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ABSTRACT
Background Nephropathy is an important feature of
classical Fabry disease, which results in
alpha-galactosidase A deficiency and cellular
globotriaosylceramide accumulation. We report the safety
and efficacy of antiproteinuric therapy with ACE
inhibitors or angiotensin II receptor blockers (ARBs) in a
study of classical Fabry patients receiving recombinant
agalsidase-beta therapy.
Methods and design The goal was maintenance of
urine protein to creatinine ratio (UPCR) <0.5 g/g or a
50% reduction in baseline UPCR for 24 patients at eight
study sites. The change in estimated glomerular filtration
rate (eGFR) was assessed over 21 months of treatment.
Results 18 out of 24 patients achieved the UPCR goal
with eGFR slopes that were significantly better than six
patients who did not achieve the UPCR goal (−3.6
(−4.8 to −1.1) versus −7.0 (−9.0 to −5.6) mL/min/
1.73 m2/year, respectively, p=0.018). Despite achieving
the UPCR goal, 67% (12/18 patients) still progressed
with an eGFR slope <−2 mL/min/1.73 m2/year.
Regression analysis showed that increased age at
initiation of agalsidase-beta therapy was significantly
associated with worsened kidney outcome. Hypotension
and hyperkalaemia occurred in seven and eight patients,
respectively, which required modification of
antiproteinuric therapy but was not associated with
serious adverse events.
Conclusions This study documents the effectiveness of
agalsidase-beta (1 mg/kg/2 weeks) and antiproteinuric
therapy with ACE inhibitors and/or ARB in patients with
severe Fabry nephropathy. Patients had preservation of
kidney function if agalsidase-beta treatment was initiated
at a younger age, and UPCR maintained at or below
0.5 g/g with antiproteinuric therapy.
Trial registration number NCT00446862.

INTRODUCTION
Fabry disease (OMIM #301500) is an X-linked
disorder caused by lysosomal alpha-galactosidase
A (α-Gal A) deficiency. Classical patients with muta-
tions in the α-Gal A gene accumulate globotriaosyl-
ceramide (GL-3) and become symptomatic in
childhood with pain, gastrointestinal disturbances,
angiokeratoma and hypohidrosis.1 Classical patients
experience progressive loss of renal function and
hypertrophic cardiomyopathy, with severe clinical
events including end-stage renal disease, stroke,
arrhythmias and premature death.1 2 Heterozygous

women may be affected as severely as male Fabry
patients,2–4 especially with skewed X-chromosome
inactivation.5 6

Enzyme replacement therapy (ERT) and support-
ive care (eg, renal replacement therapy) have
changed the natural history of Fabry disease; car-
diovascular events now account for the majority of
deaths.7 8 Agalsidase-beta given at 1 mg/kg every
two weeks reduced endothelial GL-3 deposits from
kidney, skin and heart biopsies in a randomised,
placebo-controlled phase III trial with 58
patients.9 10 In an open-label, 54-month extension
study, renal function was stabilised in most
patients.11 However, baseline proteinuria (>1g/
24 h) and >50% glomerulosclerosis on kidney
biopsies were important risk factors for continued
loss of renal function despite ERT.11 With an add-
itional 5 years of follow-up, patients who main-
tained urinary protein-to-creatinine ratios (UPCR)
<0.5 g/24 h on agalsidase-beta had low risk for
renal progression, while those with UPCR >0.5 g/
24 h had progressive loss of renal function.12 Mean
estimated glomerular filtration rate (eGFR) slopes
for the two groups were −1.89 and −6.82 mL/min/
1.73 m2/year, respectively.12 The age at which
patients started agalsidase-beta emerged as an
important factor that differentiated the two groups
(mean 25 vs 38 years, respectively).
Another randomised, placebo-controlled study

with agalsidase-beta was conducted with Fabry
patients and more advanced renal involvement
(baseline eGFR <80 mL/min/1.73 m2/year).13 The
overall results were similar for the two randomised
studies; patients with higher baseline eGFR and
lower UPCR had significant preservation of renal
function when treated with agalsidase-beta.11–13

We previously demonstrated in a small, open-label
single-centre study that treatment with ACE inhibi-
tors or angiotensin receptor blocker (ARB) to main-
tain UPCR <0.5 g/24 h was associated with
stabilisation of renal function even in Fabry patients
at high risk for progression of nephropathy.14 This
background provides the rationale for prospectively
evaluating the control of proteinuria in Fabry
nephropathy.
The objective of the present study was to investi-

gate the safety and efficacy of antiproteinuric
therapy with ACE inhibitor and/or ARB therapy in
adults with Fabry nephropathy. We hypothesised
that patients with UPCR maintained <0.5 g/g
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throughout the study would have preservation of their renal
function. Participants over 21 months in 24 patients (15 males
and 9 females) with classic Fabry disease treated with agalsidase-
beta at eight different study sites. Also, 18 of the 24 participants
achieved the UPCR goal during the study, but only 6 out of 18
had preservation of kidney function (eGFR slopes better than
−2.0 mL/min/1.73 m2/year). The age at which agalsidase-beta
was started was the most significant factor associated with loss
of kidney function despite control of UPCR to the defined treat-
ment goal of 0.5 g/g or 50% reduction from the baseline level.

METHODS
Study design, participants and setting
The Fabrazyme+Arbs+ACE inhibitor Treatment (FAACET)
study evaluated the safety and efficacy proteinuria control with
ACE inhibitor and/or ARB therapy Fabry patients who were
receiving ERTwith agalsidase-beta at 1 mg/kg every two weeks.
FAACET was registered as a prospective observational study
(NCT00446862), sponsored by the University of Alabama at
Birmingham. Enrolment was based on local study site records,
and included adult males and females with Fabry nephropathy
associated with reduced eGFR and/or significant proteinuria.
After a 3-month initial baseline phase, the patients were fol-
lowed during a 21-month treatment phase. The primary object-
ive (UPCR goal) was reduction of the UPCR to <0.5 g/g for all
treatment visits or the averaged treatment UPCR values to
<50% of the first baseline value. ACE inhibitor and/or ARB
doses were adjusted during the visits according to the local stan-
dards for care, with the goal of reaching and maintaining the
UPCR goal. The primary outcome measure was the regression
slope of eGFR (mL/min/1.73 m2/year).

The inclusion criteria included ethics committee-approved,
written informed consent at each study site for adults
(≥19 years of age) with classical Fabry disease who were already
receiving agalsidase-beta at the first visit. Patients qualified with
eGFR ≥20 and ≤60 mL/min/1.73 m2 and documented UPCR
>0.5; or eGFR ≤125 mL/min/1.73 m2 and >60 mL/min/
1.73 m2 with documented UPCR >1.0. These qualifications
were based on previous descriptions of patients with Fabry
disease for whom the rate of loss of kidney function was related
to their baseline urine protein and kidney function.15 16 Many
patients were already receiving ACE inhibitor or ARB therapy at
the time of enrolment and were not removed from these agents
before enrolment. A parallel placebo-treated arm was not
included in the FAACET study design. Exclusion criteria were
prior end-stage renal disease and/or renal transplantation; pres-
ence of another confounding kidney disease demonstrated by
renal biopsy; and documented allergies to any of the treatment
agents, pregnancy or potential pregnancy during the study
period.

Statistical analysis
The primary efficacy analysis was the change in renal function
assessed as eGFR slope stratified by the UPCR goal, to assess the
impact of ACE inhibitor/ARB therapy on decline of eGFR in
patients receiving agalsidase-beta therapy. A medication score
was used to describe the intensity of antiproteinuric and antihy-
pertensive medication at the last visit. This score was defined as
0, none; 1, ACE inhibitor or ARB; 2, ACE inhibitor plus ARB,
or either with diuretic; 3, ACE inhibitor or ARB at maximum
dose. The Chronic Kidney Disease Epidemiology Collaboration
equation was used to calculate estimated GFR based on serum
creatinine measured at each visit.17 All serum creatinine mea-
surements were performed in the UAB Hospital Central

Laboratory using isotope-dilution mass-spectroscopy traceable
calibration.18

We compared characteristics of patients using χ2 and analysis
of variance. Duncan and Dunnett tests were used for multiple
comparisons, with statistical significance set at p≤0.05. Values
are presented as ±1 SD; median values are presented with 25th
and 75th centiles (IQR). The eGFR slopes and intercepts were
calculated with linear regression for individual patient treatment
visits, and patient-specific intercepts and slopes were extracted
from mixed effect linear regression models for the entire group.
Statistical and graphical analyses were done with Stata V.13.1
(Stata, College Station, Texas, USA).

RESULTS
Characteristics at qualification and baseline evaluation
Thirty-two subjects were enrolled at 10 different study sites, and
24 subjects (15 males and 9 females) completed the study proto-
col. The study sites, principal investigators, number of subjects
enrolled, number of subjects completing the protocol and
reasons for discontinuation are shown in online supplementary
table 1. For the 24 subjects who completed the study, the base-
line median age was 43.1 years (IQR 38.3–50.2); 15 were males
and 3 self-identified themselves as black (table 1).

The median duration of ERT therapy before the first visit was
3.1 years (IQR 0.3–4.4), and the median age at which ERTwas
started was 42.8 years (IQR 36.1–47.5). Median values for
qualifying UPCR (1.5 g/g (IQR 1.1–2.3)) and eGFR (71 mL/
min/1.73 m2 (IQR 56–95)) were obtained 1.0 year (IQR 0.1–
2.2) before enrolment. Baseline values for vital signs, serum
potassium, UPCR, albumin to creatinine ratio (ACR) and eGFR
are also listed in table 1. The historical eGFR slope (difference
between baseline and qualifying eGFR values divided by the
interval) was estimated at −6.2 mL/min/1.73 m2/year for 12 sub-
jects with intervals >12 months. Historical estimates were not
calculated for subjects if data were not available 12 months
before enrolment.

The baseline clinical findings are summarised in online sup-
plementary table 2 for the 24 participants who completed the
study. The FAACET participants had cardiac involvement and
significant kidney involvement based on the qualifying thresh-
olds for UPCR and eGFR. At the time of the first visit, 22 of 24
patients were already receiving ACE inhibitors and/or ARBS.

Titration and maintenance of UPCR goal
The primary objective of the FAACET study was reduction of
the UPCR to <0.5 g/g for all treatment visits or the averaged
treatment UPCR values to <50% of the first baseline value. The
characteristics are shown in table 1 for the 24 FAACET study
participants, stratified by UPCR goal. The antiproteinuric doses
were adjusted during the baseline and treatment visits, following
the local standards of care, to achieve and maintain the UPCR
goal. The baseline values for participants stratified by the UPCR
goal are shown in table 1. The average values for the treatment
visits were similar for the group of 18 participants who met the
UPCR goal. The baseline systolic blood pressure and ACR
values were higher for the six participants who did not reach
the UPCR goal.

The results for UPCR and ACR throughout the treatment
visits are shown in figure 1A stratified by UPCR goal.
Participants who met the UPCR goal at the first treatment visit
remained close to goal throughout the study. Participants above
UPCR goal at the first treatment visit were not successfully
titrated to goal during the three baseline visits and remained
above the UPCR goal throughout the remaining treatment visits.
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Figure 1B shows the UPCR ratios for participants stratified by
the eGFR intercept at 60 mL/min/1.73 m2. Participants who
were in the eGFR strata <60 mL/min/1.73 m2 had higher UPCR
values throughout the treatment visits.

Stratification by UPCR goal and eGFR slopes
Table 2 shows the eGFR slopes stratified by UPCR categories.
The slopes and intercepts were calculated for each strata using

mixed-effects linear regression analysis, and the linear slopes
were obtained from linear regression analysis of individual
patient data.

The average eGFR slope for 13 participants with initial
UPCR values ≤0.5 g/g was −3.42 mL/min/1.73 m2/year (SD
2.30), the eGFR slope for six participants with initial UPCR
values >0.5 and ≤1.0 g/g was −4.86 mL/min/1.73 m2/year
(SD 3.27) and for five participants with initial UPCR values

Table 1 Baseline characteristics for all participants completing titration and follow-up visits: stratified by urine protein to creatinine ratio goal

Variable Total Met UPCR goal Above UPCR goal

Participants (n) 24 (100%) 18 (75%) 6 (24%)
Age at baseline (years) 43.1 (39.5–46.7) 43.6 (39.4–47.8) 41.7 (31.9–51.1)
Males 15 (63%) 10 (56%) 5 (83%)
Blacks 3 (13%) 2 (11%) 1 (17%)
Duration on agalsidase-beta (years) 3.1 (0.3–4.4) 2.9 (0.3–4.8) 3.6 (1.4–4.1)
Agalsidase-beta started at age (years) 42.8 (36.1–47.5) 43.3 (38.0–47.9) 37.2 (33.5–47.2)
Qualification values (historical data)
Urine protein–creatinine ratio (g/g) 1.5 (1.1–2.3) 1.4 (1.0–2.3) 1.9 (1.5–2.3)
eGFR (mL/min/1.73 m2) 71 (56–93) 71 (55–94) 73 (56–92)
Interval before enrolment (years) 1.0 (0.1–2.2) 0.6 (0.1–1.6) 2.2 (1.8–2.4)

Initial baseline values (visit–3)
Systolic blood pressure (mm Hg) 112 (103–128) 110 (100–130) 119 (112–121)
Diastolic blood pressure (mm Hg) 73 (64–77) 72 (63–82) 73 (68–75)
Serum potassium (mEq/L) 4.2 (4.0–4.5) 4.2 (4.1–4.4) 4.0 (3.8–4.9)
Urine protein–creatinine ratio (g/g) 0.7 (0.4–1.3) 0.6 (0.3–1.1) 1.2 (0.4–2.3)
Urine albumin–creatinine ratio (mg/g) 263 (73–759) 124 (49–555) 759 (459–1398)
eGFR (mL/min/1.73 m2) 69 (53–93) 69 (56–92)a 62 (46–93)
Historical eGFR slope (N) (mL/min/1.73 m2/year;) N=12 −6.2 (12) (−8.4 to −2.7) −7.1 (7) (−9.3 to −5.4) −3.2 (5) (−6.9 to −2.3)

Averaged treatment values
Systolic blood pressure (mm Hg) 112 (104–124) 112 (103–127) 112 (107–117)
Diastolic blood pressure (mm Hg) 71 (63–73) 71 (62–78) 70 (64–73)
Serum potassium (mEq/L) 4.4 (3.9–4.7) 4.4 (4.0–4.7) 4.3 (3.8–4.9)
UPCR (g/g) 0.5 (0.3–0.9) 0.4 (0.2–0.5) 0.9 (0.7–1.5)
ACR (mg/g) 267 (123–637) 226 (81–365) 579 (454–733)
eGFR (mL/min/1.73 m2) 65 (44–83) 67 (48–83) 46 (40–78)

Continuous variables presented as median (25th–75th centile). Duration of enzyme replacement therapy (years), interval between starting agalsidase-beta at 1 mg/kg every other week
and initial baseline visit
p<0.05 for differences in medians, comparing groups at and above UPCR goal with two-sample Wilcoxon rank-sum test (shown in bold). Qualification values indicate values recorded
before enrolment based on local chart review. UPCR goal defined as UPCR for first treatment visit ≤0.5 g/g or averaged treatment UPCR ≤50% of baseline UPCR or averaged treatment
UPCR ≤0.5 g/g.ACR, albumin to creatinine ratio; eGFR, estimated glomerular filtration rate (mL/min/1.73 m2); UPCR, urine protein to creatinine ratio.

Figure 1 Box plots of urine protein
to creatinine ratio (UPCR). (A) Stratified
at UPCR goal. (B) Stratified by Chronic
Kidney Disease Epidemiology
Collaboration estimated glomerular
filtration rate (eGFR) intercept at
60 mL/min per 1.73 m2. The UPCR
goal was defined as UPCR for first
treatment visit ≤0.5 g/g or averaged
treatment UPCR ≤50% of baseline
UPCR (visit –3). The eGFR intercept
was calculated with a mixed-effect
linear model across all treatment visits.
eGFR slopes, mL/min/1.73 m2/year. The
horizontal line is the median value and
the upper and lower limits of the
boxes are 75th and 25th centiles,
respectively. The number of
participants in each category is shown
in parentheses above the upper cap of
the 90th centile values.
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>1.0 g/g was −5.27 mL/min/1.73 m2/year (SD 6.00); these
slopes were not significantly different for the UPCR strata.

Figure 2A shows the eGFR slopes (−3.6 mL/min/1.73 m2/year
(95% CI −4.8 to −1.1)) for 18 participants who met the prespe-
cified UPCR goal, while the eGFR slope for those who did not
meet the UPCR goal was −7.0 mL/min/1.73 m2/year (95% CI
−5.6 to −2.0); this 49% difference was statistically significant
(p=0.005), and the slopes were significantly from zero
(p=0.001 and 0.018, respectively).

The median eGFR slope in figure 2B (shaded box) was −0.1
(95% CI −1.1 to 1.3) mL/min/1.73 m2/year for the six partici-
pants who met UPCR goal and had eGFR slopes ≥−2 mL/min/
1.73 m2/year (table 3). The open box represents 12 participants
who met the UPCR goal but had eGFR slope was <−2 mL/min/
1.73 m2/year (−4.2 (95% CI −5.3 to −3.6) mL/min/1.73 m2/
year)). The 12 participants who met the UCPR goal, but with
significant decline in kidney function (eGFR slope <−2.0 mL/
min/1.73 m2/year) had greater UPCR and ACR during the treat-
ment period than did those who met the UCPR goal and had
preserved kidney function (table 3).

For the group of six participants that did not meet the UPCR
goal (open box), the slope was −7.0 (95% CI −9.0 to −5.6) mL/
min/1.73 m2/year; none of them had an eGFR slope >−2 mL/
min/1.73 m2/year. The group of six who met the UPCR goal and
had preserved renal function (eGFR slope >−2 mL/min/

1.73 m2) received significantly fewer medications than the other
groups (table 3).

Poisson regression analysis was done for the 18 participants
who met the UPCR goal, stratified by eGFR slope >−2.0 or
≤2.0 mL/min/1.73 m2/year (table 4).

Univariate analysis was carried out for each of the average
values of the predictor variables shown in table 3. The variables
included in the final model were age at which ERTwas started,
duration of ERT treatment before enrolment, average systolic
blood pressure during the treatment phase, average UPCR
during the treatment phase, gender and medication score. The
only significant predictor of preserved kidney function was the
age at which agalsidase-beta treatment was started. The median
age at which ERT was started for the six patients who had
eGFR slope >−2.0 mL/min/1.73 m2 was 37.9 (30.3–46.1) years
and 45.1 (40.4–49.2) years (table 3).

Adverse events
Online supplementary table 3 summarises the participants by
UPCR goal and eGFR slope. Hyperkalaemia (>5.5 mEq/L) occur-
ring in seven participants was managed with dietary modification
and reduction in ACE inhibitor or ARB dose. Hypotension also
occurred in other eight participants and was managed with dosing
modification. There were not any serious consequences attributed
at the study sites to hyperkalaemia or hypotension.

Table 2 Estimated glomerular filtration slopes and intercepts by urine protein to creatinine strata

Sex (F/M) UPCR strata

Initial values Treatment values

eGFR UPCR Averaged UPCR

Mixed models

Linear slopeIntercept Slope

6/7 ≤0.5 70±30 0.33±0.37 0.29±0.15 70±28 −3.42±2.30 −1.03±6.15
1/5 0.5–1.0 66±31 0.71±0.30 0.73±0.19 65±24 −4.86±3.27 −3.77±7.60
2/3 >1.0 76±23 1.2±0.8 1.5±0.5 76±28 −5.27±6.00 −6.81±11.7

Continuous variables presented as means (±SD). UPCR strata were defined by the indicated UPCR categories at the first visit. The averaged UPCR represents the average of all UPCR
values obtained during the treatment visits. The intercept and slope values were obtained from a mixed-effect regression model, and linear slopes were obtained with linear regression
using patient-level data for the duration of the treatment visits.
p<0.05 for differences in medians, comparing groups defined by UPCR strata (Dunnett’s test for multiple comparisons to the reference value (UPCR strata ≤0.5 g/g)).
eGFR, estimated glomerular filtration rate; ERT, enzyme replacement therapy with agalsidase-beta at 1 mg/kg every two weeks; UPCR, urine protein to creatinine ratio (g/g).

Figure 2 Box plots of Chronic Kidney
Disease Epidemiology Collaboration
estimated glomerular filtration rate
(eGFR) slopes. (A) Stratified at urine
protein to creatinine ratio (UPCR) goal.
(B) Stratified by eGFR slope at
−2.0 mL/min per 1.73 m2/year. The
UPCR goal was defined as UPCR for
first treatment visit ≤0.5 g/g, or
averaged treatment UPCR ≤50% of
baseline UPCR (visit –3), or averaged
treatment UPCR <0.5 g/g. The eGFR
slopes and intercepts were calculated
with a mixed-effect linear model
across all treatment visits. eGFR
slopes, mL/min/1.73 m2/year. The
horizontal line is the median value and
the upper and lower limits of the
boxes are 75th and 25th centiles,
respectively. The number of
participants in each category is shown
in parentheses above the upper cap of
the 90th centile values.
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DISCUSSION
Seventy-five per cent of FAACET participants receiving
agalsidase-beta treatment at 1 mg/kg every other week achieved
the UPCR goal with manageable side effects during treatment
with antiproteinuric agents. These patients had severe Fabry
disease with overt proteinuria and cardiac involvement (online
supplementary table 2). Control of UCPR to the a priori treat-
ment goal was associated with a rate of eGFR decline of
−3.6 mL/min/1.73 m2/year compared with −7.0 mL/min/

1.73 m2/year for the participants that did not meet the UPCR
treatment goal.

Previous descriptions of classical Fabry treated with
agalsidase-beta but for whom urinary protein excretion was not
controlled reported rates of eGFR decline that were similar to
the FAACET participants who did not meet the UPCR
goal.11 13 19 20 A previous single-centre experience reported
that control of UPCR to a goal of <0.5 g/g in seven patients (six
males and one female) with severe Fabry nephropathy was asso-
ciated with stabilisation of kidney function in six patients
(median slope −0.23 mL/min/1.73 m2/year),14 similar to the
eGFR slope observed in six participants in the current trial who
met the UPCR goal and had stabilisation of their renal function.
In contrast, one patient in the previous study did not have
kidney function stabilisation despite control of the UPCR.14

Germain et al12 recently published a 10-year follow-up of the
original phase III cohort treated with agalsidase-beta. Several
important points emerged from that analysis, which are con-
firmed by the present findings. Disease progression rates for
patients with low renal involvement (LRI, n=32) or high renal
involvement (HRI, n=20) at baseline were assessed, where the
LRI group had average UPCR identical to the UPCR goal in the
current study. The HRI group had UPCR >1.0 g/g at baseline as
well as significant degree of glomerular sclerosis at baseline
renal biopsy.11 12 Patients in the LRI group (mean age 25 years
at baseline) experienced some loss of eGFR (−1.89 mL/min/
1.73 m2/year) over the 10-year follow-up. Renal disease progres-
sion seems to be related, at least in part, to the severity of the
disease before treatment. LRI patients with UPCR ≤0.5 g/g

Table 3 Characteristics for all participants: stratified by UPCR goal and eGFR slope at −2.0 mL/min/1.73 m2/year

Variable Met UPCR goal (18) Above UPCR goal (6)

eGFR slope strata (mL/min/1.73 m2/year): N (≥−2.0): 6 (<−2.0): 12 (<−2.0): 6
Age at visit 0 (year) 40.6 (30.9–51.8) 46.6 (42.9–51.3) 41.5 (35.1–51.7)
Age: ERT started (years) 37.9 (30.3–46.1) 45.1 (40.4–49.2) 37.2 (33.5–47.2)
Interval: ERT start to visit 0 (years) 5.1 (0.4–5.5) 2.6 (0.3–4.1) 3.6 (1.4–4.1)
Initial follow-up (visit 0)

Systolic blood pressure (mm Hg) 101 (98–107) 112 (109–126) 111 (100–120)
Serum K+ (mEq/L) 4.2 (3.7–5.0) 4.2 (4.0–4.6) 4.2 (3.9–5.2)
UPCR (g/g) 0.1 (0.1–0.3) 0.3 (0.2–0.9) 0.9 (0.7–1.7)
ACR (mg/g) 61 (5.7–96) 162 (69–598) 627 (456–1126)
eGFR (mL/min/1.73 m2) 88 (56–116) 62 (48–78) 61 (45–81)

Average of follow-up visits
Systolic blood pressure (mm Hg) 104 (102–111) 119 (107–130) 112 (107–117)
Serum K+ (mEq/L) 4.8 (4.0–5.6) 4.9 (4.7–5.2) 4.9 (4.0–5.5)
UPCR (g/g) 0.3 (0.1–0.5) 0.4 (0.3–0.7) 0.9 (0.7–1.5)
ACR (mg/g) 122 (18–234) 254 (123–491) 579 (454–733)
eGFR (mL/min/1.73 m2) 80 (75–126) 56 (45–75) 68 (45–73)

Last follow-up visit
Systolic blood pressure (mm Hg) 110 (101–118) 120 (113–140) 111 (101–120)
Serum K+ (mEq/L) 4.1 (3.9–4.9) 4.5 (4.0–4.7) 4.6 (3.8–4.8)
UPCR (g/g) 0.3 (0.1–0.7) 0.3 (0.2–1.0) 1.0 (0.8–1.7)
ACR (mg/g) 67 (8.4–481) 198 (73–962) 719 (533–1196)

eGFR (mL/min/1.73 m2) 97 (75–121) 62 (51–85) 47 (35–90)
Medication score 1.5 (1–2) 3 (2–3) 3 (3–3)
eGFR slope (mL/min/1.73 m2/year) −0.1 (−1.1 to 1.3) −4.2 (−5.3 to −3.6) −7.0 (−9.0 to −5.6)
eGFR intercept (mL/min/1.73 m2) 90 (70–124) 63 (50–80) 56 (45–82)

Continuous variables presented as median (25th–75th centile). Medication score defined as: 0, none; 1, ACE inhibitor or ARB; 2, ACE inhibitor plus ARB, or diuretic; 3, ACE inhibitor or
ARB at maximum dose.
p<0.05 for differences in medians, comparing groups to reference (met UPCR goal and slope −2.0 mL/min.1.73 m2/year); with two-sample Wilcoxon rank-sum test (shown in bold).
UPCR goal defined as UPCR at first treatment visit ≤0.5 g/g, or averaged treatment UPCR ≤ 50% of baseline UPCR (visit–3), or averaged treatment UPCR <0.5 g/g. ARB, angiotensin
type 1 receptor blocker; ACR, albumin to creatinine ratio; eGFR, estimated glomerular filtration rate; ERT, enzyme replacement therapy; UPCR, urinary protein to creatinine ratio (g/g).

Table 4 Poisson regression analysis of eGFR slope at −2.0 mL/
min/1.73 m2/year for 18 participants who met the UCPR goal

Variable
Relative
risk 95% CI p Value

Age: ERT started (years) 1.072 1.008 to 1.139 0.026
Interval: ERT start to visit 0 (years) 0.881 0.771 to 1.006 0.062
Average systolic blood pressure (mm Hg) 1.011 0.991 to 1.033 0.287
Average UPCR during treatment (mg/g) 1.479 0.630 to 3.468 0.369
Male gender 1.130 0.637 to 2.005 0.675
Medication score 1.392 0.859 to 2.254 0.179

Relative risk presented as ratios (95% CI). Medication score defined as: 0, none; 1,
ACE inhibitor or ARB; 2, ACE inhibitor plus ARB, or diuretic; 3, ACE inhibitor or ARB
at maximum dose. p<0.05 for risk ratios from Poisson regression model (shown in
bold).
ARB, angiotensin type 1 receptor blocker; eGFR, estimated glomerular filtration rate;
ERT, enzyme replacement therapy; UPCR, urinary protein to creatinine ratio (g/g).
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throughout the treatment period progressed at a slower rate
compared with HRI patients with UPCR >0.5 g/g during the
treatment period. HRI patients began treatment with agalsidase-
beta at a mean age of 38 years, and rates of decline in kidney
function (eGFR slope: −6.82 mL/min/1.73 m2/year) that were
similar to the six participants in the current report that did not
meet the UPCR goal. These results support the recommendation
that agalsidase-beta therapy be started before there is significant
structural damage, including podocyte loss, glomerulosclerosis,
interstitial fibrosis and proteinuria.21 22 More aggressive
approaches have been tried to control the proteinuria in high-
risk group Fabry patients,23 24 including the use of weekly
rather than every other week ERT dosing.25 In addition, neutra-
lising antibodies directed against agalsidase-beta may be another
factor that may limit the success in controlling proteinuria and/
or stabilising renal function.26

The importance of the age at which ERT is initiated was
recently emphasised12 and is confirmed by the present findings,
suggesting that severe underlying changes in renal structure21

may limit the beneficial effects of controlling urine protein excre-
tion. Regression analysis (table 4) showed that the age at which
ERT was started was the only significant factor associated with
risk of renal progression in patients for whom ACE inhibitor or
ARB therapy controlled the average UPCR to ≤0.5 g/g, thus con-
firming and extending the recent report from Germain et al.12

The eGFR slope was significantly worse in the six patients
who did not achieve the goal for controlling proteinuria using
ACE inhibitor and/or ARB (table 1). Alternative approaches
could be considered for these patients,23 24 as well as directly
assessing the severity of the renal pathology. Endothelial dys-
function27 and autonomic insufficiency28 are features of classical
Fabry disease, which may explain why some patients had
treatment-related side effects with antiproteinuria agents.
Despite these side effects, control of proteinuria to the target
was achieved in 18/24 patients in the study. The treatment goal
for controlling proteinuria to 0.5 g/day was based on a
meta-analysis of non-Fabry patients with proteinuria and
chronic kidney disease.29 Current consensus is lacking about the
treatment goal for controlling proteinuria in any form of
chronic kidney disease; recent experiences with aggressive treat-
ment regimens with combined agents in type 2 diabetes have
been disappointing.30

There are important limitations of the FAACET study, includ-
ing non-randomised study design, lack of a washout period for
antiproteinuric therapy before enrolment, lack of a concurrent
control group, an open-label study design and the use of histor-
ical values for defining eligibility for the study. There was not a
uniform approach to the use of antiproteinuric agents, which
reflected the standard of care at each study site. None of the
participants had baseline renal biopsies to assess the severity of
baseline kidney involvement, but based on their baseline eGFR
and urine protein measurements, both males and females had
severe kidney disease at the time of enrolment.19 In view of the
lifelong burden of Fabry disease, the short-term follow-up in
the present study is an important limitation to keep in mind.

In summary, urine protein excretion can be controlled in the
majority of classical Fabry patients with antiproteinuric therapy.
Kidney function was not preserved in patients who did not
achieve the UPCR treatment goal. Stabilisation of kidney func-
tion was only achieved in a minority of patients who were
younger at the time they started ERT. Careful dose titration is
needed to avoid adverse effects that included hypotension and
hyperkalaemia, similar to other forms of advanced kidney
disease.
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eTable 1. Study Sites, Investigators; 32 subjects enrolled; 24 subjects completed 
protocol 

Study Site 
Location 

Principal 
Investigator 

Subjects 
Completing 

Subjects not 
Completing 

Reasons for Discontinuation 

Atlanta, GA 
(USA) 

A. Guasch 6 1 
Moved to Australia (visit 4) 

Birmingham, 
AL (USA) 

R. Campbell 4 1 
ERT supply issues after visit 6 

Boston, MA 
(USA) 

K. Sims 1 1 
Kidney transplantation after 
visit 5  

Budapest 
(Hungary) 

G. Fekete 0 1 
ERT supply issues after visit 4 

Chicago, IL 
(USA) 

J. Charrow 2 2 
Ineligible, discontinued after 
visit 1; withdrew consent 
after visit 4 (transportation) 

Würzburg, 
Germany 

C. Wanner 0 1 
Withdrew consent after visit 3 
(transportation) 

Iowa City, IA 
(USA) 

C. Thomas 6 0 
 

Los Angeles, 
CA (USA) 

W. Wilcox 1 1 
Ineligible, discontinued after 
visit 1 

New York, NY 
(USA) 

M. Velinov 2 0 
 

Slovenj Gradec, 
Slovenia 

B. Vujkovak 2 0 
 

Abbreviations: ERT, enzyme replacement therapy; USA, United States of America;  
 



eTable 2. Baseline Renal and Cardiac Status of FAACET Participants; stratified at baseline eGFR ≥ or < 60 ml/min/1.73 m
2
 

Baseline eGFR ≥60 ml/min/1.73 m
2
 

ID Genotype A/G/R UPCR ACR eGFR Con_Meds ECHO EKG 

02 p.R227X 40/F/W 0.97 782 93 Losar 100 mg SWT 9mm; Regurg Brady 

03 p.R227Q 23/M/W 0.62 7 120  SWT 9mm; Regurg Brady, NS-STT 

04 p.R227X 52/F/W 0.70 261 100 Irbesar 160 mg 
LVH, SWT 13 mm, 

Regurg, Diast_Dys 
NS-STT, BBB 

05 p.W287C 55/F/W 0.05 49 63 
Irbesar 320 mg; HCTZ 25 

mg; Metop 25 mg 

LVH, SWT 15 mm, 

Regurg, Diast_Dys 

Brady, NS-STT, 

LVH, Afib 

07 p.M43T 46/F/W 0.88 245 89 Lisin 40 mg; HCTZ 25 mg SWT 9mm; Diast_Dys NS-STT 

08 
p.L120P, 

p.A121T  
35/M/W 2.86 1,398 71 Lisin 10 mg 

SWT 12mm, LVH, 

Regurg, Aort_Dil 

LVH, 

Cond_Abnorm 

09 1188 insT  42/M/W 0.12 89 62 Lisin 10 mg SWT 12mm, Regurg LVH 

10 p.W204X 49/W/M 0.10 15 75 Lisin 10 mg 
LVH; SWT 16mm; 

Regurg 
LVH 

11 821insG 40/M/W 0.40 105 63 Lisin 15 mg SWT 11mm; Regurg 
LVH, PAC, 

Cond_Abrnom, 

13 p.W340X 47/M/B 0.54 22 92 Irbesar 75 mg 
LVH; SWT 13mm; 

Regurg 
BBB 

14 p.R342Q 37/F/W 0.32 144 117 Ramip 2.5 mg SWT 9mm; Regurg Brady 

15 p.R342Q 37/M/W 1.08 672 70 Losar 50 mg 
LVH; SWT 16mm; 

Regurg 
LVH, Brady 

19 
p.D264Y, 

p.V269M 
42/M/W 2.49 1,110 82 Losar 100 mg SWT 12mm, Aort_Dil NS-STT 

20 C717 del3 29/M/W 0.42 114 102 Losar 50 mg SWT 9mm; Regurg 
PAC, 

Cond_Abnorm 

21 p.W277X 49/F/B 0.75 38 69 Lisin 80, Losar 100, Felod 5             
LVH; SWT 12mm; 

Regurg 
NS-STT, PAC 

22 p.R227X 31/F/W 0.52 555 130 Lisin 20, Losar 50  SWT 10mm; Regurg 
Brady, NS-STT, 

LVH 



Baseline eGFR <60 ml/min/1.73 m
2
 

ID Genotype A/G/R UPCR ACR eGFR Con_Meds ECHO EKG 

01 p.T194I 43/M/W 2.04 1,559 42 Irbesar 75 mg 
LVH; SWT 15mm; 

Regurg, Akinesis 
Brady, LVH 

06 1118 del1 55/M/W 0.11 28 56 Lisin 2.5 mg, Metop 25 mg 
LVH, Regurg, 

Diast_Dys 

ICD, 

Cond_Abnorm 

12 1139 delC 44/F/W 1.13 1,468 34 Lisin 20 mg, Nadol 20 mg 
LVH; SWT 11mm; 

Regurg 

Brady, 

Cond_Abnorm 

16 p.N272K 41/M/W 1.48 57 38  SWT 11mm; Regurg 
Brady, 

Cond_Abnorm 

17 p.R227X 44/M/W 0.40 459 40 Ramip 6.25 mg 
LVH; SWT 15mm; 

Regurg 
NS-STT 

18 p.N272S 52/M/W 1.40 736 46 Ramip 5 mg 
LVH; SWT 13mm; 

Regurg 
NS-STT 

23 p.W227X 52/M/B 2.28 2,014 53 
Enal 10 mg, Torsem 50 

mg, Metop 12.5 mg 

LVH; SWT 15mm; 

Regurg 

LVH, PAC, PVC, 

Cond_Abnorm 

24 717 del2 53/M/W 0.33 101 52 Metop 25 mg 
LVH; SWT 13mm; 

Regurg 
Afib, PVC, ICD 

Abbreviations: ACR, albumin to creatinine ratio (mg/gm); Afib, atrial fibrillation; A/G/R, age, gender, race; B, black; BBB, bundle 

branch block; Brady, bracycardia; Con_Meds; concomitant medications; Cond_Abnorm, conduction abnormality; Diast_Dys, diastolic 

dysfunction; ECHO, echocardiogram; EKG, electrocardiogram; eGFR, estimated glomerular filtration rate (ml/min/1.73 m
2
); Enal, 

Enalapril; F, female; Felod; Felodipine; HCTZ, hydrochlorothiazide; ICD, intracardiac device; Irbesar, Irbesartan; Lisin, Lisinopril; 

Losar, Losartan; LVH, left ventricular hypertrophy; M, male; M, Metoprolol; NS-STT, non-specific ST-T wave changes; Nadol, 

Nadolol; PAC, premature atrial contraction; PVC, premature ventricular contractions; Ramip, Ramipril; SWT, septal wall thickness; 

Regurg, regurgitation; Toresm, Toresemide; UPCR, urine protein to creatinine ratio (gm/gm); W, white. 

 

  



eTable 3A. FAACET Participants stratified by UPCR Goal and eGFR slope at –2.0 ml/min/1.73 m2/year 
N=6:  Met UPCR Goal & Slope > –2.0 ml/min/1.73 m2/year 

ID 
Age/Sex 

Race 
Genotype Slope 

Inter-
cept 

Averaged Values Max 
K+ 

Con_Meds: Last Visit 
(Medication Score) 

Adverse 
Events UPCR ACR SBP 

3 23/M/W p.R227Q -1.08 125 0.15 24 102 3.8 Losar 12.5 (1)  
4 52/F/W p.R227X 1.28 98 0.44 220 123 4.0 Irb 160; Enal 10 (2)  
6 55/M/W 1118del -1.70 70 0.11 18 111 5.2 Losar 37.5, Carv 3.1 (1) K+ 

11 40/M/W 82insG 0.59 81 0.52 234 102 4.4 Lisin 30 (1) 
BP 
Hgb 

16 41/M/W p.N272K –0.74 30 0.10 11 103 5.4 Lisin 20, HCTZ 25 (2)  
22 31/F/W p.R227X 1.58 124 1.05 673 104 6.1 Lisin 10, Losar 50 (2) K+ 

 
41±12  

4 M/0 B 

Mean±SD 
or Median 

–0.01 
±1.3 

88 
±36 

0.40 
±0.37 

197 
±254 

108 
±5 

4.9 
±0.9 

1.5 (1 – 2)  

 
Min 
Max 

–1.7 
1.6 

30 
126 

0.1 
1.1 

11 
673 

102 
123 

3.8 
6.1 

1 
2 

 

 
eTable 3B. N=12: Met  UPCR Goal & Slope < –2.0 ml/min/1.73 m2/year 
ID 

 
Age/Sex 

Race 
Genotype Slope 

Inter-
cept 

Averaged Values Max 
K+ 

Con_Meds: Last Visit 
(Medication Score) 

Adverse 
Events UPCR ACR SBP 

1 43/M/
W 

p.T194I -3.703 41 0.91   618 106 5.7 
Irb 80, Ram 10 (2) K+BP 

5 55/F/W p.W287C -5.005 52 0.36   233 109 4.8 Irb 160, HCTZ 12.5, 
Metop 100 (2) 

BP 

7 46/F/W p.M42T -4.077 70 1.30 1,200 127 4.7 Lisin 40, Losar 100  
HCTZ 25 (3) 

BP 

9 42/M/
W 

1188insT -5.549 56 0.50   323 126 4.1 
Losar 100 (3) Edema 

10 49/M/
W 

p.W204X -6.441 85 0.12    39 133 4.9 
Lisin 10 (1)  



12 44/F/W 1139delC -3.470 36 0.50 365 99 4.6 
Lisin 40, Nadol 10, Nifed 

30 (3) 
BP, 
PTCA 

13 47/M/B p.W340X -2.645 86 0.21 116 131 4.2 Irb 75, Furos 40 (2) 
Cardiac 

Cath 
14 37/F/W p.R342Q -5.91 104 0.26 81 98 4.9 Ram 2.5, Irb 320 (3) BP 

15 
37/M/

W 
p.R112S -4.22 48 0.34 217 112 5.0 Lisin 20, Losar 200 (3) BP 

19 
42/M/

W 
p.D264Y, 
p.V269M 

-2.35 74 1.20 865 130 4.7 Losar 200 (3)  

21 49/F/B p.W277X -4.81 60 0.41 276 130 5.3 
Lisin 80, Losar 100, 

Felod 10, Spiro 25 (3) 
 

24 
53/M/

W 
717del2 -4.13 56 0.26 130 113 5.5 Losar 25, Metop 25 (1) K+ 

 
48 (6) 

6 M/2 B 

Mean±SD 
or Median 

–4.36 
±1.25 

65 
±20 

0.53 
±0.39 

372 
±352 

 

118 
±13 

4.9 
±0.5 

3 (2 – 3)  

 
Min 
Max 

–6.44 
–2.35 

36 
104 

0.12 
1.29 

39 
1,200 

98 
133 

4.1 
5.7 

1 
3 

 

 
eTable 3C. N=6: Above UPCR Goal & Slope < –2.0 ml/min/1.73 m2/year 

ID 
 

Age/Sex 
Race 

Genotype Slope 
Inter-
cept 

Averaged Values Max 
K+ 

Con_Meds: Last Visit 
Adverse 
Events UPCR ACR SBP 

2 40/F/W p.R227X -4.48 82 0.75 501 116 4.0 Losar 100, Lisin 10 (3)  

8 
35/M/

W 
p.L120P, 
p.A121T 

-14.4 55 2.40 1,650 108 4.6 Lisin 40, Losar 100 (3) Polyuria 

17 
44/M/

W 
p.R227X -6.93 43 0.68 454 120 5.6 Ram 7.5 (1) K+ 

18 
52/M/

W 
p.N272S -5.59 45 0.96 657 117 5.5 Ram 8.75 (1) K+ 



20 
29/M/

W 
C717 delAA -9.02 95 0.53 259 107 4.0 Losar 50 (1) Fatigue 

23 52/M/B p.W277X -7.09 56 1.50 733 95 5.2 
Enal 10, Torse 60, Metop 

12.5 (3) 
BP K+ 

 
42 (9) 

5 M/1 B 

Mean±SD 
or Median 

–7.92 
±3.53 

63 
±21 

1.14 
±0.70 

708 
±489 

110 
±9.1 

4.8 
±0.7 

1.5 (1 – 3)   

 
Min 
Max 

–14.4 
–4.47 

43 
95 

0.53 
2.35 

259 
1,650 

96 
120 

4.0 
5.6 

1 
3 

 

Continuous variables presented as median (25
th

 – 75
th

-tile), categorical variables as median (25
th

 –75
th 

–centile); Medication Score 

defined as: 0, none; 1, ACE Inhibitor or ARB; 2, ACE Inhibitor plus ARB, or Beta Blocker; 3, ACE Inhibitor or ARB at maximum 

dose. Abbreviations: ACR, albumin to creatinine ratio (mg/g); Afib, atrial fibrillation; A/G/R, age, gender, race; B, black; BP, 

blood pressure; Cardiac Cath, cardiac catheterization; Carv, Carvedilol; Con_Meds; concomitant medications; eGFR, estimated 

glomerular filtration rate (ml/min/1.73 m
2
); Enal, Enalapril; F, female; Felod; Felodipine; HCTZ, hydrochlorothiazide; Irbesar, 

Irbesartan; K
+
, serum potassium; Lisin, Lisinopril; Losar, Losartan; M, male; M, Metoprolol; Nadol, Nadolol; PTCA, percutaneous 

transluminal angioplasty; Ramip, Ramipril; Toresm, Toresemide; UPCR, urine protein to creatinine ratio (gm/gm); W, white. 
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