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Abstract Background: In Australia, enzyme replacement
therapy (ERT) for Fabry Disease (FD), both Agalsidase alfa
(Replagal, Shire HGT) and beta (Fabrazyme, Genzyme), is
funded and monitored through a specific government
program. Agalsidase beta supply has been rationed by
Genzyme since 2009 due to manufacturing issues. Conse-
quently, the Australian Fabry Disease Advisory Committee
has treated patients on Agalsidase beta at 50% of their usual
dose from mid-2009, with a further reduction to 30% for
some patients from late 2009.

Aim: To determine the clinical effect of Agalsidase beta
dose reduction in the Australian FD patient cohort.

Methods: A questionnaire assessing FD symptoms was
administered to 40 patients on long-term ERT. Clinical data
from The Fabry Registry for patients receiving Agalsidase
alfa or beta, for at least 2 years prior to the time of enforced
Agalsidase beta dose reduction, were reviewed. Disease
burden and quality of life (QOL) were graded using the
Disease Severity Scoring System, Mainz Severity Score
Index, Brief Pain Inventory and Short Form 36 Health
Survey at 2 years before dose reduction, at the time of dose
reduction and at the most recent clinical review following
dose reduction.

Results: Disease severity and QOL scores did not change
between the ERT groups. Males on Agalsidase beta
reported lower energy levels after dose reduction, while
no change was reported by females on either product or by
males on a stable dose of Agalsidase alfa.

Conclusion: This study suggests that energy levels in
male patients worsen after dose reduction of Agalsidase
beta.
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Introduction

Fabry Disease (FD; MIM 301500) is associated with
reduced quality of life (QOL) compared to the general
population, particularly in affected males (Wilcox et al.
2004; Hoffmann et al. 2005). Consistent with the natural
history of the disease, QOL continues to deteriorate in
untreated FD patients with advancing age, independent of
normal aging effect (Miners et al. 2002). We report on the
course of FD symptoms and disease burden following an
enforced dose reduction in Agalsidase beta therapy.

Two commercially available forms of human enzyme
replacement therapy (ERT) are approved for use in FD in
Australia: Agalsidase beta (Fabrazyme, Genzyme) at the
approved dose of 1 mg/kg/2 weeks and Agalsidase alfa
(Replagal, Shire HGT) at 0.2 mg/kg/2 weeks. In Australia,
access to either Agalsidase alfa or beta is federally
subsidized through the Life Saving Drugs Program (LSDP).
Under this program, all patients have a structured review by
a Fabry physician and undergo prescribed medical tests and
QOL assessments every 6 months (LSDP 2010). This
information is reviewed at least annually by the Fabry
Disease Advisory Committee as part of the process for
ongoing funding.

Since June 2009, a number of manufacturing problems
have resulted in a worldwide shortage of Agalsidase beta.
After Genzyme introduced dose-rationing measures in mid-
2009, a decision was made by the Australian Fabry Disease
Advisory Committee to initially continue treating FD
patients with Agalsidase beta at 50% of their usual dose,
with a further reduction in some patients to 30% from late
2009 until late 2010. The situation presented a unique
opportunity to evaluate the impact of reduced Agalsidase
beta dose on FD patients.

Systematic review of short-term randomized placebo
controlled trials suggest benefit from treatment of FD with
either Agalsidase alfa (improvement in pain and QOL
scores) or Agalsidase beta (improved GL3 clearance from
renal, cardiac, and skin biopsies) (El Dib and Pastores
2010). In uncontrolled studies, Agalsidase alfa improved
QOL and pain, produced sustained reduction in left
ventricular hypertrophy (LVH) and reduced the rate of
decline of estimated glomerular filtration rate (eGFR)
(Hoffmann et al. 2005; Mehta et al. 2009). Efficacy in
improving pain, disease burden scores, and LVH reduction
has been shown in female patients (Whybra et al. 2009).
Agalsidase beta has been shown to improve QOL in male
and female patients (Watt et al. 2010) and to slow
progression to the combined outcome of death, renal,
cardiac, and cerebrovascular events in patients with mild-
to-moderate renal disease (Banikazemi et al. 2007).

Agalsidase alfa and beta differ only in glycosylation
pattern: Agalsidase beta contains more mannose-6-phosphate

(M6P), allowing greater M6P receptor mediated uptake by
cultured human Fabry fibroblasts and in the kidney, spleen
and heart cells of Fabry mice (Lee et al. 2003; Sakuraba
et al. 2006). In vivo studies demonstrate similar antigenic
profiles and the potency of both enzymes is dose-dependent
(Lee et al. 2003; Sakuraba et al. 2006). It is unclear whether
the two products differ in clinical efficacy or whether the
approved dose of either product is optimal. One systematic
review has suggested that Agalsidase beta at a dose of 1 mg/
kg/2 weeks has more robust evidence for efficacy than
Agalsidase alfa at 0.2 mg/kg/2 weeks, however, head-to-
head studies between the two are lacking (Schaefer et al.
2009). Direct comparison of both ERT products at the same
dose (0.2 mg/kg/2 weeks) in 34 patients over 24 months
failed to show any difference, although the clinical benefit of
either product was less than anticipated (Vedder et al. 2007).
In 11 male FD patients with declining renal function on
Agalsidase alfa 0.2 mg/kg/2 weeks, Agalsidase alfa at
0.2 mg/kg delivered weekly for 24 months significantly
slowed the rate of eGFR decline (Schiffmann et al. 2007).
Reduced proteinuria in patients receiving high dose
(0.4 mg/kg/2 weeks) Agalsidase alfa has also been reported
(Torra et al. 2008). Eighteen months of Agalsidase beta
therapy at a dose of 0.3 mg/kg/2 weeks, after patients had
received 1 mg/kg/2 weeks for 6 months, did not result in an
increase in mean plasma globotriaosylceramide (GL3)
levels, although some patients in whom plasma GL3 levels
normalized recorded elevated levels after dose reduction
(Lubanda et al. 2009). Clearance of GL3 from renal
capillary endothelium was seen in 100% of patients after
6 months of ERT, and while no significant increase in GL3
accumulation was evident after 18 months at 0.3 mg/kg/
2 weeks, small patient numbers limit the conclusions that
can be made from this study (Lubanda et al. 2009). Thus,
uncertainty remains as to the optimal dose of ERT relevant
to clinical outcomes in FD.

Methods

This study utilized The Fabry Registry data of all
Australian FD patients receiving ERT, plus a brief
custom-designed questionnaire regarding FD symptoms
and attitude to changing ERT product. Specific data used
in this study, prospectively collated in The Fabry Registry,
are listed in Table 1.

Questionnaire

One year after the dose reduction of Agalsidase beta, all
Australian patients who had already received Agalsidase
beta for a minimum of 18 months, including 6 months of
standard dose ERT before 12 months of reduced dose
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therapy, were invited to complete the questionnaire
(Table 2).

Serial Assessment of Disease Burden and Quality of Life

Data were collated for all Australian patients who had been
on ERT, either Agalsidase alfa or beta, for at least 2 years
before dose reduction and for whom Registry data from
clinical review in 2010 was available. This data was graded
using two tools (Table 3): the Mainz Severity Score Index
and the Disease Severity Scoring System (DS3), validated
to assess FD burden in classically affected male patients
and in the general FD population, respectively (Whybra
et al. 2004; Giannini et al. 2010). Disease severity was
graded at 3 time points for each patient: 24 months prior to
dose reduction, at the time of dose reduction and at the
most recent clinical review. To assess the impact of
Agalsidase beta dose reduction on patient QOL over this
period, results of QOL assessment tools were collated at
each of these 3 time points. These included the Brief Pain
Inventory (BPI) “worst pain in the last 24 h” and “average
pain” scores and Short Form 36 Health Survey (SF36)
Mental Component Summary (MCS) and Physical Compo-
nent Summary (PCS) scores. These tools and their domains
have been previously validated and utilized to assess FD
symptoms and response to therapy (Schiffmann et al. 2001;
Cleeland 2002; Gold et al. 2002).

The New York Heart Association (NYHA) class and the
SF36 are valid criteria of heart failure symptoms (Garin
et al. 2009). As neither NYHA symptom class nor specific
patient symptoms (such as wellbeing, fatigue, and activity
level) are currently collected by The Fabry Registry,
surrogate measures for these parameters were used in
estimating MSSI and DS3 scores. NYHA class I–IV was
inferred from the SF36 Physical Functioning (PF) score
(quartile 4 ¼ NYHA I, 3 ¼ NYHA II, 2 ¼ NYHA III,
1 ¼ NYHA IV). Reduced activity and fatigue levels (used
in MSSI) were inferred if the SF36 PF and Vitality (VT)
scores, respectively, were <50%. Assessment of pain in
DS3 scoring covers 6 grades and was inferred from the
SF36 Bodily Pain (BP) scores. Gastrointestinal (GI)
symptoms were graded for the DS3 as shown in Table 4.
The DS3 patient “self-report of wellbeing” (a domain of the
DS3, scored 0–4) was inferred by averaging the SF36 PCS
and MCS scores. These surrogate measurements represent
8% and 24% of the total MSSI and DS3 scores,
respectively. The validity of these surrogate markers was
confirmed not to affect the total MSSI or DS3 results, as
scored using the primary data from 17 patients treated at a
single centre where data for NYHA, activity and fatigue
scores were all available. Data for all other parameters
required by the MSSI and DS3 were obtained directly from
the Registry.

Table 1 Clinical information from The Fabry Registry used in this
study

Medical history, family pedigree, standardized neurological
examination

Patient reports of sweating, gastrointestinal symptoms, pain

Pain and Quality of Life scores (Brief Pain Inventory-short form,
Short Form-36 Health Survey)

Electrocardiogram, echocardiogram (angiogram and cardiac MRI
results if available)

MRI/CT brain scan

Pulmonary function tests

Creatinine and estimated glomerular filtration (eGFR), timed urine
collection (creatinine clearance, proteinuria, albumin excretion rate)
or spot urine (albumin:creatinine ratio or protein:creatinine ratio),
end stage renal failure requiring dialysis or renal transplantation

Genotype

ERT commencement date, current and previous administered doses
Plasma GL3 levels and anti-a-galactosidase antibody titre
(if available)
Plasma GL3 levels (if available)

Table 2 Questionnaire administered to all ERT patients

Are you receiving Fabrazyme or Replagal?

For patients on Agalsidase beta (Fabrazyme): We would like to find
out about your attitude to changing to a different type of enzyme
replacement therapy, Agalsidase alfa (Replagal). Do you wish to
change from Fabrazyme to Replagal or do you wish to remain on
Fabrazyme? What is the reason for wishing to change therapy/stay
on your current therapy?

For all patients: Compared to this time last year, have you noticed a
change in your:

Sweating?

Cold tolerance?

Heat tolerance?

Pain?

(If yes to any of these, please describe your symptoms).

On a scale of 0–10, (with 0 representing no energy and 10
representing feeling full of energy), how would you grade your
energy at the moment?

On a scale of 0–10, how would you grade your energy this time last
year?

Do you experience diarrhea?

If yes, how many bouts per month?

How many motions per day at the most?

Do you experience abdominal pain or cramping?

If yes, how many days per week?

Are you working? How many hours per week? What does your work
involve?

Do you do any regular exercise? How many times per week? How
long each time?

Do you notice any difference in how you feel before and after the
infusions each fortnight? If yes, what have you noticed?

Have you ever had any infusion reactions? If yes, can you describe
them?
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Statistical analyses were conducted using Graphpad
Prism v5.03 (1992–2010 GraphPad Software Inc) and
included Mann Whitney tests, Fisher’s exact t-test, Wil-
coxon matched pairs signed rank tests for nonparametric
data and one- and two-way ANOVA for group comparisons
over time.

Results

Questionnaire

Of 43, 40 eligible patients completed the questionnaire
(93%): 28 Agalsidase beta patients (23 males, 5 females)
and 12 Agalsidase alfa patients (9 males, 3 females).
Table 5 indicates the mutation class responsible for FD in
the patients completing the questionnaire. At the time of
the questionnaire, the median age of Agalsidase beta and
alfa patients was 46 years (range 25–71 years) and

40 years (range 22–64 years), respectively; this difference
was not statistically significant (Mann Whitney p ¼ 0.29).
Median duration of ERT prior to the time of Agalsidase
beta dose reduction was 73.5 months (range 16–138) for
Agalsidase beta patients and 100 months (range 38–118)
for Agalsidase alfa patients (Mann Whitney p ¼ 0.06).
Median doses of Agalsidase beta, administered every
2 weeks, before and after the initial 50% dose reduction
were 70 mg (range 50–90 mg) and 35 mg (range
15–65 mg), respectively. Of the 28, 14 Agalsidase beta
patients completing the questionnaire had a second dose
reduction to 0.3 mg/kg, but this did not significantly affect
the final median dose in the whole group of 28 patients
(35 mg, range 10–65 mg).

Self-Reported Energy Levels

Of the 28, 27 Agalsidase beta patients were able to describe
their energy levels at the time of the questionnaire
compared to 12 months earlier. There was a significant
change in energy levels reported in Agalsidase beta patients
between 2009 and 2010 (ANOVA p ¼ 0.03; see Fig. 1).
The decrease in energy levels (scored 0–10) over this

Table 3 Disease burden scoring systems utilized in this study

Scoring
System

Score

The Mainz Severity Score Index (MSSI)

General score Characteristic facies, angiokeratoma,
edema, musculoskeletal, cornea
verticillata, diaphoresis, abdominal pain,
diarrhea/constipation, hemorrhoids,
pulmonary, NYHA

18

Neurological Tinnitus, vertigo, acroparesthesia, fever
pain crisis, cerebrovascular (ischemic
lesions in MRI/CT, TIA, migraine,
stroke), psychiatric/psychosocial
(depression, fatigue, reduced activity
level)

20

Cardiovascular Changes in cardiac muscle thickness,
valve insufficiency, ECG abnormalities,
pacemaker, hypertension

20

Renal Evidence of renal dysfunction
(proteinuria, tubular dysfunction, serum
creatinine levels > 3.5 mg/dL, dialysis)

18

Maximum score 76

Disease severity: mild (<20), moderate (20–40) or severe
(>40)

The Disease Severity Scoring System (DS3)

PNS Sweating, gastrointestinal, pain 4

Renal eGFR, proteinuria, eGFR slope 8

Cardiac LVH, arrhythmia, NYHA score 8

CNS White matter lesions, TIA/stroke 8

Self report of
wellbeing

4

Maximum score 32

CNS central nervous system, eGFR estimated glomerular filtration
rate, LVH left ventricular hypertrophy, NYHA New York Heart
Association score, PNS peripheral nervous system, TIA transient
ischemic attack

Table 4 Scoring of gastrointestinal symptoms (including abdominal
pain and diarrhea) for the DS3

Score Abdominal pain Diarrhea

0 None None

1 None Monthly or weekly

2 None Daily

OR

Monthly None or monthly

3 Monthly Weekly or daily

OR

Weekly None or monthly

4 Weekly Daily or Weekly

5 Weekly or daily Daily

Table 5 Mutations for male and female FD patients on ERT

Mutation Agalsidase beta Agalsidase alfa

Males
(n ¼ 23)

Females
(n ¼ 5)

Males
(n ¼ 9)

Females
(n ¼ 3)

Missense 15 5 4 1

Intronic
splice site

1 0 0 0

Nonsense 5 0 0 0

Deletion 2 0 4 2

Insertion 0 0 1 0
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12-month period was significant in males receiving Agalsi-
dase beta (median scores of 7 in 2009 and 5 in 2010, range
1–9 for both; Wilcoxon signed rank test p ¼ 0.007), but
not in females (median scores of 7 in 2009 and 6 in 2010,
ranges 6–8 and 0–9, respectively; Wilcoxon signed rank
test p ¼ 0.25; Figs. 2 and 3). There was no significant
change in reported energy score in patients on Agalsidase
alfa: male (median scores of 8 in 2009 and 7 in 2010,
ranges 4–9 and 5–9, respectively, Wilcoxon signed rank
test p ¼ 0.77) and female (median scores of 4 in 2009 and
2010, ranges 4–6 and 4–7, respectively, Wilcoxon signed
rank test p ¼ 1.0).

Impact on Symptoms of Sweating, Heat and Cold
Tolerance, Pain, Diarrhea and Abdominal Pain and
Differences in Wellbeing After Each Infusion

No significant changes in sweating, heat, or cold tolerance,
pain or post-infusion symptoms were identified in any
patient group during this period. At the time of the
questionnaire, there was no difference in diarrhea or
abdominal pain between those on reduced dose Agalsidase
beta and standard dose Agalsidase alfa (Fisher’s exact t-test
p ¼ 0.16 and p ¼ 0.49, respectively).

Attitude to Changing ERT to Agalsidase Alfa

At the time of questionnaire, 8 of the 23 male Agalsidase
beta patients were considering changing product, 1 was
uncertain and 14 wished to remain on Agalsidase beta. Two
of the 5 female patients were considering changing and 3
did not wish to change. Reasons given for wishing to
change ERT from Agalsidase beta to alfa included concern
over ongoing supply issues (n ¼ 5), perceived worsening
of symptoms or change in test results since dose reduction
(n ¼ 3), immediate home infusion availability (n ¼ 1) and
because a relative was changing (n ¼ 1).

Of the 17 patients who did not wish to change product, a
dominant reason was provided by 13:8 were content with
current therapy, 3 expressed concerns of infusion reactions
if therapy was changed, 1 perceived the alternative therapy
as inferior, and 1 wished to defer the decision pending
physician’s review of test results.

Self-Report of Infusion Reactions

More patients on Agalsidase beta (14 of 28) recalled having
infusion reactions at the start of their ERT compared to
none of the 12 patients on Agalsidase alfa (Fisher’s exact

Fig. 1 Energy level for patients receiving enzyme replacement therapy. Anova p ¼ 0.03. Note: One patient in the Agalsidase beta group has been
excluded from this analysis, as this patient was unable to recall their energy levels 12 months earlier

Fig. 2 Energy level in male Agalsidase beta patients (n ¼ 22).
Wilcoxon matched-pairs signed rank test p ¼ 0.007

Fig. 3 Energy level in female Agalsidase beta patients (n ¼ 5).
Wilcoxon matched-pairs signed rank test. p ¼ 0.25. Note: 2 patients
recorded the same energy level scores pre- and postreduction
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t-test p ¼ 0.003), but there was no statistically significant
difference in reported infusion reactions between male and
female patients receiving Agalsidase beta (13 of 23 Vs 1 of
5, Fisher’s exact t-test p ¼ 0.33).

Disease Burden and Quality of Life

Data were available to allow DS3 and MSSI scoring
at all time points in 26 Agalsidase beta patients (23 males,
3 females) and 7 Agalsidase alfa patients (6 males, 1 female),
all of whom had received full-dose ERT for at least 2 years
prior to any dose reduction. Table 6 reports the baseline
characteristics of these patients; 79% of patients on Agalsi-
dase beta who had antibody testing performed were seroposi-
tive. As the 6-month interval data was provided to the
Registry asynchronously for each patient, it was not possible
to grade disease severity at the same time point for each
patient in relation to dose reduction. Follow-up data was
graded at a median of 7.5 months (range 3–12) post-dose
reduction for Agalsidase beta patients and at a median of
9 months (range 8–12) follow-up for Agalsidase alfa patients.

Disease Burden

Two years prior to dose reduction, median MSSI scores
between ERT groups were similar: 26 (range 12–49) in
Agalsidase beta patients and 25 (range 20–44) in Agalsi-

dase alfa patients (Mann Whitney p ¼ 0.89). This repre-
sents a “moderate” burden of disease in both groups of
patients. Similarly, median DS3 scores of Agalsidase
beta patients 2 years before dose reduction (12, range
5–22) were not different from those of Agalsidase alfa
patients (8, range 5–18; Mann Whitney p ¼ 0.42). There
was no significant change in DS3 or MSSI scores (Figs. 4
and 5), or in any of the individual domain scores on either
tool, between patients receiving either ERT over the period
of the study. The “peripheral nervous system” domain of
the DS3 includes a score for GI symptoms. The median
score for GI symptoms in those receiving Agalsidase beta
after dose reduction was 2 (range 0–5), compared to a
median score of 1 (range 0–4) for Agalsidase alfa patients;
however, this failed to reach statistical significance
(ANOVA p ¼ 0.55). There was no difference in GI
symptom score between males receiving either form
of ERT or between males and females treated with
Agalsidase beta.

Quality of Life

Average and worst pain BPI scores 24 months before dose
reduction were 1 (range 0–7) and 2 (range 0–8), respec-
tively, for Agalsidase beta patients, and 1 (range 0–4) and
2 (range 0–8), respectively, for Agalsidase alfa patients.
Over the study period, no significant change between the

Table 6 Baseline characteristics of patients receiving Agalsidase alfa or beta included in the assessment of disease burden and quality of life

Agalsidase alfa Agalsidase beta Mann Whitney test (p value)

Males n ¼ 6 n ¼ 23

Age at ERT commencement (yrs) 30 (14–54) 38 (21–69) 0.12

ERT duration (months) 114 (22–118) 87 (20–138) 0.03

LVH (mm) 12.5 (9–20) 14 (7.1–27) 0.64

Proteinuria (g/24 h) 0.1 (0.06–0.63) 0.23 (0–3.1) 0.51a

eGFR (mL/min/1.73 m2) 84 (49–137) 69 (40–125) 0.68a

Number with ESRF requiring RRT (%) 1 6 1.00b

Number with antibody testing performed 1 14

Number who were antibody positive (%) 0 11

Peak antibody titre – 1:600 (0-1:3200)

Females n ¼ 1 n ¼ 3

Age at ERT commencement (yrs) 54 49 (43–62)

ERT duration (months) 114 36 (16–74)

LVH (mm) 11 16 (11–19)

Proteinuria (g/24 h) 1.2 0.27 (0.11–0.69)

eGFR (mL/min/1.73 m2) 63 76 (73–85)

eGFR estimated glomerular filtration rate, ESRF end-stage renal failure, LVH left ventricular hypertrophy, RRT renal replacement therapy

Note: Results are presented as median with range in parentheses. No female patient had ESRF requiring RRT or assessment of their antibody
status performed.
a Patients with ESRF were excluded from proteinuria and eGFR comparisons
b Assessed by Fisher’s exact t-test
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ERT groups was found in average or worst pain scores
(ANOVA p ¼ 0.27 and p ¼ 0.05, respectively). There was
no significant change in worst pain scores for male and
female patients receiving Agalsidase beta (ANOVA
p ¼ 0.69 and p ¼ 0.65 respectively), or in the six male
Agalsidase alfa patients (ANOVA p ¼ 0.46). Using the
MCS and PCS results of the SF36, neither score changed
significantly over the study period for patients receiving
Agalsidase beta and alfa (MCS: ANOVA p ¼ 0.3; PCS:
ANOVA p ¼ 0.22).

Plasma GL3

Levels of GL3 were measured before commencement of
ERT in 10 male and 2 female patients receiving Agalsidase
beta. No GL3 levels prior to ERT commencement for
patients receiving Agalsidase alfa were recorded in The
Fabry Registry. The pre-ERT median GL3 level for males
on Agalsidase beta was 6.37 mg/mL (range 2.7–10.3); in
the case of the 2 female patients, pre-ERT levels were 3 and
3.5 mg/mL. There was no correlation between pre-ERT
baseline GL3 levels and change in energy level after dose
reduction in the 10 males on Agalsidase beta therapy
(Spearman correlation r ¼ 0.2). The change in energy level
reported by males on Agalsidase beta did not differ between
those with a GL3 measurement prior to ERT commence-
ment and those without a baseline GL3 level (Mann
Whitney p ¼ 0.97).

Discussion

Our male FD patients reported reduced energy levels 1 year
after reduction in Agalsidase beta dose. The five female
patients treated with Agalsidase beta did not report
decreased energy levels after dose reduction, but female
FD patients might be expected to be less severely affected
by ERT dose reduction, given their higher level of endo-
genous a-galactosidase. It is certainly possible that the
psychological effects of dose reduction impact on subjec-
tive symptoms, although we could not detect changes in
mental health scores within the SF36. “Energy level” is not
captured in either of the disease severity scores used in this
study, only in our questionnaire. “Self report of wellbeing”
in the DS3 did not change over the study period, suggesting
that short-term dose reduction does not affect patient well-
being, or that the surrogate used to measure well-being
(average of the SF36 MCS and PCS results) inadequately
assesses this parameter. Neither MCS nor PCS scores
changed in either ERT group over the study period. Our
patients reported no significant change in “average pain”
or higher “worst pain scores” after Agalsidase beta dose
was reduced. Ongoing clinical evaluation will be important
to verify these effects, as there is considerable variability in
pain patterns between patients and over time for a single
FD patient, whether or not on ERT.

The unusual supply problem of Agalsidase beta for FD
patients on long-term ERT has presented a unique opportu-

Fig. 4 Disease Severity Scoring System (DS3) total scores over time for patients receiving enzyme replacement therapy. ANOVA p ¼ 0.8

Fig. 5 Mainz Severity Score Index (MSSI) total scores over time for patients receiving enzyme replacement therapy. ANOVA p ¼ 0.92
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nity to assess clinical efficacy at reduced dose. While the
glycosylation pattern of the two ERT products varies, their
amino acid sequences are identical. If the products are equi-
potent, it is interesting that Australian patients receiving
Agalsidase beta at 0.5 mg/kg/2 weeks report worse energy
levels over the study period compared to patients receiving
a stable dose of Agalsidase alfa at 0.2 mg/kg/2 weeks.
Various factors determine the product choice of individual
Australian physicians, including previous patient participa-
tion in clinical trials, unit workload, disease phenotype in
relation to published data, and perceptions by patients,
families, or physicians that the chosen product, at its appro-
ved dose, is superior. There are limitations and biases
within this study. Agalsidase beta patients were not blinded
to their ERT dose, which may induce anxiety and influence
symptom perception. The retrospective nature of the ques-
tionnaire has relied on patient’s recall of energy levels,
which may not be accurate. The SF36, DS3, and MSSI may
not be sensitive tools to allow accurate longitudinal assess-
ment of energy levels. Other variables affecting perceived
energy levels, such as concurrent illness or depression
(possibly more common in male FD patients than females)
(Cole et al. 2007), have not been evaluated in this study.

To assess the impact of a reduction in Agalsidase beta
dose on clinical disease state, we have relied on clinical
tools to assess disease load. The size of the patient cohort in
this study and the slow, progressive nature of disease
manifestations in FD means detecting early progression (or
regression) of disease in response to changes in therapy is
challenging and unlikely to be identified on studies such as
this one. Ideally, a biomarker correlating with clinical
disease state or overall disease burden would be helpful for
the assessment of therapies and the prediction of prognosis.
Elevated plasma and urinary GL3 typically reduce to
normal levels after initiation of ERT (Young et al. 2005)
and urinary GL3 levels increased when FD patients
(already treated with 1 year of standard dose Agalsidase
beta therapy) were given only 0.3 mg/kg/2 weeks of
Agalsidase beta (Lubanda et al. 2009). However, urinary
and plasma GL3 have not been shown to be optimal
biomarkers; indeed, there is no validated biomarker to
monitor response to therapy in this disease at present (Aerts
et al. 2011). Plasma globotriaosylsphingosine (lysoGb3) is
elevated in male and female FD patients (Aerts et al. 2008;
Togawa et al. 2010). van Breemen et al. have demonstrated
that plasma lysoGb3 levels decrease after 3 months of ERT
(and these lower levels are sustained after 12 months of
ERT) and that a dose-response exists, as patients given
Agalsidase beta 1 mg/kg/2 weeks had a greater reduction in
lysoGb3 levels than those treated with Agalsidase alfa or
beta at 0.2 mg/kg/2 weeks (van Breemen et al. 2011).
Plasma lysoGb3 has also been identified as an independent
risk factor for white matter lesions in males and LVH in

females, with lifetime exposure to plasma lysoGb3 correlat-
ing with MSSI score, and may therefore prove to be a
clinically useful biomarker in FD (Rombach et al. 2010).

Patients treated with ERT frequently develop IgG anti-
bodies to the recombinant a-galactosidase protein, espe-
cially male FD patients who have little or no endogenous
production of this enzyme. The delivered dose of enzyme
and the type of recombinant enzyme may be important
factors in the generation of antibodies, with a number of
studies showing a higher prevalence of seropositivity
among patients treated with Agalsidase beta (in the order
of 80–90%) compared with Agalsidase alfa (~40–60%)
(Eng et al. 2001; Linthorst et al. 2004; Schiffmann et al.
2006; Vedder et al. 2008; van Breemen et al. 2011). The
prevalence of seropositivity for anti-a-galactosidase anti-
bodies within our Australian cohort is consistent with that
described. When Agalsidase alfa and beta are administered
at 0.2 mg/kg/2 weeks, some authors still found a higher
prevalence of anti-a-galactosidase IgG antibodies in
patients treated with Agalsidase beta (van Breemen et al.
2011), citing differences in the cell lines used in the
production of these recombinant enzymes as a possible
explanation (Pastores and Thadhani 2001; Beck 2002).
However, others have not demonstrated this finding
(Vedder et al. 2008). The presence of antibodies has been
shown to bind circulating enzyme, inhibiting its enzymatic
activity in vitro and in vivo, with the neutralizing capacity
of antibodies to one recombinant form of a-galactosidase
being cross-reactive toward the alternative form of ERT
(Linthorst et al. 2004; Ohashi et al. 2008). Therefore,
concern exists that these antibodies may interfere with the
clinical benefit that is hoped to be gained through ERT; the
antibody level and the dose of ERT administered to
seropositive patients may be important factors to consider
in treatment. Increased urinary GL3 levels have been
demonstrated in seropositive patients compared to antibody
negative patients, although some seropositive patients do
demonstrate normalization of urinary GL3 levels after
12 months of ERT (Linthorst et al. 2004; Ohashi et al.
2007). Fabry mice had reduced a-galactosidase activity
within their major organs (including heart and kidneys)
after infusion of Agalsidase beta incubated with serum from
seropositive patients, compared to those treated with an
equal dose of enzyme pre-incubated with serum from
seronegative patients (Ohashi et al. 2008). However, a
tenfold increase in enzyme dose resulted in increased
enzyme activity in all tissues and enzyme activity was
similar between seropositive and seronegative patients
(Ohashi et al. 2008). Anti-a-galactosidase IgG titer was
not found to correlate with a rate of change in eGFR, onset
of clinical events or plasma GL3 elevations after 5 years of
Agalsidase beta therapy in 134 male and female FD
patients, although patients with a high antibody titer were
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found to have significantly increased GL3 deposition
within dermal capillary endothelial cells during this study,
suggesting that plasma GL3 clearance is impaired in the
presence of a high antibody titer (Benichou et al., Mol
Genet Metab 2009). The shortage of Agalsidase beta has
raised practical questions regarding dose of ERT in patients
who have been recipients of long-term therapy, the majority
of whom have antibodies to the enzyme. What is the
clinical implication of a reduction in ERT dose after a
patient has received standard dose ERT for many years? Is
the background burden of disease an important factor in
determining suitability for dose reduction? Should males
receiving Agalsidase beta with anti-a-galactosidase anti-
bodies be excluded from a reduction in ERT dose? When
supply is restored, should they be given a higher dose of
ERT than the “standard” therapeutic dose? Will there be an
increase in antibody titer when full dose Agalsidase beta
therapy is reinstituted? Are they at greater risk of disease
deterioration with prolonged dose reduction? These ques-
tions draw attention to the concept of individualized ERT
for FD patients to ensure they obtain maximal clinical
benefit from this treatment, and warrants ongoing research.

Consistent supply of ERT was a concern for Agalsidase
beta patients and a reason for consideration of changing
product. However, most patients on Agalsidase beta
preferred to continue at the reduced dose, 12 months after
dose reduction. A minority feared infusion reactions if their
ERT product was changed. The incidence of infusion
reactions with Agalsidase beta recalled by patients in this
study was consistent with that reported in other work
(Wilcox et al. 2004; Keating and Simpson 2007) and lower
than in other reports of Agalsidase beta therapy (Ries et al.
2006; Pastores et al. 2007).

Notwithstanding its limitations, our study found that
male Australian FD patients report lower energy levels on
reduced dose Agalsidase beta therapy. Clinical disease
burden and QOL, as measured by the SF36 Health
Survey, did not change during the study period. Close
monitoring of clinical parameters will be required to
identify if QOL deteriorates further and if disease
progression has been affected. Currently, patients on
either product are administered a single dose irrespective
of the phase or severity of their condition or duration of
ERT. The analysis of FD patients on lower doses due to
supply problems, together with data from long-term trials
directly comparing Agalsidase alfa and beta therapy, may
help define optimal ERT doses in patients receiving ERT
over many years.
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Synopsis

Australian male Fabry disease patients receiving long-term
enzyme replacement therapy (ERT) with Agalsidase beta
report reduced energy levels (without a change in disease
severity or other quality of life measures) following a 50%
reduction in Agalsidase beta dose, as a consequence of the
global shortage of this product.
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