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Figure 1  FACE incidence per 1000 patient-years by ERT status and baseline characteristics while receiving migalastat, (A) overall and (B) by event
category. Incidence rates of FACEs while receiving migalastat. (A) For overall FACEs, shown as events per 1000 patient-years for all patients and for ERT-
naive patients* or ERT-experienced patients,” both further analysed by sex and age (<40 or >40 years) and by phenotype (classic man or other) in ERT-naive
patients or by multiorgan involvement or other in ERT-experienced patients. Circle size correlates with number of events. Overall FACEs included all cardiac,
cerebrovascular and renal events (as previously defined) and death due to FACE. (B) For individual renal, cardiac and cerebrovascular events, shown as
events per 1000 patient-years, for all patients, sex, age (<40 years or >40 years) and by ERT status, which were further analysed by phenotype (classic

man or other) for ERT-naiive patients* or by men with multiorgan involvement or other in ERT-experienced patients." Classic men are defined as men with
multiorgan involvement (ie, at least two organs of the renal system, cardiac system, central nervous system, peripheral nervous system and gastrointestinal
system are affected) and baseline white blood cell a-Gal A<3% of wild type. ‘Other’ patients include non-classic men and all women. *ERT naive is defined
as never having received ERT or not having received ERT for >6 months. tERT experienced is defined as having initiated ERT>12 months prior to study. ERT,

enzyme replacement therapy; FACE, Fabry-associated clinical event.

(12.4%) had 14 cardiac events: 7 patients had atrial fibrillation
(1 of whom had 2 instances of atrial fibrillation), 1 had complete
atrioventricular block, 1 had sinus bradycardia, 1 had chest pain,
1 had chest pain and ventricular tachycardia and 1 had atrial
flutter. Five patients (5.2%) had six cerebrovascular events: one
cerebral haemorrhage, one embolic stroke and four transient
ischaemic attacks. There were no deaths during the follow-up.
FACE incidence varied by phenotype, level of organ
involvement, sex and age (figure 1A). In ERT-naive and ERT-
experienced patients, incidence rates were 48.6 and 47.9 events
per 1000 patient-years, respectively. Numerically higher inci-
dence rates were observed in men versus women, men with
the classic phenotype vs all others and patients aged >40 years
versus younger patients (figure 1A). ERT-naive classic men
(n=14) had an incidence rate of 61.5 FACEs per 1000 patient-
years and ERT-experienced men with multiorgan involvement
(n=16) had a rate of 68.6 events per 1000 patient-years.
Overall incidence rates for cardiac, renal and cerebrovascular
events were 30.7, 4.4 and 13.2 per 1000 patient-years, respec-
tively (figure 1B). Three patients experienced multiple FACEs:
one female patient experienced two transient ischaemic attacks;

one male patient experienced ventricular tachycardia and chest
pain and one male patient experienced two occurrences of atrial
fibrillation.

Incidence of FACEs in patients treated with migalastat or ERT
over 18 months

A side-by-side comparison of patients treated with migalastat or
ERT over 18 months showed that migalastat was associated with
a lower incidence of FACEs versus continued ERT. At baseline,
patients in the migalastat-treated group (n=49) were older and
more clinically affected than patients in the ERT-treated group
(n=15; online supplemental table 2). Following 18 months
of treatment, in the overall migalastat population versus the
continued ERT population, incidence rates were 60.6 vs 326.6
per 1000 person-years, respectively. In men with multiorgan
involvement receiving migalastat (n=16) versus those receiving
ERT (n=35), incidence rates were 89.6 vs 138.5, respectively. For
men with non-multiorgan involvement and all women receiving
migalastat (n=33) versus those receiving ERT (n=10), incidence
rates were 45.7 vs 422.2 per 1000 patient-years, respectively.
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Figure 2 Kaplan-Meier analysis of time to first composite event by (A) prior treatment status and (B) sex. Time to first composite event by (A) ERT-naive
and ERT-experienced patients and (B) sex, which was further analysed according to ERT status. Composite event included cardiac, cerebrovascular and renal
events (as previously defined) and death due to FACE. Number of subjects with events at time 0 is 0. ERT, enzyme replacement therapy.

Time to first FACE

Kaplan—-Meier analysis of time-to-first composite event showed
that there was no statistically significant difference in the
time-to-composite-event Kaplan—Meier curves between ERT-
naive and ERT-experienced patients (p=0.22; Figure 2A) or
between male and female patients (p=0.24; Figure 2B). There
was a trend of decreased time to composite event in patients
aged>40 years relative to those aged <40 years, but this did not
reach statistical significance (online supplemental figure S2A;
p=0.06). Among ERT-naive patients, 71% of male patients with
the classic phenotype and 79% of all others remained event-
free on migalastat treatment; there was no statistically signif-
icant difference in time-to-composite-event curves between
classic men and all others (p=0.60; online supplemental figure
S2B). Similarly, there was no statistically significant difference
in time-to-composite-event curves between ERT-experienced
men with multiorgan involvement and other ERT-experienced
patients (p=0.46; online supplemental figure S2C). Overall,
91 patients with non-missing covariates were included in the

eGFR at baseline (per 10 mL/min/1.73 m?)
Baseline LVMi (per 5 g/min)

24-h urine protein at baseline (per 1000 mg/24 h)
Previous events

Time from Fabry diagnosis (per 5 years)

Age (per 5 years)

Cox model, 15 of whom experienced at least one FACE. In this
group, median time to first FACE was 2.6 years from start of
migalastat therapy (ERT naive: 3.8 years, ERT experienced: 0.9
years).

Association between baseline variables and rate of FACEs

A Cox proportional hazards regression model was used to iden-
tify factors associated with rate of composite FACEs. For most
baseline variables assessed individually in the Cox regression
model in this study (patient age, time from diagnosis, prior clin-
ical events, baseline proteinuria and baseline LVMI), the 95%
confidence intervals (CIs) of hazard ratios (HRs) included one
(figure 3; online supplemental table 3), suggesting these vari-
ables are not associated with FACEs in this relatively small popu-
lation. The only baseline variable associated with rate of FACEs
was eGFR; higher baseline eGFR (per 10 mL/min/1.73 m?) was
associated with lower rate of composite FACEs in the overall
population (HR: 0.68; 95% CI=0.55, 0.85; figure 3).
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Influence of baseline variables on the risk of FACE occurrence (time to first FACE) during migalastat treatment. This analysis included only

patients with non-missing covariates (n=91). HR for each baseline factor (left side of the graph) is assessed for its influence on time to first FACE during
migalastat treatment using Cox regression. HR>1 indicates increased risk of FACE and HR<1 indicates decreased risk of FACE. FACE included renal, cardiac
or cerebrovascular events (as previously defined) or death due to FACE. See online supplemental table 3 for associations between baseline variables and the
risk of FACEs (composite events). eGFR, estimated glomerular filtration rate; ERT, enzyme replacement therapy; FACE, Fabry-associated clinical event; LVMI,

left ventricular mass index.
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Summary of FACE definitions and outcomes across Fabry
studies

Summaries of definitions of FACEs used in the current anal-
ysis and in relevant literature are included in table 2 and online
supplemental table 4. While cross-trial comparisons should only
be made with caution due to disparate patient populations and
procedures, the incidence of FACEs with migalastat treatment
appears to be comparable to that observed in similar datasets of
ERTs. Definitions of FACEs varied between studies, highlighting
the need for a standardised definition of FACEs.

DISCUSSION

In this study, we used integrated data from clinical trials to assess
the long-term treatment effects of migalastat on the occurrence
of severe clinical complications of Fabry disease or FACEs and
identified the risk factors associated with FACEs in patients with
amenable GLA variants.

This analysis measured clinically meaningful events that
indicate serious renal, cardiac and cerebrovascular outcomes
in patients and assessed the incidence of FACEs as a measure
of both long-term efficacy and safety of migalastat. FACEs are
disease-related symptoms; typically, the natural course of Fabry
disease is associated with an increase in FACEs as patients age
and the extent of organ involvement increases.' Effective disease
management may reduce the incidence of FACEs. The fact that,
in our analysis, FACE incidence was low both overall and in each
individual FACE category during long-term migalastat treatment
may support long-term multisystemic efficacy with migalastat
(figure 4).

The incidence of renal, cardiac and cerebrovascular events
during migalastat treatment has been reported in the randomised,
ERT-controlled Phase III ATTRACT study, using definitions
consistent with short-term clinical monitoring goals.” '* During
the 18-month randomised treatment period of ATTRACT,
despite the small sample size and heterogeneity, the percentage
of patients who experienced renal, cardiac or cerebrovascular
events (according to the definition in the previous analysis) was
numerically lower with migalastat compared with ERT (29%
vs 449%).° These results were maintained over the 30-month
open-label migalastat extension, with few patients experiencing
FACEs during the extension period.' In contrast, the defini-
tion of FACEs in the current analysis was chosen with the aim
of evaluating long-term clinical outcomes of patients receiving
migalastat treatment and comparison with the body of historical
data on ERT. At baseline, the migalastat and ERT groups were
similar overall, with the migalastat cohort having lower eGFR,
higher age and higher LVMI at the beginning of migalastat treat-
ment compared with the ERT cohort. When we reanalysed the
ATTRACT data using the current definition of FACEs, miga-
lastat was associated with lower incidence of FACEs per 1000
patient-years compared with continuing ERT up to 18 months
of treatment (61 vs 327 per 1000 patient-years, respectively),
although it should be noted that the number of patients on ERT
was relatively small (15 ERT vs 49 migalastat).

It is important to consider our findings, in which we report
the first long-term FACE outcomes for migalastat in an amenable
population in the context of data from other studies, although
direct comparisons cannot be made. Two independent studies
showed that 27% of patients receiving agalsidase beta or agalsi-
dase alfa over a median follow-up of 5 years experienced
FACEs." ' In a study of clinical events in agalsidase-beta-
treated patients, Ortiz et al reported 111 first-time FACEs per
1000 patient-years during the first 6 months; the incidence rate

subsequently decreased and remained stable at 40-58 FACEs per
1000 patient-years."” The overall incidence rate over the entire
S-year follow-up was 61 events per 1000 patient-years'’ (vs
48.3 per 1000 patient-years in the current study), with higher
incidence rates in male patients and patients aged =40 years at
ERT initiation. Overall, 17% of patients experienced first-time
FACEs within 5 years of treatment initiation."” The current
analysis demonstrates that 17.5% of migalastat-treated patients
experienced FACEs with a median S-year follow-up (online
supplemental table 4). Direct comparisons are flawed due to
differences in baseline characteristics, participants’ GLA vari-
ants, varying FACE definitions, statistical analyses (eg, Ortiz et
al only counted first event in any predefined categories, whereas
the current study counted all events including recurrent ones)
and study settings.'” The different methods for data collection
in these studies should also be noted. The current analysis used
prospectively collected clinical trial data. In contrast, Arends et al
was a retrospective study and its data were not collected through
a uniform protocol; Ortiz et al was based on the Fabry Registry,
which was limited by missing data and a lack of standard timing
of assessments.'” "® Various composite clinical outcomes with
different definitions of clinical events and different methods of
analyses have been used in various studies of patients with Fabry
disease.” 1* 122 This highlights the clear need for standardising
the definitions of FACEs to allow for better evaluation of treat-
ment outcomes across studies,”® as well as the need for data
sharing across multiple industry and academic partners.

Similar to previous reports on ERT-treated patients,'” our
analysis observed higher incidence of FACEs principally among
men overall and ERT-naive men with the classic phenotype, in
men with multiorgan involvement at baseline and in patients who
were older at treatment initiation. We observed similar FACE
incidence among ERT-naive and ERT-experienced patients. It
should be noted that ERT-naive patients had to have urine Gb3
levels at least four times the upper limit of normal at screening
to be enrolled in FACETS; thus, the FACETS population was
enriched for patients with renal involvement.'? This is reflected
by the higher median urinary protein level and higher percentage
of ERT-naive patients versus ERT-experienced patients with
eGFR <60 mL/min/1.73 m? in our analysis. Additionally, 29.2%
of ERT-naive patients were being treated with angiotensin-
converting enzyme inhibitors, angiotensin receptor blockers
or renin inhibitors, compared with 53.1% of ERT-experienced
patients, highlighting a difference in the management of their
renal disease at baseline. This suggests that these patients had
more advanced renal involvement at baseline, so they were more
likely to experience renal events and all FACEs.® **

There is an unmet need for predictors of treatment
outcomes with migalastat as well as biomarkers used for
clinical monitoring. For example, the incidence of cardiac
events observed in migalastat-treated patients in this study
points to the need for more robust prognostic cardiac
biomarkers that may be able to predict incidence of cardiac
FACEs in this patient population. Additionally, Bichet et al
showed that, despite its wide use, plasma lyso-Gb3 is not a
predictor of FACEs in patients receiving migalastat for Fabry
disease.** Interestingly, both that study and the current
analysis also showed that only baseline eGFR was able to
predict the incidence of FACEs during long-term migalastat
treatment, highlighting the importance of managing renal
disease.”* Alternatively, lower eGFR at baseline may be
reflective of Fabry disease that is further along the clinical
continuum. Furthermore, there is evidence to suggest that
significant cardiac involvement impacts renal function and
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Figure 4 Graphical abstract.

vice versa and patients with secondary cardiorenal syndrome
are at higher risk of clinical events.”” Migalastat demon-
strated long-term stabilisation of renal measures regardless
of sex or phenotype in both ERT-naive and ERT-experienced
patients with Fabry disease and amenable GLA variants who
were treated with migalastat for at least 2 years and up to
8.6 years.!! Timely treatment initiation may be necessary
to stabilise or slow the decline in renal function in Fabry
disease,”® given that renal podocytes are terminally differ-
entiated cells and their potentially irreversible injury occurs
in early childhood.?* %" # However, further investigation is
needed to determine the impact and optimal time of treat-
ment initiation of Fabry therapies, including migalastat.
This study has several limitations. Although the data were
prospectively collected, this is a posthoc analysis, which may be
biased in its statistical methods and selection of outcomes. The
study was not powered to show differences in patient subgroups
and the patient numbers in some subgroups were small. Assess-
ment of prior clinical events was based on medical history
collected during screening and may be incomplete, so could not
be determined in the same quantitative way as the prospective
analysis. Events were reported at the treating physician’s discre-
tion and according to local treatment norms. As such, cardiac
biomarkers and ECG may not have been recorded at the time
of events. Interpretation of the findings is limited by a lack of
an appropriate parallel untreated control group. Additionally, a
change in serum creatinine levels, which were used as a FACE
outcome in this study, may not be secondary to treatment effect
and could instead be in response to other factors, including
dehydration or use of non-steroidal anti-inflammatory drugs.
The impact of migalastat on renal, cardiac and cerebro-
vascular events shown in the current study may be partly
attributed to its broad distribution in the body, particu-
larly in Fabry-disease-relevant tissues such as the kidneys,

FACE rates (renal, cardiac and cerebrovascular events) were low for up to 8.6 years;
migalastat is an effective long-term treatment option in patients with Fabry disease

Majority of patients did not
experience FACEs over

long-term follow-up

Overall
incidence

I . I 3 O . ; v, Y 1 3 . 2
SN
)>—L/\) events/
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Baseline eGFR was the only variable associated with rate of FACEs

Preservation of renal function and timely treatment initiation may
be important factors in reducing the risk of FACEs

heart, brain and gastrointestinal tract, some of which
may be difficult for ERT to penetrate.” 2> All patients,
regardless of ERT-naive and ERT-experienced status, had
amenable variants in this study and similar characteristics
at baseline; therefore, the low incidence of events cannot
be attributed to a selective difference arising from the
difference in migalastat action. Overall, the incidence rate
of FACEs observed in this study is likely to be an accu-
rate estimate of the event rate experienced by a migalastat-
treated amenable patient population within a clinical
setting. Additionally, migalastat, which is an orally deliv-
ered, non-immunogenic iminosugar with a high volume of
distribution,®? ** has the effect of stabilising and chaper-
oning endogenously produced enzymes, thereby increasing
enzyme activity without any potential to generate anti-
enzyme antibodies.’? ** These properties may have influ-
ence on the long-term clinical outcomes reported herein.
Further assessment of the benefit of migalastat treatment
on FACEs and other clinical measures relative to no treat-
ment and ERT will be investigated in the ongoing followME
registry (ENCEPP registration: EUPAS20599).

CONCLUSION

In this posthoc analysis of data from 97 patients with
amenable GLA variants who were enrolled in Phase III
clinical trials of Fabry disease, the incidence rate of FACEs
remained low for ERT-naive and ERT-experienced patients
receiving migalastat treatment for up to 8.6 years. Baseline
eGFR was found to be a significant predictor of composite
FACEs. Preservation of renal function and timely treatment
initiation may be important factors in reducing the risk of
FACEs.
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