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of decline (βslope alfa-beta: −0.85 mL/min/1.73 m2/year, 95% CI 
−2.31 to 0.62, P=0.26). Adding the use of ACEi/ARBs and/or 
the presence of proteinuria at baseline as covariates to the model 
did not result in a better fit or different results. Our previous 
study30 showed that in this cohort (with exception of Canadian 
patients) of patients, the eGFR slope was −2.5 mL/min/1.73 m2/
year (95% CI −2.9 to −2.1, P<0.001) for classical men with a 
baseline eGFR >60 mL/min/1.73 m2 and −4.5 mL/ min/1.73 m2/
year (95% CI −5.6 to −3.3, P<0.001) for classical men with a 
baseline eGFR <60 mL/min/1.73 m2. The eGFR slope of women 
and non-classical patients with an eGFR  >60 mL/min/1.73 m2 
were between −1.4 and −1.6 (all P<0.001). For women and 
non-classical patients with an eGFR  <60 mL/min/1.73 m2 
only non-classical men (−3.3 mL/ min/1.73 m2/year, 95% CI 
−5.1 to −1.5, P<0.001) and non-classical women (−1.5 mL/ 
min/1.73 m2/year, 95% CI −2.8  to −0.2, P=0.04) showed a 
change in eGFR.

Left ventricular mass
Two hundred and seventy-eight adult patients were included in 
the longitudinal analysis of LVMI. In patients without LVH at 

baseline (n=110), there was no change in LVMI after 1 year of 
treatment. In patients with LVH (n=168), there was a decrease 
after 1 year of treatment. The magnitude of the decrease 
depended on the LVMI at baseline (P<0.001) and was indepen-
dent of sex and phenotype (figure  3). Patients with an LVMI 
above the reference value but <75 g/m2.7, that were treated with 
agalsidase beta showed a larger but non-significant decrease of 
LVMI over the first year compared with alfa (βalfa-beta: −3.31 g/
m2.7, 95% CI −6.84  to  0.23, P=0.07), but no difference for 
the entire group was found (βalfa-beta: −2.26 g/m2.7, 95% CI 
−5.39  to 0.87, P=0.15). The decrease over the first year was 
followed by stabilisation of LVMI in the following years (βtime 

on ERT: 0.22, P=0.33). Hence, the observed difference between 
agalsidase alfa and beta over the first year persisted during the 
following years.

The analysis on the number of patients that showed a decrease 
in LVMI after 1 year of treatment revealed that treatment with 
agalsidase beta resulted in a higher proportion of patients with a 
decrease in LVMI compared with agalsidase alfa (79% vs 62%) 
(OR 2.27, 95% CI 1.11 to 4.86, P=0.03), adjusted for the LVMI 
at baseline.

Figure 1  Kaplan-Meier curve after propensity score matching. Kaplan-Meier curve for any first event (renal, cardiac or cerebral event or death) after 
propensity score matching. 

Figure 2  Estimated glomerular filtration rate (eGFR) vs time on enzyme replacement therapy (ERT). Linear mixed model of eGFR adjusted for sex and 
phenotype, stratified for baseline eGFR <60 and ≥60 mL/min/1.73 m2. The larger lines represent the predicted values at group level, the smaller lines 
represent the predicted values at individual patient level.
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LysoGb3
Longitudinal data on lysoGb3 was available for 153 patients 
(figure  4). After initiation of ERT, lysoGb3 concentrations 
rapidly decreased, followed by stabilisation in all subgroups 
(men with classical FD: β: 0.83 nmol/L/year, P=0.08; men with 
non-classical FD and women: β: 0.03 nmol/L/year, P=0.94). 
After adjustment for baseline lysoGb3 concentration, sex and 
phenotype, the decrease in lysoGb3 (∆lysoGb3) in men with 

classical FD was more pronounced in those treated with agalsi-
dase beta (βalfa-beta: −18.06 nmol/L, 95% CI −25.81 to −10.03, 
P<0.001). For example, in a classically affected man with a 
baseline lysoGb3 value of 100 nmol/L, the lysoGb3 concentra-
tion will be on average 45 nmol/L following 1 year of treatment 
with agalsidase alfa and 27 nmol/L after 1 year of treatment with 
agalsidase beta. In the other patients (women and non-classical 
men), this difference was also significant but smaller (βalfa-beta: 
−1.07 nmol/L, 95% CI −2.04 to −0.11, P=0.03).

Antibodies
One or more antibody assays were performed for 124 men. 
From 32 non-classical men (agalsidase alfa: n=27, agalsidase 
beta: n=5), only one developed transient antibodies. Antibody 
measurements were available for 92 classical men. Patients with 
a mixed antibody response over time (negative as well as posi-
tive antibody measurements) were excluded (n=11). Of the 
remaining 81 patients, persisting antibodies were established in 
33 men, of whom 11 were treated with agalsidase alfa (11/39, 
28%) and 22 with agalsidase beta (22/42, 52%) resulting in an OR 
of 2.8 (95% CI 1.02 to 7.88, P=0.041). Results did not change 
substantially if the first antibody measurements of patients with 
a mixed antibody response were included (OR 3.14, P=0.011). 
Antibody titres remained stable over time (figure 5).

A comparison of the clinical event rate, LVMI and eGFR 
between patients treated with agalsidase alfa and agalsidase beta 
with or without antibodies was hampered by the uneven distri-
bution of disease severity among groups. The limited number of 
patients (n=81) and events in these groups (n=29) makes exten-
sive correction for disease severity variables impossible.

Analysis of the influence of antibodies on the decrease in 
lysoGb3 in men with classical FD treated with agalsidase alfa 
(n=21) or beta (n=35) revealed the following: in patients 
treated with agalsidase alfa the presence of antibodies was asso-
ciated with a less prominent decrease in lysoGb3 following ERT, 
resulting in 34.77 nmol/L (95% CI 23.65 to 45.88, P<0.001, 
adjusted for baseline lysoGb3 concentrations) higher lysoGb3 
concentrations in the antibody-positive group compared with 
the antibody-negative group. In patients receiving agalsidase 
beta, the decrease in lysoGb3 after ERT initiation was minimally 
affected by the presence or absence of antibodies (βAB+ vs AB−: 
6.72 nmol/L, 95% CI −1.43 to 14.87, P=0.10) (figure 6).

Discussion
In this study, we systematically compared clinical outcomes and 
biochemical response in a large cohort of almost 400 patients 
with Fabry disease treated with either agalsidase alfa or agalsi-
dase beta at authorised dose. There is no difference in clinical 
event rate between both enzymes, but treatment with agalsi-
dase beta results in a larger decrease in lysoGb3 concentrations 
compared with agalsidase alfa. In addition, treatment with 
agalsidase beta has a better effect on left ventricular mass, in 
patients with a LVMI <75 g/m2.7. Fewer patients had an immu-
nological response to agalsidase alfa as compared with agalsi-
dase beta. There were considerable baseline differences between 
both treatment groups, which could be explained by differences 
in proportions of patients with classical FD as well as prescrip-
tion behaviour between centres. In order to account for these 
differences, all analyses were adjusted for phenotype and disease 
severity.

In line with our findings, a small observational study 
showed that treatment with agalsidase beta resulted in a more 
pronounced decrease in lysoGb3 compared with agalsidase 

Figure 4  LysoGb3 vs time on enzyme replacement therapy (ERT) in men 
with classical Fabry disease. Linear mixed model of lysoGb3 adjusted for 
lysoGb3 at baseline. The figure presents data of men with the classical 
phenotype. The larger lines represent the predicted values at group level, 
the smaller lines represent the raw individual patient data.

Figure 3  Change in left ventricular mass index (LVMI) in relation to 
the LVMI at baseline. Estimates of the change in LVMI from baseline after 
1 year per patient, results from the linear mixed model of the change in 
LVMI.
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alfa.17 Furthermore, a slight increase in lysoGb3 was observed 
in men with classical FD who received a lower dose or switched 
to agalsidase alfa during the shortage of agalsidase beta.31 Also, 
a correlation between cumulative dose and podocyte Gb3 clear-
ance has been reported.32 A dose effect on biochemical markers 
is further supported by the observations from this study on the 
influence of neutralising antibodies. We confirmed the higher 
prevalence of neutralising antibodies in patients treated with 
agalsidase beta.11 12 19 This may be related to the dose or the 
manufacturing method of the product (ie, human vs CHO cell 
line and the possible differences in glycosylation).8–10 The vast 
majority of neutralising antibodies in FD are IgG antibodies.28 33 

IgE-mediated reactions are very infrequently observed, and have 
only been reported for patients treated with agalsidase beta.33 
Severe anaphylaxis is rare and infusion-related reactions are 
usually well manageable with antipyretic drugs and/or low-dose 
corticosteroids prior to the infusion. The presence of antibodies 
in patients treated with agalsidase alfa is associated with a less 
prominent decrease in lysoGb3, while the decrease in lysoGb3 is 
almost unaffected by antibody formation during treatment with 
agalsidase beta, which has also been found in an earlier study.17 
This is most likely caused by the fivefold higher dose, which 
overcomes the negative effects of antibody formation. In other 
lysosomal storage disorders, such as Gaucher disease, biochem-
ical markers including glucosylsphingosine, correlate well with 
clinical disease parameters and can be used to monitor the effect 
of therapeutic intervention.4 34 In FD, previous studies have 
shown that plasma lysoGb3 is derived from the storage material 
and is related to phenotype and disease severity.3 7 35 In addi-
tion, lysoGb3 levels are associated with Mainz Severity Score 
index (MSSI) scores and LVMI in men and the presence of white 
matter lesions (WML) in women.36 Although most previous 
studies were unable to show differences in clinical outcomes 
between antibody-negative and antibody-positive patients,19 37 38 
a more recent study showed larger LVMI and worse renal func-
tion in patients with antibodies.20 In that study, however, no 
differentiation was made by phenotype, and results were only 
adjusted for having a nonsense mutation. This has probably led 
to a confounding effect of phenotype, since the most severely 
affected patients (ie, classical patients) are most likely to develop 
antibodies. Correction for phenotype in the current study limits 
the risk of this bias and made it impossible to analyse differences 
in clinical outcome between those with and without antibodies.

No direct relationship between the decrease in lysoGb3 can be 
established with the clinical outcome. A reason for this is that the 
lysoGb3 merely reflects reduction in storage material. In some 
patients, the observed dose effect on plasma lysoGb3 may not 
always be followed by clinically relevant outcomes. Recently, we 
have described the absolute slopes for eGFR, LVMI of patients 
on treatment stratified for phenotype and sex which might be 
used as benchmark for future studies.30 This study also empha-
sises the fact that in some patients there is irreversible damage 
to organs such as the kidneys, which will not be reversed. It was 
shown that in patients with advanced kidney disease, the risk 

Figure 5  Antibody titres in men with classical Fabry disease. Antibody titres per patient. The solid dark line represent the cut-off, at an antibody titre of 6. 

Figure 6  Effect of antibody formation on lysoGb3 in men with classical 
Fabry disease. Linear mixed model of the change in lysoGb3 adjusted for 
lysoGb3 at baseline, stratified for enzyme replacement therapy (ERT) type 
and antibody status. The larger lines represent the predicted values at 
group level (at the mean lysoGb3 concentration of 105 nmol/L in these 
patients), the smaller lines represent the predicted values at individual 
patient level.
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(HR 2.7) to develop new complications is high, despite treat-
ment.38 Left ventricular hypertrophy has been shown to be 
reversible to some extent although the presence of fibrosis in the 
heart hampers an effect of any therapy.14 30 39 Hence, the direct 
relationship between biochemical and clinical response cannot 
be expected. We believe however, that an optimal biochemical 
response is a prerequisite for a clinical response. Indeed, this 
study shows that a better effect of agalsidase beta was established 
during the first year of treatment. However, no effect on eGFR 
or clinical event rate could be established. Indeed, the presence 
of irreversible organ damage might be the reason why disease 
progression has been observed in patients receiving ERT, leading 
to only a modest clinical effect of ERT. Although a clear effect of 
dose is observed on biochemical outcomes, the fact that several 
patients were in an advanced and irreversible disease state limits 
the potential to observe a similar magnitude of effect on clin-
ical outcomes. It is also possible that the current study is still 
underpowered to detect a significant difference in event rate. 
The CFDI investigators previously calculated that almost 300 
patients per group (ie, 600 patients in total) would be required 
to detect a 10% difference,18 which is more than the nearly 400 
patients we were able to include, even after combining data 
from three European referral centres and the CFDI. Likewise, 
none of the studies that evaluated the effects of switching or 
dose reduction during the shortage of agalsidase beta was able to 
show a change in clinical event rate, since the cohorts were often 
small and had relatively short follow-up.31 40–42 Nonetheless, the 
results of one of the largest studies suggested a steeper decline 
in eGFR and higher disease severity scores in patients who had 
been switched or received a lower dose.42

Besides the possibility that the present study is underpowered 
to detect a difference in event rate, there are some other limita-
tions. First of all, allocation of treatment was not random, except 
for part of the patients from the CFDI, although randomisation 
in this cohort was hampered by the shortage of agalsidase beta. 
Second, data were not collected through a uniform protocol and 
although data were mostly prospectively collected at the indi-
vidual centres, the information was merged at a later time point. 
Finally, lysoGb3, antibody measurements and MRI scans were 
only available for a subset of patients. In conclusion, although we 
were unable to show a difference in event rate between patients 
treated with agalsidase alfa and beta, our results suggest a more 
pronounced reduction of storage materials, with agalsidase beta.
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