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Abstract Fabry disease, an X-linked inherited lysosomal
storage disorder, is caused by mutations in the gene
encoding a-galactosidase, GLA. In patients with Fabry
disease, glycosphingolipids accumulate in various cell
types, triggering a range of cellular and tissue responses
that result in a wide spectrum of organ involvement.
Although variable, gastrointestinal symptoms are among
the most common and significant early clinical manifes-
tations; they tend to persist into adulthood if left untreated.

To further understand the effects of sustained enzyme
replacement therapy (ERT) with agalsidase beta on gastro-
intestinal symptoms in heterozygotes, a data analysis of
female patients enrolled in the Fabry Registry was
conducted. To be included, females of any age must have
received agalsidase beta (average dose 1.0 mg/kg every
2 weeks) for at least 2.5 years. Measured outcomes were
self-reported gastrointestinal symptoms (abdominal pain,
diarrhea). Outcomes at baseline and last follow-up, and
their change from baseline to last follow-up, were assessed.
Relevant data were available for 168 female patients. Mean
age at the start of ERT was 43 years and mean treatment
duration 5.7 years. Baseline pre-treatment abdominal pain
was reported by 45% of females and diarrhea by 39%. At
last follow-up, 31% reported abdominal pain (p < 0.01)
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and 27% diarrhea (p < 0.01). The results of this Fabry
Registry analysis suggest that while on sustained treatment
with agalsidase beta (1.0 mg/kg every 2 weeks), both
abdominal pain and diarrhea improved in many female
patients with Fabry disease.

Introduction

Fabry disease (OMIM 301500) is an X-linked inherited
lysosomal storage 123456disorder caused by mutations in the
GLA gene encoding the enzyme a-galactosidase (a-Gal)
that lead to deficient or absent activity. This lack of activity
results in the accumulation of globotriaosylceramide (GL-3)
and other glycosphingolipids in the plasma and a variety of
cell types including capillary endothelial, renal, cardiac, and
nerve cells (Germain 2010). Glycolipid accumulation starts
very early in life, is progressive, and triggers a range of
cellular and tissue responses causing progressive damage to
multiple organs. Life-threatening complications involving
the kidneys, heart, and cerebrovascular system may start
developing in the third decade of life (Wilcox et al. 2008;
Germain 2010). The clinical presentation in female patients
ranges from asymptomatic to, occasionally, a severe classic
phenotype and depends in part on the mutation and the X-
chromosome inactivation (Lyonization) profile (Germain
2010; Echevarria et al. 2016).

Gastrointestinal symptoms are among the most common
and significant early clinical manifestations of Fabry
disease, and may include abdominal pain, bloating, early
satiety, intermittent/chronic diarrhea, constipation, recurrent
nausea and vomiting, and poor weight gain (Ries et al.
2005; Ramaswami et al. 2006; Hoffmann et al. 2007;
Hopkin et al. 2008; Buda et al. 2013; Politei et al. 2016).
Studies among pediatric patients report abdominal pain as
the most common gastrointestinal symptom (boys:
27–44%; girls: 17–27%) followed by diarrhea (boys:
19–33%; girls: 19–28%) (Ries et al. 2005; Ramaswami
et al. 2006; Hopkin et al. 2008). Onset generally occurs
earlier in boys than in girls (Ramaswami et al. 2006;
Hopkin et al. 2008). These gastrointestinal symptoms tend
to persist into adulthood if patients remain untreated
(MacDermot et al. 2001; Hoffmann et al. 2007) and should
therefore be assessed thoroughly and managed adequately
to reduce their impact on quality of life.

Enzyme replacement therapies (ERTs) available for the
treatment of patients with Fabry disease include agalsidase
beta (Fabrazyme® [Sanofi Genzyme, Cambridge, MA,
USA]; 1.0 mg/kg intravenously every 2 weeks) (Eng et al.
2001) and agalsidase alfa (Replagal® [Shire Human Genetic
Therapies, Inc., Cambridge, MA, USA]; 0.2 mg/kg intrave-

nously every 2 weeks) (Schiffmann et al. 2001). Both ERTs
are available in the European Union and other countries
worldwide, but only agalsidase beta is licensed in the USA.

To further understand the effects of sustained treatment
with agalsidase beta treatment on gastrointestinal symptoms
in female patients with Fabry disease, we analyzed data
from the Fabry Registry.

Methods

The Fabry Registry (NCT00196742; sponsor: Sanofi
Genzyme) is a multicenter, international, longitudinal,
observational program designed to track the natural history
and outcome of patients with Fabry disease (Eng et al.
2007; https://www.fabrycommunity.com/en/Healthcare/
Registry.aspx). Patient and investigator participation is
voluntary. To be included in the present Fabry Registry
analysis, females of any age must have received agalsidase
beta as their initial source of ERT given at the licensed dose
of 1.0 mg/kg every 2 weeks (averaged dose; dose range:
�0.9 to <1.1 mg/kg every 2 weeks), and have had a
baseline (defined as time of first agalsidase beta infusion)
and at least one additional on-treatment (i.e., follow-up
after �2.5 years of agalsidase beta treatment) assessment of
abdominal pain and/or diarrhea. The observation interval
extended from the time each patient began treatment until
one of the following occurred: (1) their most recently
reported data to the Fabry Registry through April 3, 2015;
(2) agalsidase beta treatment was discontinued; or (3)
agalsidase beta treatment was switched to another treat-
ment.

Data analyzed included age at first Fabry symptom, at
diagnosis, and at first agalsidase beta infusion, and duration
of agalsidase beta follow-up. Measured outcomes were self-
reported gastrointestinal symptoms (abdominal pain, diar-
rhea) since the last clinical assessment using responses
“yes” [present] or “no” [not present] to the questions “Has
the patient had abdominal pain since the last clinical
assessment?” and “Has the patient had diarrhea since the
last clinical assessment?” Patients were grouped by age at
first agalsidase beta infusion: <30 years, 30–49 years, �50
years, and all ages; descriptive statistics were used to
characterize the individuals within these age groups.
Patients responding “yes” [present] or “no” [not present]
at baseline and at �2.5 years of treatment were compared
and p values calculated using a Chi-square distribution and
the McNemar test statistic. Analyses of possible risk factors
for lack of ERT response and occurrence of new gastroin-
testinal symptoms included occurrence of severe clinical
events (as defined elsewhere [Hopkin et al. 2016]) before or
within the first 6 months of ERT, presence of estimated
glomerular filtration rate (eGFR) values �60 mL/min/
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1.73 m2 before or within the first 3 months of ERT (both
chi-square), time from first symptom to first ERT, and time
on ERT (both ANOVA). A p value <0.05 was considered
to represent statistical significance. Statistical analyses were
performed using SAS statistical software V.9.2 (SAS
Institute, Cary, NC, USA).

Results

As of April 3, 2015 (cutoff date for the analysis), 2,564
female patients with Fabry disease had been enrolled in the
Fabry Registry, of whom 895 had received agalsidase beta
treatment and 168 had the data of interest (assessment of
abdominal pain and/or diarrhea) at baseline and at �2.5
years of agalsidase beta treatment. Patient characteristics
are summarized in Table 1. Of the 168 patients, 56%
(n ¼ 94) had a GLA mutation classified as “classic” in the
Fabry disease mutation database (http://fabry-database.org/
mutants/old.cgi) and 6% (n ¼ 10) as later-onset mutations
(p.N215S, n ¼ 5; p.G35R; p.A97V; p.R112H; p.R301Q; p.
I317T). Other mutations were either reported in the
mutation database but not classified (10% [n ¼ 17]) or
not reported in the mutation database (14% [n ¼ 23]). GLA
mutations were not available for 14% (n ¼ 24) of the
patients.

Baseline and treatment follow-up data for abdominal
pain and diarrhea are shown in Figs. 1 and 2, respectively.
Significantly fewer patients reported abdominal pain at last

follow-up than at baseline (45% vs. 31%, p < 0.01).
Likewise, significantly fewer patients reported diarrhea at
last follow-up compared with baseline (39% vs. 27%,
p < 0.01). Of patients reporting abdominal pain or diarrhea
at baseline, 55% and 57%, respectively, reported its absence
at last follow-up. Of those reporting having no abdominal
pain or diarrhea at baseline, 20% and 16%, respectively,
reported its presence at last follow-up.

The effect of age and severity on ERT response and
occurrence of new gastrointestinal symptoms was analyzed
and is presented in Supplementary Tables S1 and S2.

Discussion

This analysis represents the longest longitudinal follow-up
of the effect of ERT on gastrointestinal symptoms in the
largest cohort of female patients with Fabry disease
(n ¼ 168) reported to date. In this Fabry Registry cohort,
45% of the females had reported abdominal pain and 39%
diarrhea at the start of agalsidase beta treatment, with
improvements to 31% and 27%, respectively, after a mean
duration of ERT with agalsidase beta of 5.7 years. As our
study included only patients initiated on treatment following
baseline assessments, these incidences cannot be directly
compared with data from studies on the natural history of
Fabry disease. Moreover, percentages of gastrointestinal
symptoms in female Fabry patients vary throughout the
literature (MacDermot et al. 2001; Hoffmann et al. 2007;

Table 1 Baseline characteristics and ERT follow-up time for the 168 female Fabry patients who had abdominal pain (A) and/or diarrhea (B)
status data available

(A) Abdominal pain

Age category for
ERT initiation

Abdominal pain data
availablea

Age at first FD
symptom, mean (SD)b

Age at FD diagnosis,
mean (SD)b

Age at first ERT,
mean (SD)

ERT follow-up time,
mean (SD)

<30 years 32 11.5 (6.5) 16.3 (7.5) 20.8 (6.1) 5.4 (1.9)

30–49 years 75 17 (11.8) 34.1 (10.5) 41.1 (5.3) 5.7 (2.1)

�50 years 59 31.7 (19.9) 50.9 (13.2) 58.2 (5.6) 5.8 (2.3)

Overall 166 20 (15.8) 36.5 (16.7) 43.3 (14.5) 5.7 (2.1)

(B) Diarrhea

Age category for
ERT initiation

Diarrhea data
availablea

Age at first FD
symptom, mean (SD)b

Age at FD diagnosis,
mean (SD)b

Age at first ERT,
mean (SD)

ERT follow-up time,
mean (SD)

<30 years 32 11.5 (6.5) 16.3 (7.5) 20.8 (6.1) 5.5 (1.8)

30–49 years 71 17.5 (11.9) 34.6 (9.7) 41.1 (5.3) 5.8 (2.2)

�50 years 57 31.2 (19.9) 50.5 (13.3) 58.2 (5.6) 5.8 (2.2)

Overall 160 19.9 (15.6) 36.5 (16.5) 43.1 (14.6) 5.7 (2.1)

ERT enzyme replacement therapy with agalsidase beta, FD Fabry disease, SD standard deviation
a Data available at baseline and �2.5 years of ERT
bAge at first Fabry disease symptom and age at Fabry disease diagnosis were not known for all included patients
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Pensabene et al. 2016). In comparison, although scarce,
epidemiological data on different abdominal symptoms in
normal populations suggest that gastrointestinal symptoms
are common. One large Danish population study found 1-
year incidences of abdominal pain to range from 43 to 55%
among females aged 30─60 years, with the vast majority
reporting having pain weekly, monthly, or less frequently
(Kay et al. 1994).

Of the females reporting abdominal pain or diarrhea at
baseline in our analysis, more than half did not report these
symptoms at last follow-up. A minority of patients reported
no gastrointestinal symptoms at baseline, but did report
abdominal pain (20%) and diarrhea (16%) at last follow-up.
Whether the new symptoms are due to Fabry disease or
unrelated causes is unknown. In a supplemental analysis for
the effects of age and disease severity on response to ERT,
diarrhea was more persistent in women aged �50 years
with eGFR values �60 mL/min/1.73 m2 (p < 0.01,

Supplementary Table S2). Abdominal pain appeared during
treatment more frequently in females aged 30─49 years
who had been on ERT longer (5.1 vs. 6.8 years, p ¼ 0.04,
Supplementary Table S1). However, given the small sample
size, the clinical significance of these findings remains
unclear.

Several studies have reported improvements in gastroin-
testinal symptoms with ERT in both children and adult
patients with Fabry disease (Banikazemi et al. 2005;
Hoffmann et al. 2007; Wraith et al. 2008; Ramaswami
et al. 2012). However, only one study reported ERT follow-
up data for adult female patients separately (Hoffmann et al.
2007). This Fabry Outcome Survey registry study found
that 2 years of agalsidase alfa treatment in 25 female
patients reduced the incidence of abdominal pain from 40
to 20%, while the incidence of diarrhea increased compared
with baseline (12–16%).

Knowledge about the pathophysiology of gastrointesti-
nal symptoms in Fabry disease and mechanisms of action
of ERT on these symptoms remains incomplete. Deposition
of GL-3 in the mesenteric vascular endothelium, autonomic
ganglia cells of Meissner’s and Auerbach’s plexus, and
smooth muscle cells is believed to contribute to Fabry
disease pathology in the gastrointestinal tract, and lead to
endothelial dysfunction, vasculopathy, neuropathy, and
myopathy, and subsequently to delayed gastric emptying
and intestinal dysmotility (MacDermot et al. 2001; Buda
et al. 2013).

Although data are lacking, it can be hypothesized that
initiation of ERT exerts an effect on gastrointestinal
symptoms by (partially) clearing GL-3 from cells in the
gastrointestinal system and preserving cellular function or
ameliorating cellular dysfunction. Complete clearance of
GL-3 from endothelial cells and other cell types, improve-
ment in small nerve fiber function, and quality of life have
been reported in studies on agalsidase beta (Eng et al. 2001;
Hilz et al. 2004; Germain et al. 2007; Watt et al. 2010).
Indirect evidence suggests that a higher ERT dose may be
of clinical benefit in ameliorating gastrointestinal symp-
toms. A recent study showed that patients treated with
agalsidase alfa experienced more gastrointestinal pain than
those treated with agalsidase beta (at reduced or licensed
dose) (Lenders et al. 2016).

One of the challenges regarding the study of gastrointes-
tinal symptoms in real-world clinical practice is that the
symptoms evolve and change (e.g., progress and remit),
making it difficult to design a study which would
inarguably demonstrate that the response, or lack thereof,
is due to the therapy rather than the passage of time or other
factors. This holds especially for the study of female
patients, where gastrointestinal symptoms before and
during menses could be a confounder in studying these
symptoms due to Fabry disease (Bernstein et al. 2014).

Fig. 1 Abdominal pain responses (“yes” [present] or “no” [not
present]) from 166 females with Fabry disease at treatment baseline
and at �2.5 years of ERT. ERT enzyme replacement therapy with
agalsidase beta

Fig. 2 Diarrhea responses (“yes” [present] or “no” [not present]) from
160 females with Fabry disease at treatment baseline and at �2.5
years of ERT. ERT enzyme replacement therapy with agalsidase beta

48 JIMD Reports



If gastrointestinal symptoms are the first and only
manifestations, the diagnosis of Fabry disease may be
challenging particularly if there is no positive family
history. Misdiagnoses include irritable bowel syndrome,
chronic inflammatory bowel disease (IBD), appendicitis,
autoimmune disorders, Whipple’s disease, dermatomyosi-
tis, Crohn’s disease, celiac disease, and colon cancer (Buda
et al. 2013; Politei et al. 2016). However, these medical
conditions may coincide with Fabry disease, as Fabry
patients in the authors’ clinics have been correctly
diagnosed with concomitant autoimmune IBD, lactose
intolerance, gluten enteropathy, bacterial overgrowth, pan-
creatitis, neuroendocrine bowel tumor, and pheochromocy-
toma.

Limitations associated with using data from the Fabry
Registry must be considered in the present analysis. Not all
female patients with Fabry disease have been diagnosed
and enrolled; however, it is likely that the more severely
affected patients are being treated with ERT and are
enrolled and followed in the Registry. The Fabry Registry
contains observational data of Fabry patients only. It is not
a prospective clinical trial and data interpretation is limited
by the lack of an appropriately matched control group. For
example, untreated women have not been analyzed to
investigate how their gastrointestinal problems change over
time. Relatively crude measures of self-reported abdominal
pain and diarrhea have been used in the analysis, because
sufficient data on change in frequency and intensity of
abdominal pain and change in frequency of diarrhea are not
available. These measures may be biased by recall, patient
(mis)perception, and lack of specific definitions for the
symptoms of interest. Although the Fabry Registry provides
a recommended schedule of assessments, patients and
treating physicians determine which assessments the
patients will receive and the time intervals at which they
will be conducted. Patients may have incompletely reported
medical histories, may be lost to follow-up, or may have
used concomitant medications to alleviate gastrointestinal
symptoms. Finally, the analysis does not assess non-Fabry-
related causes of gastrointestinal symptoms: sufficient data
on the use of concomitant medications were not available
for analysis, nor were patient records for other causes of
gastrointestinal symptoms.

Conclusions

This analysis represents the longest longitudinal follow-up
of the effect of ERT on gastrointestinal symptoms in the
largest cohort of female patients with Fabry disease
reported to date. Commonly reported gastrointestinal
symptoms prior to initiation of agalsidase beta treatment
included abdominal pain and diarrhea. The results of this

Fabry Registry analysis suggest that sustained treatment
with agalsidase beta (1.0 mg/kg every 2 weeks for a mean
of 5.7 years) improves both abdominal pain and diarrhea in
many female patients. Women who do not respond or who
develop new abdominal symptoms on ERT should be
investigated for alternate causes. Further studies are needed
to better understand the pathology underlying the gastroin-
testinal symptoms and the mechanisms of action of ERT in
the treatment of these symptoms. Gastrointestinal symp-
toms should be assessed thoroughly and managed ade-
quately using available adjunctive therapies to reduce their
impact on the patient’s well-being.
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