosed with Fabry dis-
ease by a physician if they had deficient GLA activity or a GLA gene
mutation. Clinical phenotype of Fabry disease in male patients (classic
or non-classic) was determined based on the physician's judgment. All
patients with Fabry disease who were administered agalsidase alfa were
included in the survey. Agalsidase alfa was administered intravenously
at 0.2 mg/kg over 40 min every 2 weeks according to the approved dose
regimen. The initial PMS was performed for a maximum observation
period of 8 years in accordance with Good Postmarketing Surveillance
Practice (GPSP Ordinance) (Ministry of Health, Labour and Welfare
[MHLW] Ordinance Related to Standards for Conducting Post-
Marketing Surveys and Studies on Drugs; MHLW Ordinance No. 171
issued by MHLW on December 20, 2004). As the initial survey
comprised a mandatory surveillance study, the need for informed con-
sent was waived in compliance with Japanese health authority
regulations.

Patients who continued to receive agalsidase alfa after the initial 8-
year period were enrolled in a 6.5-year (March 2015-September
2021) extension survey. The observation period was from the beginning
of the initial PMS (February 2007) to September 2021 or drug discon-
tinuation, whichever was earlier. This study was conducted in accor-
dance with the Declaration of Helsinki, GPSP, and Good Vigilance
Practice (GVP) ministerial decrees. Written or verbal informed consent
was obtained from all patients prior to starting the extension survey.

2.2. Outcome measures

2.2.1. Demographic and clinical characteristics

Anonymized patient information was collected using Electronic Data
Capture. Data from the initial PMS and the present extension survey
were combined and evaluated as a single data set. Patient demographic
information was collected at the time of enrollment in the initial PMS,
including date of birth, sex, Fabry disease phenotype, family history,
symptoms of Fabry disease, and complications. Information on admin-
istration status of agalsidase alfa was continuously collected over the
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observation period.

2.2.2. Safety assessments

Safety information was also continuously collected during the
observation period. Adverse events were coded according to System
Organ Class (SOC) and Preferred Terms (PT) of the Japanese version of
the Medical Dictionary for Regulatory Activities (MedDRA/J) Version
25.0. Adverse drug reactions (ADRs) were defined as adverse events
judged to be related to agalsidase alfa therapy by each individual
attending physician. Severity and date of onset were also determined by
the attending physician.

2.2.3. Laboratory assessments

Plasma and serum samples were obtained from 4 mL of whole blood
taken before treatment and at the discretion of the attending physician
thereafter to measure Gb3 concentrations and the presence of anti-
agalsidase alfa antibodies. Gb3 concentration was measured using
high-performance liquid chromatography and reported as nmol/mL.
Anti-agalsidase alfa immunoglobulin (Ig) G and IgE antibodies were
detected using enzyme-linked immunosorbent assay, colorimetric re-
action, and spectrophotometry. Samples were determined to be positive
for anti-agalsidase alfa antibodies when the absorbance was at least two-
fold greater than that of the baseline sample.

2.3. Statistical analysis

Demographics and disease-related data are presented as mean
(standard deviation; SD) for continuous variables and number (per-
centage) for categorical variables. The analysis set included all patients
who consented to participate in the extension survey. ADRs are pre-
sented as number (percentage) by SOC and PT and disease phenotype.
The cumulative rate of serious adverse events (SAEs) of cardiac, renal, or
cerebrovascular origin in patients with Fabry disease over the observa-
tion period are shown using Kaplan-Meier curves. Initial occurrence was
adopted as an event in the curve. Cardiac events were classified under
the SOC of “cardiac disorders”, renal events were classified under the
SOC of “renal and urinary disorders” with PT of “renal” or “urinary”, and
cerebrovascular events were classified under the SOC of “nervous system
disorders” with PT of “blood”, “stroke”, or “infarction”.

Mean (SD) plasma Gb3 concentrations are presented as a time series
by the presence or absence of prior ERT and disease phenotype. Anti-
agalsidase alfa antibody results are presented by measurement time
point for patients who received the assessment and had at least one
positive result. All calculations were performed using SAS 9.4 (SAS
Institute Inc., Cary, NC, USA).

3. Results
3.1. Patient disposition

A total of 493 patients participated in the initial PMS of agalsidase
alfa beginning in February 2007, and 360 patients had continued
treatment by the end of the survey in March 2015 (Fig. 1). Of these, 129
patients consented to participate in the extension survey, all of whom
were included in the analysis set. Of the 129 patients, 41 (31.8%) dis-
continued the study before the end of the 6.5-year observation period.
Reasons for discontinuation included switching to another drug (18
patients, 43.9%), changing hospitals (14 patients, 34.1%), adverse
events (four patients, 9.8%), patient's preference for reasons other than
adverse events (two patients, 4.9%), no hospital visit (two patients,
4.9%), insufficient effect (one patient, 2.4%), and death (six patients,
14.6%) (duplicate aggregation was permitted).

3.2. Demographic and baseline clinical characteristics

Of the 129 patients, 58 (45.0%) were male with the classic
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Fig. 1. Patient flow chart.
ERT, enzyme replacement therapy; PMS, post-marketing surveillance.

phenotype, eight (6.2%) were male with the non-classic phenotype, and
63 (48.8%) were heterozygous female (Table 1). The mean (SD) age at
enrollment in the initial PMS was 27.2 (13.1) years among male patients
with the classic phenotype, 52.1 (12.2) years among male patients with
the non-classic phenotype, and 49.6 (14.0) years among heterozygous
female patients. Mean (SD) age at diagnosis of Fabry disease was 23.6
(13.4), 48.1 (13.5), and 45.9 (14.3) years, respectively. Mean (SD)
duration of agalsidase alfa treatment was 9.6 (2.3) years, with a median
(interquartile range) of 9.9 (8.0-11.4) years. A total of 44 (34.1%) and
75 (58.1%) patients indicated that they had and had not received prior
ERT, respectively, while 10 (7.8%) patients reported unknown prior
exposure. Complications at baseline were typically more frequent in
male patients with the classic phenotype, except for those of cerebro-
vascular, ophthalmological, and cardiac origin, of which the latter
occurred at a particularly higher incidence in heterozygous female pa-
tients (66.7% vs. 41.4%).

3.3. Safety outcomes

Over the course of the extension survey, 145 ADRs occurred in 31
patients (24%) (Table 2).

The most common ADRs overall were pruritus, urticaria, pain in
extremity, and pyrexia (n = 4 patients each, 3.1%), followed by
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Table 1
Patient Demographics at the Start of the Initial PMS.
Variable Total Male Male (Non- Female
(Classic classic (Heterozygous
Phenotype) Phenotype) Phenotype)
N (%) 129 58 (45.0) 8(6.2) 63 (48.8)
(100)
Age, years
Mean (SD) 39.7 27.2(13.1) 52.1(12.2) 49.6 (14.0)
(17.5)
<20 22 18 (31.0) 0 4(6.3)
17.1)
>20 to <30 16 15 (25.9) 0 1(1.6)
12.9)
>30 to <40 22 16 (27.6) 2(25.0) 4(6.3)
17.1)
>40 to <50 22 5(8.6) 1 (12.5) 16 (25.4)
(17.1)
>50 to <60 31 3(5.2) 3(37.5) 25 (39.7)
(24.0)
>60 to <70 14 1(1.7) 2(25.0) 11 (17.5)
(10.9)
>70 2 0 0 2(3.2)
(1.6)
Age at diagnosis, 36.1 23.6 (13.4) 48.1 (13.5) 45.9 (14.3)
years, mean (SD) (17.8)
Family history 103 47 (81.0) 3(37.5) 53 (84.1)
(79.8)
Prior ERT
Without 75 28 (48.3) 5 (62.5) 42 (66.7)
(58.1)
With 44 24 (41.4) 3(37.5) 17 (27.0)
(34.1)
Unknown 10 6 (10.3) 0 4 (6.3)
(7.8)
Time from diagnosis
to initial agalsidase
alfa therapy, years,
mean (SD)
Total® 38 3.8 (5.6) 4.1 (5.7) 3.6 (6.5)
6.1)
Naive ERT 1.3 0.4 (0.4) 2.7 (5.2) 1.6 (4.8)
(3.8)
Duration of agalsidase 96
alfa treatment, . 9.7 (2.4) 9.3(1.2) 9.6 (2.2)
(2.3
years, mean (SD)
Complications
66
Neurological (51.2)  45(77.6) 1(12.5) 20 (31.7)
47
Hypohidrosis (36.4) 39 (67.2) 1(12.5) 7 (11.1)
12
Gastrointestinal 9.3) 8(13.8) 1(12.5) 3(4.8)
30
Dermatological (23.3) 25(43.1) 1(12.5) 4(6.3)
71
Cardiac (55.0) 24 (41.49) 5 (62.5) 42 (66.7)
35
Renal (27.1)  15(25.9) 5 (62.5) 15 (23.8)
18
Cerebrovascular (14.0) 7 (12.1) 1(12.5) 10 (15.9)
35
Ophthalmological (27.1) 13 (22.4) 0 22 (34.9)
12
Auditory 9.3) 9 (15.5) 1(12.5) 2(3.2)
eGFR, mL/min/m?, 96.4
mean (SD) (32.8) 115(32.4) 60.3 (28.5) 83.2 (21.9)
Patients with
conventional
treatment at
baseline
8
Dialysis (6.2) 4(6.9) 2(25.0) 2(3.2)

(continued on next page)
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Table 1 (continued) Table 2
Variable Total Male Male (Non- Female Frequency of ADRs.”
(Classic classic (Heterozygous Analysis Set
Phenotype) Phenotype) Phenotype) Total Male (Classic Male (Non- Female
Renal 0 0 0 0 N= Phenotype) classic (Heterozygous
transplantation 129) (N = 58) Phenotype) Genotype)
Pacemaker ?6 5 O 1(12.5) 711 w=8 W =163)
Patients 31 18 (31.0) 4 (50.0) 9(14.3)
Data are n (%), unless otherwise noted. with (24.0)
eGFR, estimated glomerular filtration rate; ERT, enzyme replacement therapy; ADRs’, n
PMS, post-marketing surveillance; SD, standard deviation. (%)
2 Including patients treated with pre-ERT therapy (agalsidase alfa or agalsi- Number of 145 116 6 23
dase beta in a clinical trial for approval). ADRs
headache and rash (n = 3 patients each, 2.3%). The incidence and most -
. ADR" by SOC and PT Patients, n (%)
common types of ADRs varied among the three phenotypes. The most
common ADRs were pain in extremity and pyrexia in male patients with Psychiatric disorders 1 1a7 o 0
the classic phenotype (n = 4 patients each), cerebellar infarction, Insomnia (10‘78) 1472 0 0
headache, sinus node dysfunction, pruritus, urticaria, and chest 0.78)
discomfort (n = 1 patient each) in male patients with the non-classic
phenotype, and abnormal hepatic function and rash (n = 2 patients Nervous system disorders 7 5862 2 0
each) in heterozygous female patients. Further, 46 ADRs occurred in 14 (5.43) (25.0)
patients (10.9%) for the first time during the extension survey. The ADR Carpal tunnel syndrome 1 1(1.72) 0 0
events were cerebellar infarction, tinnitus, sudden hearing loss, atrial 0.78)
fibrillation, cardiac failure, pericarditis, sinus node dysfunction, shock, Cerebellar infarction (10 78) 0 (11 25) 0
dyspnea, oropharyngeal discomfort, rash, urticaria, skin induration, Headache 3 2(345) 1 0
muscular weakness, pain in extremity, injection site urticaria, malaise, (2.33) (12.5)
edema peripheral, pyrexia, protein in the urine, increased Gb3, road Hypoesthesia 1 1172 0 0
traffic accident, and infusion-related reaction (n = 1 patient each). Tremor (10'78) a0 o
A total of 22 serious ADRs occurred in 12 patients (9.3%). These 0.78) ’
included cardiac failure (four events in one patient); pyrexia, wheezing, Restless legs syndrome 1 11.72) 0 0
chills, headache, and pain in extremity (one of each event in one pa- 0.78)
tient); urticaria, pruritus, and cough (one of each event in one patient);
atrial fibrillation and shock (one of each event in one patient); and Eye disorders 1 1(1.72) 0 0
carpal tunnel syndrome, cerebellar infarction, retinal vein occlusion, (0.78)
sudden hearing loss, pericarditis, sinus node dysfunction, chest pain, Retinal vein occlusion 1 1a.72) 0 0
and traffic accident (one event in one patient each). Eight patients dis- ©.78)
continued the extension study due to adverse events and/or death (two
due to adverse events only, four due to death only, two due to adverse Far and labyrinth disorders 32 36170 0
events that led to death). Causes of death among the six patients who Tinnitus (2 33) 2345 0 0
died under treatment (four male, two female) were ventricular tachy- (1.55)
cardia (n = 2, 1.55%) and heart failure, sudden death, traffic accident, Sudden hearing loss 1 1(1.72) 0 0
and vascular stenosis (n = 1 each, 0.78%). Traffic accident was the only (0.78)
event for which a causal relationship to agalsidase alfa was not ruled out
by the reporting physician, as it was impossible to exclude it from among Cardiac disorders 4 0 1 3
all possible causes of the accident, including a simple operational error, . G10) (125  (476)
. . Atrial fibrillation 1 0 0 1
a symptom of Fabry disease, or agalsidase alfa treatment. Among the 0.78) (1.59)
remaining two patients without death, one patient discontinued due to Cardiac failure 1 0 0 1
increased brain natriuretic peptide levels, and the other due to rash and 0.78) (1.59)
protein in the urine. Palpitations 1 0 0 1
Over the course of the 14.5-year PMS, SAEs of cardiac, renal, and Pericarditis (10'78) o o §1.59)
cerebrovascular origin occurred in patients with all three disease phe- 0.78) (1.59)
notypes (Fig. 2). In male patients with the classic phenotype, these Sinus node dysfunction 1 0 1 0
events increased through the end of the initial 8-year PMS before pla- 0.78) 12.5)
teauing, with no additional cases reported in the extension survey
(Fig. 2A). Likewise, no further events were noted in male patients with Vascular disorders 2 1(1.72) 0 1
the non-classic phenotype (Fig. 2B). In heterozygous female patients, (1.55) (1.59)
while new renal and cerebrovascular events had also ceased by year 5 of Hypotension 10 28 1a72 0 0
the initial PMS, in contrast, the incidence of cardiac events continued to Shock (1 78) 0 0 1
occur during the extension survey (Fig. 2C). 0.78) (1.59)
Hot flush 1 0 0 1
3.4. Laboratory findings ©78) (159
Of the 129 patients, 121 had plasma Gb3 concentrations for analysis Rejiﬁ:ﬁgg’ thoracic and mediastinal ?3‘1 0 361 o (11.59)

(eight patients had no Gb3 data). After excluding patients who reported

. . . (continued on next page)
unknown prior ERT exposure (n = 10), plasma Gb3 concentrations in
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Table 2 (continued)
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Table 2 (continued)

ADR" by SOC and PT

Patients, n (%)

ADR" by SOC and PT Patients, n (%)

Cough

Dyspnea

Wheezing

Laryngeal discomfort

Oropharyngeal discomfort

Gastrointestinal disorders
Eructation

Nausea

Hepatobiliary disorders

Hepatic function abnormal

Skin and subcutaneous tissue disorders
Papule
Pruritus
Rash
Urticaria

Skin induration

Musculoskeletal and connective tissue
disorders
Back pain

Muscular weakness

Pain in extremity

General disorders and administration
site conditions
Chest discomfort
Chest pain
Chills
Injection site urticaria
Malaise
Edema

Edema peripheral

Pyrexia

Investigations

Blood lactate dehydrogenase
increased

Blood alkaline phosphatase
increased
Globotriaosylceramide increased

2
(1.55)
1
(0.78)
1
(0.78)
1
(0.78)
1

(0.78)

(1.55)
(0.78)

(0.78)

(1.55)

(1.55)

11
(8.53)
1

(0.78)
(3.10)
(2.33)
(3.10)

(0.78)

(4.65)
(0.78)
(0.78)

(3.10)

11
(8.53)

(1.55)
(0.78)
(0.78)
1

(0.78)
(1.55)
(0.78)
(0.78)

(3.10)

(2.33)
(0.78)
(0.78)

(0.78)

2 (3.45)

1(1.72)

1(1.72)

0

1(1.72)

7
(12.07)
1(1.72)
3(5.17)
1(1.72)
3(5.17)

1(1.72)

5 (8.62)

0

1(1.72)

4 (6.90)

7
(12.07)
0

0
1(1.72)
1(1.72)
2(3.45)
0

1(1.72)

4 (6.90)

3(5.17)

1(1.72)

1(1.72)

1(1.72)

(12.5)

(12.5)

(3.17)

(1.59)

(1.59)

(3.17)

(3.17)

2
(3.17)
0

(1.59)

(1.59)

3
(4.76)
1
(1.59)
1
(1.59)
0

Alanine aminotransferase increased 1 1(1.72) 0 0
(0.78)

Gamma-glutamyltransferase 1 1(1.72) 0 0
increased (0.78)

Protein urine present 1 1(1.72) 0 0
(0.78)

Injury, poisoning and procedural 2 2 (3.45) 0 0
complications (1.55)

Road traffic accident 1 1(1.72) 0 0
(0.78)

Infusion related reaction 1 1(1.72) 0 0
(0.78)

Data are n (%), unless otherwise noted.
ADR, adverse drug reaction; PT, Preferred Term; SOC, System Organ Class.

# ADRs were coded using the Japanese version of the Medical Dictionary for
Regulatory Activities Version 25.0.

b Multiple episodes of the same PT or SOC in the same patient were counted
only once.

111 patients were analyzed. Plasma Gb3 concentrations achieved during
the first six months of agalsidase alfa treatment were sustained over the
14.5-year observation period regardless of prior exposure to ERT
(Fig. 3). In male patients with the classic phenotype, mean (SD) baseline
plasma Gb3 levels were initially high at 9.5 (4.0) nmol/mL in those
without prior ERT exposure but declined rapidly to 5.2 (1.6) nmol/mL
after 6 months of treatment and remained stable thereafter. In those
with prior ERT exposure, baseline Gb3 was 5.3 (2.4) nmol/mL, where it
remained relatively unchanged for the entire observation period. Male
patients with the non-classic phenotype and heterozygous female pa-
tients showed relatively smaller changes in plasma Gb3. Male patients
with the non-classic phenotype with and without prior ERT exposure
had a mean (SD) baseline plasma Gb3 concentration of 3.8 (1.7) nmol/
mL and 3.3 (0.5) nmol/mL, respectively, where levels remained steady
for the entire observation period. Likewise, heterozygous female pa-
tients with and without prior ERT exposure showed a mean (SD) base-
line plasma Gb3 concentration of 3.9 (1.2) nmol/mL and 4.0 (1.6) nmol/
mL, respectively, where it remained at a steady level until the final
measurement.

Among the 129 patients included in the extension survey, 781 IgG
anti-agalsidase alfa antibody tests (mean [SD] 6.1 [2.7] per patient,
range 0-12) were conducted in 128 patients, and 23 tests from six pa-
tients were positive for anti-agalsidase alfa antibodies (Fig. 4). All six
patients were male with the classic phenotype. One of these patients
reported an ADR of non-serious malaise after testing positive for anti-
agalsidase alfa IgG, and three patients became negative for anti-
agalsidase alfa antibodies on subsequent testing (one patient ceased
testing, while two patients underwent at least one more test after
receiving a negative result). No IgE anti-agalsidase alfa antibodies were
detected in any patients.

4. Discussion

This nationwide prospective observational study extended the initial
8-year PMS of agalsidase alfa in Japanese patients with Fabry disease to
a total of 14.5 years. This is the longest surveillance of agalsidase alfa
treatment in clinical practice in Japan, with a mean duration of treat-
ment of 9.6 years. Long-term agalsidase alfa treatment sustained
reduced Gb3 concentrations without increasing the rate of anti-
agalsidase antibody positivity. Further, no new safety concerns were
identified. Overall, these findings suggest that agalsidase alfa treatment
demonstrates continued safety and sustains patients' clinical course over
the long term.

The incidence of ADRs in the present extension survey (24.0%) is
comparable to that reported in the initial PMS of Japanese patients
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Fig. 2. Kaplan-Meier curves of the cumulative rate of serious adverse events of cardiac, renal, or cerebrovascular origin in patients with Fabry disease during
treatment with agalsidase alfa. (A) Male patients with classic Fabry disease. (B) Male patients with non-classic Fabry disease. (C) Female patients with Fabry disease.
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Fig. 3. Plasma Gb3 titer over time in patients with Fabry disease receiving
treatment with agalsidase alfa with or without prior ERT. (A) Male patients
with classic Fabry disease. (B) Male patients with non-classic Fabry disease. (C)
Female patients with Fabry disease.

“-“in the tables indicates there were no data available at those time points.
ERT, enzyme replacement therapy; Gb3, globotriaosylceramide.

(24.5%) [13]. In the present study, the most frequent events aggregated
by SOC were “skin and subcutaneous tissue disorders” and “general
disorders and administration site conditions” at 8.5%, followed by
“nervous system disorders” at 5.4% (Table 2). The respective incidences
in the initial PMS were 5.1%, 10.3%, and 5.1% (unpublished data,
submitted to the Pharmaceuticals and Medical Devices Agency), indi-
cating that while “general disorders and administration site conditions”
and “nervous system disorders” occurred at a similar rate, “skin and
subcutaneous tissue disorders” were slightly more frequent in the
extension survey. Of the 14 patients who developed ADRs for the first
time in the extension survey, three had ADRs in the “skin and subcu-
taneous tissue disorders” SOC. Whether patients are at increased risk of
such ADRs with continued treatment is unclear and warrants further
investigation.

In contrast, the incidence of ADRs observed here is slightly lower
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than that reported in the 5-year analysis of findings from the ongoing
real-world FOS (33.9%, 188/555 patients) performed predominantly in
European countries [14]. The most frequent ADRs also differed. While
pruritus, urticaria, pain in extremity, and pyrexia (n = 4 patients each,
3.1%) were the most common ADRs in the present survey, among these
only pyrexia was considered frequently reported in FOS (n = 12 patients,
2.2%). In contrast, infusion-related reactions (n = 35 patients, 6.3%)
were most common in FOS but were only reported in one patient (0.8%)
in the present survey. Interestingly, however, the incidence of serious
ADRs was higher in the present survey (22 serious ADRs in 12 patients,
incidence of 9.3%) compared with FOS (10 serious ADRs, incidence not
reported, but no >1.8%). The discrepancies between the present PMS
and FOS may be due to differences in definitions used to identify ADRs
and their severity. Alternatively, the discrepancies may suggest differ-
ences in ADRs in Japanese compared with European populations,
although further analyses are needed to confirm this possibility.
Nevertheless, both real-world studies reported no additional safety
concerns, suggesting that agalsidase alfa is a generally safe treatment.

Analysis of SAEs of cardiac, renal, and cerebrovascular origin in the
present survey showed that while all these events decreased in fre-
quency in male patients with long-term agalsidase alfa administration,
cardiac events continued to occur over time in female patients. This may
be explained by the higher proportion of female patients with cardiac
complications at enrollment in the initial PMS compared with male
patients with the classic phenotype (66.7% vs. 41.4%) and the presence
of an association between the severity of baseline cardiac dysfunction
and the risk of cardiac events in patients treated with agalsidase alfa
[15]. Given the difficulty of Fabry disease diagnosis [1] and the lower
levels of Gb3 in female patients [16], necessitating genetic screening,
female patients are typically diagnosed with Fabry disease at an older
age than male patients with the classic phenotype [17]. The delay in
diagnosis and the relatively advanced age of female patients could make
it more likely that they will already have underlying cardiac damage at
diagnosis. Indeed, the mean age at diagnosis and at study inclusion in
the initial PMS differed by >20 years between female patients and male
patients with the classic phenotype. The proportion of ERT-naive pa-
tients was also higher in female patients than in male patients in the
present survey. These findings suggest the need for early diagnosis and
early initiation of treatment in female patients.

Although >20 years have passed since the first approval of ERTs such
as agalsidase alfa for the treatment of Fabry disease, the ideal time to
initiate treatment remains unclear. Given that the first symptoms of the
classic phenotype of Fabry disease typically manifest in childhood [18],
early treatment may be important. In fact, early treatment has been
found to alleviate many of the disease's symptoms and stabilize, and in
some cases reverse, disease progression [18]. Findings from FOS have
also demonstrated that prompt treatment is linked to significant re-
ductions in cardiovascular events in both male and female patients
[19,20]. However, as mentioned above, diagnosis is often delayed in
female patients. Further, despite findings that male and female patients
respond similarly to agalsidase alfa [21], evidence from Spain and
Germany suggests that, even when found to fulfill the criteria for ERT
initiation, female patients with Fabry disease are less likely to receive
ERT than male patients [22,23]. Thus, in addition to strategies to pro-
mote early diagnosis, improved adherence to treatment guidelines may
also be needed to ensure that female patients receive more timely
therapy.

As reported in the initial PMS [13], agalsidase alfa treatment
decreased plasma Gb3 concentrations in male patients with the classic
phenotype without prior ERT exposure. Longer-term surveillance
revealed no obvious elevation in plasma Gb3 regardless of prior ERT
exposure. Agalsidase alfa treatment has previously been shown to
reduce plasma Gb3 in male [24,25] and female [26,27] patients. The
variability in baseline plasma Gb3 levels among the three phenotypes in
the present survey is also in line with previous findings that male pa-
tients have higher pretreatment plasma Gb3 levels than female patients
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Fig. 4. Anti-agalsidase alfa antibody positivity over time. Antibody measurements were conducted at the discretion of the physician. All 129 patients had antibody
levels measured at least once; only those with at least one positive measurement are shown. A blank square indicates no measurement at that time point.

ERT, enzyme replacement therapy; m, months; y, years.

[16]. Therefore, findings from this extension survey indicate that agal-
sidase alfa therapy sustains reduced plasma Gb3 levels over the long
term.

In the present survey, six of 58 males with the classic phenotype
(10.3%) developed anti-agalsidase alfa antibodies. This incidence is low
compared with a previous study reporting that more than half of male
patients with the classic phenotype develop anti-drug antibodies against
agalsidase alfa and beta [28]. As suggested by van der Veen et al. [29],
patients with this most severe phenotype often develop anti-drug anti-
bodies following ERT because the absence of the native enzyme causes
their immune system to recognize the recombinant enzyme as a foreign
body. Although the small sample size makes it impossible to draw
conclusions on whether development of these antibodies had any impact
on the safety of the therapy in the present cohort, one of the six patients
who developed anti-agalsidase antibodies reported an ADR of non-
serious malaise, while two patients discontinued the survey, one due
to an adverse event of vascular stenosis that led to death and the other
due to switching to another drug. In addition to safety implications, anti-
agalsidase alfa antibodies can inhibit agalsidase alfa activity, potentially
affecting efficacy [28]. However, analysis of Gb3 concentrations in the
six patients who developed anti-agalsidase alfa antibodies was incon-
clusive of a clear relationship between these markers. Nevertheless, the
observation that three of the six patients who developed anti-agalsidase
alfa antibodies subsequently tested negative suggests that they may have
developed low titers, which have been shown to have no significant
effect on the safety or efficacy of agalsidase alfa treatment [25].
Therefore, our data suggest there was a low incidence of anti-Gb3 an-
tibodies following agalsidase alfa treatment, and that if they do occur,
they do not have a significant impact on the subsequent clinical course
or safety in Japanese patients with Fabry disease.

This study has several strengths. First, it is the longest real-world
surveillance of agalsidase alfa treatment in Japan to date, following
patients for up to 14.5 years. Because patients with Fabry disease require
lifelong treatment, such long-term real-world studies are highly valuable
to both patients and physicians. In addition to the need for early diag-
nosis and early treatment initiation, we believe that it is necessary to
continue to monitor the prognosis of patients receiving ERT to ensure
the treatment remains safe and effective. Second, the study examined
Japanese patients, who, along with Asian populations more generally,
are under-represented in Fabry disease studies. Although the majority of
studies on Fabry disease have been conducted in White populations [for
a review, see [30]], there is evidence that Japanese patients with Fabry
disease harbor at least one unique pathogenic mutation [31]. Continued
research in this population will improve awareness, diagnostics, and
treatment efforts. Finally, we conducted separate analyses by phenotype
and sex to provide a true representation of the variability of the disease

across these populations.

A number of limitations also warrant mention. First, this study only
included patients from the initial PMS who continued to receive agal-
sidase alfa. This may have led to some bias in the population de-
mographics, such as a low proportion of severe cases that could have
resulted in poor control or death, cases with many adverse events, and
patients with low satisfaction. Second, the relatively small sample size of
male patients with the non-classic phenotype may have biased estimates
of the treatment's safety and effect on markers of disease activity in this
population. Third, the relatedness of adverse events to agalsidase alfa
treatment and their severity were determined by individual attending
physicians, which may have led to heterogeneous classification. Like-
wise, the timing of Gb3 measurement and anti-agalsidase alfa antibody
tests was determined by attending physicians. Fourth, the observational
nature of this study meant there was no comparator group, making it
impossible to determine the degree to which agalsidase alfa treatment
contributed to suppressing disease progression compared to no treat-
ment. Finally, the effectiveness of treatment was assessed based on
changes in plasma Gb3, which has been used as an efficacy endpoint in
many clinical trials [6,32-34], as increases in plasma Gb3 are a patho-
genic hallmark of Fabry disease. However, recent investigations have
suggested that plasma Gb3 may not be a useful marker of response to
treatment, with levels shown to be highly variable in some patients,
particularly those with the N215S mutation and heterozygotes [35].
Further, there is no evidence of a correlation between elevated Gb3 and
clinical symptoms [16]. Additionally, we did not assess lyso-Gb3 levels,
which were identified as a potentially useful biomarker of Fabry disease
after this survey was initiated [36]. Future investigations of drug
effectiveness would benefit from assessing other markers such as lyso-
Gb3 or globotriaosylsphingosine [37].

In conclusion, this extension survey of the initial PMS of agalsidase
alfa treatment in Japanese patients with Fabry disease confirmed the
ERT's long-term safety and suppressive effects on disease markers in
real-world clinical practice. These findings suggest that agalsidase alfa
treatment demonstrates continued safety and sustains patients' clinical
course over the long term.
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