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Background: The timing of enzyme replacement therapy initiation in patients with Fabry
disease is hypothesized to be critical. In this study, we used Fabry Outcome Survey data to
assess the impact of prompt versus delayed initiation of treatment with agalsidase alfa on
cardiovascular and renal events in patients with Fabry disease.

Methods: Available genetic data at baseline were used to define patients with mutations
associated with classical versus late-onset Fabry disease. Time to cardiovascular or renal
events, from treatment initiation until 120 months, was compared for patients in prompt
versus delayed groups. “Prompt” was defined as treatment initiation <24 months from
symptom onset (analysis A) or diagnosis (analysis B), and “delayed” was defined as >24
months from symptom onset (analysis A) or diagnosis (analysis B). Kaplan—-Meier curves
and Log rank tests compared event-free probabilities and time to first event. Multivariate Cox
regression estimated hazard ratios (HRs).

Results: Analysis by time from symptom onset included 1374 patients (172 prompt, 1202
delayed). In a multivariate Cox regression analysis, prompt versus delayed treatment initiation
significantly reduced the probability of cardiovascular (HR=0.62; P<0.001) and renal (HR=0.57;
P=0.001) events. History of cardiovascular or renal events was associated with increased risk of
respective events. Analysis by time from diagnosis included 2051 patients (1006 prompt, 1045
delayed). In a multivariate Cox regression analysis, prompt treatment initiation significantly
reduced the probability of cardiovascular events (HR=0.83; P=0.003) after adjusting for history
of cardiovascular events, sex, and age at treatment initiation. Univariate analysis showed that the
probability of renal events was significantly lower in the prompt group (P=0.018); this finding
was attenuated in the multivariate Cox regression analysis.

Conclusion: This analysis suggests that prompt treatment initiation with agalsidase alfa
provided better renal and cardiovascular outcomes than delayed treatment in patients with
Fabry disease.
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Introduction
Fabry disease is an X-linked lysosomal storage disorder caused by deficiency of the
alpha-galactosidase A enzyme.' The disease is characterized by progressive sys-
temic involvement, with heterogeneous manifestations including acroparesthesia
and abdominal pain, hypohidrosis, development of angiokeratomas, cardiomyopa-
thy, cerebrovascular complications, and impaired renal function.’

Enzyme replacement therapy (ERT) with agalsidase alfa or agalsidase beta
has been shown to stabilize and, in some cases, improve several signs and
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symptoms of Fabry disease.>® However, there is
ongoing discussion in the field as to what the earliest
timepoint should be for ERT treatment start in Fabry
disease. Prior to 2001 and ERT availability, renal disease
was the most common cause of death in patients with
Fabry disease. However, after 2001 when ERT became
available, the primary cause of death in both male and
female patients became cardiovascular involvement,
reflecting changes in the outcome of the underlying
Fabry disease and especially improvements in the sup-
portive management of renal disease.'" However, chal-
lenges in diagnosis owing to high variability in organ
involvement, severity of symptoms, and age of onset can
result in delayed initiation of therapy after the occur-
rence of substantial and irreversible organ damage or its
more subtle precursors, which commit the organs to
irreversible change.”'’

Recent evidence suggests that early initiation of ERT,
prior to the onset of severe organ damage, may improve
outcomes.*'*'* ERT has been shown to stabilize renal
function, especially when it is initiated before severe
renal disease has developed.*'*'7 ERT is also associated
with 3,4,13,14

regression,

attenuated progression, or even some

317 of Fabry-associated hypertrophic cardio-
myopathy; and in patients without LVH at baseline, ERT
with agalsidase alfa stabilizes left ventricular mass
indexed to height (LVMI).>'”

Although clinical trials are unsuited to the evaluation
of long-term outcomes after delayed initiation of therapy,
disease registries can provide a valuable source of long-
itudinal data from patients treated in real-world clinical
practice. The Fabry Outcome Survey (FOS; ClinicalTrials.
gov NCT03289065; sponsored by Shire, a Takeda com-
pany) is an ongoing worldwide disease registry that has
over 20 years of data from treated and untreated patients
with a confirmed diagnosis of Fabry disease. Until 2016,
patients either untreated or treated with agalsidase alfa
were eligible to participate in FOS. A protocol amendment
in 2016, however, allowed any patients with Fabry disease,
irrespective of treatment status (ie, no treatment or any
approved Fabry treatment), to be eligible for enrolment
in FOS.

The question remains whether there is benefit to
prompt treatment in patients with Fabry disease. Thus,
we sought to answer whether there is a greater effect of
ERT in patients who start treatment promptly after diag-
nosis or at detection of the first symptoms in comparison
with those patients with delayed treatment. The present

retrospective study therefore uses data from the FOS reg-
istry to determine the potential benefits of prompt versus
delayed initiation of ERT on cardiovascular and renal out-
comes in Fabry disease.

Methods

Patients enrolled in FOS who had been treated with agal-
sidase alfa only and had available dates for agalsidase alfa
initiation and Fabry disease symptom onset and/or diag-
nosis were included in this analysis. Patients were enrolled
in FOS on a voluntary basis and were managed under the
direction of their physician in accordance with routine
clinical practice. FOS data used for these analyses were
extracted for the period from database inception in 2001 to
August 3, 2019. FOS was approved by the ethics institu-
tional review boards of the participating centers. All parti-
cipants gave written informed consent.

Two analyses were conducted: analysis A was based on
the time of Fabry disease symptom onset, and analysis
B was based on the time of Fabry disease diagnosis. For
each analysis, patients were stratified by the magnitude of
time delay between Fabry disease symptom onset or diag-
nosis and agalsidase alfa initiation. The prompt treatment
cohorts included patients who had initiated agalsidase alfa
within 24 months of the recorded date of symptom onset
or diagnosis; the delayed treatment cohorts included
patients who had initiated agalsidase alfa >24 months
after the recorded date of symptom onset or diagnosis.

Assessments

Data on patient demographics, family history, clinical char-
acteristics, and renal and cardiovascular endpoints were
collected via the FOS registry’s web-based electronic case
report form. To explore the impact of phenotype on time to
treatment initiation, classical versus late-onset Fabry disease
was determined for those patients with both available
genetic data and a signed genetic informed consent form
(ICF). Renal events included dialysis (peritoneal dialysis,
hemodialysis, or unspecified dialysis), renal transplantation,
renal failure, and proteinuria (recorded as a sign or symp-
tom in FOS). Cardiovascular events included heart failure,
arrhythmia, cardiac surgery, conduction abnormality, LVH,
and myocardial infarction (recorded as a sign or symptom
in FOS). LVM was calculated from linear measurements of
septum, posterior wall, and cavity diameter as evaluated by
the
Society of Echocardiography cube formula.'"® LVMI was
calculated by correcting LVM to height®”.'*?® ¢GFR was

investigators using Devereux-modified American
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estimated by wusing the Chronic Kidney Discase
Epidemiology Collaboration equation.?'** History of cardi-
ovascular and/or renal events refers to respective events that
occurred prior to the date, or at the latest date, of agalsidase

alfa initiation.

Statistical Analyses

Patient demographics, family history, and clinical character-
istics at baseline were compared between prompt and
delayed treatment cohorts using the Chi-square test and
t-test, as appropriate. We also analyzed the patient popula-
tion by phenotype group: classical versus late-onset Fabry
disease. Baseline was defined as the date closest to agalsi-
dase alfa initiation within a window of —6 to +3 months.
Analysis of time to an event, from agalsidase alfa initiation
until 120 months, was performed separately for each type of
event (cardiovascular or renal). Kaplan-Meier curves and
Log rank tests were used to compare event-free probabilities
and time to first cardiovascular or renal event between the
two treatment cohorts. Patients without an event reported
during the study were censored at 120 months from agalsi-
dase alfa initiation, and patients without a visit date recorded
after agalsidase alfa initiation were censored either at the
date of their last visit or at 120 months from agalsidase alfa
initiation, whichever came first. In addition, multivariate
Cox regression analyses were applied to examine the asso-
ciation between key study parameters—namely, age at agal-
sidase alfa initiation, sex, prompt versus delayed cohort,
history of cardiovascular or renal events, and the risk of
a cardiovascular or renal event. Hazard ratios (HRs) and
their 95% confidence intervals (Cls) were estimated. The
level of statistical significance was set at 0.05. All statistical
analyses were performed using SAS v9.4 (SAS Institute
Inc., Cary, NC, USA).

Results
Analysis A: Prompt and Delayed

Treatment Since Symptom Onset

A total of 1374 patients had available data for the dates of
both symptom onset and treatment initiation and were
included in this analysis (Table 1). Of these, 172 (12.5%)
patients started treatment within 24 months of the date of
symptom onset (prompt treatment cohort), and 1202
(87.5%) patients started treatment >24 months after symp-
tom onset (delayed treatment cohort). The prompt and
delayed treatment cohorts had a similar distribution of
male and female patients and a similar proportion of

patients with a family history of Fabry disease, but patients
in the prompt treatment cohort were older at symptom
onset than the delayed treatment cohort (P<0.001),
and had
a shorter duration between symptom onset and treatment
initiation (P<0.001; Table 1). A total of 31.4% of patients
in the prompt treatment cohort had a history of

younger at treatment initiation (P=0.008),

a cardiovascular event versus 48.3% of patients in the
delayed treatment cohort, whereas 19.8% of patients in
the prompt treatment cohort had a history of a renal
event versus 39.0% of patients in the delayed treatment
cohort (both P<0.001).

According to time-to-event analysis, median (95% CI)
time to first cardiovascular event for patients in the prompt
treatment cohort was 111.7 (72.9-not calculated) months
compared with 31.6 (24.1-36.8) months for patients in the
delayed treatment cohort. A Log rank test showed that
prompt treatment initiation after symptom onset was asso-
ciated with a significantly lower risk of cardiovascular
events compared with delayed treatment initiation (log-
rank P<0.001; Figure 1A). There were also significant
differences for prompt versus delayed treatment in time
to first cardiovascular event when male and female
patients were analyzed separately (male P=0.0024;
Supplemental Figure 1; female P<0.001; Supplemental
Figure 2).

According to time-to-event analysis, median (95%

CI) time to first renal event was not reached for
patients in the prompt treatment cohort, whereas for
the delayed treatment cohort it was estimated at 81.3
(69.1-95.7) months. A Log rank test indicated that
prompt agalsidase alfa initiation after symptom onset
was associated with a significantly lower risk of renal
events compared with delayed treatment initiation (log-
rank P<0.001; Figure 1B). Significant differences in
prompt versus delayed treatment in time to first renal
also observed when male

event were (log-rank

P<0.001; Supplemental Figure 3) and female patients

(log-rank P=0.0033; Supplemental Figure 4) were ana-

lyzed separately.

In accordance with the univariate findings of the Log
rank testing, multivariate Cox regression analyses
demonstrated that prompt treatment initiation was asso-
ciated with a significant benefit in the reduction of both
cardiovascular (HR=0.62; 95% CI 0.48-0.81; P<0.001)
and renal (HR=0.57; 95% CI 0.41-0.80; P=0.001)
events compared with delayed treatment initiation
(Table 2). The risk of a cardiovascular or renal event
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Table | Baseline Demographic and Clinical Characteristics for Prompt versus Delayed Agalsidase Alfa Initiation Cohorts, Based on
Time from Symptom Onset (Analysis A)

Variable Prompt Treatment Delayed Treatment Total P-value
(n=172) (n=1202) (N=1374)

Sex
N 172 1202 1374 0.184°
Male, n (%) 93 (54.1) 714 (59.4) 807 (58.7)

Age at symptom onset, years
N 172 1202 1374 <0.001°
Mean (SD) 36.0 (18.2) 20.1 (16.8) 22.1 (17.8)

Age at diagnosis, years
N 170 1190 1360 0.130°
Mean (SD) 35.3 (18.7) 33.1 (18.0) 334 (18.1)

Age at agalsidase alfa initiation, years

N 172 1202 1374 0.008°
Mean (SD) 36.9 (18.3) 40.5 (16.4) 40.0 (16.7)

Time from symptom onset to diagnosis, years
N 170 1190 1360 <0.001°
Mean (SD) 0.2 (0.6) 13.4 (13.6) 11.7 (13.5)

Time from symptom onset to agalsidase alfa initiation,

years
N 172 1202 1374 <0.001°
Mean (SD) 1.0 (0.5) 20.4 (14.1) 17.9 (14.7)

Time receiving agalsidase alfa treatment, years

N 172 1202 1374 <0.001°
Mean (SD) 5.8 (4.0) 7.2 (48) 7.0 47)

eGFR at baseline, mL/min/1.73 min?
N 106 769 875 0.103°
Mean (SD) 99.0 (29.9) 93.7 (31.4) 94.4 (31.3)

LVMI at baseline, g/m>”
N 49 470 519 0.698"
Mean (SD) 525 (17.7) 53.8 (21.8) 53.7 (21.4)

History of cardiovascular event
N 172 1202 1374 <0.001%
Yes, n (%) 54 (31.4) 580 (48.3) 634 (46.1)

History of renal event
N 172 1202 1374 <0.001*
Yes, n (%) 34 (19.8) 469 (39.0) 503 (36.6)

Family history of Fabry disease
N 155 1064 1219 0.578*
Yes, n (%) 135 (87.1) 943 (88.6) 1078 (88.4)

Mutation classification®

N 33 262 295 <0.001*
Classical, n (%) 18 (54.5) 224 (85.5) 242 (82.0)
Late-onset, n (%) 15 (45.5) 38 (14.5) 53 (18.0)

Notes: The prompt treatment cohort initiated agalsidase alfa <24 months after symptom onset; the delayed treatment cohort initiated agalsidase alfa 224 months after
symptom onset. Baseline was defined as the date closest to agalsidase alfa initiation within a window of —6 months to +3 months. eGFR was calculated using the Chronic
Kidney Disease Epidemiology Collaboration. Values were restricted to 10-160 mL/min/1.73 m? for eGFR and 10-120 g/m?’ for LVMI; values outside these ranges were
considered missing. History of cardiovascular and/or renal events refers to respective events that occurred prior to or at the date of agalsidase alfa initiation. P-values were
derived from *Chi-square test and bt-test. “Mutation classification was reported for patients both with genetic informed consent form and who provided genetic data.
Abbreviations: eGFR, estimated glomerular filtration rate; LVMI, left ventricular mass index.
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Figure | Kaplan-Meier curves with Log rank test showing (A) time to first cardiovascular event and (B) time to first renal event for prompt versus delayed agalsidase alfa
initiation cohorts, based on time from symptom onset (analysis A).

was found to increase significantly in patients with  older age at agalsidase alfa initiation had a higher risk
a history of respective cardiovascular or renal events of experiencing a cardiovascular event, but not a renal
(P<0.001 for each). Male patients and patients with event.

Table 2 Multivariate Cox Regression Analyses to Examine the Risk of Cardiovascular and/or Renal Events for Prompt versus Delayed
Agalsidase Alfa Initiation Cohorts, Based on Time from Symptom Onset (Analysis A)

Outcome Variable Category or Increment Hazard Ratio (95% CI) P-value

Cardiovascular event Prompt/delayed agalsidase alfa initiation Prompt vs delayed 0.62 (0.48-0.81) <0.001
Sex Female vs male 0.83 (0.71-0.97) 0.018
History of cardiovascular event No vs yes 0.32 (0.27-0.37) <0.001
Age at agalsidase alfa initiation 10-year increase 1.01 (1.00-1.02) <0.001

Renal event Prompt/delayed agalsidase alfa initiation Prompt vs delayed 0.57 (0.41-0.80) 0.001
Sex Female vs male 0.93 (0.78-1.11) 0.414
History of renal event No vs yes 0.22 (0.18-0.26) <0.001
Age at agalsidase alfa initiation 10-year increase 1.00 (0.99-1.00) 0.274

Notes: The prompt treatment cohort initiated agalsidase alfa <24 months after symptom onset; the delayed treatment cohort initiated agalsidase alfa 224 months after
symptom onset. History of cardiovascular and/or renal events refers to respective events that occurred prior to or at the date of agalsidase alfa initiation.
Abbreviation: Cl, confidence interval.
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At baseline, 295 patients had both available genetic
data and a signed genetic ICF to assess classical versus
late-onset Fabry disease; 242 (82.0%) patients had classi-
cal Fabry disease and 53 (18.0%) had late-onset Fabry
disease (Table 1). Patients receiving prompt treatment
had a higher mean age at symptom onset than patients
receiving delayed treatment for both classical (30.3 vs 16.7
years, P<0.001) and late-onset phenotypes (54.4 vs 43.7
years, P=0.025), and a mean time from symptom onset to
treatment initiation versus those with delayed treatment of
0.9 vs 22.4 years (P<0.001) for the classical phenotype
and 0.9 vs 13.4 years (P=0.002) for the late-onset pheno-
type (Supplementary Table 1).

At baseline, patients with classical disease had similar
eGFR and LVMI compared with patients with late-onset
disease, irrespective of treatment timing. A greater propor-
tion of late-onset patients than classical patients had
a history of cardiovascular events, but not renal events,
at baseline. There were no differences in the number of
patients with family history of Fabry disease by genotype
or treatment group.

Analysis B: Prompt and Delayed

Treatment Since Diagnosis
A total of 2051 patients had available data for the dates of
both diagnosis and treatment initiation and were included
in this analysis (Table 3). Of these patients, 1006 (49.0%)
started treatment within 24 months of diagnosis (prompt
treatment cohort) and 1045 (51.0%) started treatment >24
months after diagnosis (delayed treatment cohort). Male
and female patients were similarly distributed in the
prompt and delayed treatment cohorts, and although
mean (SD) age at treatment initiation was similar for
both cohorts, mean age at symptom onset and mean age
at diagnosis were both significantly higher in the prompt
versus the delayed treatment cohort (both P<0.001).
A total of 38.3% of patients in the prompt treatment cohort
had a history of a cardiovascular event versus 44.9%
of patients in the delayed treatment cohort, whereas
27.1% of patients in the prompt treatment cohort had
a history of a renal event versus 33.8% of patients in the
delayed treatment cohort.

Median (95% CI) time to first cardiovascular event, as
assessed by time-to-event analysis, was 60.3 (50.3—72.9)
months for patients in the prompt treatment cohort versus
43.0 (34.4-54.8) months for those in the delayed treatment
cohort. A Log rank indicated a

test significant

cardiovascular risk difference between patients given
prompt versus delayed treatment (log-rank P=0.002;
Figure 2A). There were also significant differences for
prompt versus delayed treatment in time to first cardiovas-
cular event for female patients (P=0.0015; Supplemental
Figure 6) but (P=0.2047;
Supplemental Figure 5). Multivariate Cox regression ana-

not for male patients

lysis also found that prompt treatment initiation was asso-
ciated with a significant effect in reducing the risk of
cardiovascular events (HR=0.83; 95% CI 0.74-0.94;
P=0.003). Being male, having a history of cardiovascular
events, and older age at agalsidase alfa initiation were all
found to significantly increase the risk of experiencing
a cardiovascular event (Table 4).

Median time to first renal event was not reached for the
prompt treatment cohort compared with a median (95% CI)
of 104.0 (88.4—not calculated) months for the delayed treat-
ment cohort. However, a Log rank test indicated a significant
difference between prompt versus delayed treatment cohorts
(log-rank P=0.018; Figure 2B). There were also significant
differences for prompt versus delayed treatment in time to
first renal event in both male (P=0.0182; Supplemental
Figure 7) and female (P=0.0184; Supplemental Figure 8)
patients.

Univariate Cox regression analysis found
a significantly lower risk of a renal event in the prompt
treatment cohort versus the delayed treatment cohort
(HR=0.84; 95% CI 0.73-0.97; P=0.018; data not shown).
However, this finding was attenuated in the multivariate Cox
regression analysis (HR=0.96; 95% CI 0.83—1.11; P=0.563;
Table 4), possibly indicating that the overall approximate
6-year median delay between symptom onset and diagnosis
of Fabry disease can negatively influence long-term patient
outcomes. History of renal events was highly associated
with an increasing risk of further renal events, whereas sex
and age at agalsidase alfa initiation were not found to have
any significant effect.

At baseline, 445 patients had both available genetic
data and a signed genetic ICF to assess classical versus
late-onset Fabry disease—224 in the prompt treatment
group and 221 in the delayed treatment group (Table 3).
Among patients with classical Fabry disease, mean time
from diagnosis to treatment initiation was 13.0 years for
the delayed treatment group versus 0.8 years for the
prompt treatment group (P<0.001) compared with 5.1
and 1.0 years, respectively, for patients with late-onset
Fabry disease (P<0.001; Supplementary Table 2).

LVMI was similar for patients with classical and late-

onset disease at baseline, irrespective of treatment timing
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Table 3 Baseline Demographic and Clinical Characteristics for Prompt versus Delayed Agalsidase Alfa Initiation Cohorts, Based on
Time from Diagnosis (Analysis B)

Variable Prompt Treatment (n=1006) | Delayed Treatment (n=1045) | Total (N=2051) | P-value
Sex
N 1006 1045 2051 0.808°
Male, n (%) 557 (55.4) 573 (54.8) 1130 (55.1)
Age at symptom onset, years
N 644 716 1360 <0.001°
Mean (SD) 25.3 (18.9) 19.2 (16.2) 22.1 (17.8)
Age at diagnosis, years
N 1006 1045 2051 <0.001°
Mean (SD) 40.6 (17.4) 29.6 (17.1) 35.0 (18.1)

Age at agalsidase alfa initiation, years

N 1006 1045 2051 0.261°
Mean (SD) 41.5 (17.4) 40.6 (16.2) 41.0 (16.8)

Time from symptom onset to diagnosis, years
N 644 716 1360 <0.001°
Mean (SD) 13.9 (14.0) 9.7 (12.7) 11.7 (13.5)

Time from diagnosis to agalsidase alfa initiation, years
N 1006 1045 2051 <0.001°
Mean (SD) 0.9 (0.5) 11.0 (9.8) 6.1 (8.7)

Time receiving agalsidase alfa treatment, years

N 1006 1045 2051 <0.001°
Mean (SD) 6.0 (4.2) 6.7 (4.7) 6.4 (4.4)

eGFR at baseline, mL/min/1.73 min®
N 651 652 1303 0.256°
Mean (SD) 94.4 (31.1) 96.3 (30.7) 95.3 (30.9)

LVMI at baseline, g/m>”
N 352 346 698 0.762°
Mean (SD) 54.0 (21.3) 53.5 (21.5) 53.7 (21.4)

History of cardiovascular event
N 1006 1045 2051 0.002*
Yes, n (%) 385 (38.3) 469 (44.9) 854 (41.6)

History of renal event
N 1006 1045 2051 0.001*
Yes, n (%) 273 (27.1) 353 (33.8) 626 (30.5)

Family history of Fabry disease
N 902 886 1788 <0.001*
Yes, n (%) 778 (86.3) 815 (92.0) 1593 (89.1)

Mutation classification®

N 224 221 445 <0.001°
Classical, n (%) 152 (67.9) 197 (89.1) 349 (78.4)
Late-onset, n (%) 72 (32.1) 24 (10.9) 96 (21.6)

Notes: The prompt treatment cohort initiated agalsidase alfa <24 months after diagnosis; the delayed treatment cohort initiated agalsidase alfa 224 months after diagnosis.
Baseline was defined as the date closest to agalsidase alfa initiation within a window of —6 months to +3 months. eGFR was calculated using the Chronic Kidney Disease
Epidemiology Collaboration. Values were restricted to 10-160 mL/min/1.73 m? for eGFR and 10-120 g/mz'7 for LVMI; values outside these ranges were considered missing.
History of cardiovascular and/or renal events refers to respective events that occurred prior to or at the date of agalsidase alfa initiation. P-values were derived from *Chi-
square test and Pt-test. “Mutation classification was reported for patients both with genetic informed consent form and who provided genetic data.

Abbreviations: eGFR, estimated glomerular filtration rate; LVMI, left ventricular mass index.
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Figure 2 Kaplan-Meier curves with Log rank test showing (A) time to first cardiovascular event and (B) time to first renal event for prompt versus delayed agalsidase alfa
initiation cohorts, based on time from diagnosis (analysis B).

(P=0.386 and 0.168, respectively; Supplementary Table 2).

For patients with classical disease, there was no difference

in baseline eGFR between prompt and delayed treatment

groups, but a greater proportion of patients in the delayed

treatment group had a history of cardiovascular or renal

events versus the prompt treatment group (P<0.001 and

Table 4 Multivariate Cox Regression Analyses to Examine the Risk of Cardiovascular and/or Renal Events for Prompt versus Delayed
Agalsidase Alfa Initiation Cohorts, Based on Time from Diagnosis (Analysis B)

Outcome Variable Category or Increment Hazard Ratio (95% CI) P-value

Cardiovascular event Prompt/delayed agalsidase alfa initiation Prompt vs delayed 0.83 (0.74-0.94) 0.003
Sex Female vs male 0.82 (0.72-0.93) 0.003
History of cardiovascular event No vs yes 0.30 (0.26-0.34) <0.001
Age at agalsidase alfa initiation 10-year increase 1.0l (1.01-1.02) <0.001

Renal event Prompt/delayed agalsidase alfa initiation Prompt vs delayed 0.96 (0.83-1.11) 0.563
Sex Female vs male 0.87 (0.75-1.01) 0.074
History of renal event No vs yes 0.19 (0.17-0.22) <0.001
Age at agalsidase alfa initiation 10-year increase 1.00 (1.00-1.01) 0.451

Notes: The prompt treatment cohort initiated agalsidase alfa <24 months after symptom onset; the delayed treatment cohort initiated agalsidase alfa 224 months after

symptom onset. History of cardiovascular and/or renal events refers to respective events that occurred prior to or at the date of agalsidase alfa initiation.

Abbreviation: Cl, confidence interval.
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P=0.027, respectively). For patients with late-onset dis-
ease, those receiving prompt treatment had lower eGFR
at baseline than patients receiving delayed treatment, but
there were no differences in the proportion of patients
having a history of cardiovascular or renal events. As
with analysis A, there were no differences in the number
of patients with a family history of Fabry disease by
genotype or treatment group (Supplementary Table 2).

Discussion
The present analysis from the FOS has shown that prompt
initiation of agalsidase alfa ERT (<24 months after Fabry
disease symptom onset or diagnosis) was associated with
a significant reduction in the risk of cardiovascular and
renal events compared with delayed initiation (=24 months
after symptom onset or diagnosis). Significant differences
for prompt versus delayed treatment were also observed
when analyzing male and female patients separately.
Several previous studies have reported treatment out-
with
therapy.'""!3:1423-2% Notably, these previous studies used

comes early versus delayed initiation of
an absolute age range as the reference point for treatment
start. In contrast, the present analysis is the first study to
use a relative time interval in relation to symptom start,
and this method is potentially more precise to assess when
to begin treatment because disease progression occurs at
different ages in patients with Fabry disease. In the present
analysis, the patient populations analyzed had overall
mean ages of 40.0 (analysis A) and 41.0 (analysis B)
years at ERT initiation. The prompt treatment group in
analysis A, however, was significantly younger than the
delayed treatment group (36.9 vs 40.5 years at ERT initia-
tion; P=0.008). In comparison, a 2020 analysis of FOS
data including 560 male patients found that cardiovascular
and renal disease progression was attenuated when
patients started ERT in childhood (<18 years of age) or
early adulthood (>18 to <30 years of age) versus patients
who were >30 years of age when starting ERT.'* Likewise,
a smaller study of 85 males with classical Fabry disease
showed that ERT initiation before 25 years of age was
associated with significantly greater reductions in plasma
globotriaosylsphingosine levels than later initiation of
ERT, indicating a notable biochemical response to early
treatment.”* In a study of 52 patients with Fabry disease
who had received ERT for approximately 10 years,
patients with low renal involvement were found to have
initiated ERT at an earlier age than those with high renal
involvement (25 vs 38 years of age, respectively) and

experienced lower rates of disease progression.'' Further,
ERT appeared to stabilize the progression of myocardial
involvement in patients who initiated treatment before 40
years of age. ERT was also shown to stabilize or improve
LVH in male patients with Fabry disease when treatment
was initiated at the age of 18-30 years, in contrast with
progression in males who started ERT at >40 years of age,
and the authors suggested that initiating ERT before pro-
teinuria develops may be an important factor to prevent
the progression of renal disease.”’ Altogether, the pub-
lished data along with the results of the present analysis
suggest that treatment of Fabry disease should be initiated
early (ie, at a younger age) and promptly (within 2 years of
symptom onset or diagnosis) to mitigate disease burden.
To explore the impact of Fabry disease phenotype on
prompt versus delayed treatment, we classified patients at
baseline by the presence of mutations associated with
classical or late-onset Fabry disecase. We observed that
significant delays in time from symptom onset to diagnosis
and treatment initiation were apparent for both classical
and late-onset patients in both analysis A and analysis
B (Supplementary Tables 1 and 2). In analysis A, there

was no difference in age at diagnosis between the prompt
and delayed treatment groups, although patients with late-
onset Fabry disease were >30 years older at diagnosis than
those with classical Fabry disease (Supplementary
Table 1). In analysis B (Supplementary Table 2), patients

in the prompt treatment group were older at diagnosis than
patients in the delayed treatment group for both classical
and late-onset Fabry disease, possibly suggestive of
a greater urgency to treat older patients promptly, although
this group may not be as well defined. The differences in
outcomes between analyses A and B suggest that “prompt”
determined by time of diagnosis (ie, analysis B) is subject
to many different influences, whereas “prompt” deter-
mined by time of first symptoms (ie, analysis A) better
reflects the disease progression of the individual patient
and thus reveals a more realistic view of what can be
expected in the treatment of patients with Fabry disease.
The heterogeneity, severity, and variations in age at
disease manifestation complicate the prompt diagnosis
and treatment of Fabry disease. Initiation of treatment is
typically in response to signs and symptoms, including
pain and gastrointestinal symptoms, and test results such
as increased LVM or reduced GFR. Age and gender may
also influence the patient’s willingness to start treatment,
and country and regional guidelines may dictate the deci-
sion to treat.”> A previous study has shown the significant
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disease burden in younger patients and the potential early
emergence of signs and symptoms of Fabry disease; how-
ever, not all children are symptomatic.”> Rather, factors
such as family history and mutation analysis of individuals
with possible disease may inform the decision of when to
treat. Family history of Fabry disease was present in more
than 88% of the patient population in this analysis.
Furthermore, studies have shown that progression of
Fabry disease occurs despite the use of ERT when organ
damage, indicative of advanced Fabry disease, is present at
ERT start.’*® In this analysis, 40% and 30% of patients
had a history of cardiovascular or renal events, respec-
tively, and a history of an event significantly increased the
risk of a subsequent event. Early investigation and prompt
treatment initiation in patients with Fabry disease may
decrease or delay the occurrence of an initial cardiovas-
cular or renal event thereby potentially improving renal
and cardiovascular outcomes in these patients.

There are several limitations of the current analysis that
should be considered. This was a retrospective analysis of
data from the FOS disease registry database. As such, the
patients in the FOS registry were not randomly selected,
which may have led to selection bias. As a result, the
findings may not be generalizable to all patients with
Fabry disease. In FOS, because there is no centralized
reading of echocardiograms, their interpretation by the
investigator may introduce bias. Additionally, this analysis
did not investigate other factors involved in renal or car-
diovascular disease progression, such as the use of angio-
tensin-converting enzyme inhibitors, use of angiotensin II
receptor blockers, or blood pressure control. Determining
the timings of symptom onset and diagnosis can be sus-
ceptible to inaccuracy; for example, identification of the
date of symptom onset may be dependent on patient
memory, whereas diagnosis date can be influenced by
family screening programs that may lead to diagnosis
before symptom onset in some patients. Another consid-
eration is the heterogeneity of phenotypes in Fabry disease
—patients with the late-onset phenotype may not report
signs and symptoms until a relatively older age, and so
may still be at an early stage of disease progression at an
older age than a patient with the classical form of the
disease. Lastly, there may be many reasons for a delay in
treatment (eg, patients may not have been referred to
a specialist center or there may have been a need to see
a clinical worsening before treatment was initiated), which
are not captured in this retrospective database. Despite
these limitations, this analysis of real-world data in

a large population of patients with Fabry disease has
shown that prompt treatment with agalsidase alfa signifi-
cantly reduces the probability of cardiovascular and renal
events.

Conclusions

This is the first analysis in Fabry disease that assesses the
influence of prompt treatment as defined by time between
symptom onset/diagnosis and treatment start. Our analy-
sis of real-world data of patients from the FOS registry
shows that prompt initiation of agalsidase alfa treatment
can result in improved cardiovascular and renal outcomes
in patients with Fabry disease, in alignment with pre-
vious, smaller studies, which focused on age at treatment
start. Moreover, time between symptom onset and diag-
nosis, sex, history of cardiovascular or renal events prior
to treatment initiation, and age at symptom onset may be
important factors contributing to long-term outcomes.
However, further analyses are needed to better under-
stand these relationships and confirm these findings.
The results of the current analysis suggest that there
may be significant benefits with prompt initiation of
agalsidase alfa after symptom onset and/or diagnosis of
Fabry disease.
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CI, confidence interval; eGFR, estimated glomerular filtra-
tion rate; ERT, enzyme replacement therapy; FOS, Fabry
Outcome Survey; HR, hazard ratio; ICF, informed consent
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tricular mass; LVMI, left ventricular mass index.

Data Sharing Statement

The datasets, including the redacted study protocol,
redacted statistical analysis plan, and individual participant
data supporting the results reported in this article, will be
made available within three months from initial request, to
researchers who provide a methodologically sound propo-
sal. The data will be provided after its de-identification, in
compliance with applicable privacy laws, data protection
and requirements for consent and anonymization.

Ethics Approval and Informed
Consent

FOS was approved by the ethics institutional review boards
of the participating centers. Further, this registry was com-
pliant with relevant global and local regulations and best

https:

3570

Dove!

Drug Design, Development and Therapy 2021:15


https://www.dovepress.com
https://www.dovepress.com

Drug Design, Development and Therapy downloaded from https://www.dovepress.com/ by 82.26.43.192 on 15-Sep-2021

For personal use only.

Dove

Hughes et al

practices: Good Pharmacoepidemiological Practice and
Good Research for Comparative Effectiveness principles.
The relevant principles of the International Council for
Harmonisation Good Clinical Practice (ICH GCP) guidelines
(ICH E6) were followed as appropriate for an observational
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