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Two different enzyme preparations are used for the treatment of Fabry disease patients, agalsidase alfa
(Replagal, Shire) and agalsidase beta (Fabrazyme, Genzyme). Therapeutic efficacy of both products has
been variable probably due to differences in gender, severity, age and other patient characteristics. We
studied the occurrence of a-Gal A antibodies and their effect on urinary and plasma globotriaosylcera-
mide (GL-3), plasma chitotriosidase and clinical outcome in 52 patients after 12 months of treatment
with either 0.2 mg/kg agalsidase alfa (10 males, 8 females) or beta (8 males, 5 females) or 1.0 mg/kg
agalsidase beta (10 males, 11 females). Antibodies were detected in 18/28 male patients after 6 months.
None of the females developed antibodies. Following 12 months of 0.2 mg/kg treatment, urinary GL-3
decreased in antibody negative (AB�) but increased in antibody positive (AB+) patients.
Treatment with 1.0 mg/kg gave a reduction in urinary GL-3 in both AB� and AB+ patients. Levels of
plasma GL-3 and chitotriosidase decreased in all patient groups. Twelve months of 0.2 mg/kg treatment
did not change renal function or left ventricular mass. Further, no change in renal function was seen
following 1.0 mg/kg treatment and left ventricular mass decreased in both AB� and AB+ patients. In
summary, a-Gal A antibodies frequently develop in male Fabry disease patients and interfere with
urinary GL-3 excretion. Infusion of a dose of 1.0 mg/kg results in a more robust decline in GL-3, less
impact, if any of antibodies, stable renal function and reduction of LVMass.

� 2008 Elsevier Inc. All rights reserved.
Fabry disease is an X-linked lysosomal storage disorder in
which a deficiency of the lysosomal enzyme a-galactosidase A
(a-Gal A, OMIM 301500) [1,2] leads to lysosomal accumulation of
globotriaosylceramide (GL-3) in endothelial cells and other cell
types in the body. The clinical spectrum of Fabry disease is remark-
ably heterogeneous, [3]. Complications are mostly of vascular
origin and comprise progressive renal insufficiency, cardiac hyper-
trophy, arrhythmias and cerebral infarctions [4]. Female hetero-
zygotes can also exhibit complications, although the disease
usually has a more attenuated course in these patients [5].

Currently 2 different enzyme preparations are used for the
treatment of patients with Fabry disease: agalsidase alfa (Repla-
galTM, Shire) and agalsidase beta (FabrazymeTM, Genzyme), which
are produced by expression of the a-galactosidase A gene in mod-
ified human fibroblasts and Chinese hamster ovary (CHO) cells,
ll rights reserved.

ak).
respectively. Patients are usually treated with the authorized dose
of agalsidase alfa at 0.2 mg/kg or agalsidase beta at 1.0 mg/kg every
2 weeks. The therapeutic efficacy of both treatments has been var-
iable. In patients with (near) normal renal function, renal function
is preserved [6], cardiac hypertrophy is reduced and events are
rarely seen [7,8]. However, an increasing number of studies over
the past years reported further progression of symptoms in pa-
tients with more advanced disease, specifically renal insufficiency
[6–11]. Factors that may have impact on the therapeutic response
are incompletely understood. Irreversible damage to end-organs
probably plays a role but differences in uptake of the enzyme
[12] or the occurrence of neutralizing antibodies may also influ-
ence the outcome. Antibodies towards the enzyme preparations
frequently develop in male patients because males do not often ex-
press residual enzyme activity. Previous studies have reported the
emergence of IgG antibodies in 56% of agalsidase alfa [6] and 88%
of agalsidase beta [13] treated male patients. Additional reports
have shown these antibodies to have neutralizing capacities with
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an effect on urinary GL-3 excretion [6,14–18] and on chitotriosi-
dase, a marker for storage in macrophages [19]. Whether this
translates into a lack of clinical response is difficult to ascertain, gi-
ven the variability in response also observed in the absence of anti-
bodies. However, studies in other conditions (such as hemophilia
A) show that antibodies, in particular neutralizing antibodies, are
frequently associated with loss of efficacy of the infused prepara-
tion (see [20] for review). A way to overcome this problem is
through administration of large(r) amounts of the product, as has
been successfully implemented in hemophilia A [21]. To analyze
the influence of enzyme dose on the production of antibodies
and the levels of GL-3 and chitotriosidase in Fabry patients, we
studied different groups of patients, who were treated with either
0.2 mg/kg agalsidase alfa or beta or 1.0 mg/kg of agalsidase beta. In
addition we analyzed the impact of a dose increase to 1.0 mg/kg of
agalsidase beta in male patients, who experienced treatment fail-
ure during the head-to-head study of agalsidase alfa and beta at
0.2 mg/kg every 2 weeks [11].

Methods

Patients

Comparative study
Thirty Fabry patients from the Academic Medical Center (AMC)

and 1 patient from the Universitatsklinikum Wurzburg (UKW) who
were treated with agalsidase alfa (n = 18) or beta (n = 13) at
0.2 mg/kg for a minimum of 12 months were included in the study.
Twenty nine of the AMC patients had been part of the head-to-
head study [11]. In addition 5 patients from the AMC and 16 pa-
tients from the UKW who had been receiving agalsidase beta at
1.0 mg/kg for at least 12 months were included.

Switch study
Biochemical parameters were analyzed in 7 male patients who

had switched from agalsidase 0.2 mg/kg (alfa, n = 3; beta, n = 4) to
agalsidase beta 1.0 mg/kg treatment. These patients were part of
our head-to-head study and the dose was increased following treat-
ment failure [11]. All patients had been diagnosed by means of a re-
duced a-galactosidase A (a-Gal A) activity in leukocytes [22,23]
(males) and/or a mutation in the a-Gal A gene (females). Stored blood
and urinary samples from Fabry disease patients were analyzed. In-
formed consent had been obtained as part of previous studies.

Biochemical parameters

Antibodies
Serum samples were evaluated for the presence of a-Gal A anti-

bodies as previously described [14]. To assess neutralizing activity
different volumes of serum (0.1–10 ll of serum, corresponding to a
dilution of 1/150–1/1.5) were incubated with a standard amount of
recombinant a-galactosidase A (agalsidase beta, 15 ll of 0.14 lg/
ml = 2.1 ng). After 10 min of incubation at room temperature the
enzymatic activity was determined. The serum dilution that re-
sulted in 50% reduction of the enzyme activity was recorded
(IC50). Assuming a linear relationship, the amount of enzyme that
would be inhibited by 1 ll of serum was calculated.

Urinary GL-3
Analysis of urinary GL-3 was performed as described before

[24,25].

Plasma GL-3
Levels of GL-3 in plasma were measured by high pressure liquid

chromatography as recently described [26].
Chitotriosidase
Chitotriosidase activity was measured in plasma using 4-meth-

ylumbelliferyl-(4-deoxy)chitobiose as substrate, as described pre-
viously [27]. Activity was measured in male patients only, as
females tend to show values within the normal range [19]. Chem-
icals were obtained from Sigma, St Louis, MO, USA. One in every 3
individuals carries a mutation in the chitotriosidase gene resulting
in levels of plasma chitotriosidase approximately half that found in
individuals with a wild type phenotype [28]. Individuals homozy-
gous for this mutation have no detectable chitotriosidase activity.
As genotyping was not performed in a subset of patients (German
patients, no cellular material available) and absolute values cannot
be compared directly, levels are reported as change from baseline
(%). As a result the analysis also included patients with chitotrios-
idase levels in the normal range.

Clinical evaluation

Clinical evaluation at baseline and after 12 months of treatment
had been performed in all patients in the comparative study. Renal
function was estimated by calculating the creatinine clearance
from plasma creatinine and total urinary creatinine in a represen-
tative 24 h urine collection. Echocardiographic analysis at both
time points was performed in 20/24 females and 15/28 males. Left
ventricular hypertrophy was defined as a left ventricular mass
(LVmass) of >259 g in males and >166 g in females [29].

Statistical methods

Results are expressed as median (range). Differences between
groups were assessed by the Mann–Whitney U-test or Kruskall–
Wallis test. The effect of enzyme replacement therapy (ERT) was
analyzed by the Wilcoxon signed ranks test. Correlations between
variables are described by assessment of Spearman rank correla-
tion coefficients. p-Values < 0.05 were considered significant.

Results

Baseline characteristics

The baseline characteristics of the 52 patients included in the
study are shown in Table 1. There were no significant differences
between the 3 treatment groups with respect to age, sex and levels
of biochemical parameters at baseline. Patients in the switch study
were 7 males (3, agalsidase alfa 0.2 mg/kg and 4, agalsidase beta
0.2 mg/kg) who switched to agalsidase beta 1.0 mg/kg because of
progression of disease (i.e. treatment failure [11]). All patients
had significant symptomatology before start of 0.2 mg/kg treat-
ment (i.e. cerebral infarctions, renal impairment and/or cardiac
involvement) and switched to 1.0 mg/kg because of progression
of vascular lesions on brain MRI (n = 4), decline in renal function
(n = 1) or atrial fibrillation (n = 2).

Comparative study

Antibodies
a-Gal A antibodies were detected in 18 male patients after 6

months of therapy (4/10 agalsidase alfa 0.2 mg/kg, 6/8 agalsidase
beta 0.2 mg/kg and 8/10 agalsidase beta 1.0 mg/kg). Antibodies
were seen more frequently in patients treated with agalsidase beta
1.0 mg/kg than in patients treated with agalsidase alfa 0.2 mg/kg
(p = 0.005). There was no significant difference in the occurrence
of antibodies between the 2 groups treated with 0.2 mg/kg
(p = 0.157) or between the 2 groups treated with agalsidase beta
(p = 0.453). None of the female patients developed antibodies. Neu-



Table 1
Baseline characteristics

0.2 mg/kg alfa 0.2 mg/kg beta 1.0 mg/kg beta p

N 18 13 21
Age (y) 47 (19–62) 49 (25–73) 48 (27–70) ns
Males 10 8 10

GL-3 urine (mg/mmol Cr) 0.088 (0.014–1.469) n = 12 0.14 (0.026–0.785) n = 10 0.347 (0.015–1.61) n = 17 ns
GL-3 plasma (lmol/l) 4.62 (2.14–9.74) n = 18 3.31 (0.77–9.10) n = 13 4.39 (1.20–8.74) n = 21 ns
Chitotriosidase (nmol/ml h) 140 (70–364) n = 10 133 (60–194) n = 7 203 (94–529) n = 8 ns
Antibodies (males) 4/10 6/8 8/10

Creatinine clearance (ml/min) 101 (22–136) n = 17 108 (53–154) n = 13 98 (43–142) n = 18 ns
LVMass (g) 225 (178–479) n = 9 265 (192–369) n = 8 316 (88–686) n = 18 ns

Median (range).
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tralizing activity was present in 17/18 male patients (see Fig. 1A).
In 1 patient (Table 2, patient 22), who showed very low antibody
titers as measured by ELISA, no neutralizing activity was noticed.
IC50 values did not differ between the 3 treatment groups
(p = 0.50). There was a strong correlation between ELISA antibody
titers and IC50 values: r = 0.80 p < 0.001. No correlation was found
between the presence of antibodies and residual a-Gal A activity in
leukocytes (Table 2). Nor was there a relation between the pres-
ence of a nonsense or missense mutation and the occurrence of
antibodies (Table 2).

Urinary GL-3
Urinary GL-3 was measured in 39 patients and was elevated in

37 patients (18 males, 19 females) at baseline, 2 patients (1 male
(patient 9, Table 2 and 1 female) presented GL-3 levels within
the normal range (0.006–0.017 mg/mmol Cr). Data of patients with
elevated levels at baseline were analyzed (Fig. 1B). As changes in
urinary GL-3 were similar in both 0.2 mg/kg treatment groups,
the data were combined. After 12 months of 0.2 mg/kg treatment
there was a reduction of �0.037 (range: �1.377 to 0.012)
(p = 0.002, n = 13) in antibody negative patients (AB�), whereas
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Fig. 1. Antibody formation and GL-3 in patients treated with 0.2 mg/kg or 1.0 mg/kg agal
male Fabry patients treated with agalsidase alfa 0.2 mg/kg, agalsidase beta 0.2 mg/kg o
antibodies in patients treated with 0.2 mg/kg or 1.0 mg/kg ERT. Data of all patients (bo
Plasma GL-3 levels in relation to antibodies in patients treated with 0.2 mg/kg or 1.0 mg/k
baseline are included. (D) Chitotriosidase levels in relation to antibodies in male patien
there was an increase in antibody positive (AB+) patients (0.318
(�0.003 to 0.421) p = 0.05, n = 6). Treatment with 1.0 mg/kg for
12 months resulted in a reduction of �0.05 (�0.319 to 0.008)
(p = 0.07, n = 9) in AB� patients and of �0.336 (�1.43 to 0.000)
(p = 0.03, n = 7) in AB+ patients. The change in urinary GL-3 after
12 months of treatment in AB+ patients was significantly different
between the 0.2 mg/kg and 1.0 mg/kg treatment group (p = 0.002).

Plasma GL-3
At baseline 22 patients (19 females) showed plasma GL-3 levels

within the normal range (<3.18 lmol/l). One (patient 9, Table 2) of
the 3 male patients with normal plasma GL-3 at baseline also had a
normal baseline urinary GL-3 level. (The other 2 patients with nor-
mal baseline plasma GL-3 were patient 2 and patient 28, Table 2).
The 2 groups treated with 0.2 mg/kg were combined for analysis
of the data (Fig. 1C). There was a decrease of plasma GL-3 following
12 months of treatment in all the groups with elevated levels of
plasma GL-3 at baseline irrespective of the treatment regimen or
presence of antibodies, (0.2 mg/kg AB�: �2.32 (�5.81 to 0.32)
p = 0.015 n = 9; 0.2 mg/kg AB+: �2.44 (�5.17 to �0.23) p = 0.008
n = 9; 1.0 mg/kg AB�: �2.87 (�3.11 to �2.63) p = 0.18 n = 2;
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Table 2
Mutations in the a-Gal A gene, residual a-Gal A activity in leukocytes and the
presence/absence of antibodies in the male Fabry patients

Patient Exon Mutation Residual a-GalA activitya Antibodies

Missense/nonsense
1 1 p.Phe18Ser 1.101 n
2 2 p.Arg112His 2.02 n
3 3 p.Leu129Pro 0.65 y
4 3 p.Asp136Tyr 01 n
5 3 p.Asp136Tyr 01 n
6 3 p.Asp136Tyr 01 n
7 3 p.As165Val 1.201 y
8 4 p.Gly183Asp 1.201 n
9 5 p.Asn215Ser 0.563 n

10 5 p.Arg220X 01 n
11 5 p.Arg220X 0.41 y
12 5 p.Arg220X 01 y
13 5 p.Arg220X 01 y
14 5 p.Arg220X 14 y
15 5 p.Trp226X 1.24 y
16 5 p.Arg227Gln 6.41 n
17 7 p.Trp339X 1.85 y
18 7 p.Glu341Lys unk n
19 7 p.Arg342X unk y
20 7 p.Arg342Gln 1.501 y
21 7 p.Arg342Gln 0.34 y
22 7 p.Arg342Gln 0.91 y
23 7 p.Arg342Leu 1.25 y
24 7 p.Gln386X 0.14 y

Splicing mutations
25 Intron 6 IVS(�2a > t) 01 y
26 Intron 3 IVS(�1g > a) 3.601 y

Coding region deletion
27 6 c.717–718del 1.85 y
28 7 c.1072–1073del 01 y

a The ranges of normal leukocyte a-Gal activity in the 5 laboratories making the
diagnoses were: (1) 33–77 nmol/mg h; (2) 60–80 nmol/mg h; (3) >2 lmol/ml h
(plasma); (4) 17–55 nmol/mg h; (5) 24–60 nmol/mg h (protein nomenclature
according to http://www.hgvs.org/mutnomen/; reference sequence NM 000169.1).
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1.0 mg/kg AB+: �3.86 (�5.73 to �2.14) p = 0.012 n = 8). The
changes in plasma GL-3 levels were not different between patients
treated with 0.2 mg/kg or 1.0 mg/kg (AB� p = 0.58, AB+ p = 0.11).
Further, there was no difference in the decrease of plasma GL-3 be-
tween AB� and AB+ patients (0.2 mg/kg: p = 0.73, 1.0 mg/kg:
p = 0.53).

Chitotriosidase
Chitotriosidase levels at baseline were 155 nmol/ml h (25–529)

with 29 patients exhibiting levels within the normal range
(<190 nmol/ml h). After 12 months of treatment male patients in
both the 0.2 mg/kg and in the 1.0 mg/kg treatment groups showed
a decrease of chitotriosidase activity (Fig. 1D), irrespective of the
presence of antibodies (0.2 mg/kg AB�: �29 (�55 to 9) p = 0.028
n = 7; 0.2 mg/kg AB+: �21 (�62 to 31) p = 0.093 n = 10; 1.0 mg/
kg AB�: �58 (n = 1); 1.0 mg/kg AB+: �40 (�72 to �16) p = 0.028
n = 6). The decrease in chitotriosidase activity in AB+ patients did
not differ significantly between the 0.2 mg/kg and the 1.0 mg/kg
treatment group (p = 0.181). When the data for AB+ and AB� pa-
tients were combined, the percent decline in chitotriosidase levels
was greater for patients treated with 1.0 mg/kg (�43 (�72 to �16))
than 0.2 mg/kg (�26 (�62 to 31)) (p = 0.047).

Clinical parameters

Renal function
Renal function did not change in the 0.2 mg/kg or 1.0 mg/kg

treatment group after 12 months. There was no difference between
patients who developed antibodies and those who did not. (0.2 mg/
kg AB�: �2 ml/min(�28 to 25) p = 0.728 n = 21; 0.2 mg/kg AB+:�4
(�46 to 35) p = 0.373 n = 9; 1.0 mg/kg AB�: �7 (�64 to 45)
p = 0.130 n = 11; 1.0 mg/kg AB+: 0 (�19 to 11) p = 0.752 n = 7.

Left ventricular mass
The effect of treatment was studied in patients who had left

ventricular hypertrophy at baseline. No decrease in LVMass was
found in patients receiving 0.2 mg/kg treatment whether they
had antibodies or not (AB�: �23 g (�155 to 136) p = 0.81 n = 13;
AB+: �20 g n = 1). In patients treated with 1.0 mg/kg there was a
significant decrease in LVMass in both AB� and AB+ patients
(AB�: �65 (�234 to 19) p = 0.036 n = 8; AB+: �77 (�175 to 12)
p = 0.028 n = 6). No difference was found when comparing AB� pa-
tients treated with 0.2 mg/kg versus 1.0 mg/kg (p = 0.161) or be-
tween AB� and AB+ patients treated with1.0 mg/kg (p = 0.950).

Switch study

Antibodies
Two male patients (1 previously treated with agalsidase alfa

0.2 mg/kg and 1 with agalsidase beta 0.2 mg/kg) remained AB� fol-
lowing change of therapy (Fig. 2A and B). Three patients (1 treated
with agalsidase alfa and 2 with agalsidase beta) showed an in-
crease in antibody titers and neutralizing activity following switch.
All 3 had partly tolerized at the time of switch but antibody titers
increased after switching and remained high over the following 24
months. In the patients who showed high titers at the time of
switch (1 treated with agalsidase alfa and 1 with agalsidase beta)
no change was seen following the switch with both the antibody
titers and neutralizing activity remaining high.

Plasma GL-3
Levels of plasma GL-3 remained within the normal range in

the 2 AB� patients (Fig. 2C). The levels in 1 AB+ patient were also
below the upper limit of normal. The levels of plasma GL-3 nor-
malized in 2 of the 4 patients who were AB+ and had elevated
levels of plasma GL-3 at the time of switch. A trend towards a de-
crease in plasma GL-3 was noted 12 months after switch
(p = 0.066).

Chitotriosidase
In 1 patient no chitotriosidase activity could be measured be-

cause of homozygosity for the null allele. Two patients (1 AB+
and 1 AB�) showed persistent low chitotriosidase levels
(Fig. 2D). Values remained high or even increased further in the
other 4 AB+ patients following 12–24 months of agalsidase
1.0 mg/kg treatment.

Clinical outcome
Despite the increase in dose, further disease progression was

seen in 5/7 patients, all showing worsening of vascular ischemic le-
sions in the brain. Renal function and LVMass remained stable over
the observed 24 months.

Discussion

This study shows that neutralizing antibodies are produced in
the majority of male Fabry disease patients undergoing ERT and
that they interfere with the excretion of GL-3. Persistent high titers
of antibodies occurred in males who had switched from 0.2 mg/kg
to 1.0 mg/kg treatment In line with Linthorst et al [14] we found
64% (18/28) of male patients developing IgG antibodies with neu-
tralizing capacities within the first 6 months of treatment. The
occurrence of antibodies was not associated with residual a-Gal
A activity in leukocytes or with the presence of a missense or non-

http://www.hgvs.org/mutnomen/
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Fig. 2. Antibody formation, chitotriosidase levels and GL-3 in male patients switching from 0.2 mg/kg to 1.0 mg/kg agalsidase. (A) Neutralizing activity of anti-agalsidase
antibodies in male Fabry patients who switched from 0.2 mg/kg to 1.0 mg/kg ERT. In case of overlap of graph lines presenting data of 2 separate patients this is indicated in
parentheses (e.g. (2)). (B) Antibody titers as measured by ELISA in male patients who switched from 0.2 mg/kg to 1.0 mg/kg ERT. (Dotted lines) patients treated with
agalsidase alfa 0.2 mg/kg before switch. (Solid lines) patients treated with agalsidase beta 0.2 mg/kg before switch. Data of antibody negative patients are plotted in blue. In
case of overlap of graph lines presenting data of 2 separate patients this is indicated in parentheses (e.g. (2)). (C) Plasma GL-3 levels in relation to antibodies in male patients
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of antibody negative patients are plotted in blue. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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sense mutation. It is important to note that a-Gal A activity is mea-
sured in the presence of N-acetylgalactosamine [23] to inhibit a-N-
acetylgalactosaminidase or a-galactosidase B (a-Gal B), which also
hydrolyses the 4-MU substrate. Yet, total inhibition of a-Gal B is
not always accomplished and minimal activity may be measured.
Absence of an association between mutation type and the occur-
rence of antibodies may be related to the presence of inactive pro-
tein. No residual enzyme activity is measured, but existing inactive
protein prevents antibodies from being developed. Thus, informa-
tion on both residual a-Gal A activity and type of mutation is insuf-
ficient to predict antibody development in an individual patient.
Immunoquantification of the a-Gal A protein and activity might
be a better predictor of an immune response to the replacement
enzyme [30].

Antibodies were produced more frequently in patients treated
with 1.0 mg/kg of agalsidase beta than in patients treated with
0.2 mg/kg of agalsidase alfa. There was no difference in the
occurrence of antibodies between the groups treated with
0.2 mg/kg of agalsidase alfa or agalsidase beta or between the
groups treated with 0.2 mg/kg and 1.0 mg/kg of agalsidase beta.
The higher prevalence of antibodies in agalsidase beta 1.0 mg/kg
treated patients may be due to differences in the cell lines used
to produce the enzymes [31,32]. Previous studies have shown
that agalsidase alfa and beta have the same amino acid compo-
sition, specific activity, stability and uptake by cultured fibro-
blasts [33–35]. However, minor differences in glycosylation
[34] and mannose-6-phosphate receptor-mediated cellular up-
take [35] do exist.
Another important factor that may influence antibody forma-
tion is the dose, with a higher dose possibly being more immuno-
genic. The titers of antibodies remained high or increased further
in male patients who switched from 0.2 mg/kg to 1.0 mg/kg treat-
ment, whereas patients who did not develop antibodies before the
switch remained negative. However, the majority of patients trea-
ted with 0.2 mg/kg also have persistent high titers after 24 months
(data not shown). Thus, in contrast to previously reported studies
[13,9] no decline in antibody titers was seen in patients receiving
treatment over a longer period of time, irrespective of the enzyme
preparation or dose.

The neutralizing antibodies significantly interfere with urinary
GL-3 excretion. In the comparative study, urinary GL-3 was effec-
tively cleared in AB� patients after treatment with 0.2 mg/kg and
1.0 mg/kg. In the AB+ patients, treatment with 0.2 mg/kg resulted
in an increase of urinary GL-3 while treatment with 1.0 mg/kg gave
a significant reduction. This reduction of urinary GL-3 in 1.0 mg/kg
treated AB+ patients has also been reported by Ohashi et al. [18]
Plasma GL-3 levels decreased in all treatment groups, irrespective
of the applied dose or the presence of antibodies. In the switch pa-
tients, who were AB+ and had elevated levels of plasma GL-3 at
time of switch, a trend towards a decrease is seen after switch to
high dose treatment. The follow up of patients in the comparative
study was relatively short. Treatment with 0.2 mg/kg may initially
give a decline of plasma GL-3 levels, which may rise again after a
period of time. Urinary GL-3 still seems to be a more sensitive
parameter than plasma GL-3 as levels are more consistently raised
in patients compared with healthy controls.
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Chitotriosidase levels decreased in all males in the comparative
study, with no difference between AB� and AB+ patients after 12
months of ERT. Patients who exhibited normal chitotriosidase lev-
els at baseline showed equal decline in activity. We reported ear-
lier [19] interference of antibodies with chitotriosidase levels,
which became more evident after 24 months of treatment. Thus
follow up may not be long enough in this study. A more robust de-
cline in chitotriosidase activity was noted in patients treated with
1.0 mg/kg, though patients in the switch study did not show a
reduction in chitotriosidase levels after change from 0.2 mg/kg to
1.0 mg/kg, within this short period of time.

These data suggest that in the presence of antibodies, high dose
treatment is more effective in reducing GL-3 levels. By analogy
with the treatment of patients with hemophilia A, high dose treat-
ment probably overrules the negative effects associated with anti-
body formation by saturation of existing antibodies. A translation
to clinical efficacy is difficult to make at present. So far no studies
have been performed on the clinical outcome of patients with
Fabry disease receiving enzyme replacement therapy in relation
to antibody formation. Although the data sets are small and there
is variation between individuals, we have not detected a change in
renal function in any of the treatment groups but there is a more
marked decrease in LVMass in both AB+ and AB� patients receiv-
ing 1.0 mg/kg treatment. This suggests that high dose treatment
is more effective in reducing LVMass, irrespective of the presence
of antibodies.

In summary, formation of antibodies is frequently observed in
male Fabry disease patients receiving enzyme replacement ther-
apy, with a higher prevalence of antibody formation following
treatment with 1.0 mg/kg of agalsidase beta. The excretion of GL-
3 seems to be related to the infused dose, with a dose of 1.0 mg/
kg resulting in higher excretion than a dose of 0.2 mg/kg. The im-
pact of antibodies on clinical outcome, and its relation to genotype
and presence of enzyme protein should be further studied in large
groups of patients, preferably in patients with mild disease to
avoid lack of response due to advanced disease. Collaborative ef-
forts to undertake such studies will be essential.
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