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1 | INTRODUCTION

HUGHES ET AL.

Fabry-associated clinical events (FACESs) in a cohort of patients who had received
>3 years of migalastat treatment in a real-world setting. As of August 2022,
125 patients (60% male) had a mean migalastat exposure of 3.9 years. At enrol-
ment, median age was 58 years (males, 57; females, 60) with a mean eGFR of
83.7 mL/min/1.73 m> (n = 122; males, 83.7; females, 83.8) and a median left ven-
tricular mass index of 115.1 g/m2 (n = 61; males, 131.2; females, 98.0). Mean (95%
confidence interval) eGFR annualised rate of change in the overall cohort
(n=116) was —0.9 (—10.8, 9.9) mL/min/1.73 m*/year with a similar rate of
change observed across patients with varying levels of kidney function at enrol-
ment. Despite population age and baseline morbidity, 80% of patients did not
experience a FACE during the mean 3.9 years of migalastat exposure. The inci-
dence of renal, cardiac, and cerebrovascular events was 2.0, 83.2, and 4.1 events
per 1000 patient-years, respectively. These data support a role of migalastat in pre-
serving renal function and multisystem effectiveness during >3 years of migalastat
treatment in this real-world Fabry population.
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age.” CVD is the current leading cause of death in patients

Fabry disease is a rare, multisystem, progressive X-linked
lysosomal disorder caused by the functional deficiency of
a-galactosidase A enzyme due to GLA gene variants."”
Enzyme deficiency gives rise to lysosomal dysfunction
which occurs within many cells and tissues throughout the
body with many patients demonstrating abnormal levels of
glycosphingolipids, predominantly globotriaosylceramide
and globotriaosylsphingosine." This results in multisystem
organ involvement and a wide variety of clinical symptoms
and manifestations, including cardiovascular disease (CVD),
stroke, end-stage renal disease, and shorter life expectancy.’
The type and the age of onset of Fabry disease manifes-
tations vary, with Fabry disease exhibiting a wide spectrum
of clinical presentations with varying degrees of disease
severity and organ involvement that affects both sexes.’
Patients typically present with early- or later-onset disease."*
Early-onset disease, also known as ‘classical phenotype’ and
associated with little to no enzyme production in males, pre-
sents with symptoms during childhood that progress to mul-
tiorgan failure."** Later-onset Fabry disease has more
variable disease progression in which patients commonly
experience a slower decline in renal function compared with
classic males.®” As such, delays in diagnosis are common,
with cardiac symptoms, proteinuria, and/or decreased esti-
mated glomerular filtration rate (eGFR) typically presenting
in adulthood."® By the age of 40 years, patients typically
experience more severe disease and higher incidence of clin-
ical events with disease burden continuing to increase with

with Fabry disease across phenotypes, and patients with
Fabry disease have a higher risk for cardiac events relative
to the general population.'®"*

Currently approved treatments for Fabry disease
include intravenously delivered enzyme replacement ther-
apy (ERT) with either agalsidase alfa, beta, or pegunigalsi-
dase alfa, or oral treatment with migalastat, a first-in-class
pharmacological chaperone treatment for patients with
migalastat-amenable GLA variants. Migalastat has been
shown to stabilise eGFR and significantly decrease left ven-
tricular mass index (LVMi) in clinical trials, and their
open-label extension studies, as well as in real-world
studies."*** However, data on the effectiveness of long-
term migalastat treatment in a real-world clinical setting
are limited in number and by cohort size."

The followME Pathfinders registry (EUPAS20599) is
an ongoing patient-focused registry evaluating real-world
safety, effectiveness, and patient-reported outcomes for
current Fabry disease treatments, with a focus on
patients receiving migalastat.”' The occurrence of serious
adverse events (SAEs) and Fabry-associated clinical
events (FACEs), which are key indicators of safety and
effectiveness, and include cardiac, cerebrovascular, and
renal events, and overall survival, will be evaluated over
a period of 5 years in this study. Although early in the
analysis phase of the registry, this cohort of 125 patients
in the followME registry represents a population with
clinically significant Fabry disease in which to assess
real-world migalastat use and is the most comprehensive
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Patients enrolled into one of three groups:

GLA variants receiving migalastat
Inclusion criteria:

Patients aged >12 years
with a confirmed diagnosis
of Fabry disease
eGFR of 230 mL/min/1.73 m?

FIGURE 1

data set following the approval of migalastat for the treat-
ment of Fabry disease.*?

Here, we present renal function data, and incidence and
prevalence of FACEs as a measure of multisystem effective-
ness in a cohort of 125 patients with migalastat-amenable
GLA variants® who received migalastat for at least 3 years
after enrolment into the followME Pathfinders registry.

2 | METHODS

2.1 | Registry data collection

The followME Fabry Pathfinders registry (EUPAS20599) is
an ongoing prospective, international, observational pro-
gramme of patients with Fabry disease in 59 centres. At
the time of data cutoff, 57 sites had at least one patient
enrolled. Patients can be treated with migalastat or ERT,
or receive no treatment, and all patients are followed up
for 5 years after enrolment. Up to 2 years of retrospective
data are included in this analysis, depending on treatment
start date. All patients provided written informed consent
for participation in this study. The study was conducted in
accordance with the ethical principles of the Declaration
of Helsinki and Good Pharmacoepidemiology Practice
guidelines, along with applicable privacy laws and local
regulations for each participating site.

2.2 | Patients and study design

Patients >12 years old with a confirmed diagnosis of
Fabry disease, eGFR >30 mL/min/1.73 m* at enrolment
and who had not received any treatment or had received
up to 2 years of prior treatment were enrolled into one of
three groups: migalastat, ERT (agalsidase alfa or beta), or
untreated. Patients were included in the current analysis
if they had migalastat-amenable GLA variants, had initi-
ated migalastat treatment no more than 24 months prior

Migalastat group: patients with migalastat-amenable
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‘Baseline’ was defined as treatment start
at any time within the time period

Study design. eGFR, estimated glomerular filtration rate; ERT, enzyme replacement therapy.

to enrolment, and had at least 3 years of migalastat expo-
sure as of August 2022 (Figure 1). Full inclusion criteria
can be found in Appendix S1. Due to the need for base-
line matching adjustments to enable comparisons across
groups, data for the untreated and ERT-treated groups
were not included at this time.

2.3 | Registry procedures

This registry is a non-interventional study; patients are
observed under local treatment practice and no study-
specific visits, tests, or clinical assessments are required.
For all patients, clinical treatment decisions were made
independently from the decision to enrol the patient into
the registry. Treatment switching was permitted in the
study and determined based on ongoing medical care
and was not influenced by participation in the registry.
Only patients with amenable variants could be switched
to migalastat treatment. Clinical events were assessed as
FACEs by the investigator based on local treatment prac-
tice. If a patient discontinued the registry due to an SAE
or had an ongoing SAE at the end of the registry follow-
up period, the patient was followed up until the SAE
resolved. Patients who exited the study were observed for
safety for 30 days after their last migalastat dose.

2.4 | Outcomes and assessments

Migalastat multisystem effectiveness was evaluated
through the incidence and prevalence of FACEs which
included renal events, cardiovascular events, cerebrovas-
cular events, and/or death due to FACEs.’ Full defini-
tions of FACEs can be seen in Table 1.** Other
effectiveness variables in this analysis included eGFR
Chronic Kidney Disease Epidemiology Collaboration
(eGFRckp.gpr) annualised change based on serum creati-
nine measurements. Due to the limited collection of
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TABLE 1
(FACEs).

Definition of Fabry-associated clinical events

Definitions

Cardiac clinical » Myocardial infarction

events « New symptomatic arrhythmia
requiring medication, direct current
cardioversion, or interventional
procedure (e.g., ablation, pacemaker,
or defibrillator implantation)

« Unstable angina defined by national
practice guidelines and accompanied
by electrocardiographic changes
resulting in hospitalisation®

» Congestive heart failure requiring
hospitalisation

« Any major cardiac medical procedure
(e.g., valve replacement, stent
implantation, and transplant)

Cerebrovascular « Stroke (documented by a physician)
clinical events » Transient ischaemic attack
(documented by a physician)
Renal clinical « Doubling of serum creatinine level
events from the start of baseline (where
levels remained double or greater
between two consecutive visits)*®
» End-stage renal disease requiring
long-term dialysis or transplantation

Death « Death due to FACEs®

#As reported by investigators based on local treatment practice.
®Analysed separately but reported within the relevant category of cardiac,
cerebrovascular, or renal clinical events.

LVMi data up to the time of the data cut, LVMi data has
not yet been analysed and was not included. Neither
eGFRckp-gpr slope per se or LVMi change were included
in the definition of a renal or cardiac FACE. Multiorgan
involvement was defined as the involvement of >2 of the
following organ systems: renal, cardiac, central nervous,
peripheral nervous, and gastrointestinal. Involvement of
an organ system was based on a medical chart review
of the following signs/symptoms of Fabry disease: acro-
paresthesia, gastrointestinal symptoms, hearing loss, and
magnetic resonance imaging brain changes using medical
history, as well as eGFR <90 mL/min/1.73 m* and LVMi
>95 g/m2 (females) or >115 g/m2 (males) at enrolment.

2.5 | Statistical methods

Due to the study design, no formal hypothesis testing was
performed. Demographic data, disease characteristics at
enrolment and at start of treatment, and medical history
were summarised. FACEs are presented both as
exposure-adjusted incidence rates (calculated per 1000

patient-years) and prevalence (percentage of patients
experiencing an event). Annualised rate of change in
eGFRcxppr for the three eGFRcxpgpr categories at
enrolment were compared using one-way analysis of
variance.

For longitudinal assessments, data are anchored at
enrolment (day 0). Analysis was performed to account for
patients starting migalastat at different time points prior
to their enrolment into the registry and all available ret-
rospective data are included in this analysis. The baseline
was defined as treatment initiation at any time within
the study period (i.e., starting from 24 months prior to
enrolment onward). For patients included in the analysis
with a treatment start date prior to enrolment, the treat-
ment start date was considered baseline (Figure 1) and
all on-migalastat data are included in this analysis. Retro-
spective eGFR data were available for 62 patients who
had a treatment start date prior to enrolment. For
patients included in the analysis who did not have a
treatment start date prior to enrolment, all retrospective
data from the prior 24 months were included for descrip-
tive purposes, but no pre-enrolment baseline was
defined.

Data were not adjusted for any differential selection
bias. Prior clinical events were defined as those captured
in the medical history and that had occurred before miga-
lastat treatment initiation. To prevent undercounting,
events without a date were attributed to the migalastat
treatment period. Various subgroups of interest were ana-
lysed to provide context for the data and allow for com-
parison with other analyses in the literature.

3 | RESULTS
3.1 | Patient demographics and disease
characteristics at enrolment

As of August 2022, 125 patients enrolled into the fol-
lowME Pathfinders registry who had migalastat-
amenable GLA variants and at least 3 years of migalastat
exposure were included in this analysis. Patients were
enrolled from Austria (n = 6), Czech Republic (n = 8),
Canada (n = 15), Germany (n = 26), Hungary (n = 1),
Italy (n =16), Portugal (n =38), Switzerland (n = 6),
Spain (n = 14), and the United Kingdom (n = 25). Of
these, 60% (n = 75) were male, and the overall median
age of patients was 58.0 years, with 81.6% of patients over
40 years of age (Table 2). Of patients who switched treat-
ment, prior to enrolment, 29 patients switched to migala-
stat from an ERT and post-enrolment, three patients
switched to migalastat from ERT, and one patient
switched to ERT from migalastat. Patients had a mean
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TABLE 2 Patient demographics and disease characteristics at enrolment.
Overall Males Females
n (%) 125 (100) 75 (60.0) 50 (40.0)
Age (years)
Median (range) 58.0 (16.0-77.0) 57.0 (16.0-75.0) 60.0 (18.0-77.0)
>40 years, n (%) 102 (81.6) 59 (78.7) 43 (86.0)
<40 years, n (%) 23 (18.4) 16 (21.3) 7 (14.0)
Race, n (%)
Caucasian 124 (99.2) 74 (98.7) 50 (100)
Asian 1(0.8) 1(1.3) 0(0.0)
Ethnicity, n (%)
Hispanic or Latino 23 (18.4) 12 (16.0) 11 (22.0)
Not Hispanic or Latino 80 (64.0) 52(69.3) 28 (56.0)
Not reported 22 (17.6) 11 (14.7) 11 (22.0)
Top three amenable variants, n (%)
p.N215S 38 (30.4) 32(25.6) 6(4.8)
p.S238N 10 (8.0) 7(5.6) 3(24)
p.F113L 9(7.2) 9(7.2) 0(0.0)
eGFRckp.gpr, ML/min/1.73 m?
n (%) 122 (97.6) 72 (96.0) 50 (100)
Mean (SD) 83.7 (22.5) 83.7 (24.2) 83.8 (20.1)
eGFR >90 46 (36.8) 29 (38.7) 17 (34.0)
eGFR >60 to <90 59 (47.2) 32(42.7) 27 (54.0)
eGFR >30 to <60 16 (12.8) 11 (14.7) 5(10.0)
eGFR >20 to <30 1(0.8) 0(0.0) 1(2.0)
Missing 3(2.4) 3(4.0) 0(0.0)
uACR, mg/g
n (%) 40 (32.0) 23 (30.7) 17 (34.0)
Median (range) 19.0 (0-1124) 14.0 (0-312) 26.6 (0-1124)
LVMi, g/m”
n (%) 61 (48.8) 34 (45.3) 27 (54.0)
Median (range) 115.1 (23.9-289.0) 131.2 (43.0-289.0) 98.0 (23.9-209.0)

Abbreviations: CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate; LVMI, left ventricular mass index;

SD, standard deviation; uACR, urine albumin creatinine ratio.

#One female patient with an eGFR value >20 to <30 at enrolment met the inclusion criteria and was included in the study; however, treatment of this patient
is considered off-label. Three patients were excluded from the analysis population as they were ineligible to participate in the registry. These patients had
physiologically implausible recorded eGFR values due to incorrect entry of data or an eGFR at enrolment of much less than 30 mL/min/1.73 m?. Data will

continue to be collected for these patients for future analyses.

migalastat exposure of 3.9 years and a total exposure to
migalastat of 493 patient-years. Prior to enrolment,
116 patients had received a mean of 1.0 years of migala-
stat exposure, and nine patients initiated migalastat at or
after enrolment.

Disease characteristics at enrolment are detailed in
Table 2. Mean eGFRcgpgpr for the overall population
(n = 122) was 83.7 mL/min/1.73 m?, with 12.8% (n = 16)
of patients experiencing renal impairment with an eGFR of

<60 mL/min/1.73 m°. Although urine albumin creatinine
ratio (UACR) was only reported for a small number of
patients, females had a higher median uACR than males at
enrolment (26.6 mg/g [n=17] vs.14.0 mg/g [n = 23],
respectively). Of patients with available LVMi data at
enrolment, median LVMi for the overall population was
115.1 g/m*>. LVMi was above the upper limit of normal
(ULN) indicating left ventricular hypertrophy (LVH) in
both sexes (median LVMi in males [n = 34]: 131.2 g/m?
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FIGURE 2

LVMi by age at enrolment separated by males and females. The reference values for LVMi were based on the M mode linear

method to avoid over attribution to LVH. Reference values for the 2D method are: females, 88 g/m2 and males, 102 g/mz. LVH, left

ventricular hypertrophy; LVMI, left ventricular mass index; ULN, upper limit of normal.

[ULN: 115.0 g/m’]; females [n =27]: 98.0 g/m®> [ULN:
95.0 g/m?]),>® representing 64.7% of males and 59.3% of
females (Figure 2). In patients >40 years at enrolment,
mean eGFRcgpgpr Was lower (77.5 mL/min/1.73 m?
n=100) and median LVMi was higher (120.1 g/m?
n = 51) than the overall population and compared with
patients <40 years (mean eGFRcgpgpr: 112.1 mL/
min/1.73 m?, n = 22; median LVMi: 67.5 g/m?, n = 10).

Overall, multiorgan involvement (involvement of
>2 organ systems) was reported in 60.8% of patients
(56.0% [28/50] of females and 64.0% [48/75] of males;
Figure 3).

3.2 | Renal measures

The mean (95% confidence interval [CI]) annualised rate
of change in eGFRckpgpr for the overall population
(n = 116) was —0.9 (—10.8, 9.9) mL/min/1.73 m?/year
(Figure 4A) during the mean 3.9 years of migalastat expo-
sure. A similar mean (95% CI) annualised rate of change
was observed for both males (—0.9 [-9.8, 13.3]
mL/min/1.73 m?/year, n = 70) and females (—0.9 [—11.0,
9.9] mL/min/1.73 m?*/year, n = 46; Figure 4B).

When examining across eGFR categories at enrol-
ment, a statistically comparable, stable mean annualised
rate of change in eGFRckpgpr Was seen (p = 0.692;
Figure 5). Mean + standard deviation (SD) annualised
eGFRckp gpr change in patients with an eGFR >90 mL/

min/1.73 m*> was —1.0 + 3.9 mL/min/1.73 m?/year,
—1.0 + 5.9 mL/min/1.73 m*/year in patients with an
eGFR >60 to <90 mL/min/1.73 m> and — 0.4 + 3.5 mL/
min/1.73 m*/year in patients with an eGFR >30 to
<60 mL/min/1.73 m*.

3.3 | Incidence of FACEs

During the mean 3.9 years of migalastat exposure,
100 patients (80.0%) did not experience a FACE. The
most common FACE was a cardiac event, which was
experienced in 24 patients (19.2%). One patient (0.8%)
experienced a renal event (doubling of serum creatinine
level); eGFRckp.gpr of this patient was 60.4 mL/
min/1.73 m* at enrolment. Two patients (1.6%) experi-
enced a cerebrovascular event.

Prior to initiating migalastat, nine patients (7.2%; five
female, four male) each experienced one FACE (6 cere-
brovascular events, 3 cardiac events, and 0 renal events).
During the migalastat treatment period, 14.4% (n = 18)
of patients experienced one FACE and 5.6% (n =7) of
patients (three female, four male) experienced multiple
events (range: 2-8 events), 57.1% (n = 4) of whom had
experienced a FACE prior to migalastat initiation. One
patient experienced eight symptomatic arrhythmia events
while on migalastat treatment that required either medi-
cation, direct current cardioversion, or interventional
procedure. In total, 44 events were reported during
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Renal

Multiorgan involvement by sex. Each ring represents one patient with involvement of >2 organ systems. Each colour

represents the involvement of an organ: the darker the shade, the more organ systems were involved (up to five) for that patient. (A) There
are 48 rings, each representing one male patient with involvement of >2 organ systems. (B) There are 28 rings, each representing one female
patient with involvement of >2 organ systems. The proportion of patients with involvement of each organ system is shown only for patients
with involvement of >2 organ systems and is not indicative of the proportion of patients with organ involvement for the overall population.
CNS, central nervous system; GI, gastrointestinal; PNS, peripheral nervous system.

migalastat treatment and were included in this analysis.
All events are shown by patient in Table S1.

Overall, the incidence for composite events (includes all
individual cerebrovascular, cardiac, and renal FACEs and
death combined) was 89.3 events per 1000 patient-years
(Figure 6). One death due to cardiac failure was reported in
a male patient at 30 months post-enrolment; the patient
was 66 years old at enrolment and had the p.N215S variant.
[Correction added on 13 August 2024, after first online pub-
lication: The variant in the preceding sentence has been
corrected in this version.] He was diagnosed with Parkinson
disease in 2009 and Fabry disease in 2018. He had no previ-
ous history of FACEs before enrolment.

3.4 | Incidence of serious adverse events
Overall, 16.0% (n = 20) of patients experienced 29 SAEs
while on migalastat; five patients had multiple SAEs.
One SAE owing to a transient ischaemic attack was
deemed by the treating physician as possibly related to
migalastat, three SAEs (atrial fibrillation, myocardial
infarction, and cardiac failure) were deemed unlikely to
be related, and the rest were determined to be unrelated
to migalastat. A list of all SAEs can be found in Table S2.
Of the 29 SAEs, 14 were considered FACEs and have
been included in the FACE prevalence/incidence.

3.5 | Fabry disease and migalastat
effectiveness in patients without the
p-N215S variant

The three most common amenable variants observed in
this patient population were p.N215S (30.4%), p.S238N
(8.0%), and p.F113L (7.2%) and were all most frequently
represented in males compared with females (Tables 2;
S3). A greater variety of amenable variants was observed
in the female population compared to males (30 variants
in 49 females vs. 20 variants in 75 males) in this group.
The most common amenable variants by sex were
p-N215S (25.6%), p.F113L (7.2%), and p.S238N (5.6%) in
males and p.N215S (4.8%), p.R356W (3.2%) and p.A143T,
p.P205T, p.R301Q, and p.S238N (all 2.4%) in females
(Table S3). A total of seven patients (5.6%) had variants
of uncertain significance (VUSs); four patients had the
p-Al143T variant and three patients had the p.R118C
variant.

Due to the high proportion of patients with the
p-N215S variant in this cohort, and the known cardiac
pathology of p.N215S, a subanalysis was performed to
assess the effectiveness of migalastat in patients without
the p.N215S variant. Overall, 87 patients (69.6%) had a
variant other than the p.N215S variant, of whom 50.6%
were female. At enrolment, the non-p.N215S group
was broadly comparable to the overall study cohort
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(—10.8, 9.9) mL/min/1.73 m?/year and (B) for males were —0.9 (—9.8, 13.3) mL/min/1.73 m?/year and for females were —0.9 (—11.0, 9.9)
mL/min/1.73 m?/year. One female patient with an eGFR value >20 to <30 at enrolment met the inclusion criteria and was included in the
study; however, treatment of this patient is considered off-label. CI, confidence interval; CKD-EPI, Chronic Kidney Disease Epidemiology
Collaboration; eGFR, estimated glomerular filtration rate.
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FIGURE 5

Annualised rate of change in eGFRcxp gpr for each patient by eGFR category at enrolment. Dark solid lines indicate the

mean eGFRckp.gpr annualised rate of change. Annualised rate of eGFRckp.gpr change was calculated using three or more data points for
91/116 patients and two data points for 25/116 patients. The 95% CI for eGFR group >90 mL/min/1.73 m? at enrolment was —5.9, 8.3 mL/
min/1.73 m?/year, for eGFR group >60 to <90 mL/min/1.73 m? at enrolment was —10.8, 11.3 mL/min/1.73 m?/year, and for eGFR group
>30 to <60 mL/min/1.73 m? at enrolment was —7.5, 4.6 mL/min/1.73 m?/year. CI, confidence interval; CKD-EPI, Chronic Kidney Disease

Epidemiology Collaboration; eGFR, estimated glomerular filtration rate.

(patient demographics and disease characteristics can be
seen in Tables S4 and 2, respectively), with similar age
(median 56 vs. 58 years, respectively), mean + SD
eGFRckp-gpr (85.5 +24.1 [n =86] vs. 83.7 +22.5mL/
min/1.73 m? [n = 122]), median LVMi (115.3 [n = 48]
vs. 115.1 g/m? [n = 61]) and proportion of patients with
multiorgan involvement (62.1% vs. 60.8%). In comparison
to the non-p.N215S group, the p.N215S group at enrol-
ment (n = 38) was older (median 60.5 years) with a
higher proportion of male patients (84.2%) and a longer
duration of migalastat treatment prior to
enrolment (median 17.3 vs. 9.8 months). Patients in the
p-N215S group also had a lower median LVMi (102.0
vs. 115.3 g/m?, respectively) and a higher proportion of
patients had an eGFR 60 to <90 mL/min/1.73 m?* (57.9%
vs. 42.5%) at enrolment compared to the non-p.N215S
group.

The median annualised rate of change in eGFRckp.
epr (ML/min/1.73 m?/year) in the non-p.N215S group
and the p.N215S group were comparable with the overall
population during the 3.9 years of migalastat exposure
(~1.5 [Q1 —3.7, Q3 0.8], n =81 vs. —0.7 [Q1 —3.1, Q3
2.8], n =35). Overall, a slightly higher proportion of
patients with the p.N215S variant experienced a FACE
compared with those without the variant (26.3% [n = 10]
vs. 17.2% [n = 15], respectively). Of patients experiencing
a FACE, all events in the p.N215S subgroup were
cardiac-related, while in the non-p.N215S group, 16.1%

(n = 14) experienced a cardiac event, 1.1% (n = 1) experi-
enced a renal event and 2.3% (n = 2) experienced a cere-
brovascular event. Patients in the non-p.N215S and the
p-N215S group had a similar incidence of cardiac events
compared to the overall population (83.4 and 82.9
events per 1000 patient-years, respectively vs. 83.2 events)
and the non-p.N215S group also had a similar overall
incidence of composite events compared to the overall
population (92.4 vs. 89.3 events per 1000 patient-years,
respectively), with different distribution of types of events
observed in the two populations, notably renal and cere-
brovascular events in the non-p.N215S group compared
to mainly cardiac events in the overall population
(Figure 6 and Table S5).

4 | DISCUSSION

This study used data from the followME Fabry Path-
finders registry to assess the effectiveness of migalastat in
patients with Fabry disease and amenable variants who
were treated for at least 3 years in a real-world clinical
setting. Long-term clinical trials of migalastat have
shown treatment benefits including stabilised renal func-
tion, sustained cardiac efficacy, and low incidence of
FACEs up to 8.6years. The clinical practice data
described here aligns with observations from clinical tri-
als and contributes multicentre, multinational clinical
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findings to the limited data available describing the real-
world effectiveness of migalastat.

This real-world study consisted of an older patient
population compared with previous clinical trials and
real-world evidence studies of migalastat or ERT.?**>%¢
Enrolment characteristics and medical histories indicated
that a similar proportion of males and females had
advanced cardiac disease, as indicated by the presence of
LVH (Figure 2), and multiorgan involvement was
observed in over half of the patients. Overall, 13% of
patients had an eGFR <60 mL/min/1.73 m® at enrol-
ment, and of patients with LVMi data at enrolment, 62%
had LVMi above the cutoff for LVH.

In relation to the established treatment goal of an
annualised decline in eGFR up to —3 mL/min/1.73 m?/
year in patients with Fabry disease with progressing kid-
ney disease,”® the mean annualised change in eGFR in
this real-world cohort was stable (—0.9 [-10.8, 9.9]
mL/min/1.73 m?/year) over nearly 4 years of migalastat
treatment including in patients with the lowest baseline
eGFR category. This preservation of renal function aligns
with the low renal event rate that was observed in this
study and supports the finding of an association of eGFR
slope with clinical outcomes over time.”” Additionally,
this real-world eGFR data corroborates long-term clinical
trial findings where patients treated with migalastat dem-
onstrated stable eGFR over time, regardless of ERT treat-
ment history.'” The rate of change in eGFR in this study
is also comparable to the rate of change observed in
patients treated with ERT in a real-world setting”®*° and
is also consistent with age-related decline in the general
adult population.®® It is important to note that eGFR was
stable across all eGFR categories, especially considering
that 13% of patients had renal impairment at enrolment

FIGURE 6
1000 patient-years in patients who

Incidence of FACEs per

received migalastat. *Includes one death
Composite due to a cardiac event. FACE, Fabry-

associated clinical event.

Cerebrovascular

(eGFR >30 to <60 mL/min/1.73 m?), suggesting preser-
vation of renal function while on migalastat treatment,
regardless of renal involvement at enrolment. Prior real-
world studies of migalastat treatment with fewer patients
and shorter duration have reported a decline in eGFR
between —1 and —9 mL/min/1.73 m*/year after 1-
2 years of treatment,'®2>*"3? though a Delphi consensus
as well as health authority guidance recommends at least
2 years of follow-up for reliable eGFR data.**** In com-
parison, the followME Fabry Pathfinders registry is a
larger, more geographically diverse population with sig-
nificant disease burden at enrolment and longer follow-
up, so these findings in the current analysis may be more
representative of the treatment effect of migalastat on
Fabry disease in the real-world setting. Future studies
comparing eGFR rate of change before and after treat-
ment with migalastat should be carried out to confirm
these results, which suggest that migalastat has a role in
preserving renal function.

In this real-world study, 80% of patients did not expe-
rience a FACE within nearly 4 years of migalastat treat-
ment. It is also important to highlight that no stroke
events were reported in patients during this study despite
being 12 times more common in patients with Fabry dis-
ease than in the general population.® This is also in con-
trast to real-world studies of ERT-treated patients in
which no reduction in the rate of stroke was
observed.***” Additionally, 82% of patients in this study
were aged >40 years, a patient population that was gen-
erally older than reported in clinical trials of ERT and
migalastat and that is associated with a higher FACE
incidence.*® Comparing the overall FACEs incidence rate
of 89.3 events per 1000 patient-years in this study to the
ATTRACT clinical trial data, reanalysed using the
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current definition of FACEs for both migalastat- and
ERT-treated cohorts, patients treated with migalastat for
up to 18 months in ATTRACT had a slightly lower inci-
dence rate of 61 events per 1000 patient-years compared
to the incidence rate observed in this real-world study,
while patients continuing ERT up to 18 months of treat-
ment had an incidence rate of 327 events per 1000
patient-years.” It should be noted that in this real-world
study, all events were counted regardless of whether a
patient experienced one or multiple events during the
follow-up period, whereas other Fabry disease studies
only count the first event.***° Additionally, in this study,
attribution of a clinical event to Fabry disease was made
according to the study definitions with discretion of the
investigator to state if another cause was evident. How-
ever, because there is no standardised definition for
FACEs, different definitions and analysis methods have
been used in studies of Fabry disease, limiting direct
comparisons between studies.” Consensus between
experts on a standardised definition of FACEs would
make some comparison between studies more manage-
able and would increase the impact on disease manage-
ment through better evaluation of treatment outcomes.’

Incidence of cardiac events in this real-world study is
numerically higher than observed in clinical trials of
patients with Fabry disease.’ This could be explained by
the older age of our study population where events could
have been overattributed to Fabry disease, along with
high LVMi and more advanced disease at enrolment.
These data are suggestive of a population with a height-
ened risk of cardiac complications and also aligns with
the natural history of Fabry disease, where FACE inci-
dence increases with organ damage and age.*® Patients
with Fabry disease have been shown to be at higher risk
than others with hypertrophic cardiomyopathy for spe-
cific cardiac events such as myocardial infarction with
non-obstructive coronary arteries.'* Additionally, cardio-
vascular risk factors increase over time in older popula-
tions, as well as atherosclerotic coronary artery disease
and degenerative valve disease, and this was not con-
trolled for in the analysis. Furthermore, 30% of patients
in this cohort had the p.N215S variant, which has been
associated with cardiac pathology and late-onset cardiac
manifestations.”’ When removing this group from the
analysis however, the subanalysis found that the non-
p-N215S and the p.N215S groups had a similar incidence
of cardiac events compared to the overall population
(Table S5 and Figure 6).

Clinical events in patients with Fabry disease may be
caused by or have a contribution from other aetiologies,
such as cardiovascular risk factors, coronary/
cerebrovascular atherosclerotic artery disease, and degen-
erative valve disease, which are common among the

, SSEm IRV ]_Eyj“_"““

general population with ageing. Therefore, for any given
patient, it may be clinically impossible to be certain that
the event is related to Fabry disease. However, in this
study, any clinical event that met the prespecified, per-
protocol definition of a cardiac, renal, or cerebrovascular
FACE was attributed to migalastat treatment to avoid
undercounting of events. It is notable that LVMi assess-
ment was not available in all patients, but those with
available values showed a high LVH rate in this study.
This may be an ascertainment bias, but it does highlight
the need for improved monitoring of cardiac status to
ensure timely treatment initiation that may slow disease
progression and improve cardiac outcomes.”**~**

The older age of patients, mostly male sex, and high
proportion with advanced cardiac involvement may be
representative of how migalastat is being used in clinical
practice. Since GLA is on the X chromosome, Mendelian
inheritance dictates that two-thirds of all individuals car-
rying a GLA variant should be female.*> This population
was 40% female, and these females had significant dis-
ease burden at enrolment regardless of prior treatment
status.*® Females are traditionally underrepresented in
ERT clinical trials;>*’ therefore, assessing the effective-
ness of migalastat in female patients will help support
the treatment of females with Fabry disease.

Limitations of this study include the observational
nature of data from the registry and the absence of a cen-
tral source data review for analysis. This analysis is also
limited by the incomplete retrospective data and subse-
quent lack of longitudinal LVMi data which may have
been impacted by lower attendance at follow-up visits
due to the COVID pandemic. There may also be potential
ascertainment bias from incomplete data or in reporting
parameters such as uUACR and LVMi among patients with
severe disease. Due to the study design and lack of histor-
ical data, eGFR rate of change before migalastat treat-
ment could not be analysed in this study and, therefore, a
comparison of eGFR slopes before and after migalastat
treatment could not be performed to confirm the protec-
tive effect of migalastat on renal function. The avoidance
of undercounting of clinical events may have also
resulted in an over-attribution of FACEs to migalastat
treatment which should be addressed in future studies.
Additionally, the influence of comorbidities and medica-
tions, such as angiotensin-converting enzyme inhibitors
and angiotensin II receptor blockers, on the outcomes of
FACEs were not examined in this older patient popula-
tion. This cohort of patients included a high proportion
of Caucasian patients, which may skew the presentation
of Fabry disease. The limited diversity is likely represen-
tative of the patients being managed at expert centres,
and representation may grow as diagnosis and manage-
ment of Fabry disease becomes more easily accessible. A
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total of seven patients (5.6%) in this cohort had VUSs. As
VUSs require clinical evaluation of the phenotype to
carefully determine whether the variant is causing a clin-
ical effect in the patient, the decision to treat patients
with a VUS was based on local treatment practices and
clinical evaluation and was made independently of the
study. All seven patients were determined to be eligible
for treatment by their treating physician; therefore, they
should not have influenced the results of this study.
Finally, a comparison of early- vs. late-onset variants
would be of clinical interest but data collection in this
registry-based population did not allow the generation of
robust phenotype information.

5 | CONCLUSIONS

These data from the followME Pathfinders registry rein-
force the multisystem treatment benefits of migalastat,
including preserved renal function and low incidence of
FACEs in an older, more geographically diverse Fabry
population with significant disease. The data presented
here, which are representative of the treatment effect of
migalastat on Fabry disease in the real-world setting,
align with previous observations from clinical trials and
extends the available data supporting the real-world mul-
tisystem effectiveness of migalastat.
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